VALIDATION OF THE FLYING QUALITIES
REQUIREMENTS OF MIL-F-008785A (USAF)

C. C. BRADY, J. HODGKINSON
MC DONNELL AIRCRAFT COMPANY

A DIVISION OF
MC DONNELL DOUGLAS CORPORATION

*** Export controls have been removed ***

This document is subject to special export controls and each transmittal to foreign
governments or foreign nationals may be made only with prior approval of the
Air Force Flight Dynamics Laboratory, (FGC), Wright-Patterson Air Force Base,
Ohio 45433,



FOREWORD

This report was prepared by the McDonnell Airceraft Company,
McDonnell Dougles Corporation, 5t. Louis, Missouri, for the Air
Force Flight Dynamics Laboratory, Directorate of Laboratories,

Air Force Systems Command, United States Air Force, Wright-Patterson
Ailr Force Base, Ohio. The study was conducted under Contract
F33615-70-C~1079 as a part of Project 8219, "Stability and Control
Investigations", Task No. 821905. Mr Richard K. Wilson of the

Air Force Flight Dynamies Laboratory (FGC) was the project

engineer on this study.

The study reported herein was conducted under the technical
leadership of the Engineering Technology Division of McDonnell
Aireraft Company. The suthors wigh to acknowledge the valuable
assistance of William B. Weber, who made significant contributions
in many areas and offered encouragement throughout the project.

This report was submitted by the authors in November 1370.

The opinions and conclusions expressed in this report are

those of the authors and are not necessarily shared by the Air Force.

P .
Yl Z-’
(e/‘&:ﬂf é Pl 02 ‘:?,_7'/‘\,}

estbrook
hief, Control Criteria Branch
Flight Control Division
Air Force Flight Dynasmics Leboratory

ii



ABSTRACT

Military Specification MIL-F-008785A4 (USAF), "Flying Qualities of

Piloted Airplanes,”" was evaluated by conducting a detailed comparison of

its requirements with the known characteristics of a modern, high-performance,
multi-mission weapon system, the McDonnell Douglas F-4. The comparison was
based primarily on already available flight test data with pilot comments

or ratings used to evaluate the specification requirements for the various
parameters,

This comparison presents the basic characteristics of the F-4B, C, D, E,
and J models which includes the effects of four types of longitudinal feel
systems. Also presented is the difference in power approach characteristics
resulting from incorporation of the Rolls Royce engine in the F-LK/M aircraft.

Flight test data are supplemented, as necessary, with analytical evalu-
ations of handling gqualities parameters, not avallable from test data, which
were computed from available F-4 aerodynamic derivatives.

Reliability data, taken from the operational history of the F-L, are
included to show the probability of pertinent primary aircraft systems
failure and/or of mission abort.

The results of this study will aid in planning future specification
revision programs, as well as in interpreting and implementing the present

specification.
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LIST OF SYMBOLS AND ABBREVIATIONS

Wing span, ft

Mean aerodynamic chord, ft
Reciprocal of cycles to damp to half amplitude

Aerodynamic drag, parallel to flight path, 1b
Rudder pedsl force, applied by pilot, 1b
Elevator contrel foree, applied by pilot, 1b

Gradient of steady-state elevator control force
versus n at constant speed, 1b/g

Aileron stick force, 1b
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roll performance requirement” of 3.3.4 or 3.3.4.1, where:

{a) "Applicable roll performance requirement,"
. . 2
(¢t) requirement’ is determined from 3.3.4% and
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and Level under consideration.

" n 0
(b) "Commanded roll performance, (¢t)co 4 is the

bank angle attained in the stated time for a given
step aileron command with rudder pedals employed
as specified in 3.3.4 and 3.3.4k.1.
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Airspeed
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Stall speed (equivalent airspeed), at 1 g normal
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its origin at the c.g.
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SECTION I
INTRODUCTION

This document is published az part of the continuing effort to refine
and develop Military Specification MIL-F-008785A (USAF), "Flying Qualities
of Piloted Airplanes" which is the primary specification for ensuring
satisfactory handling qualities of new airecraft. The specification relates
the ease with which a given mission can be accomplished by the pilot-air-
frame combination to the airplasne's stabllity and control characteristics.
The latest revision is the result of a three year effort to revise the
earlier MIL-F-8785 (ASG). A significant validation of the latest require-
ments is & detailed comparison of these requirements with the known char-
acteristics of an in-service aircraft.

The purpose of the investigation reported herein was to evaluate the
flying qualities requirementsz of this latest specification revision,
MIL-F-008785A (USAF), by comparison with the known characteristics of the
F-L series of aircraft. The Model F-4 is a modern, high performance multi-
mission vehicle which has enjoyed an excellent combat, service and safety
record during its long operational history, and is still in production.

Qver four thousand aircraft have been buillt since the initial development
of the F-L weapon system took place over twelve years sgo; the aircraft
presently exists in a variety of different models and configurations
procured by various customers under different detail specifications. It
should be noted that MIL-F-008785A (USAF) was not the document governing
the handling qualities requirements of the F-4. The characteristics of the
F-LB, C D, and J models were compared with the requirements of MIL-F-008785A
(USAF). 1In addition the FP-UE was used to show the effects of a modified
longitudinal feel system on longitudinal flying qualities, and the F-lUK was
used to illustrate the effects of different engine characteristics on
approach flying quaiities,

Availagble Model F-4 flight test data, supplemented in certain areas
ty enalytical data, were compared in detail with MIL-F-00BT85A (USAF), on a
requirement-by-requirement basis. No testing was performed 5pecifiéally for
the purposes of this contract. The validity of each of the specification
requirements was evaluated largely by the correlation of test/analytical data
with pilot ratings. All pilot ratings were transferred to the latest Cooper-

Harper rating scale, Figure 1 (I). In arees where ratings were not

1



available, only pilot comments and opinions, the author's judgement was
used to relate pilot comments to the rating scale. When an estimated rating
is used in this report, it is so indicated.

Failure and reliability data were utilized to calculate failure and

flight abort probabilities for the following primary aircraft systems.

The stability augmentation system

The flight contrcl system
The flap actuation system

-

Gear retraction systen

Weapon release system

Fngine failure

~ On VT W N
.

Wing and fuselage fuel transfer system

-

The report may be considered to be a critique of MIL-F-008785A by one
class of specification user. It is hoped that the results of this study will
serve a5 a basis for future specification revision programs, and may also
serve as additional guidance in interpreting and applying the specification.
It represents the experience of an airframe contractor in attempting an
applicaticn, albeit after the fact.

The Air Force Flight Dynamics Laboratory has edited but not censored
this report. The conclusions and recommendations therefore do rot all have
Air Force blessing. It is natural for diverse views to exist on such a com-
plicated matter as flying gualities requirements., In rare instances Air Force

exception to a conclusion is noted specifically.
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SECTICON II
ATRPLANE DESCRIPTICN

ITI.1 General Physical Charscteristics

The following paragraphs present a general description of each
model of the F-4 aircraft@ In general, attention iz drawn only to those
characteristics which affect the serodynamic behavior of the aircraft.
Three view drawings of each model appear in FPigures 1 (II.1) to 9 (II.1),
and Table T (II.1l) summarizes some of the more pertinent differences
between the various models.

II.1.1 F-4B General Description - The F-4B is a two place, all-

weather Navy fighter capable of performing as a missile firing interceptor
or an intermediate and long range mission attack bomber. Basic armament
is four Sparrow ITII missiles carried semi-submerged under the fuselage.
Additional bombs, rocket packages, and gulded missiles can be carried on
five stations beneath the wings and fuselage. The airplane is powered
by two General Electric JT79-GE-8 engines with automatically controlled
compression-ramp air iniets. The basic design is characterized by a

low aspect ratio wing swept back 45° at the 25% chord line and an all-
movable stabilator with 23 1/L° anhedral angle to provide longitudinal
stability and control. A spoiler-aileron combination provides lateral
control, and directional stability and control is accomplished through

a vertical fin-rudder combination. Take-off and landing performance
characteristics have been optimized through the use of leading and trail-

ing edge flaps. The take-off (half flap) configuration consists of:

1) 3 leading edge flaps (inboard, center and outboard) deflected 30°,

60°, 60°, respectively, with boundary layer control, and 2) the trailing
edge flap deflected 30° without boundary layer control. The landing (full
flap) configuration consists of the same leading edge flap configuration

as in take-off; however the trailing edge flap is deflected 60° with
boundary layer control. Speed brakes (40° maximum deflection) are provided
on the lower wing surfaces. The F-UG is aerodynamically identical to the

F-UB and, therefore, this description is applicable to the F-L4G.
II.1.2 F-4C/D General Description - The F-UC retains the diverse

mission capabilities of the F-4B; however, some modifications have been

made to comply with U.S. Air Force requirements. The F-UD is aerodynamically
identical to the F-UC, and therefore, these data are also applicable to the
F-LD., The major modifications to the F-LB which were incorporated to produce

the F-UC are: )



(1) =15 engines in lieu of -8. (No change in engine performance)

(2} 1Increased contour on upper and lower inboard wing surface to
accommodate larger main landing gear wheels. (wheel bumps)

(3) Installation of a dual control system to assist a pilot-instructor
in monitoring a pilot~trainee.

I1.1.3 RF-LB General Description -~ The RF-UB is a modification of the

F-UB to a reconnaigsance aircraft for the U.S. Navy and Marines. The
external configuration of the RF-LB differs from the P-4B in the forward
fuselage srea where the nose shape has been redesigned to accommodate both
a forward-locking radar and photographic systems. The aft missile wells
have been eliminated and side-locking radar has been incorporated in the
area of the forward fuselage missile wells.

IT.1.4% RF-4C General Description - The RF-4C is a modification of

F-4C to a reconnaissance aircraft for the U.S. Air Force. The external
configuration is the same as the RF-4B plus wheel bumps which were
retained from the F-4C configuration.

II1.1.5 F-LE General Description - The F-LE retains the same basic

configuration as the F-LC with the following modifications:

(1) =17 engines in lieu of -15. (Improved engine performance)

(2) Nose mounted M6l internal gun

(3) Retracted inboard leading edge flap in the high 1ift configuration.
Therefore, the take-off and landing characteristics are determined
with the following: mid-span and outboard leading edge flaps at
60° with boundary lasyer control and trailing edge flaps at 30°
for teke-off; mid-span and outboard leading edge flaps at 60°
with boundary layer control and trailing edge flaps at 60° with
boundary layer contrcl for landing,

(4) Incorporation of slotted leading edge stsbilator.

IT1.1.6 F-LJ General Description - The F-4J retains the same basic

configuration as the F-UC, with the following modifications:
(1) -10 engines in lieu of -15. (Improved engine performance)
(2) Teke-off and landing characteristics have been optimized through
the addition of drooped ailerons and retraction of the inboard
leading edge flap in combination with the following: mid-span

and outboard leading edge flaps at 60° with boundary layer control



(3)

and trailing edge flaps at 30° for take-off; mid-span and outboard
leading edge flaps at 60° with boundary layer control and trailing
edge flaps at 60° with boundary layer control for landing.

Incorporation of slotted leading edge stabilator.

I1I.1.7 F-4K General Description - The F-~LK retains the same basic

configuration as the F-UJ with the following modifications.

(1)

(2)

Rolls Royce Spey MK 202 turbofan engines in lieu of JT9-GE-10
engines

Ixtre~extendable nose gear strut for catapult launches.

11.1.8 F-iUM General Description - The F~UM retains the same basic

configuration as the F-4K with the following modification:

(1)

(2)
(3)

The ailerons are not drooped in the landing snd take«off
configurations.
The nose gear strut 1s not extendable.

Basic (non-slotted leading edge) stabilator.
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17 -10.5" STATIC GROUND LINE

16" - 5.1

58’ - 3.1”

Figure 1 {11.1) Model F-4B
8



STATIC GROUND LINE

e 62’ - 11.2”

Figure 2 (1l.1) Model RF-4B
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23 — 3.3" ———— STATIC GROUND LINE
38 - 49"

58’ - 31"

Figure 3 {Il.1} Model F-4C



16" - 5.4"

R T R Y e — STATIC GROUND LINE

[e——17" - 109" | STATIC GROUND LINE

Ny

@@@ - 16" -6.1"

9

Figure 4 (il.1) Model RF-4C

62’ - 11.2"

-



10" -111"

23._3.3"———4 STATIC GROUND LINE

_ 5.1ll

58’ -3.1"
Figure 5 (I1.1) Model F-4D
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10" -

10.8”

3

U.S. IR FORCE E@

16— 5.4"

STATIC GROUND LINE

STATIC GRGUND LINE

62’ - 11.8"

34 16" - 5.1

Figure 6 (11.1} Model F-4E

13



10.4”
|-——23' -33— STATIC GROUND LINE
' 38— 49"
27" - 6.6”

—— 17" — 109" STATIC GROUND LINE

16' - 8.1

- 58' - 3.1
Figure 7 {I1.1} Model F-4J
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[ 47" - 10.9"————] STATIC GROUND LINE

51— 10"
RADOME FOLDED

- 57 -7.1"
Figure 8 (i1.1}) Model F-4K
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10" - 11.7"
1

16' - 1.03"

2 g ——] STATIC GROUND LINE

38 49"

o

51" - 10"

RADOME FOLDED

57 -7.17

Figure 9 {I1.1) Model F-4M
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IT.2 Flight Control Systems

As the flight control systems canhave a significant effect on flying
qualities, a description of the F-U4 control/feel/trim systems and the
stability augmentation (STAB AUG) portion of the autopilot system is
presented in the following parsgraphs.

IT.2.1 Description of F-L Longitudinal Control/Feel/Trim System -

The F-U4 series of aircraft are equipped with an irreversible power control
cylinder for stabilator actuation. Therefore, normal aserodynamic forces
acting on the stabilator are not transmitted to the control stick, necessita-
ting the provision of an artificial feel system which also provides a means
for longitudinal trim. A schematic of the overall longitudinel control

system is presented in Figure 1 (II.2.1).
During the history of the P-4, four different feel/trim systems have

been installed on production models; for the purpose of this report these
systems are designated 81 through Sk, A description of each system follows,
and explanatory schematics appear in Figures 2 (I1.2.1) to 5 (II.2.1). 1In
subsequent discussions of longitudinal stick force characteristies, e.g.,
stick free stability, the type of control system in guesticn should be noted.
Stabilator position is a linear function of stick position; therefore, the
gearing and hence, for similar aircraft aerodynsmic characteristics, longi-

tudinal stick fixed stability, are common to all four control systems.

II1.2.1.1 Feel/Trim System S1 - Figure 2(II.2.1). This system consists

of a balance assembly, downsprings, bellows, bobweights, viscous demper,
and safety spring cartridge. An explanation of the function of each component
follows, together with a general description of the system operation.

I1I.2.1.1.1 Balance Assembly - This is s moveable balance arm with a

pivot point fixed in the aircraft structure. This arm cen be made to "ride",
50 that the effective attach point for the downsprings and bellows links

can be shifted along the arm, by operation of the feel trim actuator. The
arm is connected to the pilots longitudinal control stick in such a way

that movement of the stick produces a parallel movement of the arm as shown
in Figure 2 (II.2,1), and, similarly, forces acting on the arm produce forces

in the same sense on the stick.

7



11.2.1.1.2 Bellows - This is in fact a piston which is free to move in
a chamber. The chamber is pressurized on one side of the piston using a
connection to a pitot tube mounted on the vertical fin., A mechanical
linkage from the piston to cone side of the balance assembly rotates the
balance arm in a stick aft sense as the bellows pressure increases.

During straight and level flight, es airspeed is increased, bellows
force increasses, increasing the push force required to maintain level flight.
Thus, as airspeed increases, the pilot must trim the alrcraft nose down.

As airspeed decreases, bellows pressure decreaseg, pull forces are reguired
and, the pilot must trim aircraft nose uvp to maintain straight and level
flight, A light spring is provided to align the bellows linkage at low bel-
lows pressure and produce a small additional push force requirement at the stick.
IT.2.1.1.3 Downsprings - Attached to one side of the balance arm are
springs whose other endsare fixed to the airecraft structure, Reference to
Figure 2 (II.2.1)} shows that the moment due to the downsprings rotates
the balance assembly in a stick forward sense, and opposes the moment on
the balance assembly due tc the bellows. The downsprings inerease stick
force variation with speed by increasing the required moment arm of the bellows
at the trim condition.
IT.2.1.1.4 Bobweights - These weights are mechanically linked to the
stick, and provide 2 nominal stick forece of 5 1bs. pull per "g" normal
pesitive acceleration of the aircraft.

IT.2,2.1.5 Viscous Damper -~ This acts on the bellows links to vary

the line of action of the bellows force when the stick is moved rapidly.
This feature increases the resistance to stick movement due to the bellows,
and helps prevent the pilet from inadvertently exceeding the "g" load
limitaticns of the aircraft.

I1.2.1.1.6 Safety Spring Cartridge - In the event of jamming or seizure

of the feel system, the stick motions can still be transferred to the sta-
bilator actuator by applying enough stick force fo break out the safety spring
cartridge which in normal use is a rigid link.

IT.2,1.1.7 Feel/Trim System Operation - With the stick held at the

required position, the moments acting on the balance assembly, and hence
the forces on the stick, can be balanced by shifting the balance assembly
effective pivot point using the trim actuator. At this peoint the air-

craft is in trim. Stick forces due to the subsequent airspeed deviations

18



from trim are primerily due to the bellows pressure change; the actual size
of the resultant stick force depends on the moment exerted through the
bellows links on the balance assembly, which depends on the moment arm of
the links, which depends, in turn, on the original position of the balance

assembly at trim.

I1.2.1.2 Feel Trim System 82 - Pigure 3 {(II.2.1) Modifies the ori-

ginal system by providing for the installation of: (1) a viscous damper with
a greater compressed length, i.e., damper mounting trunnion to damper piston-
rod-end distance increased, and (2) revised bellows links. As a result,

at Mach numbers below approximately 1.2 the viscous damper "bottoms out”,
stick force variation with stabilator deflections due to bellows springs

end bellows pressure is increased, and stick force per "g" is increased.

At high Mach numbers the viscous damper is free to move, the stick force
variation due to bellows springs and hellows pressure is unaffected and

n_n

stick force per "g 1is unchanged.

I1.2,1.3 Feel Trim System S3 - Figure 4 (II.2.1) Modifies the system

outlined in the above paragraph by providing for removal of the longitudinal
feel system downsprings. The primary effect of removing the downsprings is
a decrease in the amount of trim change required during accelerations and

deceleraticns.

IT.2.1.4 Feel Trim System SL - Figure 5(I1.2.1) Modifies the system

outlined in the above paragraph by providing for: (1) a mechanical stop

in place of the viscous damper, (2) revised bellows links, and (3) replace-
ment of the 5 1b. per "g" bobweights with 3 1b. per "g" bobweights. These

modifications were designed to decouple the aircraft/flight control system

natural frequencies in order to eliminate residual stick free oscillations.

TI.2.2 Desecription of F-i Directional Control System - The F-4 series

of aircraft are equipped with a directional control system consisting of
rudder pedals, a push rod and cable system, a power control cylinder, a
hydraulic damper, an artificial feel/trim system, and & rudder, A schematic
diagram of the directional control system is presented in Figure 1 (II.2.2}
Rudder pedal mcvement is transferred to the input valve of the
hydraulically operated irreversible rudder power cylinder by means of the
push rod and cable assembly. The hydraulic damper is included to prevent
rudder flutter during critical flight conditions. An ARI "Aileron-Rudder

Interconnect" system is incorporated in the control system to improve the

19



low speed flaps down rolling characteristies of the aircraft by providing
rudder deflection proportional to lateral stick deflection.

The rudder power control cylinder is irreversible and thus prevents
aerodynamic forces acting on the rudder from being transmitted back to the
rudder pedals, Feel for rudder displacement is provided by the artificial
feel system, which consists of & rudder feel cylinder, a trim actuator and
a bellerank assembly. The hydraulic cylinder constantly acts in a manner
to center itself with the pivot point of the bellerank. It is this centering
process that supplies the pedal feel force when the pedals are moved. The
feel system force gradient is automatically changed at 236 knots accelera-
ting (high gradient) and 220 knots decelerating {low gradient) by pressurizing
both sides of the rudder feel hydraulic piston gt low aircraft speeds and
only the rod side at high aircraft speeds.

Rudder trim is accomplished by utilizing the trim actustor which
aligns the bellerank assembly and the rudder feel cylinder. The trim actua-
tor, which is electrically operated through a trim switch located on the left
hand console of the forward cockpit, will permit a zero feel force at the
pedals with the rudder surface deflected anywhere within an angle of 7.5
degrees to either side of neutral.

I1.2.3 Description of F-4 Lateral Control System - The F-L series of

alrcraft are equipped with an aileron and spoiler combination for lateral
control. A right wing down roll is achieved by control stick motion to the
right which is transferred through a system of rods and bellcranks through
the fuselage and out the wings, where, =8 shown on Figure 1 (II.2.3), the
input to a system of lrreversible power control cylinders produces an upward
spoiler deflection on the right wing in combination with a downward aileron
deflection on the left wing. Conversely, in a left wing down roil, a left
stick input produces an upward spoiler deflection on the left wing in con-
junetion with downward aileron deflection on the right wing. Maximum lateral
stick deflection (10.38°) corresponds to maximum aileron and spoiler deflec-
tions of 30 and 43 degrees respectively. The spoiler is divided in two

gections, outboard and inboard, but operates as a unit control surface.

20



To lmprove the low-speed lateral-directional flying qualities in the
high-1ift configuration, an "Aileron-Rudder Interconnect” (ARI) system provides
a rudder deflection proportional to lateral stick deflection. With the
stability augmentation engaged the maximum ARI rudder authority is +15°,
while meximum ART rudder authority with stability augmentation disengaged
is 1;O°. The suthority varies linearly from zero degrees to the maximum
which is reached at a lateral stick deflection of T.79°.

Lateral control system feel is provided by double-acting spring
cartridges connected in tandem with screw type actuators as illustrated
by the schematic on Figure 1 (II.2.3). During normal operating conditions,
the pilot must apply 2.31 pounds of lateral gtick force to initiate stick
deflection and continue to increase stick force to obtain full stick
deflection. A safety spring cartridge permitsz control input to one wing in
the event controls become jammed in the other wing. A pilot effort of 17.50
pounds is required to overcome the safety spring cartridge in the failed
system.

A lateral contreol trim switch is located on the stick grip and energizes
the motors which drive the screwjacks mounted in tandem with the feel spring
cartridge. The control stick therefore follows the trim movement. The
lateral control trim system is capable of 10° of aileron in combination with
15° of spoiler deflection.

II1.2.4 Description of F-4 Stebiiity Augmentation System - The F-h

is equipped with an autopilot system designed to serve the two basic functions
of stability augmentation (STAB AUG) and pilot relief during the cruise phase
of flying the airplane (AFCS).

I1.2.4,1 The Pitch Stability Augmentation Mode - Pitch stability

augmentation is accomplished by modulating stabilator deflection to improve
the longitudinal short period damping of the airplane. A block diagram
illustrating the pltch stability augmentation mode is shown in Figure 1
{II.2.4). Basic airplane damping in pitch is augmented using pitch rate
signals from a rate gyro. The signals are passed through a canceller
which removes the low frequency signals and prevents the system from
opposing pilot applied maneuvers. The structural filter blocks high fre-
quency signals due to structural vibrations. A limited suthority, i;/2°,
series serve is used to supply stabilator inputs. The pitch rate loop gain
is fixed.

21



II.2.4.2 The Lateral-Directional Stability Augmentation Modes -

Lateral~directional stability augmentation is achieved by controlling both
the rudder and the ailerons/spoilers to increase the damping ratic of the
short period lateral-directional oscillation.

Figure 2 (II.2.4) illustrates the block diamgram of the lateral
channel of the STAB AUG system which uses roll rate signaels from a rate
gyro to add roll damping to the basic aircraft damping in roll., Not
shown on the diagram {for clarity) is the roll force switch circuitry
which prevents the system from fighting a manual maneuver as well as
providing engage and disengage transient protection. The roll rate loop
gain is fixed.

Figure 3 (II.2.4) presents the block diagram of the directicnal
channel of the STABR AUG system, which takes signals from a yaw rate
gyro to add demping for the duteh roll mode. These signals pass through
a canceller, which prevents the system from opposing the pilot during
maneuvers, Signals from a lateral accelerometer are used to provide
co~ordinated turns. Both yaw rate and lateral acceleration loop gains

are fixed.
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SECTION ITI
STATEMENT AND VALIDATION QF REQUIREMENTS

This section of the report presents the validation of each of the
requirements of MIL-F-Q08T85A(USAF). Each paragraph of the specification
is evaluated in sequence, individually or grouped with related paragraphs,
under the following subheadings:

A, REQULREMENT

The MIL-F-008T85A(USAF) requirement is quoted verbatim, so the
reader need not continually refer to the specification.

B. APPLICABLE PARAMETERS

The test parameters concerned with determining compliance with the
particular requirement are summarized.

C. F-L CHARACTERISTICS

Available F-4 quantitatlve data applicable to the specific
requirement are presented and discussed.

D. GSUMMARY OF PILOT RATINGS AND COMMERTS

The applicable gualitative data are quoted along with the pilot
rating, either assigned or estimated by the authors. The pilot rating scale
coding used in this report is described in Paragraph I11.1.5.

E. DISCUSEION.

The validation 1s determined by comparison of the actual charac-
teristics of the F-l and the corresponding pilot comments with the require-
ment as presently written.

F. RECOMMENDATION

If the validation points out a need to revise the requirement,
the recommended change is quoted.

The order of the material presented in this section parallels that of
MIL-F-008T785A(USAF). In this section only, for brevity and clarity, the
section prefix (III) has been dropped from all paragraph numbers. Utili-
zatlon of this report should be facilitated in that the paragraph numbers
of the wvalidations within this section correspond to the paragraphs of the
specification.

All figures and tables applying to a particular regquirement appear at
the end of the validation of that requirement. The figure/table numbering
system is similar to that used in Reference B2 1in that the figure/table

number contains the pertinent specification paragraph number.
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1. Scope and Classifications

A, REQUIREMENT

1.1 Bcope ~ This specification containsg the requirements for the

flying qualities of U.S. military piloted airplanes.

1.2 Application - The requirements of this specification shall be
applied to assure that no limitations on flight safety or on the capability
to perform intended missions will result from deficiencles in flying
qualities. The flying qualities for all airplanes proposed or contracted
for shall be in accordance with the provisicns of this specification unless
specific deviations are authorized by the procuring activity. Additional
or alternate special reguirements may be specified by the procuring activity.

B. APPLICABLE PARAMETERS
Dces not apply.
C. ¥-L4 CHARACTERISTICS
Various models of the F-b4 series aircraft have been procured under
Reference Bl, of which MIL-F-Q08T8&5A is a revision, or under amendments
thereto. The amendments are documented in the respective detail specifi-
cations and are not presented here. In all subsequent sections it must be
noted that MIL-F-008785A was not the document governing handling gualities
requirements of the F-4 and that the best applicable data readily available
are presented.
D. BUMMARY OF PILOT RATINGS AND COMMENTS
Does neot apply.
E. DIBCUSSTON
None.
F. RECOMMENDATICHNS
Bpecific recommendations concerning the applicability of subse-
quent paragraphs of the specification appear in the sections of this report

devoted to that particular paragragph.
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1.3 C(Classification of Airplanes
A, REQUIREMENT

For the purpose of this specification, an airplane shall be
placed in cne of the following Classes:

Class I Small, light airplanes such as

Light uwtility
Primary trainer
Light observation

Class IT Medium weight, low-to-medium maneuverability
airplanes such as

Heavy utility/search and rescue

Light or medium transport/cargo/tanker
Early warning/electronic countermeasures/
airborne command, control, or communications
relay

Antisubmarine

Assault transport

Reconnaissance

Tactical bomber

Heavy attack

Trainer for (Class II

Class III Large, heavy, low~to-medium maneuverability
airplanes such as

Heavy transport/cargo/tanker

Heavy bomber

Patrol/early warning/electronic countermeasures/
airborne command, control, or communications
relay

Trainer for Class III

Class IV High-maneuverability airplanes such as

Fighter/interceptor
Attack

Tactical recconnaissance
Observation

Trainer for Class IV

The procuring activity will assign an airplane to cne of these Classes,

and the requirements for that Class shall apply. When no Class is specified
in a requirement, the requirement shall apply to all Classes. When opera-
tional missions so dictate, an airplane of one Class may be reguired by the
procuring activity to meet selected requirements ordinarily specified for
alrplanes of another Class.
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B. APPLICABLE PARAMETERS
F-4 mission reguirements; limit load factor and maximum design
gross weight {Reference B2, Figure 1 (1.3)).
C. F-b4 CHARACTERISTICS
The types of missionsg and hence the parameters of the above
Reference, for which the F-4 was procured, place it in Class IV. Speci-~
fically, of the examples listed in the requirement under Class IV, the F-k
aircraft has been categorized as:

Fighter/Interceptor
Attack

Tactical Reconnsissance
Trainer for Class IV

The F-lI has also been operated as a tactical bomber (Class II).
D, BSUMMARY OF PILOT BATINGS AND COMMENTS
Does not apply.
E. DISCUSSION
Classification of the F-L as a Class IV aircraft presents no diffi-
culties using the definitions of the requirement.
F. RECOMMENDATION

None.

36



1.3.1 Land or Carrier-Based Designation
A. REQUIREMENT

The letter -L following a Class designation identifies an airplane
as land-based; carrier~based airplanes are similarly identified by -C.
When no such differentiation is made in a requirement, the requirement
shall apply to both land-based and carrier-based airplanes.

B. APPLICABLE PARAMETERS
Does not apply.
C. FP-b CHARACTERISTICS
The F-lI has been procured and operated both as a land and carrier
based aircraft. Data are therefore available for both the above designa-
tions and are presented wherever applicable and possible.
D. SUMMARY OF PILOT RATINGS AND COMMENTS
Does not apply.
E. DISCUSSION
None.
F. RECOMMENDATIONS

None.
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1.4 Flight Phase Categories
A. REQUIREMENT

The Flight Phases have been combined into three categories which
are referred t¢ in the requirement statements. These Flight Phases shall
be considered in the context of total missions so that there will be no gap
between successive Phases of any flight and so that transition will be
smooth., When no Flight Phase or Category is stated in a requirement, that
requirement shall apply to all three Categories. In certain cases, require-
ments are directed at specific Flight Phases identified in the requirement.
Flight Phases descriptive of most military airplane missions are:

Nonterminal Flight Phases:

Category A - Those nonterminal Flight Phases that require rapild
precision tracking, or precise flight-path control. Included in this
Category are:

a. Air-to-air combat (CO) f. In-flight refueling

b. Ground attack {GA) (receiver) (RR)

c. Weapon delivery/launch (WD)} g. Terrain following (TF)

d. Aerial recovery (AR) h. Antisubmarine search (AS)
e. Reconnaissance (RC) i. Close formation flying (FF)

Category B - Those nonterminal Flight Phases that are normally sac-
complished using gradual maneuvers and without precision tracking, althcough
accurate flight-path control may be required. Included in this Category
are:

a. Climb (CL) e. Descent (D)

b. Cruise (CR) f. Emergency descent (ED)

e, Loiter (1L0) g. Emergency deceleration (DE)
d. In-flight refueling h. Aerial delivery (AS)

(tanker) (RT)
Terminal Flight Phases:

Category C - Terminal Flight Phases are normally accomplished using
gradual maneuvers and usually require accurate flight-path contrel. Included
in this Category are:

a. Takeoff (T0)

b. Catapult takeoff (CT)
c. Approach (Pa)

&. Wave-off/go-around (WO)
e. Landing (L)

When necessary, recategorization or addition of Flight Phasez or delinea-
tion of requirements for special situations, e.g., zoom elimbs, will be
accomplished by the procuring asctivity.

B. APPLICABLE PARAMETERS
Flight phases applicable to F-k missions.
C. P-4 CHARACTERISTICS
Various models of F-L have been required to perform the following

flight phases:
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Nonterminal Flight Phases:

Category A: Air-to-~air combat (CO)
Ground attack (GA)
Weapon delivery/launch (WD)
Reconnaissance (RC) *
Inflight refueling (receiver) (RR) *
Terrain following (TF)
Close formation flying (FF) #*
Category B: Climb (CL)
Cruise (CR}
Loiter (LO)
Descent (D)
Emergency descent (ED) *
Emergency deceleration (DE) #*
Termingl Flight Phases:
Category C: Takeoff (TO)
Catapult tekeoff (CT) *
Approach (PA)
Wave-off/Go~-around (WO) *
Landing (L)

* These flight phases are not a part of the mission profiles presented
as examples under 3.1.1
Operation of the F-4 therefore involves an excellent coverage of the above
flight phases, for which a correspondingly large quantity of data is
available for evaluation.
D. SUMMARY OF PILOT RATINGS AND COMMENTS
Does net apply.
E. DISCUSSION
The specified flight phases are considered to be logically cate-
gorized with regard to F-4 operation and relatively detailed data have beccme
available for each individusl flight phase of F-l4 missions.
F. RECOMMENDATION

None.
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1.5 Levels of Flying Qualities
A, REQUIREMENT

Where possible, the requirements of Section 3 have been stated
in terms of three values of the stability or control parameter being speci-
fied. Each value is g minimum condition to meet one of three Levels of
acceptabllity related to the gbility to complete the operaticnal missions
for which the airplane is designed. The Levels are:

Level 1  Flying qualities clearly adequate for the mission Flight
Phase

Level 2 Flying qualities adequate to accomplish the mission Filight
Phase, but some increase in pilot workload or degradstion
in mission effectiveness, or both, exists

Level 3 Flying qualities such that the airplane can be controlled
safely, but pilot workload is excessive or mission effect-
lveness is inadequate, or both., Category A Flight Phases
can be terminated safely, and Category B and C Flight
Phases can be completed.

B. APPLICABLE PARAMETERS
Pilot Ratings: &) Cooper-Harper Scale (see Figure 1L (I))
b) Cooper Scale (see Figure 1 (1.5))
¢} Descriptive Ratings
C. F-b CHARACTERISTICS

Early customer reports on the F-k rated flying qualities of the
alrcraft using adjectival descriptions; this form of assessment was carried
over into later reports which almost invariably present qualitative as well
as quantitative pilot ratings. For assessments of the earlier F-4 models
and control system variants, therefore, only qualitative remarks are avail-
able. In some instances, numerical ratings have been estimated for presen-
tation in this study using qualitative ratings and are designated E-,
where the number locates the flying qualities on the Cooper-Harper scale
(Reference B3 and Figure 1(I)), which is the standard scale for this study.
It should be noted that numerical ratings estimated from verbal descriptions
are subject to some inaccuracy, e.g., see Reference Bli, Some later reports
used the early Cooper scale {Reference BS5 and Figure 1 (1.5)) for which the
ratings are again translested tc the Cooper-Harper scale as shown in
Figure 2(1.5) and designated C-. Ratings originally presented in the
Cooper-Harper form are designated CH-, The foregoing is summarized in the

following table:
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Original Pilot Opinion Rating Designation of Cooper-Harper Rating

in F-4 Evaluation in this Report
Adjectival (Estimated) E-
Cocper C-
Cooper-Harper CH-

In areas for which both gualitative and guantitative pilot opinion rating
data are available, both are presented in order to improve understanding
of the pilots impressions.

The F-l evaluations have occurred over a long time span, i.e., approximately
twelve years, during which, as illustrated by the documented gualitative
remarks, pilot expectations have become more demanding.

The following table shows the association between the levels of the

specification and the rating scale used in this report. ©8ee Reference B2,

Level Cooper-Harper
1 1-3.5
2 3.5 - 6.5
3 6.5 - 9+

D. SUMMARY OF PILOT RATINGS AND COMMENTS
Does Not apply.

E. DISCUSSION
None.

F, RECOMMENDATION

None.
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Cooper PR
Primary
Adjective Mission Can Be
Description Rating Mission Accomplished? Landed
Excellent, y y :
Includes Optimum Bs e
Goad,
Pleasant to Fly Satisfactory Normal Yes Yes 2
Operation
Satisfactory, But With
Some Mildly Unpleasant Yes Yes 3
Characteristics
Acceptable, But
With Unpleasant Yes Yes 4
Characteristics
Unacceptable . Emergency Doubtful y 5
For Normal Qperatian Unsatisfactory Opetation oubtiu o
Acceptable For Emer-
gency Dperation {Stah. Douhtiul Yes 6
Aug. Failure) Only
Unaceeptable Even For
Emergency Condition No Doubtful 7
(Stah. Aug. Failure)
Unacceptable - No
Unacceptahle ]
Dangerous b Operation No No 8
Unacceptahie -
N N L)
Uncontroflable ° ¢
$0#*! Did Not Get ) What
Back to Heport Unprintable Mission? 10

Figure 1 {1.5)
The Original Cooper Scale

Reference B5
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Original
Cooper
Rating Scale

10

2]

o

Original

Cooper Cooper-Harper
Rating Scale Rating Scale
1 1
1.5 1.5
2.0 2.0
Level 1 25 2k
3.0 3.0
—1—35 35
4.0 45
Level 2 4.5 5.0
5.0 6.0
5.5 6.5
6.0 7.5
Level 3 6.5 8.0
-——L—?.O 9.0
Level
3 /
e £
Leve
7
L |
LLevel I
; | |
l l
l I
, | |
1 2 3 4 5 6 7 8

Cooper Harper Rating Scale

Figure 2 (1.5)
Comparison of Rating Scales
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2. Applicable Documents
A. REQUIREMENTS
2. APPLICABLE DOCUMENTS

2.1 The following documents, of the issue in effect on the date of
invitation for bids or request for proposal, form a part of this specifica-
tion to the extent specified herein:

SPECIFICATIONS

Military

MIL-D~8708 Demcnstration Requirements for Airplanes

MIL-F-2490 Flight Control Systems - Design, Installation and Test of,
Piloted Aircraft, General Specification for

MIL-C-182L4 Control and Stabilization Systems, Automatic, Piloted
Aircraft, General Specificstion for

MIL~F-183T2 Flight Control Systems, Design, Installation and Test of,
Aircraft (General Specification for)

MIL-S-25015 Bpinning Requirements for Airplanes

MIL-W-25140 Weight and Balance Control Data {for Airplanes and
Rotorcraft)

Standards

MIL-STD-T756 Reliability Prediction

(Copies of documents required by suppliers in connection with specific pro-
curement functions should be obtained from the procuring activity or as
directed by the contracting officer.)

B. APPLICABLE PARAMETERS
Does not apply.
C. F-L CHARACTERISTICS
The F-4 has been procured under the above specifications.
D. SUMMARY OF PILOT RATINGS AND COMMENTS
Does not apply.
E. DISCUSSION
None.
F. RECCMMENDATION

None.
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3. Requirements

3.1 Genersl Requirements

Opening Discussicn

During the validation of Section 3.1, the authors found it difficult
to evaluate how all the general requirements are tied together in the total
concept, and how this section is applied to the specific requirements in later
sections. The intent of each individual paragraph of Section 3.1 is generally
clear; however, taken as a whole, the section seems unwieldly and obscure when
integration of the various requirements is attempted. An effective aid iIn
integrating the various reguirements is proposed in the flow charts of
Figures 1 (3.1) and 2 (3.1). Figure 1 (3.1) illustrates how "mission
definition" leads into determination of the flight envelope for each flight
phase and ultimately the total flight envelopes. Figure 2(3.1) presents an
illustration of how normal and failure states are determined and analyzed to
evaluate compliance with the levels of flying qualities requirements. It is
hoped that these charts will significantly improve the "learning curve" of
this section of the specification. It is therefore suggested that similar
charts be provided with the background data of Reference BZ2.

The separate subparagraphs of Section 3.1 are presented and evaluated
on the follewing pages. In each case, the requirement is quoted, the appli-
cable F-lt characteristics, where available, are presented, and the individual
requirements are discussed and evaluated. At the conclusion of Section 3.1,
the overall impact of the General Requirements Section is further discussed

and evaluated.
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Procuring Ac

Operational Mission
Defined by

tivity

}

b7

Flight Phase
Breakdown
of Each Mission
- —J _____________ . 2 1 -
) Combat {CO) Weapon Delivery
Cruise (ER) Flight Phase (WD)
Flight Phase ] Flight Phase
Failures From L. . Effects on
F
;‘;:L"&I) smmapi  Previous Sat::;: Subsequent e
Flight Phases 'l Flight Phases
l ¥ l L 4 l
GwW cG Welyly GwW (] eyl
Range Range Range Range Range Range
33 " $3 3 ¥
Critical Specification
. I Table XV | Critical Reliahility
Loadings and Loadings Analysis
Flight Conditions| 4
l Flight Test {
| Simulatoror |, Critical Flight
Test Method N Analytif:al i Condition and
I Requirements 7|  Evaluation System Status
Specification r l A J'
[ Pilot | Probability
Ratings y Longest
| of Failure Operational
4 Per Flight Mission
Figure 1 (3.1} Parameter Levels of
Value wp Flying Qualities
Reguirements Comhat Phase
Flight Probability of I
Envelope N Encountering Tatal
Definitions Levels of F.0. Probability e
‘Previnus — of Prababhility of Encountering
Flight Phases Level 2 and/or 3 = == == = Levels of F.0.
Dursing Mission Subsequent
I J Flight Phases
bp|  Permissihle
_| Probatility of e Compliance
" Level2and 3
Figure 2 (3.1)




3.1.1 OQOperational Missions

A. REQUIREMENT

3.1.1 QOperational Missions - The procuring activity will specify the
operational missions to be considered by the contractor in designing the
airplane to meet the flying qualities requirements of this specification.
These missions will include the entire spectrum of intended operationsal
usage.

B, APPLICABLE PARAMHETERS

F-k detail specification mission definitions‘and-profiles.

C. F-4 CHARACTERISTICS

The following mission profiles are presented as typical of those
required of the F-UD as a tactical fighter. All missions are taken from
the Reference B6 detail specification.

(1) Basic Fighter Mission - Four Sparrow III missiles and full

internal fuel. ({Figure 1 (3.1.1)).

(2} Missile Strike Alternate - Two AGM-12B missiles, four Sparrow

II1I missiles, full internal fuel and external fuel in one 600
gallon centerline tank and two 370 gallon wing tanks. (Figure
2 (3.1.1)).

(3) Conventional Weapon Attack Alternate - Eleven M-11T7 demolition

bombs, full internal fuel and external fuel in two 370 gallon
external tanks. (Figure 3 (3.1.1)).
(L) Bpecial Weapon Attack Alternate -~ One MK 28, full internal fuel

and external fuel in two 370 gallon external wing tanks. (Figure

4 (3.1.1)).
Unfortunately the flying qualities evaluation data presented in subsequent
sections of this report are not always avallable for the particular loadings
discussed above. This results from the F-U4 aircraft not being designed
under the requirements of MIL-F-008T85A. However, many of the F-4 flying
gualities evaluatlions were conducted with a variety of external store load-
ings. Qualitative and quantitative data on availsble loadings will be
presented where pertinent to the velidation, whether or not they are repre-

sented in any of the missions illustrated herein.
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D, SUMMARY OF PILOT RATINGS AND COMMENTS

Not applicable.

E. DIBCUSSION

It is reasonable that the intended use of the airplane be defined and
that this "mission definition" be used =ss the basis for determining the
flight envelope where adequate flying qualities are desired.

The validation of subsequent paragrephs of Section 3,1 could be
accomplished by applying the reguirements to each of the four missions
presented in this paragraph. However, it was felt that the application to
one gelected mission - to establish flight phases, define configurations
and loadings, and determine operational/service/permissible flight envelopes -~
would serve to:

(1) Develop experience in working with this section.

(2) Develop an understanding of the requirements of this section.

(3) Illustrate the techniques and effort involved in complying with

the reguirements of this section. -

(4) Form a basis for the validation of Section 3.1.

The mission selected, with the approval of the Flight Dynamics Labora-
tory Project Engineer, is the basic fighter mission (Air-to-Air), as presented
in Figure 1 (3.1.1).

It was not obvious to the authors during this validation, that the "entire
spectrum of intended operational usage' is intended to ineclude such secondary
missions as training missions and operational aborts. To avoid misunderstand-
ing, the spectrum of intended usage should be further defined with specific
examples.

F. RECOMMENDATTIONS

Add the following to the last sentence of the requirement:

"...., along with such missions as operational aborts and training missions."
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3.1.2 Loadings
A. RBEQUIREMERT

3.1.2 Loadings - The contractor shall define the envelopes of center-
of-gravity and corresponding weights that will exist for each Flight Phase.
These envelopes shall include the most forward and aft center-of-gravity
positions as defined in MIL-W-251L0., In eddition, the contractor shall
determine the maximum center-of-gravity excursions attainable tarocugh
failures in systems or components, such as fuel sequencing, hung stores,
etc,, for esch Flight Phase to be considered in the Fallure States of
3.1.6.2., Within these envelopes, plus a growth margin to be specified by
the procuring activity, and for the excursions cited above, this specifica-
tion shall apply.

B. APPLICABLE PARAMETERS

F-L center-of-gravity envelopes for the selected Mission (Alr-to-Air).

C. F-4 CHARACTERISTICS

The center-of-gravity envelope for the Mission (Air-to-Air) selected in
Paragraph 3.1.1 is presented in Figure 1 (3.1.2). The center-of-gravity and
gross weight range that exists for each Flight Phase is illusirated, along
with the maximum center-of-graviiy excursions attainable from system or com-
ponent failures. Of all the primary aircraft systems considered in this
analysis, only the following produce any significant center-of-gravity
exXcursion after failure:

(1) The weapon release system.

(2) The wing and fuselage fuel transfer systenm.

The center-of-gravity envelope illustrates the most critical failures
which result in either an extreme forward or aft center-of-gravity position.
For convenience, the center of gravity and gross weight ranges for

each Flight Phase, for both normal and failure states, are tabulated in

Table I (3.1.2). The data are presented by Flight Phase but grouped
according to Flight Phase Category, as the reguirements are normally directed
at the general Category rather than the specific Flight Phase.

D. BUMMARY OF PILOT RATINGS AND COMMENTS

ot applicable.

E. DIBCUSSION

The general intent of this requirement is evident, i.e., to establish

the center of gravity and gross weight envelopes, within which Zhe requirements
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of the specification shall apply. However, it is not immediately clear that
the data required by this paragraph, in conjunction with the moment of iner-
tia data (3.1.3), external store data (3.1.4), and the criteria of paragraph

4,2, are used to define the critical loadings for the corresponding normal

and failure states of paragraphs 3.1.6.1 and 3.1.6.2. A statement to this
geffect should be included in this requirement.

F. RECOMMENDATION

Add the following statement: '"In addition, these data, in conjunction
with the moment of inertia data (3.1.3), external store data (3.1.4), and
the criteria of 4.2, are used to define the critical loadings for the air-

plane normal and failure states of 3.1.6.1 and 3.1.6.2,
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Table | (3.1.2)
Loading Range

Basic Air-to-Air Mission

Loading Range
Flight Phase Cat Normal State Failure State
CG Range GW Range CG Range GW Range
Takeoff (TD) C 33.0-323 43,894 - 43,094 33.0-323 43,894 - 43,094
Power Approach {PA) C 29.5 30,996 323-217 43,094 - 30,996
Landing {L) c 29.5-31.0 30,996 - 29,796 32.6-27.7 43,094 - 29,796
Climb (CL) B 323-314 43,094 - 41,705 32.3-30.8 43,094 - 41,700
Cruise (CR) B 31.4-288 41,705 - 30,996 31.4-26.3 41,705 - 30,996
Descent {D} B 29.5 30,996 21.71-32a 30,996 - 43,094
Combat {CO) A J0.6-28.8 38,764 - 33,758 26.7-31.1 38,764 - 33,758
Weapon Delivery (WD) | A 20.2-308 36,950 - 35,578 27.6-31.1 35,578 - 37,854
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3.1.3 Moments of Inertia

A. REQUIREMENT

3.1.3 DMNoments of Inertia -~ The contractor shall define the moments of
inertia associated with all loadings of 3.1.2. The requirements of this
specification shall apply for all moments of inertia so defined.

B. APPLICABLE PARAMETERS

F-l4 moments of inertia for the loadings defined in 3.1.2, i.e.,
Table I (3.1.2).

C. F-4% CHARACTERISTICS

Defining the moments of inertia for loadings {Table I (3.1.2)) for the
basic air-to-alr mission would involve the computation of 20 different sets
of moments of inertia. However, the exact numerical values for these load-
ings are not considered pertinent to the objectives of this investigation
and, therefore, are not presented.

Table I {3.1.3) does present typical moments of inertia for a limited
range of configurabtions and gross weights.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

Not applicable.

E. DISCUSSICN

As was the case with 3.1.2, the general intent of this requirement is
evident, i.e., to define the airplane moments of inertia asscciated with the
loadings defined in 3.1.2. However, it is not clear that these data, in con-
junction with those of 3.1.2 and 3.1.4 and the criteria of L.2 are used to
define the critical loadings of 3.1.6.1 and 3.1.6.2. A statement to this
effect should be included in the requirement.

F. RECOMMENDATION

Add the following statement: "In addition, these datsa, in conjunction
with the loading data (3.1.2), external store data (3.1.4), and the criteria
of 4.2 are used to define the critical loadings for the airplane normal and

failure states of 3.1.6.L and 3.1.6.2.
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Loading

Condition
Takeoft:

Gear Up

Gear Down

Clean:

Gear Up

Landing:
Gear Up

Gear Down

*Combat gross weight.

Table | {(3.1.3)
Typical Inertia Characteristics

CG Moments of Inertia

Gw Horiz I 'y I,
(th) (%8) slug-t2 slug-ft2 slug-FtZ
44 051 325 28,203 134,234 153,899
44,051 325 30,709 136,547 156,461
38,924* 289 25,001 122,186 139,754
34,000 27.05 22,227 117,956 134,048
34,000 27.05 24,660 120,123 136,612
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3.1.4 External Stores

A, BREQUIREMENT

3.1.4 External Stores - The reguirements of this specification shall
apply for ail combinations of external stores regquired by the operational
misgicns, The effects of external stores on the weight, moments of iner-
tia, center-of-gravity position, and aerodynamic characteristics of the
airplane shall be considered for each mission Flight Phase. When the
stores contain expendable loads, the requirements of this specification
apply throughout the range of store lcadings. The externsal stores and
store combinations to be considered for flying qualities design will be
specified by the procuring activity. In establisning external store
combinations to be investigated, consideration shall be given to asymmetric
as well as to symmetric combinations.

B. APFLICABLE PARAMETERS

F-4 External store configurations for loadings defined in 3.1.2,
Table I (3.1.2).

C. TF-i CHARACTERISTICS

The external loading configurations for the mission selected in para-
graph 3.1.1 are as follows:

Air-to-Air Mission

Flight Phase Loading
TO (4) Sparrow III
CL (4) Sparrow III
CR (4) Sparrow IIT
Co (4} Sparrow II1

(2) Sparrow III
No Sparrow I[IT
WD (L) Sparrow I[II
(2) Sparrow I[II

D Hone
PA None
L None

D, GSUMMARY OF PILOT RATINGS AND COMMENTS
Hot applicable.
E. DISCUSSION

The requirement to include the effect of external stores required by
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the operational missions on weight, moments of inertia, and aerodynamic
characteristics is considered reassonable but scmewhat redundant, i.e.,

the requirements of paragraphs 3.1.2 and 3.1.3 imply that the effect of
external stores shall be included. The implied requirement to consider

the full range cof store loadings for each flight phase is nct considered
reasonable, Mission definitions usually provide for expending crdnance

at the end of the combat phase; therefore, for normal states, it would

seem more reasonable to consider (1) the specified loading configuration for
fiight phases prior to the combat phase, (2) the full range of loadings for the
combat and weapon delivery phases, and (3) the unloaded aircraft for flight
phases subsequent to the combat phase. This was the procedure fcollowed in
defining the loading configurations shown above in paragraphk C. For scme
missions, e.g., air-to-air, it would not be unreasonable to consider reten-
tion of all or scme of the armament after the combat phese. However, in
general, consideration of the full range of loadings for flight phases
subsequent tc the combat phagse for airplane normal states is not considered
realistic.

For airplane failure states, consideration of a range of loadings for
flight phases subsequent to the combat phase is considered reasonable,
However, for reasons similar to those above, consideration of the full
range of locading combinations for flight phases prior to the combat phase is
again unrealistic,

In addition, as previously discussed in 3.1.2 and 3.1.3, the relation-
ship of this requirement to 3.1.2, 3.1.3, k.2, 3.1.6.1, and 3.1.6.2 is
unclear., A statement similar to that recommended in 3.1.2 and 3.1.3
should be added to the end of this requirement.

. RECOMMENDATION

Revise the reguirement to read as follows:

"3,1.4 External Stores - The effects of external stores required by

the operational missions on the weight, moments of inertia, center-of-
gravity position, and aerodynamic characteristics of the airplane shall be
considered for each applicable mission Flight Phase. When the stores con-
téin expendable loads, the requirements of this specification spply for the

range of store loadings which might reasonsbly bhe encountered in any flight
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phase, The external stores and store combinations to be considered for
flying gualities design will be specified by the procuring activity and
shall include consideration of asymmetric as well as symmetric combina-
ticns. The data defined by this requirement, in conjunction with the
loading data of 3.1.2, the moments of inertia data of 3.1.3, and the eri-
teria of L.2 are used to define the critical loadings for the aircraft

normal states (3.1.6.1) and failure states (3.1.6.2)."
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3.1.5 Configurations

A. REQUIREMENT

3.1.5 Configurations - The requirements of this specification shall
apply for all configurations required or encountered in the applicable
Flight Phases of l.4. A (crew-) selected configuration is defined by the
positions and adjustments of the various selectors and controls available
to the crew except for rudder, ailercn, elevator, throttle, and trim con-
trols. Examples are: the flap control setting and the yaw damper ON or
OFF. The selected configurations to be examined must consist of those
required for performance and mission accomplishment. Additional configura-
tions to be investigated may be defined by the procuring activity.

B. APPLICAELE PARAMETERS

F-l configurations for flight phases required by operational missions.

C. P-4 CHARACTERISTICS

See Table I (3.1.5).

D. SUMMARY CF PILOT RATINGS AND COMMENTS

Not applicable.

E. DISCUSSION

Application of this requirement to the Model F-L poses no problems and
the reguirement is considered reasonable as written,

F. RECOMMENDATIONS

None,
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Table | (3.1.5)

Flight Phase Configurations

Speed Stab Aug | Mach Hold | Drag
Flight Phase Gear | L.E. Flaps| T.E. Flaps ] Brakes Mode | AitHold | Chute
Takeoff TO {Down| Down 300 In On off -
Climb CL | Up Up 0 In On Off -
Cruise CR | Up Up 0 In On On -
Loiter LO | Up Up 0 In On On -
Descent D Up Up 0 As Required| On off -
*Emergency Descent ED
*Emergency Deceleration|DE
Approach PA |Down| Down 60° In On off -
*Wave-off/Go-Around  |WO
Landing L {Down| Down 60° In On off Deploy
Air-to-Air Combat Co| Up Up 0 As Reguired{ On off -
Ground Attack GA | Up Up 0 As Required| On off -
Weapon Delivery/Launch (WD | Up Up 0 As Required| On oft -
*Aerial Delivery AD
*Aerial Recavery AR
*Reconnaissance RC
*Refuel Receiver RR
*Hefue! Tanker RT
*Terrain Following TF
*Antisubmarine Search | AS
*Clase Formatian Flying [ FF
| *Catapult Takeoff T

*These Flight Phases are not a part of any of the missions presented as examples in this report.

{See paragraph 3.1.1.)
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3.1.6 BState of the Airplane

A, FEEQUIREMENT

3.1.6 State of the Airplane - The state of the airplane is defined by
the selected configuration together with the functional status of each of
the airplane components or systems, throttle setting, weight, moments of
inertia, center-of-gravity position, and external store complement. The
trim setting and the positions of the rudder, aileron, and elevator controls
are not included in the definition of Airplane State since they are often
specified in the requirements.

B. APPLICABLE PARAMETERS

None.

C. PF-L CHARACTERISTICS

See paragraphs 3.1.6.1 through 3.1.6.3.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

Not applicable.

E. DISCUSSION

This paragraph, which defines the term, "State of the Airplane,” as
used in subsequent paragraphs, is considered reascnable as written,

F. RECOMMENDATIONS

None.
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3.1.6.1 Airplane Normal States

A. REQUIREMENT

3.1.6.1 Airplane Normel States - The contractor shall define and
tabulate all pertinent items to describe the Airplane Normal (no component
or system failure) State{s) associated with each of the applicable Flight
Phases. This tabulation shall be in the format and shall use the nomencla-
ture shown in 6.2, Certain items, such as weight, moments of inertia,
center-of-gravity position, wing sweep, or thrust setting may vary contin-
uously over a range of values during a Flight Phase. The contractor shall
replace this continucus variation by a limited number of values of the
parameter in question which will be treated as specific states, and which
include the most criticsel values and the extremes enccountered during the
Flight Fhase in question,

B. APFLICABLE PARAMETERS

P-4 Normal States for each Flight Phase of the operaticnal mission.

C. F-4 CHARACTERISTICS

The Normal States for the mission selected in Paragraph 3.1.1 are shown
in Table I (3.1.6.1)., The format is that of Table XVI of the specification
&s indicated in Paragraph 6€.2.1 which could logically be expanded to include
moments of inertia data and the definition of additional critical loadings
based on moments of inertia considerations. ©Such an expansion could con-
celvably result in multiplying the number of Normal States by a factor of
two or three.

Flight test data are not necessarily available for the taculated
states; for the purposes of this wvalidation the table provides & means of
evaluating the pertinence of the subsequent flight tesi data.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

Not applicable.

E. DISCUSSION

The requirement to define and tabulate the items necessary tc describe
the Airplane Normal States for each Flight Phase is considered reasonable.
However, the procedure for selecting critical values of such items as gross
weilght, center of gravity, and moments of inertia is obscure; reference
should be made to the loading data, 3.1.2, moments of inertia data, 3.1.3,
external store data, 3.1.4, and the criteria of 4.2. A statement to this

effect should be added to the requirement.
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F. RECCMMENDATION

£dd the following statement to the requirement:

"Criticel loadings shall be selected based on the data of 3.1.2, 3.1.3,
and 3.1.4% and the criteria of 4.2.
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3.1.6,2 Airplane Failure States

A. REQUIREMENT

3.1.6.2 Airplane Failure States - The contractor shall define and
tabulate all Airplane Failure States, which consist of Airplane Normal
States modified by one or more malfunctions in airplane components or
systems; for example, a discrepancy between a selected configuration and
an actual configuration. Those malfunctions that result in center-of-
gravity positions outside the center-of-gravity envelope defined in 3.1.2
shall be included. Each mode of failure shall be considered. Failures
occurring in any Flight Phase shall be considered in all subsequent Flight
Phases.

B. APPLICABLE PARAMETERS

F-4 airplane normal states modified by one or more malfunctions.

C. F-L CHARACTERISTICS

Examples of F-4 Failure States for the various Flight Phases of the
Air-to-Air Mission of Figure 1 (3.1.1) are presented in Tables I (3.1.6.2)
through VIII (3.1.6.2). The corresponding CG/weight envelope appears in
Figure 1 (3.1.2). Only those failures affecting the Normal State variables

of Table XVI of the specification are shown, i.e., control and feel/trim
system failures are not shown., Also multiple failures are not shown. This
approach is for the purposes of this study only. Pailures which would result
in a mission abort, e.g., inability to retract flaps and gear after takeoff,
are not considered in Flight Phases which would not be undertaken with that

failure.

In order to provide an examplie of a failure producing an extreme for-
ward CG condition, the internal wing tank fuel transfer failure is taken as
far into the mission profile as the available fuel allows, although in prac-
tice the mission would probably be aborted earlier. The case is alsc con-
sidered for which the mission is aborted with this failure after the Climd
Flight Phase and the aircraft performs a Descent, Approach, and Landing.

In the Normal State, the Weapon Delivery Flight Phase is arbitrarily
chosen to describe deployment of the forward missiles only, because this
involves the largest instantaneous CG shift possible. The aft missiles are
deployed later in the Combat Flight Phase., Some Failure States associated
with "hung" missiles (2 aft or all U4) could be considered Mission alterna-

tives, or Normal States, since the pillot has the option of returning with
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these configurations if required. Returning with only two forward
missiles is always a Fallure State, however, because the firing
sequence calls for the forward missiles to be fired first. The effects
of firing the missiles singly are not shown.

D. GSUMMARY OF PILOT RATINGS AND COMMENTS

Not applicable.

E. DISCUSSION

In its discussion of paragraph 3.1.10, Reference B2 mentions that
in the event of a failure that would always result in an aborted mission,
the failure should be considered in the Flight Phases required to complete
the aborted mission rather than the planned mission. At present this
intent is not stated in the specification. UWo problems in interpreting
the specification should arise for the more extreme cases; to use the
example of Reference B2, a procuring activity would be unlikely to requesit
a flying qualities assessment in supersonic c¢ruise of an aircraft whose
flaps hed failed to retract on takeoff, simply because the planned mission
called for supersonic cruise. However, there may exist certain failures
whieh, particularly in the context of a war emergency, might result in a
modified mission (e.g., reduced combat time or reduced number of ground
targets) rather than an aborted mission (return and land). It is con-
ceivable thet a procuring activity might require study of szelected failures
of this type. Therefore, in order to cover this eventuality and to correct
what is considered to be an omission in the requirement as presently
written, an additional statement is recommended for inclusion.

The desire to identify Airplane Failure States is understandable.
However, the requirement to define and tabulate all failure states con-
sisting of Normal States modified by one or more malfuncticns is considered
unreasonable. Approximately 50 examples of Fallure States have been
defined for the simple F-4C mission used as an example. Failure propa-
gation and multiple failures have not been considered, and the present list
constitutes a very conservative number of possible failures. Different
missions involving more external stores would invelve a far greater number
of possible Failure States. There are more than 1000 Normal States of
external store loadings associated with the F-4 aircraft and therefore

several thousand Failure Statesg might be encountered in connection with
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hung stores alone. Addition of failures of the control system, aug-—
mentation system, feel system, engine, fuel transfer system, and high
1ift devices together with combinations of these and failure propagation
would result in a prodigious number of failures, which, according to

the specification, should be considered.

For example, consider a single flight phase with only one Airplane
Normal State. It is not unreasonable that ten distinet failures or
malfunctions could be identified which could affect flying qualities.

The task of identifying and tabulating the over 1000 possible combinations
of two or more of these single failures is a sizeable task; the addition
of one more independent failure would double the number of combinastions.
If all flight phases are considered, the task becomes even more formidable
and for a multimission aireraft the task appears overpowering.

It is acknowledged that asutomated techniques could he employed to
accomplish the task of identifying and tabulaeting the individuwal failure
modes. However, the subsequent task of identifying the critical loadings
and critical flight conditions for the various flying gqualities parameters,
must be accomplished by hand. It is also acknowledged that many of the
resulting failure states may be trivial. However, the task of reviewing
the pessible failure states to identify and select those critical failure
states which could significantly affect flying qualities would still be a
formidable task., The subsequent task of determining the effect of these
critical failures on the varicus flying gualities characteristics would be
even more formidable.

The foregoing example is an attempt to illustrate the magnitude of
the task associated with this requirement. A specific recommendation for
revision of this requirement is not considered to be within the scope of
this contract. However, it is recommended that the procedure for

identifying failure states be revised to reduce the magnitude of the task.

Paragraph 6.7.1 of the specification indicates that the intent of the

requirement is to consider only those Failure States which signficantly

effect flying gualities. This intent however, is not consistent with
3.1.6.2 which requires that the contractor, "...define and tabulate all

airplane Failure States."
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E. RECOMMENDATIONS

The first sentence of the requirement should be changed to read as
follows, in order toc be consistent with paragraph 6.7.1 of the specifi-
cation:

"The contractor shall define and tabulate those Failure States which
have a significant effect on flying qualities. Failure States consist of
Airplane Normal States modified by ohe or more malfunctions in airplane
components or systemsj...."

In addition, the last sentence should be changed to read, "Failures
occurring in any Flight Phase shall be considered in all Flight Phases
which might subsequently be encountered". .

The requirement should be further revised to reduce the magnitude
of the task of compliance.

AIR FORCE COMMENTS.

The Air Force considers this requirement a reasonable burden on the
contractor, essential to the purposes of the specification. Catalogs of
failure modes and effects are now required for reliability (MIL-STD-756)
and flight safety (MIL-8-38130)}; these generally can give a suitable basis
for analyzing flying gqualities degradations. Already it has been necessary
to conduct some such analyses after the fact, in order %o improve mission
success and aircraft loss rates. Depth of the analysis deperds, of course,

on the stage of a design as well as its complexity.
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3.1.6.2.1 Airplane Special Failure States

A. REQUIREMENT

3.1.6.2.1 Airplane Special Failure States -~ Certain components, sys-
tems, or combinations thereof may have extremely remote probability of
failure during a given flight. These failure probabilities may, in turn,
be very difficult to predict with any degree of accuracy. Special Failure
States of this type need not be considered in complying with the require-
ments of Section 3 if justification for considering the Failure States as
Special is submitted by the contractor and approved by the procuring
activity.

B. APPLICABLE PARAMETERS

Does not apply.

C. F-b CHARACTERISTICS

For the purpcse of this report special failure states will not be
defined,

D. SUMMARY OF PILOT RATINGS AND COMMENTS

Not applicable.

E. DISCUSSION

The requirement is considered reascnable as written.

F. RECCMMENDATIONS

None.
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3.1.7T Operational Flight Envelopes

3.1.8 Service Flight Envelopes

3.1.9 Permissible Flight Envelopes
A. FREQUIREMENT

3.1.7 Operational Flight Envelopes - The Operaticnal Flight
Envelopes define the boundaries in terms of speed, altitude, and load
factor within which the sairplane must be capable of operating in order
to accomplish the missions of 3.1.1. Envelopes for each applicable
Flight Phase shall be established with the guldance and approval of
the procuring activity. In the absence of specific guidance, the
contractor shall use the representative conditions of table I for the
applicable Flight Phases.

3.1.8 BService Flight Envelopes -~ For each Airplane Normal State
the contractor shall establiish, subject t0 the approval of the preocuring
activity, Service Flight Envelopes showing combinations of speed,
altitude, and normal acceleration derived from airplane limits as
distinguished from mission requirements. For each applicabls Flight
Phase and Alrplane Normal State, the boundaries of the Service Flight
Envelopes can be coincident with or lie cuteide the correspoading
Operational Flight Envelopes, but in no case shall they fall inside
those Operaticnal boundaries. The boundaries of the Service Flight
Envelopes shall be based on considerations discussed in 3.1.8.1,
3.1.8.2, 3.1.8.3, and 3.1.8.k.

3.1.8.1 Maximum Service Speed - The maximum service speed, V
max or

M s for each altitude is the lowest of:
max

a. The maximum permissible speed

b. A speed which is & safe margin below the gpeed at which
intolerable buffet or struectural vibration is enccocuntered

c. The maximum airspeed at MAT, for each altitude, for dives
(at all angles) from VMaD at all altitudes, from which recovery can
be made at 2,000 feet above MSL or higher without penetrating a safe
margin from loss of contrcl, cther dangerous behavior, or intolersble
buffet, and without exceeding structural limits.

3.1.8.2 Minimum Service Speed - The minimum service speed, le or

Mmin’ for each altitude is the highest of: B

a. 1.1 VS

b. VS + 10 knots equivalent airspeed

¢. The spesed below which full airplane-nose-up elevator control
power and trim are insufficient to maintain straight, steady flight

d. The lowest speed at which level flight can be maintained with
MRT and, for Category C Flight Phases:

e. A speed limited by reduced visibility or an extreme pitch
attitude that would result in the tail cr aft fuselage contacting the
ground.
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3.1.8.3 Maximum Service Altitude - The maximum service altitude,
h{msx)s for a given speed isthe maximum altitude at which a rate of
climb of 100 feet per minute can be maintained in unaccelerated flight
with MAT.

3.1.8.4 Service Load Factors - Maximum and minimum service load
factors, n{+) [n{-)], shall be established as a function of speed for
several significant altitudes. The maximm [minimum] service load
factor, when trimmed for lg flight at a particular speed and altitude,
is the lowest [highest] algebraically of:

a. The positive [negative] structural limit load factor

b. The steady load factor corresponding to the minimum allowable
stall warning angle of attack (3.L4L.2.2.2)

c. The steady lcad factor at which the elevatoer contrcl is in
the full airplane-nose-up [nose-down] position

d. A safe margin below [above] the load factor at which intolera-
ble buffet or structural vibration is encountered.

3.1.9 Permissible Flight Enveiopes - The Permissible Flight
Envelopes encompass all regions in which operation of the airplane is
both allowable and possible. These are the boundaries of flight con-
ditions outside the Service Flight Envelope which the airplane is
capable of safely encountering. Stalls, spins, zooms, and scome dives
may be representative of such conditicns. The Permissible Flight
Envelopes define the boundaries of these areas in terms of speed,
altitude, and load factor.

3.1.9.1 Maximum Permissible Speed - The maximum permissible
speed for each altitude shall be the lowest of:

a. Limit speed based on structural considerations
b. Limit speed based on engine considerations

c. The speed at which intolerable buffet or structural vibration
is encountered.

d. Maximum dive speed at MAT for each altitude, for dives (at
all angles) from VMap at all altitudes, from which dive recovery at
2000 feet above MSL or higher is possible without encountering loss of
control or other dangerous behaviocr, intelerable buffet or structural
vibration, and without exceeding structural limits.

3.1.9.2 Minimum Permissible Speed - The minimum permissible
speed in lg flight is VS as defined in 6.2.2 or 3.1.9.2.1.

3.1.9.2.1 Minimum Permissible Speed Other Than Stall Speed -
For some airplanes, congiderations other than maximum 1ift determine
the minimum permissible speed in lg flight (e.g., ability to perform
altitude corrections, excessive sinking speed, ability to execute a
wave-off (go~around), etc.). In such cases, an arbitrary angle-of-
attack limit, or similar minimum speed and maximum load factor limits,
shall be established for the Permissible Flight Envelope, subject to
the approval of the procuring activity. This defined minimum per-
missible speed shall be used as VS in all applicable reguirements.
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B. APPLICABLE PARAMETERS

Operational Flight Envelopes.

Service Flight BEnvelopes.

Permissible Flight Envelopes.

C. T-4 CHARACTERISTICS

Figures 1 (3.1.7) through 4 (3.1.7) depict the Operational Flight
Envelopes for accomplishment of the air-to-air mission selected in
Paragraph 3.1.1.

Table I (3.1.7) presents the Operational Flight Envelope boundar-
ies as defined for each flight phase. The total Operational Flight
Envelope is depicted as a bulld-up of the flight envelopes for each
individual flight phase. Figure 1, 2 and 3 (3.1.7) present airspeed/
normal load factor envelopes at sea level, 20,000 ft. and 40,000 ft.,
respectively. The speed/altitude envelope is shown on Figure 4 (3.1.7).

The total SBervice and Permissible Flight Envelopes are also pre-
sented on Figures 1 (3.1.7) through 4 (3.1.7). The Service Flight
Envelopes are derived from airplene limits, whereas the Permissible
Envelopes are considered as regions that the airplane can enter and
safely return to the Operational Flight Envelope.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

Not applicable,

E. DISCUSSION

In the case of the F-U missions, the combat flight phase encom-
passes all other flight phase envelopes, with the exception of those
in Category C. The latter cover the low speed/low altitude/low normal
load factor "corner" of the envelope.

The subsonic positive normal load factor boundaries of the Opera-
tional and Service Flight Envelcopes are coincident and are bhased on
the maximum performance maneuvering capability of the F-4. The per-
missible boundary is based on the estimated maximm normal force.

The supersonic normal load factor boundaries are limited by
structural design at altitudes below 35,000 feet., and by maximum
stabilator deflection at higher altitudes. The maximum airspeed

boundary is also a structural limit,
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The F-lI has a zoom climb capability, which should define the
high altitude supersonic permissible boundary of Figure L {(3.1.7).
However, the zoom capability is not well defined and therefore the
boundary presented is based on the absolute ceiling (zero rate of
climb) of the F-4.

The Service Flight Envelope boundaries coincide with the opera-
tional boundaries throughout much of the envelope,

In spite of the long availability and wide use of the F-4 Aircraft,
definition of the permissible envelopes is not entirely clear. This
is due in part to the fact that this specification was not used for
procurement and therefore a strong incentive to define the envelopes
precisely was not present. Another contributlng cause is the ill-
defined stall of the F-4 (See 3.4.2) together with the airframe buffet
characteristics which accompany approach to low speed edges of the
envelope.

Although no specific recommendation can be made, it is felt that
the lack of precise permissible envelope definition on an aircraft as
well tried as the F-b indicates a possible potential area of conflict
between contractor and customer in the case of a new design.

F. RECOMMENDATION

3.1.7

Nene.

3.1.8

None

3.1.9

None
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3.1.10 Applications of Levels

A, REQUIREMENT

3.1.10 Applications of Levels - Levels of flying gualities as indi-
cated in 1.5 are employed in this specification in realization of the
pogsibility that the airplene may be required to operate under asbnormal
conditions. Such abnormalities that may occur as a result of either flight
outside the Operational Flight Envelope, the fallure of airplane components,
or both, are permitted to comply with a degraded Level of flying qualities
as gpecified ir 3,1.10.1 through 3.1.10.3.3.

3.1.10.1 Requirements for Airplane Normal States — The minimum reguired
flying qualities for Airplane Normal States (3.1.6.1) are as shown in Table
II.

Table 11. Levels for Airplane Normal States

Within Within
‘Operational Flight Service Flight
Envelope Envelope
Level 1 Level 2

3.1.10.2 Requirements for Airplane Failure States - When Airplane
Failure States exist (3.1.6.2), a degradation in flying qualities is per-
mitted only if the probability of encountering a lower Level than specified
in 3.1.10.1 is sufficiently small. At intervals estsblished by the pro-
curing activity, the contractor shall determine, based on the most accurate
available data, the probability of occurrence of each Airplane Failure State
per flight and the effect of that Failure State on the flying gualities with-
in the Operational and Service Flight Envelopes. These determinations shall
be based on MIL-STD-756 except that (a) all airplane components and systems
are assumed to be operating for a time period, per flight, equal to the
longest coperational mission time to be considered by the contractor in
desigring the airplane, and (b) each specific failure is assumed to be
present at whichever point in the Flight Envelope being considered is most
critical {in the flying qualities sense). From these Failure State prob-
abilities and effects, the contractor shall determine the overall probability,
per flight, that one or more flying qualities are degraded to Level 2 because
of one or mere failures. The contractor shall also determine the probability
that cne or more flying gqualities are degraded to Level 3. These prob-
abilities shall be lesz than the values shown in Table III.
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Table 111. Levels for Airplane Failure States

Probability of Within Operational Within Service
Encountering Flight Envelope Flight Envelope
Level 2 after failure <1072 per flight
Level 3 after failure <10t per flight <1072 per flight

In no case shall a Failure State (except an approved Special Failure
State) degrade any flying quality outside the Level 3 limit.

B. APPLICABLE PARAMETERS

Levels of flying qualities for Airplane Normal States.

Levels of flying gualities for Airplane Failure States.

Probabilities of encountering Airplane Failure States.

C. F-k CHARACTERISTICS

3.1.10.1

The guantitative and qualitative evaluations of F-4 normal state levels
of flying gualities for the various reguirements of this specification are
presented, where availsble, in the applicable paragraphs.

3.1.10.2

Quantitative and qualitative evaluations of F-4 failure state levels
of flying qualities are, by nature, very limited. The available data and
comments are presented in the applicable paragraphs.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

Not spplicable,

E. DISCUSSION

3.,1.10.1

The requirement to attain Level 1 flying qualities within the opera-
tional flight envelope and Level 2 flying gualities within the service
flight envelope for Airplane NHormal States is considered reasonable,

3.1.10.2

The desire to limit the probability of encountering Level 2 and/or 3

flying qualities after failure is understood and reasonable., However, the
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permissible probebilities are considered conservative, particulariy if the
failure probability is based on the longest cperaticnal mission. For the
sample missions presented in 3.1.1, the longest mission time is 2.46 hours
(special weapon attack mission); however, for the purpose of computing
failure state probabilities, the absclute longest F-L mission time would be
used, i,e,, a ferry range mission with inflight refueling and a mission time
of 6.29 hours. In this case, if the requirements of this section were met,
the actual probabiiity of encountering Level 2 within the operational
envelope for other than ferry missions, would be .U x lO_2 or once in 250
flights, the corresponding provability of encountering Level 3 would be .L
x 107 or once in 25,000 flights. For aircraft with more stringent ferry
range requirements, the probabilities could be even less.

It 1s acknowledged that the prediction of failure probabilities is not
an exact sclence and that, as a result, some conservatism should be emplcyed.
However, since Level 2 flying qualities are "adequate to accomplish the mis-
sion flight" and Level 3 flying qualities are "such that the airplane can be
controlled safely,” the permissible probabilities based on the longest
operational mission time are considered overly conservative.

F. RECOMMENDATIONS

3.1.10

Neone.

3.1.10.1

None,

3.1.10.2

The mission time on which the probabilities are based should be revised

to a less conservative level,
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3.1.10.2,1 BReguirements for Specific Failures

A. REQUIREMENT

3.1.10.2,1 Requirements for Specific Failures - The requirements on
the effects of specific types of failures, e.g., propulsion or flight con-
trol system, shall be met cn the basis that the specific type of failure
has occurred, regardless cof its probability of occurrence.

B. APPLICABLEL PARAMETERS

None,

C. F-4 CHARACTERISTICS

See treatment of requirements of 3.3.9 and 3.3.5.
D. BSUMMARY OF PILOT RATINGS AND COMMENTS

None.

E. DIBCUSSION

This requirement appears reasonable as written.
F. RECOMMENDATION

Hone.
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3.1.10.3 Exceptions
A. REQUIREMENT

3.1.10.3 Exceptions

3.1.10.3.1 Ground Operation and Terminal Flight Phases - Some require-
ments pertaining to tekeoff, landing, and taxiing invelve operation outside
the Operational, Service and Permissible Flight Envelopes, as at Vg or on
the ground. When requirements are stated at conditions such as these, the
Levels shall be applied as if the conditions were in the Operational Flight
Envelope.

3.1.10.3.2 When Levels Are Wot Specified - Within the Cperational and
Service Flight Envelopes, all reguirements that are not identified with
specific Levels shall be met under all conditions of component and system
failure except approved Airplane Special Failure States (3.1.6.2.1).

3.1.10.3.3 TJFlight Qutside the Service Flight Envelope - From all
points in the Permissible Flight Envelcpes, it shall be possible readily
and safely to return to the Service Flight Envelope without exceptiocnal
pilot skill or technique, regardless of component or system failures. The
requirements on stall, spin, and dive characteristies, on dive recovery
devices, and on approach to dangerous flight conditions shall also apply.

B. APPLICABLE PARAMETERS

Hone.

C. P-4 CHARACTERISTICS

For data on the specific reguirements menticned in 3.1.10.3, refer to
the relevant paragraphs of those reguirements.

D. SUMMARY OF PILOT RATIHGS AND COMMENTS

None.

E. DISCUSSION

None.

F. RECOMMENDATION

llone.
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3.1 General Requirements

Final Discussion

The authors do not disagree with intent of this section; however, the
apprcach is considered idealistic. The overall intent is to ensure ade-
guate design and, at the same time, to prevent over-design of a new procure-
ment. However, strict application of the requirements, although conceivably
accomplishing these objectives, mey be nearly impossible to complete and the
gssociated cost penalties could outweigh +the resulting benefits.

There is a practical need to restrict the total number of operations
within reasonable limits. Considering as an example, one mission (air-to-
air), on the F-4, the flight phases have been established, the configurations,
loadings, normal and failure states defined, and the flight envelopes con-
structed. For this sample mission, which has a relatively simple external
store arrangement of four fuselage-mcunted Sparrow missiles, more than 50
failure states have been defined. The list is very conservative and does
not include failure propagation or combinations of fallures. In view of the
fact that an actual procurement might involve more missions with more com-
plex external store lcading configurations and more failures, it is gues-
tionable whether the amount of effort involved in defining all the possible
failure states and the asscciated flying qualities is Justified by the
resultant benefits.

The permissible probabilities for degraded flying gualities, in com-
bination with the mission time upon which ithe probapllities are based, are
considered conservative. As discussed in 3.1.10.2, these requirements would,
in practice, permit degradation to Level 2 within the operational flight
envelope only once in 250 flights and tc Level 3 only once in 25,000 flights.
Since Level 2 flying qualities are considered adequate to perform the mis-
sion, the probability cof mission sbhort due to flying quaiities degradation
would be far less than that due other factors, e.g., weather, failure of
weapon delivery systems, or failure of environmental system. In this sense,
the aircraft flying qualities could be ccnsidered as overdesigned,

The above discussion has been presented to illustrate the impact of
Secticn 3.1. Specific recommendations for revision of certain paragraphs

have been presented in the applicable paragraphs. Specific recommendations
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for revision of airplane failure states requirements, 3.1.6.2 and 3.1.10.2,
are not considered to be within the scope of this contract. However, con-
sideraticn should be given to revising these paragraphs to reduce the
magnitude of the task required to show compliance and to reflect less
conservative permissible probabilities of encountering degraded flying
gualities.

AIR FORCE COMMENTS:

The Air Force considers the required failure analyses essential and
believes that further experience will show users that the requirement is
workable (see discussion of 3.1.6.2)., On the impact of external stores:

o The contract will state a limited group of stores.

o The normal flying qualities with each of these store combinations

must be considered anyway.

o For most failures then, use the "worst-case" store complement
(Rational probabilities cannot be assigned to various store
combinations).

o The number of possible store and release failures to be considered
will be quite finite.

In respect to other system failures, the number to be considered is

not really so significant when bearing in mind the following:

o Only failures that affect flying qualities need be considered
(e.g. failures that result in abnormal external configuration,
flight control system failures, power supply failures)

o Of the above fallures, only a few will have specific requirements
regarding the failure effect. (e.g. other than failure transients,
there are no requirements on pilot relief functions such as Mach holid,
attitude hold etc.)

o Only "worst case" conditions need be considered, and this fact reduces
the number of points in the envelopes that must be considered.

o Since failure effects are the important items, all failures that
lead to the same effect can be "lumped" for the purpose of calcula-—
ting failure probabilities (e.g. yaw damper fails haré-cver, free,

or in-position regardless of number and type of detailed component

failures). 'This approach is normally used for reliability analyses.
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Thus, the failure aspects are not as insurmountable as might appear at first,
In fact, complete flight control system studies have been made (see
References B17 and B1B) the latter for the complicated F-111 system.

A complete, after-the-fact, failure analysis may not be appropriate to
the study reported in this document, considering constraints on time angd
funds, but such failure analyses are practical and important tc future systenm

developments.
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3.2 Longitudinal Flying Qualities

3.2.1 Longitudinal Stability with Respect to Speed

3.2.1.1 Longitudinal Static Stability

A. REQUIREMENT

3.2.1.1 Longitudinal Static Stability - There shall be no tendency for
the airspeed to diverge apericdically when the alrplane is disturbed from
trim with the cockpit controls fixed and with them free. This requirement
will be considered satisfied if the variaticns of elevator control force and
elevator contrcl position with airspeed are smeooth and the local gradients
stable, with:

Trimmer and throttle controls not moved from the trim settings by the crew,
and

lg acceleration normal to the flight path, and
Constant altitude

over a range about the trim speed of ¥15 percent or %50 knots equivalent air-
speed, whichever is less (except where limited by the boundaries of the
Service Flight Envelope). ©Stable gradients mean increasing pull forces and
aft motion of the elevator control to maintain slower airspeeds and the
opposite to maintain faster airspeeds. The term gradient does not include
that portion of the control force or control position versus airspeed curve
within the preloaded breskout force or friction range.

3.2.1.1.1 Relaxation in Transonic Flight - The requirements of 3.2.1.1
may be relaxed in the transonic speed range provided any divergent airplane
motions or reversals in slope of elevator control forece and elevator control
position with speed are gradual and not objectionable to the pilot. In no
case, however, shall the reguirements of 3.2.1.1 be relaxed more than the
following:

(a) Levels 1 and 2 - For center-stick controllers, no local force
gradient shall be more unstable than 3 pounds per 0.01 M nor shall
the force change exceed 10 pounds in the unstable direction. The
corresponding limits for wheel controllers are 5 pounds per G.01 M
and 15 pounds, respectively.

(b} Level 3 - For center-stick controllers, no local force gradient
shall be more unstable than 6 pounds per 0.01 M nor shall the
force ever exceed 20 pounds in the unstable direction. The
corresponding limits for wheel controllers are 10 pounds per
0.01 M and 30 pounds, respectively.

This relaxation does nct apply to Level 1 for any Flight Fhase which
requires prolonged transonic operation.
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B, APPLICABLE PARAMETERS
(1) Longitudinal control force variation with speed.

(2) Longitudinal control position variation with speed.

Feel/Trim System S1
C. F-L CHARACTERISTICS

High Lift Configuration - Figure 1 {3.2.1.1) presents PA configuration

longitudinal control force and stabilator position variation with airspeed
deviation from trim, for the F-UB aircraft with the original (S1) feel/
trim system. All data presented were obtained using the stabilized point
method, Stick force gradients are weakly stable at airspeeds above trim
‘and appreoach neutral at airspeeds bhelow trim. BStick fixed stability is
nearly neutral at all conditions.

Cruise/Combat Configuration - Figure 2 (3.2.1.1) presents longitudinal

control force and stabilator position veriation with Mach number for con-
figurations P (MRT), P (MAT), and CR, of the F-4B with the S1 feel/trim
system. Dataare presented for an altitude range of 5,000 to 35,000 feet
and a center of gravity range from 25.5% to 34.2%. Stick fixed stability
varies between slightly positive and slightly negative. 8tick free stability
is positive at all altitudes and c.g.'s, investigated. The most unstable
transonic force gradient and forece change is 1 lb. per 0iM and 2 lb.,
respectively, from Reference Ni, both of which are well within the level
1 and 2 requirement,

D. SUMMARY OF PILOT RATINGS AND COMMENTS

A sumary of pilot comments from References N2 and Nb indicate that,
for the 81 feel/trim system:
o "PA configuration...longitudinal stick force gradients are satis-
factory." (E3), Figure 1 {3.2.1.1).

"(Configurations CR and P)...neutral to unstable stabilator position

gradients with respect to airspeed...and the high longitudinal control sys-
tem friction make it extremely difficult to establish and maintain a trimmed

flight condition..." (EL)}, Reference N4, F-LB, Figure 2 (3.2.1.1}.
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Feel/Trim System 82
. F-l CHARACTERISTICS

High Lift Configuration - Figure 3 (3.2.1.1) presents typical longitudinal

control force and stabilator position variation with alrspeed deviation from
trim for the F-4B with the 82 feel/trim system in configuration PA. Both
stick free and stick fixed stability gradients are positive.

Cruige/Combat Configuration - Static longitudinal stability at 40,000

ft. is presented in Figure 4 (3.2.1.1) for the F-LUB with the 82 feel/trim
system in configurations CR, P, and CO. The center of gravity range pre-
sented is limited to 32.0% and 33.0% due to lack of data. Stick fixed
stability is generally neutral to unstable, whereas stick free is pesitive
with the exception of a double control force reversal, transonically, for
beth cenditions tested. The most unstable transonic force gradient and force
change is 1.8 1b per .01M and 6 lb., respectively, from Reference N1l. The
force gradient and change meet the Level 1 and 2 requirements,

D. SUMMARY OF PILOT RATINGS AND COMMENTS

A summary of pilot comments from Reference N1l indicate that for the
52 feel/trim system:
o "The static longitudinal stability in configuration PA was satis-
factory (C3)." Figure 3 (3.2.1.1).

"Static longitudinal stability at 40,000 ft...in configuraticns CR,

P and CO...was stable up te the ftransonic region, where a double control

force revergal cccurred. Supersonically, the gradient was again stable
with a total force change of about 21 1b. from 1.1M to 1.6M...the control
force reversals were apparent but not objectionable (C3)." Figure b4
(3.2.1.1}.

"At 5000 ft...the control force gradient,..was linear and strongly
stable to about 550 XKCAS where a glight revergal occurred. Tha control
force reversal from 550 to 580 KCAS was mild., The neutral to unstable
gradient above 630 KCAS was nobt cbjecticnsable since forces were easily
trimmed out during accelerations (C3)." Reference N11, F-LB, Figure L

{3.2.1.1;}.
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Feel/Trim System 53
C. P-4 CHARACTERISTICS
High Lift Configuration - Figures 5 (3.2.1.1) through 8 (3.2.1.1)

present stick force and stabilator position variation with alrspeed devia-
tion from trim for various models of the F-L aircraft. Figure 9 (3.2.1.1)
is an attempt to illustrate the influence of the control force gradient on
pilot rating.

Included in the plots are data for the power approach, takeoff, and
waveoff configurations at various c.g. positions and for the F-4K and F-LM

with Rolls-Royce engines. All the data presented were obtained using the

stabilized peint method, and the airspeed scale has been normalized about the

trim speed for consistency in all the plots. In general, stick fixed sta-
bility is nearly neutral at all conditions, and stick free stability, due
mainly to the bellows feel force, is siightly positive for all test cases.
The data presented are all NATC results, partly because Cooper ratings
are given more frequently than in USAF reports and parily because the
carrier approach phase places a strict requirement on static stability.

Cruise/Combat Configuration - Figures 10 (3.2.1.1) through 15 {3.2.1.1)

present stick force and stebilator position data for various F-4 models in
the cruise/combat configuration.

Data are included for various CG positions, steres and flight condi-
ticns, and were obtained by acceleration/deceleration methods,

D. SUMMARY OF PILOT RATINGS AND COMMENTS

High Lift Configuration

Reference N11 is an NATC comparison of feel/trim systems 52 and S3,
and for the PA configuration:
o "The differences in the longitudinal control force gradients between
the [82] and [83] configurations were qualitatively indiscernible during
static stability tests. The conly differences noted during landing
approaches were the reduction of breakout forces, and the wider trim speed
bend apparent during waveoffs, bolters, and catapult launches in the [82]
configuration...(C3)." Reference W11, F/RF-LB Figure 6 (3.2.1.1).
Reference N12 is an NATC evaluation of the F-UK, which is equipped
with Reclls-Rcyce Spey engines:
o "The static leongitudinal stabllity in configuration PA was essentially

neutral within a 25 kt airspeed band as illustrated in [Figure 7 (3.2.1.1)]
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even though the breakout forces averaged less than 1/2 1b (C4.5)...The con-
trol force gradient with airspeed was slightly stable 17 to 35 kt above trim
and 8 to 20 kt below trim...The stabilator was easily displaced from trim
inadvertently because of the light breakout forces (less than 1/2 1ib.),

and, once displaced, the airspeed could increase or decrease as much as

10 kt before the pilot would realize that an out-of-trim condition existed,"
Reference N12, P-LK,

This report gives a C6 rating to the carrier approach flight phase,
citing as contributory factors to the speed stability the inability to
stabilize on approach speed due to engine response characteristics, lateral
directional oscillations, and marginal roll response. No Cooper rating
was attached to the comments on throttle response, but the prime factors
menticned were throttle free-play, excessive thrust changes with small
throttle movements, and asymmetric engine operation. The rating attached
to the two lateral-directional characteristics was Ck.5.

o "The static leongitudinal stability in configuration PA was essen-
tially neutral within a 28 kt airspeed band even with breakout forces of
less than one pound (Ch.5)...Control force lightening was experienced 20
kt below trim, which resulted in virtually no control forces present to
warn the pilot of his slow speed condition (CL.5)." Reference N13, F-uM,
Figure 7 (3.2.1.1}.

o "Stick force gradients were essentially linear through trim for
all c.g. positions tested. The gradients varied from 0.21 1b/kt at 29.1%E
to 0.13 1b/kt at 36%c...for small airspeed displacements from trim, static
longitudinal stability was not apparent to the pilot due to the poor
longitudinal cockpit control centering which reduced control force air-
speed cues (C3)." Reference N1k, ¥-4J. 1In fact, the low speed longitu-
dinal stick centering per se warranted a rating of Ch.5.

This report also evaluated longitudinal static stability in the take-
off configuration:

o "The longitudinal coantrol force gradients in configuration TO were
slightly stable through trim with an average gradient of 0.06 1b/kt, The
extremely shallow longitudinal control force gradient in configuration TO
resulted in insufficient pilot cues to attitude or eirspeed change during
a critical phase of flight and resulted in a tendency tc overcontrel pitch

attitude immediately after takeoff (CL.5)." Reference N1k, F-4J, Figure 5
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(3.2.1.1).

Static longitudinal stability in takeoff configuration was also
evaluated in Reference N18:
o "The test airplane exhibited neutral static longitudinal stability
within ¥20 kt of trim in eonfiguration TO where the stick force variation
with airspeed was masked by the breakcut plus friction band (Ck.5) as shown
in [Figure 5 (3.2.1.1)]. The lack of static longitudinal stability in
configuraticn TG denies the pilot adequate airspeed stick force cues,
required excessive pilot attention to airspeed,..." Reference N18§, F-LiB.

Reference N23 is an NATC evaluation of the F-iM which is powered by
the Rolls-Royce Spey engines:

o "An attempt was made to evaluate the static, dynamic, and maneuvering
longitudinal stability characteristics in configurations PA and PA 1/2,
However, the lack of longitudinal stick centering in these configurations
prevented acquisition of meaningful guantitative data. Qualitatively, the
lack of longitudinal stick centering resulted in regative static and
maneuvering longitudinal stability...without stability and control instru-
mentation, nc indications were apparent that the airplane possessed even
neutral static stability in configuration PA and PA 1/2 a% nominal approach
center-of-gravity positions (28.5 to 32% MAC). Any deviations from trim
airspeed were fellowed by a further departure from the trim airspeed with
no tendency for the airplane to return to trim...{Ck.5)...contributes to
the poor approach handling characteristics of the airplane,..the pilot had
to devote an inordinate amount of time to monitoring angle-of-attack,'
Reference K23, F-UM.

An evaluation of longitudinal static stability in configuration WO
sppears in Figure 8 (3.2.1.1):

) "The weak stability in configuration WO denies the pilot adequate
stick force airgpeed cues during a critical phase of flight...degrades
mission effectiveness by requiring excessive pilot attention to airspeed
control,..Correction of this deficiency is desirable for improved service
use." (EL), Reference W18, F-LJ.

Figure 11 (3.2.1.1) shows stick force and stabilator position plots
for the F-L4J at various c.g. positions and two loading conditions. The
destabilizing effect of the wing tanks degrades the pilot opinion rating
from C2 to Ch.5 (Reference N14).
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Figure 12 (3.2.1.1) also shows F-LJ date with extreme aft and forward
c.g. positions. The aft c.g. case is aft of both the NATOPS limits and the
limits recommended by the report (Reference N21), and although no pilot
cpinicn rating is quoted the flying qualities must be assumed to be unsatis-
factory but not unacceptable (EL or ES5). At the forward c.g., a rating of
E3 is assumed. {Reference N21)}.

An acceleration-deceleration evaluation of the F-UC appears in Figure
13 {3.2.1.1). In this case, the velocity range is particularly large. No
pilot opinion was given by this report. (Reference AS}).

o "Supersonically [with two aft AIM-T7's loaded] the gradient was slightly
stable with the push force increasing 6 1b from 1.2M to 1.55M. Above 1.55M
the gradient was neutral...lLongitudinal contrcl force gradients at 40,000 ft.
...are acceptable (C3)." Reference Wlk, Figure 1k (3.2.1.1).

Figure 15 (3.2.1.1) is a summary of stick force and stabilator position
gradients obtained for the ¥-LK at various c.g. positions for subsonic
flight conditions:

o ".,.negative static longitudinal stability (control-free) is discon-
certing and can be dangercus under low altitude, high speed conditions (CH)."
Reference N12, F-LK,

This report alsc states: "...the addition of some external store
loadings decreases the static margin with the same c.g. position by moving
the aerodynamic center forward {2z x 370 wing tanks decrease the static
margin approximately 2% MAC)...with full internal fuel at take-off the c.g.
will be aft of 34% MAC for approximately 50% of the flight. Hence, the
cortrel-free static stability will be essentially neutral or possibly
negative, depending on the loading conditions, for that portion of the
flignt." This does not imply that the static longitudinal fiying qualities
would be assessed as (6 for 50% of all missions, since the rating quoted
appears to be for LAHS flight only. It seems safe to assume, however, that
a rating of Bk, i.e., Level 2, could be attached to negative static sta-

"

bility for some missions. Another statement is "...neutral static longitu-

" which is

dinal stability may not be objecticnable for a fighter-bomber...
rather more favorable than the requirements of 3.2.1.1 suggest. Certainly

the method of testing used, with a large velocity range, implies that
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gradients should be falrly light in order to avoid excessive control forces
at extreme ends of the test velocity range. This assumes that the test
method 1s representative of actual mission flight conditions rather than
merely a test method, i.e., that long accelerations or decelerations with-
out retrimming might be encountered. Reference N12, F-LK.

Cruise/Combat Configuration

o "At aft c.g.'s the pilot was offered light, or no stick force cues.
Thus it was difficult to maintain a fixed trim speed without menitoring
airspeed...At the mid c.g. (32- to 33-percent MAC}, longitudinal handling
qualities were considered marginal [E3.5] and were unacceptable [E5] at the
aft c.g. (34- to 35.5-percent MAC)." Reference A3, F-LC.

Reference A3 also evaluated stability with varicus lcading conditicns,
typical results appear in Figure 10 (3.2.1.1).
o] "The test procedure consisted of trimming the aircraft in stabilized
level flight, zdvancing the throttles to military rated thrust and then
accelerating at a constant altitude to the maximum speed for military thrust.
When the maximum speed was reached, the thrust was reduced to idle, and the
alrcraft decelerated, again at constant altitude, to the minimum flying
speed., At this point, the throttles were again advanced to military thrust
and the aircraft was accelerated to trim speed." In most test cases, this
represents a speed range very much greater than the : 15 percent or hl 50
knots quoted in the requirement. The method of test recommended in Reference

B2, page 630, was not followed.

Feel/Trim System S4
¢. F-4 CHARACTERISTICS

High Lift Configurations - Figure 17 (3.2.1.1) presents longitudinal

static stability data in configuraticn PA for an F-UE and a modified F-4B
both having the Sb feel/trim system. Both stick fixed and stick free
stability gradients are slightly positive in the center of gravity range of
the available dsta - 29.0% to 30.Tac.

Cruise Combat Configurations - Typical longitudinal control force and

stabilator pesition data in configurations CR, P, and CO are presented in
Figure 18 {3.2.1.1) for an F-L4E and a modified F-LB, which have the SbL

control system. The data presented covers an altitude range of 5,000 ft.
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to 40,000 ft. and a center of gravity between 28.5% and 34,0%c. Stick free
stability ranges from positive at the forward c.g.'s to neutral at aft c.g.'s.
Stick fixed stability is nearly neutral at all test conditions. The most
unstable transonic force gradient and force change, occurring at a c.g. of
34%c is 1.2 1b. per .0I1M and 18 1b., respectively. The force gradient
meets the Level 1 and 2 requirement but the maximum force change is Level 3.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

A summary of pilot comments from Reference AT and K11 indicate that for
the Sk feel/trim system:
0 "In PA (configuration)...at aft c.g.'s or (with external stores)
...the pilot (reported) little or no apparent speed stability. At forward
c.g.'s with no stores, the spparent speed stability...was still unsatis-
factory at the normal approach angle of attack...The stick centering was
also unsatisfactory...The lack of adequate airspeed stick force cues
required excessive pilot attention to longitudinal control during instrument
landing conditions.” (CHL) Reference A7, F-4E. Figure 17 (3.2.1.1).
o "The apparent speed stability was unstable for supersonic speeds
even at mid c.g.'s. This instability, while undesirable, was not considered
unsatisfactory (CH3)." Reference AT, F-4E, Figure 18 (3.2.1.1).
o "(at k0,000 ft)...the control force gradient was essentially neutral up
to the transcnic regicn where a double force reversal cccurred similar to
those experienced [with the 83 system]. The control force gradient at
speeds greater than 1.2M was slightly stable becoming essentially neutral
above 1.5M. The neutral control force gradients...would derogate mission
suitability during subsonic cruising...and during supersonic radar tracking
...especially under night or instrument conditions {CL.5)." Reference N11,
F-UB, Figure 18 (3.2.1.1).
o "The control force gradient at 5000 ft (was) slightly stsble to un-
stable...in the normal service airspeed range...the existence of an unstable
gradient under a normal loading condition (2 ext. 370 gal. wing tanks)...is
unsatisfactory (C6)...The strong unstable control force gradient at speeds
above 580 KCAS was unsatisfactory (C6}." BReference N11l, F-LB, Figure 18
(3.2.1.1).

o] "In configuration PA.,.The control force gradient decreased to an
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unsatisfactory level.,.with essentially a neutral gradient within 10 kt.
of the trim airspeed (C4.5)." Reference N11, F-LB, Figure 17 (3.2.1.1).
Transonic trim changes are evident in some of the data discussed
above, Some specific comments on this topic are reproduced below.
o "...at L0,000 ft...reversals experienced...appeared qualitatively
as a neutral gradient {(C2)." Force change 2.0 1lbs., gradient 0.3 lbs/
0,01 M,
"...at 5,000 ft...a sharp increase in the control force gradient
transonically, followed by an unstable gradient at speeds greater than
600 KCAS was objectionable, although the trim changes encountered during
an acceleration were easily controlled (CL.5)." Force change 9.0 1b,
gradient 0.9 1bs/0.01 M. Reference N11, F/RF-4B, Figure 14 (3.2.1.1).
Q "...at 40,000 ft...for both loadings tested [2 Sparrow III missiles
on aft fuselage stations, with or without 2 external wing tanks] the stick
force gradient through the transcnic region exhibited a mild double reversal
which appeared to the pilot as a neutral gradient...(C3)." Reference Hlk.
Force change 3.0 1b, gradient 4.0 1b/0.01 M. Reference N14, F-U4J, Figure
14 (3.2.1.1).
o "The transonic trim change was evident from 0.9 io 1.1 Mach number;
however, the force changes were small {within a band of approximately 10
pounds in the transonic range) except at low altitude. At supersonic low
altitude conditions, a slight force reverszl (increasing puil force with
increasing speed) was apparent...[Force change 8.0 lbs, gradient 0.8 lbs/
0.01 M]...objectionable but ecceptable [E5] because the forces could easily
be trimmed out," Reference Al, F-4C, Figure 16 (3.2.1.1).
o M. ..transonic trim change existed between 0.85 and 1.05 Mach number.
This trim change was not botherscme during transient conditions [E3]."
This report is an evaluation of the F-4C with a variety of loading condi-
tions: the worst force change is about 5.0 lbs., with a gradient of .6 or
.7 1bs/0.01 M, Reference A5, F-LC.
o ", ..transonic trim changes resulted in reversals in elevator con-
trol forces as great as 8 pounds, These trim changes were not seriously
cbjectionable tc the pilot during level, transonic accelerations or

decelerations (CH3)." Reference AT, F-LE, Figure 186 (3.2.1.1).
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E, DISCUSSION

3.2.1.1

Pilot comments concerned with PA configuration flying qualities indi-
cate that neutral stick position gradients are not necessarily objectionable,
and, for the CR/CO configuration,mildly unstable position gradients are not
necegsarily objectionable., Of course, the type of aircraft invelved is an
important factor; neutral static stability may not be cobjectionable for s
high-performance aircraft (References N1l and N12) and may even be desir-
able, whereas for a heavy transpert the situation may be entirely different,
However, based on F-4 characteristics it would seem reasonable to permit
Class IV airplanes to have neutral position gradlients during Category A & B
flight phases for Level 1 and negative position gradients during Category
A, B, and C for levels 2 and 3 provided "that stable to neutral force gra-
dients are maintained.”

In general, stick force characteristics are more apparent to the pilot
than the position characteristics, and these are a strong funetion of
mechanical characteristics such as friction, breakout force, stick centering,
trim capability, etc. 1In fact, the data suggest that these factors are not
considered separately by the piiot but that their overall effect is evalu-
ated for demanding tasks such as carrier approach or radar tracking - this
being a more meaningful assessment of the aircraft's flying qualities, In
this respect,a review of F-l characteristics indicates a need for further
restrictions on Paragraph 3.2.1.1 beyond, "variations of...force and...
position with airspeed are smooth and...gradients stable.," The overall
effect of other assceciated characteristies, such as control centering and
breakout forces, even though they meet the requirements of Paragraph
3.5.2.1, seem to degrade the coverall static stability characteristics by
1.5 Cooper-Harper points {(Figures 3 and 4 (3.5.2.1). This "combined effect"
is covered in Paragraph 3.5.2.1 in the sftatement, "...the combined effects
of centering, breakout force, stability and force gradient shall not produce
objectionable flight charascteristics,..." A similar statement should be

included in Paragraph 3.2.1.1,

The progression of feel/trim systems on the F-I from 52 to 84 indi-
cates a desire by the service pilots to have less than a high positive

static longitudinal stability gradient on the F-4., Typical is the statement
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from Reference N1l: '"Because of the reduction in static longitudinal
stability with the downsprings removed...rapid changes in altitude and
alrspeed do not result in large out-of-trim conditions, and the airplane
is more easily maneuvered in a tactical enviromment." Paragraph 3.6.1.2,
Rate of Trim Operation, acknowledges the possibility that large out of
trim conditions may be objectionable and specifies trim rate capability
during dives, ground attack maneuvers, and level flight acceleraticns.
However, the necessity to constantly trim in a tactical enviromment could,
in itself be objectionable., Consequently, consideraticn should be given
to establishing a maximum positive stick force gradient for Class IV air-
planes. HNo attempt has been made to establish a positive limit during
this validation because of the uncertainty that the limited F-4 dats avail-
able would provide a valid limit.

The method of test in the referenced flight tests is as recommended in
Reference B2 for the PA configuration, i.e., the stabilized point method,
but the range of velccities involved in the flight test CR/CO configura-
tion acceleraticns and decelerations is much wider than the flS% or Y50
kts of the specification. This velocity range does not seem to be unrea-
scnable for a Clags IV aircraft, for instance, in the CO Flight Phase.
Reference B2 reccommends accelerations and decelerations at trim throttle
setting, a method which is about twice as time-consuming as the off-trim
throttle methods used in the customer reports on the F-L, the justification
for this being that force and pitching moment disparities due to off-trim
throttle settings are avolded. dowever, if it is assumed,at least
for Class IV aircraft, that large velocityranges are to be used for stick
force and position variation measurements in the CR/CO configuration, the
use of trim r.p.m. settings would not necessarily guarantee trim thrusi at
all speeds, this being particulariy true for the Spey engines in the case
of the F-LK/M. If it is also considered that these methods of measuring
"static stability" are rather arbitrary anyway, then the method used in the
reports, with its obvicus acceptability due to leong usage, would appear to
be adequate.

3.2,1.1.1

No documented support, apart from Reference Bl, is offered by Reference
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B2 for the requirements on transonic trim changes. F-l experience,
Table I (3.2.1.1) and Figure 19 (3.2.1.1), provides no validation of the
Level 3 limits. However, a definite trend is observed with regard tc the Levels
1 and 2 limits, i.e., provided one of the conditions required by the speci-
fication is met, then failure to meet the other does not degrade pilot
opinion. Specifically, a steep unstable force gradient is not objection-
able provided the force change in the unstable direction is small, and
conversely a large force change is not objectionable provided the gradient
is shallow. Unfortunately, data arelacking which would give pilot opinions
on & transonic static instability where both the force gradient and change
are high. The available data, however, arebelieved adequate to jJustify
relaxing the Level 1 and 2 limits for Class IV aircraft to those indicated
in Figure 19 (3.2.1.1).
F. RECOMMENDATIONS
3.2.1.1
(1) Add the following statement to the requirement after...friction
range:
"The combined effects of centering, breakout force, stability,
and force gradient shall not produce objectionable flight charsc-
teristics, such as poor precision-tracking ability, or permit
large departures from trim conditions with controls free."
(2) Add the foliowing after the above:
"The sbove requirements apply to Class I, II, and III airplanes,

For Class IV airplanes for:

Level 1, neutral position gradients are permitted during Cate-
gory A and B Flight Phases,
Levels 2 and 3, negative position gradients are permitted during
Category A, B, and C Flight Phases,
provided that force gradients remain stable."”
(3) A maximum positive stick force gradient limit is reguired.
3.2.1.1.1

Revise the Level 1 and 2 requirements to those indicated in Figure 19
(3.2.1.1).
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Table | (3.2.1.1)
Transonic Trim Changes

Feel/ Reference Adverse Adverse Specification Flight Test
Trim {Figure Force Change Gradient Level Pilat Qpinign
System (ih} (th per 0.01TM)
$2 N11/3 5.0 1.8 1,2 c3
N11/3 6.0 0.7 1,2 c3
N11/4 5.0 0.5 1,2 c3
83 A4f22 8.0 0.8 1,2 E5
N11/3 2.0 0.3 1,2 c2
N11/3 8.0 0.9 1,2 C4.5
N13 and N12/2 1.0 0.5 1,2 c3
A5/53 5.0 g 1,2 E3
! N14/4 3.0 4.0 3 C3
84 A4/25 15.0 1.2 3 ES
A7/30 8.0 0.9 1,2 CH3
N11/3 30 0.2 1,2 c2
N11/4 18.0 1.2 3 cé




136 KCAS trim 10,000 ft 33,900 1b CG @ 22.8% €, {Rating E3)
—— e e e 167 KCAS trim 5,000 ft 34,3701k CG @ 27.5% T, {Rating E3}

10
Pull
. 5 +
Longitudinal . —— e
Control 0 e —
Force e e
Push
-10
110 120 130 140 150 160 170 180
Calibrated Airspeed, KCAS
15
Aft o —_— - e
10 S — e a— -—
Longitudinal 1
Control 5
Position
(deg) 0
Fwd
-5
110 120 130 140 180 160 170 180

Calibrated Airspeed, KCAS

Figure 1{3.2.1.1)

Longitudinal Stability With Respect to Speed
Longitudinal Static Stability
Feel/Trim System $1
PA Configuration
References N2 & N4, F-48
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P(IMRT) 14,000 ft 37,400b CG @ 31.5% €, {Rating E4)
_— CR 15,000 ft 33,9601b CG @ 25.5% €, (Rating E4)
——— vt R 5,000 ft 40,660 b CG @ 34.2% T, (Rating E4)
P {MAT}35,000 ft 34,210lb CG @ 25.5% T, {Rating E4}
———— - P (MAT)35,000 ft 33,8201b CG® 29.7%¢, (Rating E4)
10
Pull 5 —\ \Q,
Longitudinal \ ‘\
Control 0 \\\‘\ N\
Force \ \J N
(Ib) \ s S\
Push -5 —— ~
\\
»
—-10
4 6 .8 1.0 1.2 1.4
Mach Number
15
LED 10
Stabilator
Position b -
(deg) — L ———
LEU O L — pre—
-b
4 B 8 1.0 1.2 1.4

Mach Number

Figure 2 (3.2.1.1)

Longitudinal Stability With Respect to Speed

Longitudinal Static Stability

Feel/Trim System S1
References N2 & N4, F-4B
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135 KCAS trim 3,000 ft CG @ 29% ¢ (Rating C3)

10
Pull
. 5
Longitudinal
Control 0 _"'—-\
Force \
-5
Push
-10
~-30 -20 -10 0 10 20
Airspeed Deviation From Trim
{kts)
10
Aft
Longitudinal 5
Cantrol
Position
{deg) 0
Fwd
-5
-30 -20 -10 0 10 20
Airspeed Deviation From Trim
(kts)

Figure 3 (3.2.1.1)

Longitudinal Stability With Respect to Speed
Longitudinal Static Stability
Feel/Trim System S2
PA Configuration
Reference N11, F-4B

120



40,000 ft CG @ 32.0%c(Rating C3)
6,000 ft CG @ 33.0%cC (Rating C3)

20
Pull
Longitudinal ~
Control
Force 0 \R - - Ga—
Ib =
{Ib) Push '-_-’/ \
—-20
4 6 .8 1.0 1.2 1.4 1.6 1.8
Mach Number
10
TEU
Stabilator ) = __
Position /_—_\-_/
d 0
{deq) TED __________Z___@
-5
4 .6 8 1.0 1.2 1.4 1.6 1.8

Mach Number

Figure 4 (3.2.1.1)

Longitudinal Stability With Respect to Speed
Longitudinal Static Stability
Feel/Trim System $2
CR/P/CO Configuration
Reference N11, F-48
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186 KCAS trim, 5,000 ft, 49,700 Ib, CG @ 35.7% T,
breakout force + 1.0 Ih (Rating C4.5)

160 & 180 KCAS trim, 4,000 ft, CG 33.3 to 36.3% T,
with and without 370 gal wing tanks {Rating C4.5}

5
Pull
Longitudinal [ ——
Contral Force 0 — Y
(Ib) —— "‘-"‘"\'----.
Push \:
-5
-30 -20 -10 0 10 20 30
Airspeed Deviation From Trim
{kkts)
10 g
Stabilator
Position 5 S— — |
{(deg/TEU)
0
-30 -20 -10 0 10 20 30

Airspeed Deviation From Trim
{kts)

Figure 5 {3.2.1.1)
Longitudinal Static Stability
Feel/Trim System S3
TO Configuration
References N14 & N18, F-4J
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130 KCAS trim, 3,000 ft, CG @ 29% T breakout force 1.0 Ib (Rating C3}
132 to 150 KCAS trim, 3,000 ft, CG @ 32% € (Rating C3)

Push
Longitudinal — —_&
..h-

Control Force 0

(Ib) .-"""--.._.
Pull \ —

-5
-30 —-20 -10 0 10 20
Airspeed Deviation From Trim
{kts)
10
Stabilator
Position 5
{deg/TEUV)
0
—-30 -20 -10 0 10 20
Airspeed Deviation From Trim
{kts)

Figure 6 (3.2.1.1}
Longitudinal Static Stability
Feel/Trim System S3
PA Configuration
Reference N11, F/RF-4B
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————— — 142 KCAS trim, 5,000 ft, GW = 35,750 Ib, CG @ 30.9% T,
breakout force = + 1 Ib {Rating E4)

152 KCAS trim, 5,000 ft, GW = 35,500 |Ib, CG @ 31.8% T,
breakout force + 1 Ib {Rating C4.5}

150 KCAS trim, 5,000 ft, GW = 38,000 Ib, CG @ 36% €,
no fwd. Sparrows, breakout force = + 12 b (Rating C4.5)

Pull

Longitudinal
Control Force Q -

—
[ o)
Push \\ \ ~

/i

5 \\p
=30 —20 -10 0 10 20 30
Airspeed Deviation From Trim
(kt)
20
Stabitator
Position 10 ——— e —
. — —
0
-30 —20 -10 0 10 20 30
Airspeed Deviation From Trim
{kt)

Figure 7 {3.2.1.1)
Longitudinal Static Stability
Feel/Trim System S3
PA Configuration
References N12, N13 & N18, F-4K, F-4M & F-4J
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147 KCAS trim, 5,000 ft, 38,370 |b, CG @ 29.8% ¢ (Rating E4)

B
Pull
Longitudinal \
Control Force 0
{lb)
Push
-b
-30 -20 -10 0 10 20 30
Airspeed Deviation From Trim
{kt)
10
Stabilator
Position 5
{(deg/TEU)
1]
-30 -20 -10 1] 10 20 30

Airspeed Deviation From Trim
{kt)

Figure 8 {3.2.1.1)
Longitudinal Static Stability
Feel/Trim System $3
WO Configuration
Reference N18, F-4J
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Pilot Rating C4.5

—————— Pilot Rating C3

Pull

Longitudinal
Control Force
{tb)
Push
—4
—6
—30

—20 =10 0 10 20

Airspeed Deviation From Trim
(kts)

Figure 9 {3.2.1.1)
Longitudinal Static Stability
Feel/Trim System S3
High Lift Configurations
Summary
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0.65M trim, 10,800 ft, 44200 t0 43,400 Ib CG 34.1 10 33.3% T
2 x 370 gal wing tanks, LAU-3/A rocket launcher
SUU-21 bomb dispenser, LAU-17 pylon,

Stick forces within friction band @ MRT, below 0.7M

0.60M trim, 5,500 ft, 48,000 to 47,600 b, CG 34.5t0 34.6%C
2 x 370 gal wing tanks, LAU-3/A rocket launcher
SUU-21 bomb dispenser, LAU-17 pylon. Stick forces
within friction band @ MRT.

—» Acceleration (MRT)
-«— Deceleration (ldle Thrust)

10
e
Pull 5 ——
—t; gl w——p——
Longitudinal o
Control Force D — )L—T:‘g-
{Ib)
-5
Push
-10
.3 4 5 .6 7 8 9
Mach Number
10
TEU 5
Stabilator
Position 0
TED -5
-10
3 4 .b .6 g .8 9

Mach Number

Figure 10 (3.2.1.1)
Longitudinal Static Stability
Feel/Trim System $3
Cruise Configuration
Reference A3, F-4C
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5,000 ft, CG @ 35.9% €, 2 x 370 gal wing tank, MAT (Rating C4.5}
5,000 ft, CG @ 35.8% T, two sparrow missiles {aft), MAT (Rating C3)

—————— 5,000 ft, CO @ 32.3% T, two sparrow missiles {aft), MRT {Rating C3)
15
10
Pull =]
5
Longitudinal
Control Force O —
-5 ..‘hh-‘-. 1= \
Pus;h-10 """---..____‘“
-15
.3 4 b .6 g B8 9 1.0
Mach Number
10
TEU
Stabilator

Position 0 —g—-_=——

(deg)
TED

-10

3 4 5 .6 7 B 9 1.0
Mach Number

Figure 11 (3.2.1.1)
Longitudinal Static Stability
Feel/Trim System $3
Cruise/Comhat Configuration
Reference N14, F-4J
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35,000 ft, 41,900 Ib, CG @ 38.2% T, 2 x 370 gal wing tanks (Rating E3)
35,000 £, 39,400 Ib, CG @ 29.0% €, 2 x 370 gal wing tanks 6 x MK-82 bombs {Rating E5}

— Acceleration (MRT)
-+— Deceleration (ldle Thrust)

15
10
Pull —~
5 [
Longitudinal \.\\
Control Force 0
-5 B
Push
-10
-15
4 5 .6 7 .8 Rt} 1.0
Mach Number
10
TEU
Stabilator -
Position 0 _'="=-""" ——
(deg) >
TED
-10
4 b 6 v 8 9 1.0

Mach Number

Figure 12 (3.2.1.1)
Longitudinal Static Stability
Feel/Trim System §3
Cruise/Combat Configuration
Reference N21, F-44
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0.83M trim, 40,800 to 39,900 ft, 39,600 to 36,100 1b, CG @ 326 t0 31.4% ¢
- Acceleration MAT
-t Deceleration {idle power)

10
Pull 5
0
_—
Longitudinal -5
Control Force \ \
(Ib) -10
\..__ -*_-\
-15 B
~— —_—
—20
Push
-25
.8 1.0 1.2 1.4 1.6 1.8
Mach Number
10
Stabilator
Position B — ——
(deg/TEU) //—-%.;‘__
0
8 1.0 1.2 1.4 1.6 1.8

Mach Number

Figure 13 (3.2.1.1)
Longitudinal Static Stability
Feel/Trim System $3
Combat Configuratian
Reference A5, F-4C
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40,000 ft, CG @ 31 to 36% &, with/out 2 x 370 gal. wing tanks. Rating C2
—_— — 5,000 ft, CG @ 33 to 35% &, with/out 2 x 370 gal. wing tanks.

Subsonic: Rating C2 Trans/supersonic: Rating C4.5

— = — — 40,000 ft, CG @ 35.2% c. Rating C3

10
Pull
0
Longitudinal
Control Force
{Ib)
—10
Push
--20
10
TEU
Stabilator
Position 0
{deg)
TED
=10

Acceleration Data

\ m
S—— — —
I\ o
LA, N
Ty
4 B 8 1.0 1.2 1.4 1.6 1.8
Mach Number
M-
—___T_—
4 B .8 1.0 1.2 1.4 1.6 1.8

Mach Number

Figure 14 {3.2.1.1)
Lengitudinat Static Stability
Feel/Trim System 53
Cruise/Combat Configuration
References N11 & N14, F/RF-4B & F-4J
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Symbaols Test Altitude
® O 25,000 ft
B 0O 10,000f#t

A 5,000 ft
L— Accelerations
Decelerations

10

B e S
Longitudinal Control

Force Gradient \

Ib per Hundred kt

0
o8 30 32 34
CG Position (%)
2
Stabilator Position $\
Gradient 0 E—
deg per Hundred kt
~2
28 30 32 34

CG Position {% ©)

Figure 15 {3.2.1.1}
Longitudinal Static Stability
Feel/Trim System S3
Cruise Configuration (Subsonic Flight Conditions)
Reference N12, F-4K
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Maximum Power Acceleration

0 11,300 ft, CG @ 32.3% T, 40,000 Ib, AIM-7 missiles {Rating E3)

Pull
Longitudinal 0 N\_ /\ /
Control Force (Ib) =
Push
10
.2 4 .6 .8 1.0 1.2 1.4
Mach Number
10
TEU
Stabilator ﬁ’t el
Position (deg)
TED
10
.2 4 .6 8 1.0 1.2 1.4

Mach Number

Figure 16 (3.2.1.1)
Longitudinal Static Stabitity
Feel/Trim System S3
Combat Configuration
Reference A4, F-4C
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171 KCAS trim, 7800 ft, 44,800 Ib, CG @ 30.,7% ¢, (Rating CH4)

- 132-150 KCAS trim, 3000 ft, CG @ 29.0% T, (Rating C4.5)

Pull 10
5
Longitudinal Control L—d___.
Force (Ib) s
-5
Push
-10
-30 ~-20 -10 0 10 20 30
Airspeed Deviation From Trim (kt)
Aft 10
5 T e e
Longitudinal Control
Position (deq)
-5
Fwd. _10
-30 --20 —10 0 10 20 30

Airspeed Deviation From Trim (kt)

Figure 17 (3.2.1.1)

Longitudinal Stability With Respect to Speed

Longitudinal Static Stability
Feel/Trim System S-4
PA Configuration
References N11 & A7
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0.5M trim, 15,100 ft 42,500 b, CG @ 28.5% C (Rating CH3)
40,000 ft, CG ® 33% T {Rating C4.5)
5,000 ft, CG @ 34% T {Rating C6)

Pull 20
O’,
./
Longitudinal - . 7/
Controf Force (Ib) O K - —""'--...,_____ _
\ /\ \/p
Push -20
4 6 8 1.0 1.2 1.4 1.6
Mach Number (M)
TEU 10
5
o —_——— -t ———
Stabilator ’, " 0 -
Position {deg) 0_.._-_.......___ i s
—5
TED —10
4 6 8 1.0 1.2 1.4 1.6

Mach Number (M)

Figure 18 (3.2.1.1)
Longitudinal Stability With Respect to Speed
Longitudinal Static Stability
S-4 Feel/Trim System
CR/P/CO Configurations
References N11 & A7
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Flight test pilot opinion:
O Level 1
(D Level 2
Notes: 1) Unflagged symbols - data tabulated in Table | {3.2.1.1)
2) Flagged symbols - data not published in report
== u ame = == Recommended boundary between spec. level 1,2
and spec. level 3.

— e e— = Present specification beundaries

bp——— — e e e e T e e —
~, Specificiation Level 3 |
~., 0
5 [ 1
~. |
4 o =~ —
Adverse Force I \,\ |
. 3p——— - — —— i
Gradient (Ib/.01M) Specification Level 1 2 Ta_ !
) | O°N. |
o] I = !
~

1 d J ot. o |
go | ~, 1

O N~
oL_%o | N
0 4 8 12 16 2

Adverse Force Change (Ib)

Figure 19 (3.2.1.1)
Correlation of Pilot Rating Data
With
Transonic Static Instability Parameters
CR/P/CO Canfigurations
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3.2.1.1,2 Elevator Control Force Variations During Rapid
Speed Changes

A. REQUIREMENT

3.2.1.1.,2 Elevator Control Force Variations during Rapid Speed
Changes - When the alrplane is accelerated and decelerated rapidly
through the cperational speed range and through the transonic spesed
range by the most critical combination of changes in power, actuation
of deceleration devices, steep turns and pullups, the magnitude and rate
of the associated trim change shall not be so great as to cause
difficulty in maintaining the desired load factor by normal pilct
techniques.

B. APPLICABLE PARAMETERS

Langitudinal control force variation during the most critical
combination of changes in power, normal load factor, and actuation of

deceleraticn devices, resulting in rapid speed changes.
C. F-h CEARACTERISTICS

With the exception of maximum power accelerations and idle power
decelerations, which alone do not meet the intent of the require-
ment, this parameter has not been evaluated quantitatively with the F-k,
Force changes during a straight and level flight rapid speed
change {maximum power acceleration/idle deceleraticn) in the transonic
region are shown in Figures 13 and 16 (3.2.1.1). This is not the most

critical possible ccondition as required by the specification.
D. SUMMARY OF PILOT RATINGS AND COMMENTS

The only applicable comment in the F-4 literature comes from

Reference AT and is gquoted below:

© " .., during high g decelerating turns the transonic trim change
resulted in objectionable pitch transients {which) ... made AOA control
extremely difficult and could easily result in g - overshoois beyond the
aircraft structural limits (CH6)". Reference AT, F-UE. No gquantitative

data are supplied.

E. DISCUSS10N

The foregoing comment substantiates the need for this reguirement,

which is considered adequate as written.

F. RECOMMENDATTON

None
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3.2.1.2 Phugoid Stabiiity

A, REQUIREMENT

3.2,1.2 Phugoid Stability - The long-periocd airspeed oscillations
which occur when the airplane seeks a stabilized airspeed following a
disturbance shall meet the fcllowing requirements:

a. Level 1 —————n r_ at least 0.04
b. Level 2 —m-em——-— Ep at least O
¢, Level 3 —-e——m Tp at least 55 seconds.

These requirements gpply with the elevator control free and zalsc with
it fixed. They need not be met transonically in cases where 3,2.1.1.1
permits relaxation cof the static stebility requirement.

B. APPLICABLE PARAMETERS

Damping ratio of long period oscillations in airspeed time
histories and time to double amplitude in divergent oscillations.
A1l Feel/Trim Systems
C. F-4 CHARACTERISTICS

Figure 1 (3.2.1.2) from Reference BT presents the estimated stick fixed
phugoid mode period at all flight conditions for a forward c.g. position.
The minimum pericd is about T0 seconds. The above reference attributes
the lack of flight test data to the lcng peried, and nc mention is made
of damping ratio, or whether the osgcillation is stable or unstable,
Feel /Trim System 81
¢,  F-4 CHARACTERISTICS

No gquantitative test data are available for aircraft equivpped

with this system,

D. SUMMARY OF PILOT RATINGS AND COMMENTS
o "The phugoid oscillation of the airplane in configuration PA
and CR has a long pericd, iz slightly damped and is satisfactory. The
airplane exhibits excellent contrcllability and there are no objection-
able flight characteristics attributed tc phugoid damping." (F1),
Reference N1, FLHu1,

Feel/Trim System 32

C., TF-L CHARACTERISTICS

No test data are available for phugoeid characteristics of the

aircraft with this feel-trim system.
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D. SUMMARY OF PILOT RATINGS AND COMMENTS
None available.

Feel/Trim System 33

PA CONFIGURATION

C, F-I CHARACTERISTICS

Figure 2 (3,2,1.2) presents time histories of altitude, air-
speed, angle of attack and angle of pitch for a long period longitudinal
oscillation of the YF-UM aircraft,

D, SUMMARY OF PILOT RATINGS AND COMMENTS
) "... objectionable (Cl4) ... Divergent long period oscilla-
tion characteristics degrade the landing approach characteristics of
the airplane." Reference N13, F-U4M, Figure 2 (3.2.1.2)

CRULSE/COMBAT CONFTGURATION

C. P-4 CHARACTERISTICS

Figures 3 (3.2.1.2) through 6 (3.2.1.2) present time histories
of airspeed and altitude for the F-UM and F-LJ aircraft with various
c.g., and loading conditions. Table I (3.2.1.2) summarizes damping,
frequency and pilot opinion rating data for these time histories.

D. SUMMARY OF PILOT RATINGS AND COMMENTS
o "... (phugoid) mode was divergent in all configurations and
lecadings tested. However, with forward c.g.ibositions the rate of
divergence was relatively slow and not objectionable [ estimated from
airspeed history 712, from altitude history 7135] (C3) With aft c.g.
positions the phugoid diverged more rapidly [z estimated frem airspeed
history <175, from altitude history T13] and was cbjectionable. {(C5.5)
.+.Rapid divergence of the phugoid at aft c.g. positions becomes part-
icularly appsarent during cruising flight under instrument conditions
where an inordinate amount of pilot attention is required to control
altitude." This report goes on to relate phugoid characteristics to
mission effectiveness; "During ncrmal operations, the c.g. is well aft
during the early portion of the flight and thus results in an object-
ionable phugoid. External wing stores further degrade the phugeid
characteristics because of their adverse effect on longitudinal stability.”

Reference N1§, F-LJ, Figure 3 (3.2.1.2).
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o ",..oscillations at 20,000 ft. were slightly divergent at
c.g. positicns from 29.5 to 33.0% MAC, but were not objectionable."
(C3) Reference N13, F-UM, no quantitative data supplied.

0 "Airplane long period (phugoid) dynamic longitudinal stability
tests were conducted ...The phugoid oscillation was excited by
releasing the control stick in a level flight attitude with airspeed
20 to 25 KIAS sbove the trim airpseed. The phugoid oscillations were
allowed to continue, stick-free, until the aircraft motions warranted
resuming manual control, since in all cases the phugoid motion was
divergent. Time histories of phugeld moticns with forward and aft
c.g. positions are presented in {Figures & (3.2.1.2), 5 (3.2.1.2),

6 (3.2.1.2)1",

"Variation of airplane c.g. position had little effect on
the period of the phugoid which was spproximately 90 seconds for all
configurations tested. It did, however, have a pronounced effect on
the rate of divergence of the oscillation. A mildly divergent oscilla-
tion, [z estimated from airspeed history TOMT, from altitude history
7026, Figure 4 (3,2.1.2)] which was not particularly objectionable
(C3) was obtained at a forward c.g. position, whersas at an aft c.g.
position a rapidly diverging oscillation [z estimated from airspeed
nistory 716, from altitude history 7083, Figure 5 (3.2.1.,2); and
from altitude history 7111, Figure 6 (3.2,1.2)], (C5.5) occurred
which the pilot stopped after 1 1/2 to 2 cycles.”

"Duriné normal operations with commonly used external store
loadings, the c.g. position of the airplane is well aft at takeof?,
Thus, & portion of the flight will be flown under conditions where
the phugeld motion is rapidly divergent and objectionable, The rapid
divergence of the phugoid motion with an aft c.g. position becomes
particularly apparent during cruising flight under instrument condi-
tions, where an Iinordinate amount c¢f attention must be paid to altitude
control..” Reference N1k, F-4J,

E. DISCUSSION
All Configurations - Feel/Trim System S3

According to the specification reguirement, the phugeoid

characteristics are Level 3 for all the cases analyzed and presented.
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Because the corresponding pilot comments represent Level 1 or

Level 2 flying qualities, this at first sight indicates that the
requirements on phugoid stability are considerably too stringent.
However, the reguirements are based chiefly on a well-defined stick
fixed closed locp landing approach evaluation in Reference BB (see
also Reference B2, Figures 1 - 1k (3.2.1.2)), and the F-4 flight data
are all stick free evaluations, For the F-L, the stick free char-
acteristics are determined by the feel/trim system, which modifies the
stick fixed charescteristics because of the presence of stick forces,
and hence stabilator movements, due to the bellows and bobwelghts.
Reference N18 (see above) indicates that the phugoid mode is a problem
with the stick fixed, but no data are supplied and therefore noc stick
free/fixed correlation is possible, The available data therefore

show that, for a stick-free only evaluation of phugoid stability, a
divergent oscillation {f < 0.0) can represent Level 1 or Level 2 fly-
ing qualities.

The reasons for the disparity in Cooper ratings assigned to
the varicus time histories are not apparent. Attempts to show
relations between pilcot opinion rating, damping ratio, pericd, and time
to double amplitude are shown in Figure 7 (3.2.1.2). Damping ratio does
show some slight correlation with pilot opinion, but not even a remote
relationship seems to exist between the others. A fairing through the
damping ratio data would place the Level 1 lower limit at cpzt-o.l, with
Level 2 at cpz -0.13. Alternatively, a Level 1 boundary at gp ~ -0.05
would exclude all Level 2 rated points from Level 1., A Level 2 boundary
at ;pz-4x17 would ineclude all the Level 1 and 2 data, In view of the
very limited amount .of data it is considered that any recommendstion should
be tempered with some degree of engineering judgement.

It can be concluded, however, that the wide disagreement
between the F-4 characteristics and the Specification Requirements and
Levels is sufficient to warrant lowering the Level 2 bhoundary to at
least =0.1,

F. RECOMMENDATIONS
Change 3.2,1.2b to:
Level 2 —e—m——- Cp at least =0.1
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Table | {3.2.1.2)
Phugoid Characteristics

Trim

Trim Altitude

Speed ft CG $n Period Ty Pilot

KCAS | (Approx} | Configuration %t {Average) {sec) (sec) | Rating | Reference
350 20K CR 34.0 -.13 28 86 c3 N18
350 20K CR + Stores 35.1 -15 76 55 C4.5 N18
350 20K CR 30.0 -.04 95 288 c3 Ni4
350 20K CR 36.3 -12 90 B2 C6 N14
350 20K CR + Stores 35.2 -1 90 89 Cé N14

- 20K CR 29.5-33.0 C4.5 N13

140 5K PA 325 -.07 40 61 C4.5 N13
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Figure 2 {3.2.1.2)
Phugoid Stability
Feel/Trim System S$3, Stick Free
Reference N13, F-4M
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Calibrated
Airspeed (kis)

Altitude
x 103 ft)

e R Configuration, clean aircraft, CG @ 34%¢€, {Rating C3)

= == == = CR Configuration, 2 Sparrow missiles, 2 Sidewinder missiles
1600 gal. § tank; CG @ 35.1%¢, (Rating C6)
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Figure 3 (3.2.1.2)
Phugoid Stability

Time History of Two Divergent Long Period Oscillations

Feel/Trim System S3, Stick Free
Reference N18, F-4.
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CR Configuration - Clean Aircraft

CG®@®@30.0%¢c
Rating C3
500
400 TN / /\ X
Calibrated / \ / \
Airspeed (kts) \
\— \ /
300 - N
200
24
22 //\
20 /n \
Altitude ' /
(x 10°3 ft) \ /
) I U
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14
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Time {(sec)

Figure 4 (3.2.1.2)
Phugoid Stability

Feel/Trim System S$3, Stick Free
Reference N14, F-4J
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Figure 5 (3.2.1.2)
Phugoid Stability

Feel/Trim System 83, Stick Free
Reference N14, F-4J)
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CR Configuration - 2 x 370 Gal. External Wing Tanks and 2 x AIM-7 Missiles
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Figure 6 (3.2.1.2)
Phugoid Stability

Feel/Trim System $3, Stick Free
Reference N14, F-4J
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Figure 7 (3.2.1.2)
Phugoid Stahility

Feel/Trim System S3, Stick Free
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3.2.1.3 Flight Path Stability

A. REQUIREMENT

3.2.1,3 Tlight-Path Stabllity - Flight-path stability is
defined in terms of flight-path-angle change where the airspeed is
changed by the use of the elevator control only (throttle setting not
changed by the crew). For the landing spproach Flight Phase, the
flight-path-angle versus true-airspeed curve shall have a local slope
at Vomi which is negative or less positive than:

a. Level 1 -~=~-0.06 degrees/knot
b. Level 2 w——— 0.15 degrees/knot
c. Level 3 —e—w- 0.2k degrees/knot.

The thrust setiing shall be that required for the normal approach
glide path at Vg . . The slope of the flight-path angle versus air-
speed curve at Smkﬁots slower than Vomin shall not be more than 0.0%
degrees per knot more positive than the slope at Vomin’ as illustrated

by:

- V (TAS), kt

TN

O

=)

C

<

oy

—

1]

a.

rer

L

2

w
Difference in ,/ ReQi?’j of ~—op— Regioq of
Slopes not to Positive Negative

Stopes Slopes

Exceed .05 deg/kt
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B, APPLICABLE PARAMETERS

1. Flight-path-angle versus alrspeed slope

C. F-L4 CHARACTERISTICS

Quantitative flight path stability data arenot available from
flight tests of any of the F-l models. Analytical evaluations have
been conducted using aerodynamic derivatives on the F-4B/M and
F-4J/K Models. These data are presented in Figure 1 (3.2.1.3)} for
the F-4J/K and the F-LB/M in configuration PA. Locking at the
F-4J /K in configuration PA with a Vomin of 132 KCAS:

1. The lccal slope of %ﬁ-at Vomin is +0.07 degrees/knot
which is Level 2, according to the requirement.

2. The local slope at 5 knots slower than vomin is +0.10

wnich meets the requirement of

(%) (3) v
auf (Vopin o) du /) Vo . 5 0.05

The PA configuration F-UB/M has a VOmin of 138 KCAS which gives:

1. A local slope at vomin of -0.01 degrees/knot which meets
the Level 1 requirement.

2. A local slope at 5 knots slower than Vomin of +0.01,
which meets the specification requirement.

D, SUMMARY OF PILOT RATINGS AND COMMENTS

Pilot comments and ratings on flight path stability are
not available from either Air PForce, Navy, or MCAIR test pilots.
However, pilot comments evaluating the F-4K in the landing approach
task, as taken from Reference N12 can be considered as relating
to flight path stability. Whereas flight path stability is charac-
terized by flight path control (altitude and attitude) by use of
stebilator only, the F-LK approaches were controlled by use of both
stabilator and throttle. The overall carrier apprcach handling
characteristics of the F-UK (near Vomin) were considered unsatis-
factory (see 3.6.2 and 3.5.2.1) and given a rating of C6, primarily
because of the inability to stabilize on approach speed.

In addition, Reference N23, provides some interesting comments

on the comparative approach characteristics of the F-LI/K/M air-
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craft which illustrates the effect of engine control/response
characteristics on apprcach handling gqualities and, in a general
sense, flight path stability.
o "Since approach handling characteristics are a result of a
combination of many factors, the flight control system character-
istics and the statie, dynamic, and maneuvering longitudinal stab-
ility characteristics were initially evaluated in an attempt to
define their effects on approach handling. In addition, engine
handling characteristics were evaluated. The approach handling
characteristics were then compared to those of the F-UK and F-iJ."
"The approach handling characteristics of the F-UM were similar
to those of the F-4K....Satisfactory carrier type approaches can
be made only under day VFR conditions, and are considerably more
difficult to make in the ¥-UM than in the FP-4J. Since the flight
control systems and basic stability characteristics of the F-UM
are similar to the F-LJ, the increased pilot work load in the approach
must be attributed to the different engine handling characteristies
of the Spey engines as compared to the J-T9 engines. In the F-4J
and F-UM, the longitudinal flight control system centering and
friction, and the static and maneuvering longitudinal stability
characteristics are all similar and are marginal at best. In the
F-LJ, the J~T9 engine, with its excellent response time and the
precision with which a thrust level can be set, provides the pilot
with a rapid and accurate means of altitude control on the glide
slope. The marginal flying qualities of the F-4J are not aggravated
by the engine handling characteristics. However, in the F-UM
(and FP-LK), the engine response is sluggish and there are signifi-
cant non-linearities hetween throttle movement and thrust response.
Consequently, the pilot is unable to rapidly or accurately make
timely thrust setting changes in the approach. The interaction
between the poor engine handling characteristics and the marginal
flying qualities of the F-UM results in significantly increased
pilot work load over that required with the F-LJ, and makes preci-
sion approaches difficult, even under optimum conditions." (E6)

Reference K23, F-4M.,
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E. DISCUSSION

The flight path stability of the F-UJ/K aircraft, Figure 1
(3.2.1.3)}, in the PA configuration falls into Level 2. This
correlates with the rating of overall carrier approach handling
characteristies of the F-LK which are rated Level 2 (C6) and
the carrier approach handling characteristics of the F-L4J, with
identical flight path stability characteristics, which are also
rated Level 2 but with a rating of Ch,5.

In contrast, the flight path stability of the F-4B/M aircraft,
Figure 1 (3.2.1.3), in the PA configuration falls into Level 1.

This correlates well with the rating of approach handling character-
istics of the FP-UB which have always been rated C2 or C3 (Reference
NK4). However, it does not correlate with the approach characteris-
ties of the F-UM, with similar flight path stability characteristics,
which are rated C6, Level 2.

As discussed in Reference N23, the difference in approcach
handling characteristics between the F-4J and F-4X and, more
important, the differences between the F-UB and F-UM, can be
attributed to differences in engine response/control characteris-
tics between the JT79 and Spey engines., These examples demonstrate
that interaction between aircraft stability characteristics and
engine response/control characteristics can have a significant
effect on approach handling characteristics and apparent flight
path stability.

Unfortunately, the data snd pilot ratings available are not
sufficient to evaluate the numerical requirements for flight
path stability. However, the available data do indicate that Level 1
flight path stability does not necessarily guarantee Level 1 approach
handling characteristics.

F. TRECOMMENDATION

Ncne.
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3.2.2 Longitudinal Maneuvering Characteristiecs
A, REQUIREMENT

3.2.2 Longitudinal Maneuvering Characterigtics

3.2.2.1 Short-Period Response - The short-period response of
angle of attack which cccurs at approximately constant speed, and which
may be produced by abrupt elevator control inputs, shall meet the
requirements of 3.2.2.1.1 and 3.2.2.1.2. These requirements apply,
with the cockpit contrel free and with it fixed, for responses of
any magnitude that might be experienced in service use. If oscilla-
tions are nonlinear with amplitude, the reguirements shall apply
to each cycle of the oscillation. In additicn to meeting the numerical
requirements of 3.2.2.1.,1 and 3.2.2.1.2, the contractecr shall show
that the airplane has acceptable response characteristics in atmospheric
disturbances.

3.2.2.1.1 Short-Period Frequency and Acceleration Sensitivity -
The short-period undamped natural frequency, mnsp, shall be within

the limits shown in Figures 1, 2, and 3. If suitable means of directly
controlling normal force are provided, the lower bounds on wpy and nfa
of Figure 3 may be relaxed if approved by the procuring activify.

B. APPLICABLE PARAMETERS

Short period undamped natural frequency and ratio of steady
state normal load factor to angle of attack following a step longi-
tudinal control input.

C. TF-bL CHARACTERISTICS

Discussion of Reguirements

Reference B2 presents two broadly similar analyses which,
together with a substantial amount of test data from various sources,
are used to Justify writing the requirements on mnsp as a function
of n/a.

The first of these uses the constant-speed (two-degree-of-freedom)

equations of motion to derive the close approximation:

0
F “n

5 ~ _SP
n MFS" n/o

where Fs/n is the stick force required to maintain the steady-state
normal acceleration following an elevator input, and MF is the initial
5

pitch acceleration per pound of stick force input, or sensitivity.
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A. Requirement - Continued
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A. Requirement - Continued
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A. Requirement - Continued
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Therefore, given values of w and n/a  inherent in the airframe,

ol

5p
a control system designer must, according to Reference B2, balance
F

;i and MFs to achieve the best compromise between steady maneuvering
forces and initial sensitivity. In practice, the designer will
choose an Fs/n using 3.2.2.2.1 and use the mnSp vs. n/o criterion
to check for any potential sensitivity problem.

The second analysis (originally derived in Reference BQ) uses

a rather different approach tc obtain

The left-hand side of this relaticn, the Control Anticipation Para-
meter, or CAP, is the ratio of initial pitch acceleration to steady-
state normal acceleration following a step input, and so involves

the same initisl response/final response interpretation as the alter-
native expression above.

Application to P-4 aircraft

For the purposes of this study, a validetion would strictly
relate pilot opinion tc the parameters mnsp and nfa. Values of mnsp
are avallable but pilot comments are confined almost exclusively to
msp, this being apparently the more influential parameter in short
period transient response. Similarly n/a values are available, but
pilot ratings are directed at FS/n data to which n/o is merely
presented as an adjunct. However, the foregoing theory shows that
U-'nsp and n/a  are measures of other transient response/steady state
response paralleters which are more directly meaningful to the pilot.
Using the first expression, an wnsp vs. nf/o data point could be
tied tc an Fs/n reting, but MFS has not been rated in any available

F-4 tests ("sensitivity" in most reports refers to Fs/n). In the

second expression, neither ?—1nor %“-l have been rated; alsc g"

elss e ! t=0+ e ' £t=0+
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has not been obtained., Even assuming that existing transient response

ratings {i.e. those concerned chiefly with Csp) could be related to

Mp, or & characteristics, there still remains the fact that in

teiting,etrg;gfent response effects are carefully separated from
steady state effects (by performing stick raps in order to obtain
easily distinguishable perturbations about the steady flight condition)
and vice versa {(wind up turns, if executed smoothly, minimize transient
effects due to control inputs).

In summary, no F-4 ratings concerned with initial-response-plus-
steady-state-response exist.

In spite of this, 1t was considered possible that examination of
data for which the pilot comments indicate clearly a certain level
of flying qualities for maneuvering, might be worthwhile. Comments
concerned specifically with such parameters as FS/n are avoided.
Because of the difficulty involved in matching mnsp and nfa  points
from different tests, approximate areas of the wnsp vs. n/o  plane
are shown. Figures 1 {3.2.2.1.1) and 2 (3.2.2.1.1) present Ung, Vs n/a
for Category A and B Flight Phases respectively. Teble I (3.2.2,1.1)
summarizes the data, and includes Fs/n ranges for reference.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

As mentioned above the comments describing general maneuvering
flying qualities are included. The data from References N18 and
N2l are included because these reports complained about maneuvering
characteristics in sudden pull-ups, indicating a possible initisl
sensitivity problem.

o "Without external stores...and in the mid c.g. range, the
alrcraft displayed positive stability and good handling characteris-
tics". This represents Level 1 flying qualities.

", ..handling qualities markedly degraded with the TAC loading...
aft e.g. 1limit should be...at least 32-percent MAC to provide positive
stability and acceptable handling qualities.” Level 2 with c.g.
positions forward of 32% MAC, Level 3 aft of 32% MAC. Reference A3,
F-LC.
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o "Comparison of the longitudinal meneuvering control force
gradients during sudden pull-ups and steady pull-up$...shows the
F-UJ to have unsatisfactory sudden pull-up characteristics..."
(Ch) Reference N18, F-LJ.
0 "At forward and mid c.g. conditions, this sudden pull-up
characteristic was only an annoyance to the pilot during sudden
maneuvers, but at the aft c.g. conditions it created a definite
problem and reguired the pilot to make only slow, smooth maneuvers
to prevent over-~shooting the desired normal acceleration. The air-
planes overall sudden pull-up characteristics result in the definite
possibility of overstresses or inadvertent entry into an accelerated
stall during air combat maneuvering or during pull-cuts from conven-
tional weapons delivery runs.”" Reference N21, F-LJ

The sudden pull-up characteristics are assigned an overall
Level 2 rating. The comments appear to be concerned with Fs/n
rather than any initial sensitivity, but in view of the dynamic
nature of the maneuver the two parameters might be equally important, and,
consequently, the data are included here.

E. DIBCUSSLION

Although the parameter wnsp/n/a is independent of Fs/n, the F-L
pilot ratings are not. Review of the maneuvering evaluations in
all the available reports shows that Fs/n has the most influence on
pilet opinion for the methods of testing used and the ratings included
here are certainly subject to this influence, although Fs/n may not
be menticned as such. Therefore the fact that F-b Levels 2 and 3
data asppear in the apecification Level 1 area may not be significant
because the poor ratings may be due to FS/n. More encouraging is the
fact that the F-4 with Level 1 maneuvering characteristics exhibits
an mnsp vs. nfo range in the specification Level 1 area. Even so,
to make any firm conclusion or recommendaticn would be to stretch
avallable data beyond reasonable limits,

As discussed in C. above, this parasgraph in practice provides
a requirement on initial control sensitivity. In order that the intent
of the specificaticn shall be made clear, it is considered that this
intent should be stated in the specification, since it ig & contrac-

tual document. At the same time this general statement could be made
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to cover aircraft with automatic flight control systems, to which the
requirements do not necessarily apply. This should prevent application
of the numericsl requirements to such airecraft.

F. RECOMMENDATIONS

The first sentence of 3.2.2.1.1 should be amended to read:

"The initial response characteristies of the aireraft to
pilot control inputs shell not be objecticonable. For aircraft without
artificial stability augmentation or automatic flight contrecl systems
the short-period undamped natural frequency, W shall be within

the 1imits shown in Figures 1, 2 and 3." °P
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Table | (3.2.2.1.1)

Short Period Frequency and Acceleration Sensitivity

F-4 Aircraft Data

Reference

Flight
Phase
Categary

Approximate Parameter Ranges

Flight
Condition

/g
{g/rad)

“’n,;n
{rad/sec)

Fy/ n
(ib/g)

Level
of
Flying
Qualities

N18,
N21

Mm=.8

10,000 ft

and 20,000 f
CG 28.5%

to 33.8%c
Clean A/C

+ A/C with
Various Stores

10.0 - 20.0

1.6- 3.1

45-6.5
in

Sudden
Pull-up

A3

Subsonic

All Altitudes
Mid CG
Clean A/C

8.6-20.0

13-25

3.0-8.0

A3

Subsonic

All Altitudes
CG Fwd of 32%
TAC Training
Loading

6.3-14.3

18-2.5

45-8.0

Al

Subsonic

All Altitudes
CG Aft of 32%
TAC Training

Loading

8.0-97

18-22

0-25
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3.2.2,1.2 Bhort-Periocd Damping
A. REQUIREMENT

3.2.2,1,2 Short=Pericd Damping - The short-period damping ratio,
Esp’ shall be within the limits of Table IV.

Table IV
Short-Period Damping Ratio Limits

Category A and C Flight Phases Category B Flight Phases
level Minimum Maximum Minimum Maximum
1 0.35 1.30 0.30 2.00
2 0.25 2.00 0.20 2.00

3 0.15% — 0.15* -

*May be reduced at altitudes above 20,000 feet if approved by the
procuring activity.

B. APPLICABLE PARAMETERS

Short period damping ratio, ;sp’ of response of angle of attack
to abrupt elevator control inputs.

C. P-Lb CHARACTERISTICS

Model F-l dynamic longitudinal stability characteristics were
evalusted for various airplane loadings and configurations by
performing longitudinal stick doublets at different altitudes and
sirspeeds with the pitch stability augmentation (PITCH AUG) ON and OFF.

Damping ratios are presented as a function of Cooper-Harper
pilot opinion rating for Category A and C Flight Phases in Figure 1
{3.2.2.1.2) and for Categorv B Flight Phases in Figure 2 (3.2.2.1.2).

Data for feel/trim system S1 are limited and are not presented.
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D. SUMMARY OF PILOT RATINGS AND COMMENTS
Feel/Trim System S2

o "Satisfactory (E3) dynamic longitudinal characteristics
were displayed in the take-off and power approach configurations
with the SAS on and off. Although damping ratios did not meet the
specifications of MIL-F-8785(ASG)...the oscillatory frequency was
lov enough (C.22 cps) to enable the pilot to damp the oscillations
with control inputs.' These remarks refer to a Csp range of 0.2
to 0.5.

"In the high altitude regicn, flying characteristics were con-
sidered acceptable for cruise and nonprecision maneuvering. (minimum
gsp with pitch damper = 0.2, without pitch damper = 0.1). Light
longitudinal damping, however, made it difficult to perform precision
tasks such as those associated with tracking a maneuvering target."
This report cites acceleration sensitivity and stick/pilot geometry
as contributing to unsatisfactory dynamic longitudinal stability,
including PIO tendencies, in the low-level high speed regime. It
also implies that low damping is a contributory factor, in that
"Disengaging the stability augmentation in this region resulted in
a further detericration of the pilot's capability to control the
aircraft in the longitudinal mode.”" (The pitch damper changes short
reriod frequency very little so the primary degradation must be due
to damping). A conclusion of the report is "Longitudinal damping
with the stabhility augmentation system engaged was considered light
enough to compromise the usefulness of the aircraft as a weapons
delivery platform.'" Reference Al, F-iC.

The remarks on the RF-LUC were very similar to those on the F-LC,
except that damping was found to be lower {25% lower with no stores)
and so:

o] "With the pitch damper disengaged the aircraft must be con-
trolled with extreme caution and transonic flight should be accomplished
only under emergency conditions." (E9). The data points cbtained in

the transonic region show the minimum damping to be around 0.1,
Pilot/stick geometry and control sensitivity are also mentioned in

connection with unsatisfactory (E4) transonic flying qualities for
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Category A Flight Phases with the damper engaged. The lowest gsp

is around 0.2. Reference A2, RF-LC.

o "With STAB AUG OFF and at c.g. positions aft of 33.0% MAC,
the dynamic longitudinal stability of the F-4B airplane, as described
by damping ratio versus frequency, was found to be marginal (C6)

for all loadings tested." (This refers to a ¢ range from Cep .26
to E5p'< 0.0 with a fairly even wnsp spread from gbout .3 cps to
about .8 ¢ps). The same report states in a different paragraph:

"For c.g. positions forward of 36% MAC, the clean airplane had posi-
tive damping with STAB AUG ON and OFF...and is satisfactory (E3)

for service use." The lowest damping t0 which this refers is Cop = 0.1,

These two paragraphs seem rather contradictory, but they do indifate
that the effects of damping ratio may be a function of frequency.
Reference NT, F-LB.

o Reference N11 is an evaluation of dynamic longitudinal
stability in the context of pilot induced oscillations, and presents
a time history of a stick free longitudinal oscillaticn for an
external store configuration with the pitch damper disengaged. L is
0.014 and a rating of C6 is quoted. Reference N11, F/RF-LB.

Feel/Trim System 83

o "Damping in all loadings with the c.g. position aft of 34.0%
MAC and in the .TOM to .90M range was neutral or very weak with the
STAB AUG OFF. (% = 0) This condition is conducive to a PIO and
unacceptable for normal or emergency coperations {(C9)".

"With normal loading conditions {(c.g. position forward of 34%
MAC), damping characteristics are acceptable for emergency conditions
only (C7.5)." (g = 0.2) Reference N11, F-UiB,

o "With PITCH AUG ON the airplane exhibited excellent positive
dynemic longitudinal stability at forward c.g. positions (C2)."

"As the c.g. moved aft, the damping ratic decreased until the
short period oscillations became undamped to divergent at the aft
c.g, conditions tested. (CT.5)"

"With PITCH AUG OFF...the poorly damped oscillaticns were charac-

terized by ease of overcontrol, pilot induced oscillations, and

frequent temporary loss of control during maneuvering flight. Loss
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of PITCH AUG at other than a forward c.g. condition results in unsatis-
factory flying qualities that prevent accomplishment of the airplane
mission. However, sufficilent contrcl is available to allow normal
cruise and return for landing.”" (-0.1 < z <+ 0.15) For Categories
B and C Flight Phases, a rating of E8 is assigned. For Category A
the comment implies that E10 is appropriate. Reference N21, F-LJ.
o] "Subsonic operastion of the F-4J at medium and high altitudes
(above 20,000 ft.) is degraded by insufficient damping...with PITCH
AUG ON...especially at aft c.g. positioms (Cck.5)". {(0.05 < g < 0.3).
"Damping...at 5000 ft. with PITCH AUG ON was satisfactory and
allowed relatively precise control." (E3) (z>0.L40)
".,.damping with PITCH AUG OFF was...extremely weak throughout
most of the aircraft flight envelope. In the low altitude high
speed flight region, flight with PITCH AUG OFF cculd lead to a PIC
with possible catastrophic results dues to poor damping combined
with high control sensitivity (C7.5)" {0 < 7 < 0.2) Reference N18, ¥-LJ.
0 "Damping...with PITCH AUG OFF...in the C.7M to 0.9 range...
is so low as to be conducive to a PIO and is acceptable for emergency
operation only (€7.5)." (0 < g < 0.15)
"Damping...with PITCH AUG engaged was satisfactory under all
flight conditions tested (C3) (r < 0.3}, except at 5000 ft. below
300 KCAS, and at 20,000 ft. below 0.9M. Under these conditions,
damping was significantly reduced. (Ch.5)" (rz<= 0.2) Reference N1L, F-LJ.
Feel/Trim System SL
0 "In general, the pitch damping for SAS on or off was degraded

with the addition of external stores. The lowest damping was experienced
with,..TAC training loading, due to the aft c.g. positions obtained
with this loading. (0 < g < 0.25) The low pitch damping was objec-
tionable, and degraded the capability of the aircrafi to perform its
assigned mission (CHS)." Reference AT, F-LE.

Comments of a general nature are:
o) "{For a) damping ratio of 0.05, or less, the stick-free
longitudinal oscillations appeared to the pilot to be undamped."
Reference N7, F-4A/B.

A comparison of test date with another evaluation indicated:

o) "The differences in damping ratios averaged less than .05
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and were below a magnitude discernible to the pilot." The approximate
range of damping ratios here is 0 < £ < 0.25. Reference N11, F/RF-LB.

E. DISCUSSION

1. The F-I data do not provide a validation of the upper limits
on damping ratic. Of all the damping ratio data reviewed for this
validation none exceeded a Zep of 0.8,

2. For all flight phase categories the lower limit of the F-L
data, for a given level, fell helow the lower limits established by
MIL-F-008785A and even below the lower limit established by the user
guide data. The Category A and C flight phase data of Figure 1
(3.2.2.1.2) show Level 1 pilot rating datas toc extend as low as csp=0.05
Level 2 extending to zero, and Level 3 falling as low as - 0.05.

The Category B data, Figure 2 (3.2.2.1.2), give lower limits on Level
1 atCSP)= 0.1, and Level 2 and 3 at zZero. However, in general, the
unmodified limits of Reference B2, Page 117, fit F-4 data better

than the ¥inal Specification limits. The latter limits, imposed to
provide for the effects of turbulence, could not be validated -

no mention was made of turbulence effects or problems in any of the
F-4 data. In view of the fact that Paragraph 3.2.2.1 of the Speci-
fication requires additional verification that an aircraft shall have
acceptable response characteristics in turbulence over and ebove meeting
the numerical regquirements of 3.2.2.1.2, it would appear that one
requirement is redundant, unless both have been included as a “double-
check" device. However, no quantitative support for the modification
cf the gsp limits to account for flight in turbulence is cffered by
Reference B2, nor are any interaction effects due to freguency or
acceleration influences considered.

3. Perhaps the poor correlation with the specification require-
ments can be attributed to the fact that the damping ratio limits
have been established for alrcraft whose short period frequency
characteristics are acceptable, which is not necessarily true for
the F-L. This, however, does not explain very satisfactorily those
data points for which the damping is low and the ratings are good,

of which there are gquite a number. Some comments indicate that
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interaction of varioué parameters has an effect on pilot copinion,
and the extent of the influence of Csp alone on the guoted rating is
sometimes unclear., In any event the wide spread of the data within
a given level and overlap of the data between pilot opinion levels
indicates possible unreliability of the damping criterion.

i, Reference N11 suggests that differences up to 0.05 in Csp
are indiscernible %o the pilot; yet, 0.05 is the total width of the
Level 3 band in Category B. With this in mind, the level 2 and 3 band-
widths seem tc be impractically narrow. However, wider bands would
necessitate a relaxation of the Level 3 lower limit, which cannot be
Justified.

F. RECOMMENDATION

The "catch-zll" requirement for short-period response in turbu-
lence of paragraph 3.2.2.1 plus the well-substantiated limits for csp
on Page 117 of Reference B2 are together considered adequate means of
ensuring satisfactory flying gqualities. It is therefore recommended
that Paragraph 3.2.2.1 be retained, and that Table IV of the specifica-

tion be changed as below:

Table 1V
Short-Period Damping Ratio Limits

Category A and C Flight Phases Category B Flight Phases
Level Minimum Maximum Minimum Maximum
1 0.35 1.30 0.18 2.00
2 0.20 2.00 0.07 2.00
3 0.05 — 0.03 -~
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3,2,2,1.3 Residual Osecillations

A. REQUIREMENT

3.2.2.1.3 Residual Oscillations - Any sustained residual
ocsillations shall not interfere with the pilot's ability to perform the
tasks required in service use of the airplane, For Levels 1 and 2,
oscllliations in normal accelerstion at the pilot's station greater
than +0.05g will be considered excessive for any Flight Phase, as will
pitch attitude oscillations greater than +3 mils for Category A Flight
Phases requiring precision control of attitude. These requirements shall
apply with the elevator control fixed and with it free.

B, APPLICABLE PARAMETERS

Amplitude of sustained normal acceleraticn oscillations for any
flight phase, and pitch attitude oscillaticns for Category A Flight Phases
requiring precision control of attitude.

C. F-L CHARACTERISTICS

The tendency of the F-4 to exhibit residual oscillations
depends on the type of feel/trim system installed. The oscillations,
when in evidence, are due mainly to the feedback of normal accelera-
tion and pitech azcceleration through the bobweights., Feel/trim system
Sh was an attempt to decouple the aircraft/flight control system
natural fregquencies in order to eliminate residual stick free cscilla-
tions.

Data are presented for both stick free and stick fixed evalua-
tions, but difficulty in fixing the stick was experienced by pilcts due
tc the forecing effect of the feel/trim system on the stick,

D. SUMMARY OF PILOT RATINGS AND COMMENTS
Feel/Trim System S1

Reference NS5 is an evaluation of LAHS qualities of the F-k:
0 "Because of a neutrally damped stick free oscillaticn,terminated after
28 cyecles, at .T9M (474 KUAS) and 34.43% MAC, no further fecsts were
conducted aft of 34,5% MAC ...... [Figure 1 (3.2.2.1.3)] presents a
time history of the first half cf a neutrally damped stick free longi-
tudinal short period oscillation encountered at .79M. Detailed investi-
gation into the cause of the conirol system oscillation indicated a
phase angle lag of 9L4° between the normal acceleration and the stabila-
tor position., The existence of this phase angle lag, in conjunction

with the bebweight configuraticon of the control system, resulted in a
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reinforcement effect under certain conditions of c.g. position and short
pericd frequency of the airplane, The ...stick free longitudinal
control system oscillation is a deficiency, the correction of which is
mandatory for satisfactory service use," [E8] Reference N5. F-44/B.

The sustained normal accelerstion oscillations are about +0.7g; the
corresponding pitech attitude excursions are not available.

Feel/Trim System 52

o "A control system oscillation resulting from feedback of
pitching and normal acceleraticn through the mechanical linkage of the
control system ... allowed undamped residual oscillations to persist

in stick free flight with STAB AUG OFF once excited by pilot inputs,
external disturbances, or control system transients. Aft of 33% MAC the
residual ocscillation in normal acceleration is approximately i.Sg..."

This report alsc measured the nZ-to-stabilator phase angle; "In stick-
free, STAB AUG OFF flight, the longitudinal control stick and stabilatcr
position oscillations lead the airplane short period oscillsaticons by

110 deg. to 120 deg... In STAB AUG ON flight the lead phase relationship
is increased by 10 deg. to 15 deg. Fixing the control stick STAB AUG

OFF decreased lead phase relationship by 10 deg. to 15 deg." A con-
clusion of this report is "The stick-free contrecl system oscillation
problem, although improved, [by incorporation of feel/trim System 82]

is still present and contributes to the pocr airplane longitudinal
dynamic characteristics." [EW4]. Reference N7, F-UA/B, Table I (3.2.2.1.3)
is taken from this report.

Feel /Trim System 83

In comparing feel/trim system modifications, Reference Al
implied that residual oscillations with system 33 are "bad" and that
when residual oscillations were eliminated "handling qualities were
greatly improved." See Figure 2 (3.2.2.1.3); stick free normsl load
factor excursions are approximately +0.5g. No pitch angle time history
is available, (E6) Reference AL, F-UC,

0 "The dynamics of the longitudinal flight control system
resulted in stebilator inputs not commanded by the pilot tc the pitch

"

damper following a longitudinal hands-off stick pulse.” This evaluaticn

H

concluded that the stabilator movements "...cculd be a contributing

factor to the PIO tendencies of the aircraft... longitudinal ccntrcl
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system oscillations should be eliminated." Reference A5, F-4C.

o "During supersonic flight at low altitude (1.15M at 5,000 ft.) a
low amplitude sustained oscillation was experienced while the pilot
was attempting to maintein steady level flight with the stick held
fixed (CL). This oscillation, although of low amplitude, was discon-
certing and objectionable..." Reference N18, F-kJ. Unfortunately no
gquantitative data are supplied.

Feel/Trim System Sk

o "Longitudinal oscillations were excited by abrupt fore and aft

stick. inputs after which an attempt was made to rigidly fix the stick
while the oscillaticns damped. Difficulty was encountered in fixing
the contrels rigidly due to the relatively poor stick-centering char-
acteristics and inputs from the bobweights as a result of the changing
normal load factor. The continued movement of the stabilator after the
stick was "fixed" is evident in [Figure 3 (3.2.2.1.3)] stabilator
ogscillations...objectionable for some flight conditions...control

system dynamics should be improved." (E5)}, Reference A7, F-LE,

This comment appears to be directed more at the transient

stabilator movements following the pilot input (Paragraph 3.5.3.2
of the specification) rather than steady state limit cycling of the
contrel system, which is difficult to distinguish in the available time
history. The normal load factor excursions in what appesrs to be the
steady state are rcughly #0.2g, and the pitch attitude changes are
of the order of the +3 mils of the Specification.

E. DISCUSSION

1. Pitch Attitude Oscillations

The scarcity of applicable data precludes making recommenda-
tions concerning the pitch attitude requirements.

2. BStick Free Normal Accelerstion Oscillations

-4 experience shows definitely that the requirements on normal
load factor excursions are considerably tecc stringent; in fact,

excursicns of only +.05g would not be discernible on F-4 flight records.
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For stick free oscillations, +lg is considered to represent Level 2
flying qualities by Reference NT, although +0.7Tg is rated Level 3 Ly
Reference N5. Therefore, a Level 2 maximum of +.5g might represent a
congervative stick free requirement,

3. Stick Fixed Normal Acceleration Oscillations

Table T (3.2.2.1.3) includes both stick fixed and free data.
The Level 2 comment in Reference NT is concerned specifically with
gtick free characteristics, no rating being attached to the stick
fixed oscillations, The stick fixed normal acceleration excursions
of +.5hkg {Case 3, Table I {(3.2.2.1.3)) intuitively seem high,
particularly for a LAES environment., However, they are not pointed
out as particularly objectionabls, as would be the case if they were
representative of Level 3 cor worse flying qualities. For this
reagson 1t seems fair to assume that stick fixed excursions around
+.5g might be rated Level 2.

F. RECOMMENDATTION

It is recommended that the present maximum normal accelera-

tion oscillation reguirements for Level 2 [lying qualities be

increased by a factor of 10 to *.5g.
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Table | (3.2.2.1.3)
Longitudinal Control System Oscillation Data
Reference N7, F-4A/B

Longitudinal Control
System Parameters®
Phase Angle
Between
Stick or
Altitude/ Stick Stahilator | Stabilator
Airplane | Airspeed Stab | Movement | Movement and n
Case Loading (ft/IMN) n | Aug (in.) (deg) {deg)
1 Basic 5,000/.75 | +1.20 | Off +.b +1.3 +114
2 Airplane | 5,000/1.10 | +1.35 | Off +.2 + .4 +124
3 500/1.12 | *+ .54 | Off e + .5 +117
4 Two 5,000/.75 | +1.30 | Off +.5 +1.1 +112
§ External | 5,000/.75 |+ .23 | On e * +123
6 Wing 5,000/.75 | + .98 | Off +3 + .8 +113
7 Tanks 500/.85 + 27 | Off T ** + 98

*Data for cases 1, 2, 4 and 5 were taken during the second normal acceleration cycle
after the stick was released. Case 6 data were taken during the undamped residual
oscillation. Cases 3 and 7 were taken during stick-fixed level runs,

**Indicates negligible movement.
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Configuration CR CG@344%c

(2 AIM-7’s Aft) Stab. Aug. - Stick Free
GW 36,110 b Rating E8
500 T T L] T 1
490 Only 13 of 28 cycles shown.
Observed Airspeed 480 — .
(kt) 470 ————
460 %
450
7
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{1000 ft}
5
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. . 4
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3
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Normal Acceleration 7N
1
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Time {sec)

Figure 1 {3.2.2.1.3)
Residual Oscillation
Feel/Trim System $1
Reference N5, F-4A/B
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Bank Angle
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Angle of Attack
{deq)

Pitch Angle
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(g's)

Stick Force
(Ib)

Stabiiator Position
(deg)

Ind. Airspeed
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Figure 3 {3.2.2.1.3}
Residual Oscillation
Reference A7, F-4E - Feel/Trim System S4
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3.2.2,2 Control Feel and Stability in Maneuvering Flight

A. REQUIREMENT

3.2,2.2 Control Feel and Stsbility in Maneuvering Flight - Tn
steady turning flight and in pullups at constant speed, increasing
pull forces and aft motion of the elevator control and airplane-
nose-up deflection of the elevator surface are reguired to maintain
increases in normal acceleration throughout the range of service
load factors defined in 3,1.8.4., Increases in push force, forward
control moticn, and airplane-nose-down deflection of the elevator
surface are required to malntaln reductions of normal acceleration in
pushovers,

B. APPLICABLE PARAMETERS

TLongitudinal stick forces and positions required to develop

normal acceleration in steady turns and constant speed pullups.
C. F-bL CHARACTERISTICS

Maneuvering stick forces for the F-L are generated asrtifically
by the feel/trim system. The bobweights {nominally 5 1b/g for systems
S1, S2, 83 and 3 1b/g for system Sb) are present sclely for this purpose;
however other feel system components have an effect on stick forces due
not to normal acceleration, but tc displacement of the stick from the
trimmed position. Displacement of the downsprings (51 and 52 only) and
the bellows springs has some effect, but the major forces originate
from the bellows which behaves similarly %o a spring, the stiffness
depending on the pressure acting on the diaphragm. The force at the
stick due to the bellows depends both on the trim condition and
whether the viscous damper (81, 52 and S3) or linkage (SL) is on or off
the stop, cr in transition during the evaluation maneuver.

Control stability depends chiefly on the airframe asercdynamic
characteristies, The P-4 with operatiocnal c.g. positions exhibits
positive stability (i.e. increasing pull forces, aft motion of the
control stick and airplane-nose-up deflection of the stablilator for
increases in normal ascceleration) with fairly linear gradien*s st low

angles of attack; as angle of attack increases, stability tends to
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decrease. This tendency, common to swept-wing airecraft, is aggravated by
the additicn of external stores which can have a significant adverse effect
on longitudinal stability characteristics. Figures 1 (3.2.2.2) and

2(3.2.2.2) present fairly typical pitchup data.
b. SUMMARY OF PILOT RATINGS AND COMMENTS

A number of comments are concerned with stick force lightening
and pitchup. Because the F-U characteristics are inherent in the basic
alrframe design, as mentioned above, some of the remarks are
repetitive, Therefore, the following consists of some examples of
representative pllot opinions.

Feel/Trim System S1

0 "Normal acceleration will increase lg [at buffet onset] without
increase in stabilator deflection...limits tactical msneuvering
effectiveness...Correction of this deficiency is desirable for improved
service use..." Reference N2, F-4A/B.

Feel/Trim System S2

o "...a definite noseup pitching tendency during maneuvering
at high load factors in 8ll configurations with all external loads...
compromised flight safety and degraded the capability of the aircraft
to perform as an sll-purpose fighter," Reference Al, F-L(.

Feel/Trim System 33

o} "Transonic maneuvers were characterized by,..Severe noseup
pitching tendencies near limit load factors...Maneuvering flight in
the transonic region near limit load facter iz dangerous...could result
in aireraft overstress or loss of control." Reference Ab, F/RF-LC.
Figures 1 (3.2.2.2) and 2 {3.2.2.2) present a time history and
data analysis respectively, cof a typical pitchup.
0 ". ..transonic noseup pitching tendencies manifested themselves
to the piloct as a very obvious stick lightening...compromised flight
safety and degraded the capability of the aircraft to perform the air
superiority role." Reference A5, F-LC,
o "At the forward C.G. positions...maneuvering stability char—
acteristics were excellent (C?} ...The gradient of stabilator position
with respect to normsl acceleration was positive and linear., As the

C.G, moved aft, the stick force per "g" gradient decreased and became
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curvilinear with a continual reduction in the local gradient. The
stabilator position versus airspeed gradient changed from positive to
negative and all maneuvering flying qualities deteriorated...As the

C.G. moved aft...Longitudinal pitch-up was often encountered...

normal acceleration continued to increase rapidly without an increase

in longitudinal stick force...Alr combat maneuvering became impossible
with any degree of safety or effectiveness (C7.5)." Reference N21, F-L4J.
o "Maneuvering longitudinal stability in configurations PA and PA%
was negative, With the airplane trimmed in configuration PA at 5,000

ft. and 165 KCAS (10 kt., faster than "on speed") with a center of

gravity position of 31% MAC, the stick was pulsed aft with a two-to-
three pound pull force and then released. The angle-of-attack

increased steadily to 25 units at which point the nose pitched up and

the alrplane stalled, This meneuver was repeated several times at
varying C.G.'s, and the ssme objectionable results were observed.

Once a positive pitch rate was established it required a definite push
foree to arrest the pitch rate [rating CL.5]. Under instrument
cenditions, where airplane attitude visual cues are missing, this
characteristic would become even more objectionable since constant

pilot attention would be regquired to simply maintain proper pitch
attitude (C6). The maneuvering longitudinal stability characteristics

in configurations PA and PA% ...contributed to the pcor approach handling
characteristics of the airplane." Reference N23, F-LM.

Feel/Trim System Sh

o’ "A definite noseup pitching tendency was experienced above
[representative PA angle of attack]... With [destabilizing store con-
figurations and] c.g. positions aft of 30 percent MAC, adequate control

of angle cf attack at normal approach speeds required a ccnsiderable
amount of pilot attention [rating CHS5). These longitudinal character-
istics coupled with poor PA configuration aerodynamic stall warning
present & definite flight safety hazard since they can lead to inadvertent
high angle of attack and loss of control. The noseup pitching tendency
and lack of stick force cues in the PA configuration should be

corrected.”
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"Maneuvering with the c.g. near the apparent maneuver point
[in the subsonic region] required continucus pilot effort to avoid
"g" overshoot and precise tracking was impossible [rating CH5].
Maneuvering with the c.g. aft of the apparent maneuver point required
excessive pilot compensation to avold aircraft overstress or loss of

control [rating CHT]". Reference A7, PF-LE,.
E. DISCUSSION

The sbove comments indicate that zero maneuvering stsbility (no
incremental control force to increase normal load factor) is repre-
sentative of Level 2 flying qualities, and that negative stability
(decreasing pull force *o increase normal load factor in a pullup)
represents Level 3, Unfortunately it is not pessible to place any
"floor" value on negative F./n using F-U4 data, because the gradients
are in a region of considerable data scatter. (Figure 2 (3.2.2.2) is
a typical example).

The rating of Reference AT suggests that near-zero stability
falls in Level 2 and so zero stability might represent the lower
Level 2 boundary. Reference B2 recognizes that negative stability
may in some circumstances fall within Level 3, rather than outside
Level 3 as the specification states., The Jjustification for retaining

the more stringent, or conservative requirement is the possible

interaction of several Level 3 parameters. F-L4 experience provides no
backeground on such interaction, but in spite of this, it seems reason-
able to recommend a rather more conservative relaxation than the F-i
results suggest and specify neutral position stability as Level 3, with
a suitable gualifying statement.
F. RECOMMENDATIONS
The requirement shall be amended to read;
"For Levels 1 and 2, in steady turning flight and in pullups at
constant speed, increasing pull forces and aft mction of the
elevator contrcl and airplane-nose-up deflection of the eleva-
tor surface are required to maintain increases in normal acceler-
ation throughout the range of service load factors defined in

3.1.8.4., Increases in push force, forward control motion, and
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airplane-nose-down deflection of the elevator surface are required
to maintain reductions of normal accelerations in pushovers. For
Level 3, neutral control position stability is permissible pro-

vided that the control force stability remains positive.
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Cruise Configuration

Trim Conditions

Reference A4

Altitude (ft) Mach Gross Weight (Ib) CG (%c)
13,600 0.95 35,500 32.4
98
Calibrated 96 ‘ e
Mach Number )
94
14,000 ]
Calibrated "“-N
Altitude 12,000 T
(ft)
10,000 "~
Sideslip R o
Angle 0
{deg) L -5
100
Bank Angl
ank Angle
(deg) 50
0
6 —
Normal Load 4 —-’_L__J,_/
Factor 9 I
(g) =*" |
0
Angle of ANU 20
Attack 10 '\
{deg) 0 e
Longitudinal 50
Stick Force 25 ;|=, -
(Ib - Pull 0 \N\/A—
Longitudinal Aft 5 —] —"i
Stick Pos 0
(deg) Fwd -5
Stabilator TEU %g — n‘v
Position f

0
(deg)  TED 55

8 10
Time (sec)

Figure 1 (3.2.2.2)
Time History of a Pullup
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Cruise Configuration

Altitude (ft)

13,600
ANU 30
20
Indicated
Angle of Attack 10
{deg}
0
AND —10
B0
40
Longitudinal 0
Stick Force
{Ib}
Pull 2
10
0
Aft 156
10
Longitudinal
Stick Pos 5
{(deg)
0
Fwd -5
TEU 5
Stabilator
Position 0
{deg)
TED -5

Reference Ad

Trim Conditions

Mach KCAS Graoss Weight {Ib) CG (%%)
0.95 504 35,500 32.4
[ 2
D—O‘C}"‘(W
| ooto—0
Note:
1. Feel/trim system S3

2. See fig. 1 (3.2,2,2) for time
history of pullup

3. No buffet encountered

e

STIN
v

Jocado PP TN

1 2 3 4 B 6 7 8 9 10
Normal Load Factor (g)

Figure 2 (3.2.2.2)
Pullup Data
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3.2.2.2.1 Control Forces in Maneuvering Flight

A. REQUIREMENT

3.2.2.2,1 Control Forces in Maneuvering Flight - At constant speed in
steady turning flight, pullups, and pushovers, the variations in elevator-
control force with steady-state normal acceleration shall be approximately
linear. In general, a departure fram linearity resulting in a local gra-
dient which differs from the average gradient for the maneuver by more than
50 percent is considered excessive., All local force gradients shall be
within the limits of Table V. In addition, whenever the short-period fre-
quency is near the upper boundaries of Figure 1, Fs/n should be near the
Level 1 upper boundaries of Table V. This mey be necessary to avold abrupt
response, sensitivity, or tendencies toward pilot-induced oscillations.
The term gradient does not ineclude that portion of the force versus n curve
within the preloaded breakout force or friction band,

Table V
Elevator Maneuvering Force Gradient Limits

Center Stick Controllers

Maximum Gradient, Minimum Gradient,
Level
(Fg/n) 1 ax: POUNdSs per g (Fg/M)pin, POUNds per g
240 The higher of
n/a 21
1 but not more than 28.0 a1
nor less than ﬁﬁ__; and 3.0
%?x The higher of
2 but not more than 42.5 18
nL—1
nor less than ”|_“1* and 3.0
3 56.0 3.0

*For N <3 {Fs/n}max is 28.0 for Level 1, 42.5 for Level 2.

B, APPLICABLE PARAMETERS

(1) Vvariation of longitudinal stick force with normal acceleration.
(2) Boundaries are a function of n/a; at high n/a, the Fg/n bound-

ary is a function of the airplane limit load factor, o .
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C. F-b CHARACTERISTICS

(1) The E—h data provide a validation of only that portion of Table
v, maneuﬁering force gradient limits, pertaining to the center
stick controller.

(2) Maneuvering longitudinal stability data are available for config-
urations PA, CR, CO and P throughout the airspeed envelope at
altitudes between 5,000 ft. and 45,000 ft. The data were
obtained during wind-up and steady turns while holding constant
Mach number and nearly constant altitude.

(3) At high n/a, the FS/n boundaries are given in terms of limit load
factor, which, on the F-U4, is & function of Mach number, gross
weight, and external store loading. The available F-L4 data can
reasonably be grouped under four different values of limit load
factor; 5.0, 6.5, 7.0, and 8.0. Therefore, the Fg/n versus n/a
data presented cn Figures 1 through 4 (3.2.2.2.1) contain Fg/n
boundaries based on limit load factors of 5.0, 6.5, 7.0, and 8.0,
respectively; Flgure 17 (3.2.2.2,1) presents all available data on
boundaries based on a limit load fazetor of T7.0.

(4) Evaluation data are presented for the clean airplane as well as

the alirplane with various combinations of external stores.

D. BSUMMARY OF PILOT RATINGS AND CCMMERTS

The qualitative data on the F-l are presented below, separated into
categories of:

(1) Trim Mach Number - subsonic, transonic or supersonic

(2) Flight Phase - PA, CR, CO, or P configuration

(3) Center of Gravity Pesition - forward, mid or aft (where available)

(4) External Store Loading - usually in terms of Stability Index (SI)

Subsonic - PA Configuration — With External Stores

Reference AT evaluated the maneuvering characteristics of the F-4E and
concluded that fer varicus store leoadings:
o] "In general the PA maneuvering characteristics were unsatisfactory.
...gradients...s0 light that stick force cues for AOA control were almost
nonexistent, particularly at aft c.g.'s and high SI's." CH3 (fwd c.g.), CHL
(aft c.g.).
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"A definite nose~up pitching tendency was experienced above approxi-
mately 19 units AOA. .,.With SI's of 14L4.8 and 189 at c.g. positions aft of
30% MAC, adequate control of AOA at normal approach speeds required a con-
siderable amount of pilot attention." {CHS5) Reference AT, F-LE.

Subsonic -~ CR Configuration - With and Without External Stores

Reference Al provided considerable data, both on clean aircraft and
with various combinations of external store loadings on the 52 system.
Unfortunately specific validating pilot opinions were non-exisient on the
external store loading configurations. However, for the aircraft with and
without external stores, there are general comments that, in the region of
high stabilator effectiveness (subsonic) at all altitudes, stick force
lightening occurred either just prior to or shortly after entering the
buffet boundary.

CR configuration subsonic maneuvering with feel/trim system Si
resuited in the following comments:

0 "At forward c.g. positions and low 8I's, the aircraft exhibited
satisfactory stick force gradients and allowed safe maneuvering up to the
maximum attainable or sllowsble load factor (CH2)."

"Maneuvering with the c.g. near the apparent maneuver point required
continuous pilot effort to avoid "g" overshoot and precise tracking was
impossible {(CH5)."

"Maneuvering with the c.g. aft of the apparent maneuver point reguired
excessive pilot compensation to avoid asircraft overstress or loss of control
(CHT)." Reference A7, F-LE.

CR configuration maneuvering with the S3 system gave the following
comments:

o "Without external stores.....and in the mid c.g. range, the aircraft
displayed positive stability and good handling characteristics...For the
subsonic flight conditions...Stick force and stabilator gradients were
linear up to the onset of buffet.” |

Examples of test results are reproduced in Figures 5(3.2.2.2.1),
6(3.2.2.2,1), and 7(3.2.2.2.1). The gradient changes are heavily dependent
on the fairing through the data points: Figure 5 {3.2.2,2.1) is a good
example, Reference A3, F-LC,
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o "...good handling characteristics....Stick force and stabilator

gradients were almost linear but usually slightly curved concave downward
until the onset of buffet." This refers to subsonic flight of the clean
aircraft, the data being similar to that reproduced from Reference A3.
Reference A5, F-LC,

Transonic - With and Without External Stores

Few maneuvering longitudinal stability comments are availsble with
feel/trim system S1. One comment frbm Reference N2 relates to the non-
linearity of the F_/n gradient in configurstion P (MRT ) :

o "A marked decrease in the maneuvering longitudinal control force
gradient and stabilator position gradients during wind-up turns at approxi-
mately kg at high subsonic airspeeds was encountered...shows that normal
acceleration will increase lg without increase in stabilator deflection.
The longitudinal control force lightening encountered subsequent to onset
buffet limits tactical maneuvering effectiveness in this flight region."
(84), This gradient is illustrated in Figure 8{({(3.2.2.2.1}. Attempting
to validate the specification requirement for linearity of the local
gradient becomes difficult due to data scatter.

Reference Al provided the following comment on the transconic charac-
teristics of the F-4C in the clean configuration with feel/trim system S2.

o "Stick lightening became more pronounced and occurred at load factors
well below buffet.," This evaluation was made without external stores.

In the regions where stick force lightening was encountered in the F-b4,
the measured gradient decrease, at the point of either initial buffet or
limit load factor, generally ranged between 50% and 100% of the average
initial gradient. The pilot opinions of this stick force lightening charac-
terigtic generally translate to & Level 2 rating as evidenced by the follow-
ing typical comment from Reference Al:

o "As limit load factor was approached, local gradients decreased and

were very low as the limit was reached...(this) nose-up pitching tendency
could compromise both flight safety and mission accomplishment...(and)
should be eliminated for improved tactical employment." Reference Al, F-LC.

An example of this characteristic, again from Reference Al, is shown

in Figure 9 (3.2.2.2.1). External stores were not carried,
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o "Maneuvering in the region of 0.9 to 1.1 Mach number was character-

ized by high maneuvering force gradients coupled with severe nose-up pitching
tendencies when approaching the limit load factor. These nose-up pitching
tendencies manifested themselves to the pilot as a very obvious stick
lightening...nose-up pitching compromised flight safety and degraded the
capability of the aircraft to perform the air superiority role." Typical

" data are presented in Figure 10 (3.2.2.2.1) and 11 (3.2.2.2.1). The gra-
dient changes are considersably more than 50%. Reference A5, F-LC,

Reference N1l evaluated a feel/trim system proposal which replaced the
Sl system 3 1b/g bobweights with 5 1b/g bobweights, and which was not
incorporated on production F-~4 aireraft. This not only produced excessive
initial stick force gradients but alsc a well-defined reduction in gradient
as the mechanical stop came off the links, when:

o "...the gradient decreases by more than 50% in most cases...The rapid
reduction of the maneuvering force gradient was unsatisfactory, and cculd
easily lead to overstress condition during tactical maneuvering if not
closely monitored by the pilot (C6)." This is illustrated in Figure 12
(3.2,2.2.1), Reference N11, F/RF-L4B,

Reference N21 is quoted in paragraph 3.2.2.2 in order to illustrate the
degfadation in flying qualities as maneuvering stability decreases; the
curvilinearity of the control gradients is also cited. Figures 13
(3.2.2.2.1) and 1k (3.2.2.2.1) illustrate a pull-up time history and con-
trol gradients for similar flight conditions, respectively.

Reference AL compared maneuvering flight characteristics for various
feel/trim systems evaluated on the F-LC. The report implied that, with the
Sk system:

o "...transonic (0.9 tc 1.0 Mach) maneuvers were characterized by a

high maneuvering force gradient coupled with severe nose-up pitching ten-
dencies near limit load factors...(which are) dangerous." (E8). Reference
Al F-LC, This transonic nose-up pitching tendency is illustrated in Figure
15 (3.2.2.2.1).

Superscnic - Withbut External Stores

Reference Al provides maneuvering characteristics for an F-LC with
feel/trim system S2, in the clean configuration. Pilot comments on the CO

configuration at supersonic speeds are as follows:
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o "Above Mach 1.34, no stick force lightening was noted and gradients
were higher than specified in Reference Bl but were considered acceptable.”
(Eh).  Reference Al, F-hC.

Reference Al compared maneuvering force gradient lirearity for feel/
trim systems S3 and Si.
o "The maneuvering force gradients with the [S3] control system were
satisfactory during supersonic flight at all altitudes...[the S-4 system
exhibited al...force gradient which was less linear than that exhibited by
the [S3] system under comparable conditions. This change in maneuvering
force gradients was not detectable by any of the pilots who evaluated the
{34] contrcl system." The decrease in stick force per g as load factor
increases is roughly 50% for the S contrcl system and about 40% for the S3
control system. The comparison plot is reproduced in Figure 16 (3.2.2.2.1};
no actual test points are supplied. Reference Ak, F-LC.

Reference AT evaluated the supersonic maneuvering characteristics of
the F-UE in the clean configuration and concluded that:
o "Stick force gradients...were not so excessive as to cause pilot
fatigue and were not considered unsatisfactory (CH3)."

about 6 to 14 lbs/g, n/o from 24 to 67 g/rad.

Fa/n ranges from

Reference N11 commented that the maneuvering force gradients with
the 84 configuration were considerably lighter than those experienced
with any other feel/trim system because of the reduced bobweight, and
further that:
o "The lighter maneuvering force gradients coupled with the lack of
centering from aft stick displacements...resulted in unsatisfactory hand-
ling characteristies during maneuvering flight (C6)." Reference N11, F-4B,

E. DISCUSSION

(1) F-b4 data suggest that strict application of the 50% gradient
change requirement for all lecal gradients is not realistice; stick force
lightening at high angles of attack is not objectionablie provided the
gradient change is gradusl and minimum stick force gradient requirements
are met. However, the requirement seems to be reasonable for gradients
up to initial buffet orn the F-4, and therefore for Level 1 flying qualities
in the Operational Flight Envelope.

(2} Typical of data from Class IV airplanes, as illustrated on

194



Figures 1 through 4 (3.2.2.2.1), the majority of F-L data is at fairly
high n/o (8 < n/a < 70). The exceptions are a few PA configuration points
between 1.5 and 6.0 n/u. Note that the data on the summary plots,
¥igures 1 through 4 (3.2.2.2.1), are separated into the four nominal values
of ny; Figure 17 (3.2.2,2.1) combines all data points on one figure, and is
useful in examining trends of the pilot rating data. The single n; plots,
Figures 1 through 4 (3.2.2.2.1), do not contain sufficient data to validate
the upper boundary nor to validate the requirement that Fg/n upper limits
vary with n/a. Furthermore, the combined plot, Figure 17 (3.2.2.2.1)
indicates no obvious trend of level 1 and 2 pilot ratings with n/a.

(3) The validation of the lower boundaries is good with the excep-
tion of data in Figure 1, which provides Level 3 pilct ratings at an
Fs/n as low as 1.0 1b. This indicates that the established Level 3 mini-
mum of 3.0 1lb/g is toc high and that pilots will accept less to recover
and return home. Further, a lower Level 3 minimum will provide & distinc-
tion between the Level 1/2 minimum boundary and the TLevel 3 minimum, which
now form a commen boundary, for high values of ny. The F-L ratings
indiecate that 1.0 1b/g would be acceptable; however, intuitively this
geems low. A good compromise would be 2,0 1b/g.

(4) MNe explanation is apparent for the group of Level 2 pilot rat-
ings which fall in the middle of the Level 1 data on Figure 2.

(5) F-k results provide some support for the boundary which appears
as a dashed line in Figure 17 (3.2.2.2.1). Taken with the CAL data, F-L
experience seems to indicate some sort of "hump" in the lower T /n
boundaries, however, the available data are still insufficient to justify
a change,

(6) The low altitude, high speed subsonic region is an area of the
flight envelope which has evoked F-b pilot comments concerned with abrupt-
ness of response, sensitivity, and tendency toward pilot-induced oscilia-
tions. A typical comment is:

o "In the low altitude high speed (LAHS) flight region, flight with
PITCH AUG OFF could lead to a pilot induced oscillation (PIO) with possi-
ble catastrophic results due to poor damping combined with high control

sensitivity (CT7.5)." Reference N18, F-UJ,
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The corresponding frequency range is about 2 to 4 radians/sec., with
n/a values estimated from other reports around 25 to 70 g's/radian. In
view of the low frequency of the F-4 longitudinal short period ocscillation,
no validation of the requirement on high values of “nsp is possible,

F. RECOMMENDATION

The Level 3 minimum boundary should be relaxed to 2.0 1b/g.
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Note: 7.8g load factor limit Loading:
2 AIM-7 Missiles
Trim Conditions
Altitude (ft) Mach No. KCAS Gross Wt {lb)  CG (pct &)
20,500 0.54 247 40,500 32.7
50 I
| N
40
N
Longitudinal ! Fleavy Bufflet
Stick Force 30 1 ! . .
(Ib) 20 | Reference B1 Limits
Pull /—Breakout Force -—‘Z/
10 / — /
0 hoan —
Aft 15 T i T
| Initial
10 [/ Buffet
Longitudinal Stick 5 |/
Position (deg) |
0 M
Fwd -5 l

2
Normal Load Factor (g)

Figure 5 (3.2.2.2.1)
Longitudinal Maneuvering Stability
Cruise Configuration - Feel/Trim System S3
Reference A3, F-AC
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Loading:
Note: 8.5g load factor limit 2 AIM-7 Missiles
Trim Conditions
Altitude (ft) Mach No. KCAS Gross Wt (Ib) CG (pct )
12,700 0.59 311 37,200 329
>0 Initial Buffet— | '
nitial Buffet
0 By |
Longitudinal 20 e 1
Stick Force ! Reference B1 Limits
(Ib) 20 1 —
Pull /—Breakout Force I O OQ)
10 / ——A _—¢ e —
o=
Aft 16 1 [ -
10 I I
o . | Heavy Buffet—, |
Longttudma(nl Stl’Ck 5 1 _\j
Position (de b
R | 2 2o
. | |
Fwd -5 1 > 3

Normal Load Factor (g)

Figure 6 (3.2.2.2.1)
Longitudinal Maneuvering Stability
Cruise Configuration - Feel/Trim System S3
Reference A3, F-4C
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Note: 7.6bg load factor limit

Loading:

2 AIM-7 Missiles
Trim Conditions
Altitude (ft} Mach No. KCAS Gross Wt (Ib)  CG (pct @)
10,500 0.45 246 41,100 335
50 |
40 |
Longitudinal ! Reference B1 Limits
Stick Force 30 Broakout F i /Jf—
(Ib) 20 /" Brea out Force i
Pull / l /
10 - — ;
ok
ATt 15 Initial Buff '
nitial Buffet
19 3“: H Buff
Longitudinal Stick 1l ¥ eavy Butiet
Position (deg) o
I 00
0 .
Fwd -b 1
1 2 3

Normal Load Factor {g)

Figure 7 (3.2.2.2.1)
Longitudinal Maneuvering Stability
Cruise Configuration - Feel/Trim System S3
Reference AJ, F-4C
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Altitude - 16,500 ft Mach No. - 0.89

Gross Weight - 38,000 b C.G.306%¢c
Shaded Symbols Denote Onset Buffet
Pull
30
L Reference B1
Longitudinal ) Limits
Stick Force 20 /
0
10
Stabilator Aft
Position [
(deg) W ~0O
0 oW e™'6 -
0 1 2 3 4 5 8

Normal Load Factor {g)

Figure 8 (3.2.2.2.1)
Longitudinal Maneuvering Stability
Configuration P(MRT) - Feel/Trim System $1
Reference N2, F4H-1
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Note: 6.5g load factor limit No External Stores
Trim Conditions

Sym KCAS Altitude (ft) Gross Wt (ib) CG (pct & Mach No.

Longitudinal Stick

Position {deg) 5 A==t

O 519 12,000 36,100 28.0 0.95
A 520 11,950 35,650 30.56 0.95
No buffet encountered
50
Ref I B1 L'I i ' -
eterence imits
40 > S —
Longitudinal 20 ’ |
Sticl;ltl:)orce /—Breakout Force ( . __.II
20 <, .—’-‘f- T
Pull -
u / | /L}" I
10 7 f
0 L) I
Aft 156 7
|
10 i
|
“or—
}
|

Fwd -5 1 2 3 2 5 6 7

Normal Load Factor (g}

Figure 9 {3.2.2.2.1)
Longitudinal Maneuvering Stability
Combat Configuration - Feel/Trim System S2
Reference At, F-4C
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Loading:
2 AIM-7 Missiles

Trim Conditions

Altitude {ft) Mach No. KCAS Gross Wt (lb) CG (pct &)

24,500 1.03 452 36,600 27.2
60 T .
Initial Buffet—\l -~
50 \i 7
L oncitudinal 40 Refer%ence B1 Limits—-\ %// o
q -~
Stick Force 0 /—Breakout Force _,_..-O—O\
(1b) / = I N
Pull i —
20 =1 -
.»7)( __,..—-r—\’ '|’f O
10 / ~ ?—"‘
0 I
Aft 15 [
10 e __.
Longitudinal Stick %_o/‘ﬁ !
Position (deg) 5 i (0a0,
0 I
0 |
- i
Fwd -5 2 3 4 5 6 7

Normal Load Factor (g)

Figure 10(3.2.2,2.1)
Longitudinal Maneuvering Stability
Combat Configuration - Feel/Trim System 53
Reference Ab, F-4C
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Longitudinal
Stick Force
{Ib)

Puli

Aft

Longitudinal Stick
Position {deg)

Fwd

Trim Conditions

Loading:

2 AIM-7 Missiles

Altitude {ft) Mach No. KCAS Gross Wt {lb) CG (pct <)
22,000 0.97 443 38,200 321
40 I -
Initial Buffet—, |
| . -~ w—Reference B1
30 —_‘I /2 1 Limits
Breakout Force -~ 0 V
20—/~ —~ —
/ / dfp— P O
. Heavy Buffet
0 L L 2 i
15 I
10 l
T
|
If . O O
B . |
1 2 3 4 5 6

Normal Load Factor {g)

Figure 11 {3.2.2.2.1)

Reference Ab, F-4C
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Cruise Configuration — Feel/Trim System S3




Altitude - 15,000 ft
M=0.9 CG @ 29%C Breakout Force = 1.01b

Longitudinal
Control Force Jd
10

(Ib}
; £
o
0 1 2 3 4 5 6
Note: Gradient change rating C6
M=1.1,CG @ 35%C
30
256
Longitudinal 20
Control Force 15
{Ib) ‘0 /]
5
0 O
0 1 2 3 4 5 8

Normal Load Factor (g)

Figure 12 {3.2.2.2.1)
Longitudinal Maneuvering Stability
Comhat Configuration - Feel/Trim System $3
Reference N11, F-4J
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Loading:
2 AIM-7 Missiles

Trim Conditions
Altitude {ft} Mach No. KCAS Gross Wt (Ib) CG%¢
13,600 0.95 504 35,600 32.4

50

O
40 ne

Longitudinal 30 \

Stick Force
(b}

Pull 20 /\‘ b

10 o2
L
Aft 15
10
Lo:giju{din?;St)ick 5 e,
osition {deg w-o—’_d/oﬂw

Fwd -5

1 2 3 4 b 6 7 8 9
Normal Load Factor (g)

Figure 15 (3.2.2.2.1)
Longitudinal Maneuvering Stability
Cruise Configuration — Feel/Trim System $4
Reference A4, F-4C



2

Trim Conditions

Loading:
AIM-7 Missiles

Feel/Trim
System _ Altitude (ft) Mach No. KCAS Gross Weight (ib) CG (% T
S3 20,200 1.36 654 37,300 32.3
54 21,500 1.38 648 37,300 336
40
Longitudinal /:’—- - T

—

Stick Force 20

{Ib} /—‘
(Pull) 10 P -

0

Solid Line Indicates S3 Configuration
Dashed Line Indicates S4 Configuration

1 2 3

4

5

Normal Load Factor (g)

Figure 16 (3.2.2.2.1)
Longitudinal Maneuvering Stability
Combat Configuration

Reference Ad,
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100
80

60

40

20

Fs/,, (Ib/g} 10
8.0

6.0

4.0

2.0

1.0

Specification boundaries

“reasonably well supported”’

by T-33/CAL data, Reference B2.

Boundary “‘not very strongly

supported” by T-33/CAL data, Reference B2
Specification boundaries

added to solid lines

Specification boundaries based on n =7
F-4 Rating code:
OLevel 1 [MLevet?2 M Level 3
T Tz | [ " 177717
e e e e Symbol Config
Level 2 N N 0 co
—_——— e — o N\ (0] CR
Level 1 N \\ o PA
L\ \
o 0
< o| o ‘[\]
% 0
[
A a
T - ud
Level 17 Q_ O
. ._Lﬁﬁl_zé 3 _qr_ —
—0—@- —&
1.0 2.0 40 6.0 80 10 20 40 60 80100
n/a (g/rad)

Figure 17 (3.2.2.2.1)
Longitudinal Maneuvering Stability
Summary of F-4 Data
All Limit Load Factors
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3.2.2.2.2 Contrel Motions in Maneuvering Flight

A. REQUIREMENT

3.2.2.2,2 Control Motions in Maneuvering Flight - The elevator-control
motions in maneuvering flight shall not be so iarge or so small as to be
objectionable. For Category A Flight Phases, the average gradient of
elevator-control force per inch of elevator-control deflection at ceonstant
speed shall not be less than 5 pounds per inch for Levels 1 and 2.

B, APPLICAELE PARAMETERS
Longitudinal stick force/deflection gradient at constant speed.
C. F-4 CHARACTERISTICS

The required parameter, %ﬂ-, can be written as:
ST
FS 1

ST n Sat /n

[

O

The expression is written in this form tc draw attention to the interdepen-
dence of the forece and position gradients. For the F-4, %ﬁ depends on Toth
the aircraft aercdynamic characteristics and the applicable feel/trim sys-

tem, while Ssr depends only upon the aerodynamie characteristics because
n

the P-4 has a fixed stabilator-to~stick position gearing which is common to
all medels. The only pilot comments available are primarily concerned with
?F—. For this reason, the data (Figure 1 (3.2.2.2.2)) are presented onthe Ei
Vs, E%E- plane in the manner of Reference BZ in order that the interrelatign
can be borne in mind when assessing the pilot ratings and data, Because of
the nature of this study, the approach of Reference B2 in plotting only those

polnts possessing a specification Level 1 wvalue of %53 has not been followed.

D, BSUMMARY OF PILOT RATINGS AND COMMENTS

!

Available pilot comments do not specifically mention 5%@ characteris-

tics. The pilot ratings in Figure 1 (3.2,2.2.2) are based on %i ratings.

E. DISCUSSION .

s
No data points with - values less than 5 1b/in were evaluated.
s F
Many Level 2 and some Level g points possess F§%_' values gresater than

5 1b/in; however, as discussed in paragraph C, the ratings are not inde-

perndent of Fs Therefore, the F-4 data do not constitute a basis for

n
recommending a change.

F. RECCMMENDATIONGS

None.
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References N2, N11, A1, A3, Ad, AB, A7

Pilot rating code:

QO Level 1

P Level 2

@ Level 3
Note: Specification boundary as
shown does not take n/a@ orn L
into account

100

R

T

FS/n —lb/g 10

IRERL

o
Specification worse ythan Level 3(3.2.2.2.1)
| 7/
9
7
10 | 1101 RATNEENIT [ 11111
01 A 1.0 10
6gT
— —in./g
n

Figure 1 {3.2.2.2.2}
Control Force Per Contrel Displacement
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3.2.2.3 Longitudinal Pilot-Induced Oscillationsg

A.  REQUIREMENT

3.2.2,3 Longitudinal Pilot-Induced Oscillations - There shall be no
tendency for pilot-induced oscillations, that is, sustained or uncontroll-
able oscillations resulting from the efforts of the pilot to control the
airplane,

B. AFPPLICABLE PARAMETERS
This is a qualitative requirement, however, the following parameters

are believed to influence the PI0 characteristiecs of a given airplane

design.
(1) Short period damping/frequency
(2) Control system dynamics/friction/free play
(3) Feel system phasing
(4) Control force/motion gradients

¢, F-L CHARACTERISTICS

This paragraph of the specification along with the user guide back-
ground information is intended to provide guidance for the design of con-
trol systems and to aslert the contractor to the importance of the inter-
relationship between sirframe and control system dynamics. A review of the
F-4 PIC characteristics is presented in an attempt to improve the under-
standing of the causes and effects of the PIO problem, particularly as it
relates to feel system design.

The PIO tendency on the F-4 is generally the result of high longitudi-
nal control sensitivity in combination with low short period damping.
Contributing to P10 susceptibility is a relatively high short period natural
frequency at low altitude and high subsonic Mach numbers. Disengaging the

SAS and/or an aft c.g. condition further aggravates the PIO tendency.

Another contributing factor has been shown to be the forcing effect of the
pilots forearm on the stick. In connnection with this, the F-4 pilot
restraint system is considered by MCAIR pilots to be an important parameter
affecting PT0 characteristics.

Reference N5 attempted to evaluate a criterion for PIO tendencies
utilizing F-4B data. The following parameters are involved: 1) The longi-

tudinal sensitivity (related to stick fixed csp) and 2) the work/g2 input
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to the stick (product of leongitudinal Fs/n and longitudinal ﬁst/n). This
sensitivity-work plot is presented in Figure 1 {3.2.2.3). The PIO tendency
rating scale used in this analysis is shown in Table 1 (3.2.2.3). The
results are not conclusive; a number of possible to probable rated data
points fall outside the shaded area and within the region of none-to-possible
rated data.

Table II (3.2.2.3) is a summary from Reference N7 showing the variation
of handling characteristics and PIO tendency with Mach number at c.g.'s aft
of 33%c. The report comments that, at c.g.'s forward of 33%3, PIO tendency
1s reduced in severity but still exists.

D, BSUMMARY OF PILOT RATINGS AND COMMENTS

Feel/Trim System S1

Qualitative F-4 evaluations of the PIO tendency of the downsprings/
viscous damper/5 1lb/g bobweight system are summarized below.
o "(During) low altitude high speed flight...a limit of 35% MAC should
be observed due to airplane short period and PIO characteristics without
STAB AUG." Reference NL, FLE-1.
o "Longitudinal control sensitivity was grestest in the .61 to .92 M
range...(where) a PIO, STAB AUG OFF, was possible." (28.3 to 30.5%c).
"This combination of reduced stick fixed damping and high longitudinal
control sensitivity resulted in a possible PIO tendency, STAB AUG ON, be-
tween .60 M and .80 M. (31.0 to 3L.5%c). With STAB AUG ON stick free
damping was sufficiently high to permit releasing the stick to recover from
a PIO. With STAB AUG OFF the reduction in stick fixed damping above a .60
M in combination with a high longitudinal contreol sensitivity resulted in a
highly probsble PIO tendency between .70 M and .80 M, With STAG AUG CFF
stick free longitudinal short period damping was lower than the stick fixed
damping over the Mach number range tested. Above ,65 M a severe deteriora-
tion of stick free damping occurred culminating in a neutrally damped stick
free short period oscillation at .79 M. The cause of the excessively low
stick free damping was attributed to an oscillation of the longitudinal con-
trol system which was excited by normal acceleration acting on the longitudi-
nal bobweight. In this case (CC position aft of 32% MAC) the normal FIO
recovery technique of releasing the stick was not successful. The stick

free control system oscillation, although of smaller maghitude, was also
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present at a forward C.G. It was found that the only reliable recovery
technique as to "freeze" the stick in an approximate trim position and
rely on the airplane's natural damping." Reference N5, F-LB,

"The PIC tendency...was one of medium freguency (0.5 cps) with essen—
tially no damping...at c.g. locations aft of 32% MAC, STAB AUG OFF (C9)."
Reference N5, F-uB.

Keference N5 alsc presented an interesting opinion concerning the
effect of cockplt geometry on the PIC tendency.
o "...the distance between the pilot and the control stick is excessive
throughout the range of adjusiment of the pilot's seat. This distance, in
addition to giving the piiot the feeling that he is "reaching' for the
stick, increases the possibility of a pilot induced oscillation. In normal
flight the cockpit gecmetry is such that the pilot's arm is bent only
51ightly at the elbow. Any sudden airplane motion producing a change in
normal acceleraticn results in pilot movement in relation to the seat.
This motion in turn is fed to the control system through the pilot's arm.
The effect of pilot feedback is reduced when the control stick is further
aft because the pilot's forearm can move vertically, and airplane motion is
not transmitted to the control system. Correction of the excessive pilot te
stick distance is mandatory for satisfactory service use." Reference N5,
F-4B,

This characteristic was also commented on in References Al and AZ.

Feel/Trim System S2

The S2 system modified the original system by incorporating a
restricted motion viscous damper and revised damper links. This change,
which improved the stick free damping, should have altered the PIO charac-
teristics of the F~l aircraft.

The low altitude high speed (LAHS) flying qualities of the F-LB with
feel/trim system 52 installed were extensively evaluated in Reference NT:

o "The F-LUB airplane is extremely sensitive longitudinally in the LAHS
region. Bmall stick deflections cause increasingly large airplane pitch
responses as the airspeed increases and/or the CG moves aft. The longitudi-
nal sensitivity coupled with longitudinal short pericd damping and frequency,
determines the PIC tendency of the airplane. Control system oscillations,
coupling of the pilot to the stick, and gust inputs also affect the PIO
tendency of the F-4B."
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"Forward of 33% MAC, the F-LB airplane always exhibits positive
longitudinal dynamic stability with STAB AUG ON or OFF. The longitudinal
damping and control system sensitivity are such that any inadvertent, unde-
sirable motion can easily be stopped stick~free or stick-fixed, STAB AUG ON
or OFF. Addition of external stores will decrease the longitudinal damping;
however, safety of flight is not compromised. Recovery from a FIO can be
easily effected by releasing the stick and letting the airplane return to
trimmed flight conditions. A STAB AUG failure forward of 33% MAC, while
degrading missiocn completion capability, dees not result in a hazardous
flight condition, However, STAB AUG OFF flight requires a high degree of
pilot attention at all times. Adverse weather conditions (IFR, heavy turbu-
lence) requires above normal pilot attention and would mzke missicn comple-
tion impossible with a STAB AUG failure."

"Aft of 33% MAC and at speeds between .60 IMN to .88 IMN, the low air-
plane[wn]decreases the possibllity of a PIO, STAB AUG ON or OFF, even with
negative longitudinal dynamic stability (347 MaC lcading B). Inadvertent
large amplitude undesirable airplane motlions may be damped STAB AUG ON or
OFF by releasing the stick or, when negative longitudinal dynamic stability
is encountered, by applying a steady pull force on the control stick. The
high control system sensitivity makes it possible to excite small airplane
short period longitudinal oscillations (f0.5g) with stick movements of just
a fraction of an inch. With S5TAB AUG ON the oscillations damp out; with
STAB AUG CFF, these small oscillations are undamped, and pilot inputs are
required to demp the motion."

"Dynamic stability of the airplane is positive through the transonic
region (.95 to 1.05 IMN) aft of 33% MAC; however, very high longitudinal
control sensitivity plus an increase in alrplane undamped natural freguency
produce flight characteristics which are undesirable STAB AUG ON and ideal
for a PIO STAB AUG OFF. The pilot can release the stick 3TAB AUG ON cr OFF,
when a longitudinal cscillation is started, and the airplane will damp to
stable flight."

"Between 1.05 IMN and 750 KCAS with the CG position aft of 33% MAC,
the longitudinel damping is improved, and the possibility of a PIC is
reduced., However, the longitudinal damping is weak enough and the natural

frequency high enough (.8 cps to 1.2 cps) that the possibility of a PIO is
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gtill present. Recovery from a PIC STAB AUG ON or OFF in this airspeed
region is best accomplished by immediately releasing the stick. Extreme
caution and no abrupt control movements in this alrspeed and CG region are
mandatory for safe flight."

"Precise terrain following or maneuvering below 2,000 ft. is demanding
STAB AUG ON and very difficult STAB AUG OFF. Mission completion capability
is near zero with STAB AUG OFF, particularly through the transonic range
and/or under adverse weather conditions,"

"The PIO tendency was rated as "possible to probeble" for frequen-
cies above 0.7 c¢ps in conjunction with a damping ratic of 0.15 cor less."
Reference NT, F-4B.

o "In the low-level high-speed regime, the aircraft was extremely sen-
sitive to longitudinal stick inputs. This sensitivity, coupled with an
unfavorable pilot/stick geometry made the aircraft extremely difficult to
control in this area. Level flight could be easily maintained after a few
indoctrination flights in this region, but it was difficult to perform pre-
cision maneuvers such as those required for formaticn flying and/or weapons
delivery...The most critical region was from 0.9 to 1.05 Mach below 10,000
feet altitude. In this region, extreme caution had to be used when applying
corrections for sudden pitch changes such as those encountered with rough
air, speed brake actuation, or abrupt power changes. In these instances,

a sudden reaction by the pilet could cause overcontrolling and a subseguent
PI0. Disengaging the stability augmentation in this region resulted in a
further deterioration of the pilot's capability to control the aircraft in
the longitudinal mode,.,.Disengaging the stability augmentation system
lowered the damping ratio with no measurable change in the natural frequency
of the aircraft." Reference Al, F-4C.

"(8low) Longitudinal trim rate...caused a gross out of trim condition
(to exist) during speed transient conditions which added to longitudinal
sensitivity and increased the PIO susceptibility of the aircraft in the low
altitude high speed region...Longitudinal control was extremely sensitive
during low altitude high speed flight, This sensitivity, coupled with weak
damping, made the aircraft susceptible to PIO." Reference Al, F-4C.
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Feel/Trim System S3

Downspring removal reduced the pilot trimming tasks in the region of
high control sensitivity, which effectively lowered the PI0O tendency. How-
ever, pilot opinions were not consistent in recognizing an improvement:
o "At aft c.g.'s the dynamic characteristics of the aircraft were
conducive tc PIO and unacceptable for normal or emergency conditions.,”
Reference A3, F-LC.
o "Longitudinal control...sensitivity (during low altitude high speed
flight), coupled with wesk damping, made the aircraft susceptible to PIO's."
Reference A5, F-4C,
o "The (S2 Feel/Trim System) airplane has been characterized by a PIO
tendency during rapid low altitude accelerations and decelerations. Down-
spring removal {(S3 System) resulted in a shallow longitudinal control force
gradient with respect to airspeed which...virtually eliminated the PIO
tendency due to the existence of an out of trim condition." (C3) Reference
N1l, F-LB.

Feel/Trim System Sk

This modification provided for: 1) A mechanical stop in place of the
viscous damper, 2) Revised bellows links, and 3) Replacement of the 5 lb/g
with 3 1b/g bobweights. Again the comments are contradictory:

o "The AFFTC test pilots felt that the improvement of the longitudinal
handling gualities in the low altitude - high speed regime were far more
significant than the loss of positive stick centering at low airspeeds (PA
configuration} and the negative stick force versus Mach number gradient in
the low supersonic regime." Reference Ak, F-LC.

o "At aft c.g.'s and low altitude with high speeds, the dynamic character-
istice of the sircraft were conducive to PIO's, particularly with pitch

SAS disengaged." Reference AT, F-LE,

E. DISCUSSION

Unfortunately, the pilot comments,which are difficult to interpret,
are inconclusive and do not show a clear variation of PI0 characteristics
with feel/trim system configuration. The influence of the bobweights on
the stick-~free short period damping apparently overrides the more subtle

effects of the other configuration changes. However, the bobweight size
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reduction, in going from 83 to Sb, has not resulted in consistently more
favorable pilot opinicns.

The above treatment of longitudinal pilot induced oscillations leaves
out one very important parameter that influences the PIO characteristics of
a given airplane, and that is the pilot restraint system. The pilot must be
Tirmly restrained in his seat to keephis bedy from meving in reaction to air-
vlane moticn and becoming the foreing function on the control stick. MCAIR
pilots who have had the opportunity to compare both Air Force and Navy F-L
restraint systems have commented that the Navy systemr is notoriocusly bad,
while the Air Force system, initially the same as the Navy, has been
developed over the years to be very satisfactory.

The operational history of the F-4 provides a clearer indication of
PTO susceptibility than the pilot comments suggest. In the operaticnal era
of control systems 81 and 52, the P-4 aircraft was extremely PIO-prone.
There were many recorded instances of PIO, with at least U4 major accidents
resulting from PIO's. In the approximately three million flight hours since
the advent of control systems S3 and Sk, there has not been a single recorded
incident of PI0 in spite of the many external configuration additions which
have provided, in many cases, weaker longitudiral stability. MCAIR pilots
in general feel that the reduction of the trim gradients,with the incorpor-
ation of the 83 system was an identifisble and very significant factor in
reducing PIO tendencies.

In summary, this qualitative review of F-4 PIC characteristics has
hopefully added to the overall understanding of the causes and cures of
PIO problems, and has served to emphasize the undesirability of this
characteristic.

Since no proven definitive criterion for preventing PIO is available,
this specification requirement is considered adequate as written. However,
a definitive criterion which would catch any PIO problems in the design stage
is certainly desirabie.

F. RECOMMENDATIONS

None.
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Numerical
Rating

Table | (3.2.2.3)
Pilot Opinion Rating System for
Pilot Induced Oscillation Tendency
Reference N5, F-4B

Adjective
Rating Comments
None No tendency for pilot to induce
undesirable oscillation - no
tendency to get out of phase with,
or 1o lag behind aircraft motion,
None to Undesirable motion may be induced
possible but can be damped by pilot effort.
Possible Undesirable motion easily induced
but can be damped by pilot effort.
Possible to Oscillations tend to diverge.
probable Pilot may be required to fix stick.
Probable Oscillations tend to diverge.
Pilot must fix stick to stop motion.
Highly Disturbance or normal pilot control
probable may cause divergent oscillation.

Pilot must fix stick to stop motion,



Indicated
Mach Number

1.2

1.1

1.0

.80

.70

.60

F-4B With S2 Feel/Trim System (Reference N7)

Table i1 (3.2.3)

Stahility Augmentation QN and OFF Handling Characteristics

and P10 Tendency Versus Indicated Mach Number

Stab. Aug On Stab. Aug Off
Handling Handling
F Characteristics PIO Characteristics PI1O
High Possible Very Possible
Sensitivity High To
Sensitivity Probable
B g
a
g
—5 . Q S
Z
Transonic Possible Transonic @ Highly
Effects To Effects 5 Probable
— Very Probable Maximum =
High Sensitivity
Sensitivity Very Difficult
To Control é- ——
‘é’_ Probable
Increasing BE 3 o
[~ Sensitivity Possible ";
2
Increasing 3
Sensitivity 'g
Minimum - N_?ge
Darmping Probable
) Nl 2
None Low Damping o
And g
a None
Low Frequency o
c
‘B
3
N g
a
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Figure 1 (3.2.2

Work ( m)

3)

P10 Tendency Plot
Reference N5, F-4B
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3.2.2.3.1 Transient Control Forces

A. EREQUIREMENT

3.2.2.3.1 Transient Control Forces - The peak elevator-control
forces developed during sabrupt maneuvers shall not be objectionably
light, and the bulldup of control force during the maneuver entry
ghall lead the buildup of normal acceleration. Specifically, the
following requirement shall be met when the elevator control is
pumped sinuscidally. For all input frequencies, the ratio of the peak
forces amplitude to the peak n amplitude, measured from the steady
oscillation, shell be greater than:

Center-Stick Controllers - - - 3.0 pounds per g
Wheel Controllers- - = - = - - 6.0 pounds per g

B. APPLICABLE PARAMETERS

Longitudinal control forces in abrupt maneuvers; frequency
respense of normal lcad factor to sinusoidsl control inputs.

C. F-4 CHARACTERISTICS

Figures 1 (3.2.2.3.1) and 2 (3.2.2.3.1) present stick force
and stick position per g amplitude responses at varicus flight condi-
tions, with the longitudinal stability augmentation system engaged
and disengaged. The minimum stick force gradient is about 2 1b/g.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

Feel/Trim System S2

o "Dynamic stick force gradients decreased 50 to T5 percent
from static values in this region as shown in (Figure 1, (3.2.2.3.1))
with corresponding stick position gradients in (Figure 2, (3.2.2.3.1)).
It was therefore evident that the dynamic longitudinal characteris-
tics of the alrcraft were marginal throughout the speed range in cruise
and combat configurations." Reference Al, F-4C.

If a "marginally acceptable" interpretation is placed upon the
rather ambiguous comment, a rating of E6 would be appropriate.
The minimum Fs/n is about 2 ib/g.

Feel/Trim System S3
o Two NATC F-UJ evaluaticns, References W18 and N21, mentioned

sudden pull-up characteristics as being undesirable. (See 3.2.2.1.1
for comments). The test method involved measuring the stick force

and corresponding normsl load factor in sudden pull-ups rather than
using a sinuscidal input as reguired by the specificaticn. The minimum

F_/n recorded was 4.5 1b/g, versus 7.0 1b/g in a steady wind-up

226



turn at the same flight condition, and warranted a Cooper Rating of
4 in Reference N18. The sudden pull-up stick force gradients reduc-
tions ranged from sbout 35% to 15% less than the steady values in
the References N18 and N21 data.

E. DISCUSSION

The pilot comments in Reference Al indicate a concern more with
the maximum percentage reduction in Fs/n than the absolute minimum
value, which effectively places a requirement on stick free short-
period damping ratio for a conventional type sirframe. From all the
test results, the damping ratios for second order systems with
equivalent Fs/n / (Fs/n)min would be roughly .1 < 5 < .5. The concern
with relatively small reductions in stick force gradients provides
the impressicn that no stick force lightening would be preferred,
for example, for Level 1 flying qualities for a Class IV aircraft
in the CO Flight Phase. This implies an equivalent CSP > 0.7.
However, the data are not conclusive in supporting this rather string-
ent requirement. It also seems probable that the comments were
influenced by the requirement of the then applicable specificaticn,
(Reference Bl, paragraph 3.3.10) which did not allow a drop in Fs/n.

According to the specification, the 2 1b/g minimum measured in
Reference Al should fall outside Level 3, that is, conirol would
definitely be lost during required operation (see Figure 1 (I)). The
fact that the comment represents Level 2 flying qualities would
suggest that the figure of 3 1b/g is high for a flying qualities
"floor". In the validation of 3.2.2.2.1 it is recormended that the
steady-state Fs/n "floor" be lowered to 2 1b/g and it seems reasonable
to lower the minimum dynamic Fs/n to gbout the same value. However,
in view of the fact that the contribution of this characteristic
to the PIO tendencies of the F-4 has not been established, an addi-
tional general statement in the specification is more in order than

actually specifying a lower number,
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F. RECOMMENDATIONS

It is recommended that a sentence to the effect of the following

be added to the Reguirement., "The numerical requirement can be

relaxed for Class IV aircraft in the CO Flight Phase at the discretion
of the procuring asctivity. This relaxation shall not cause any adverse

effects such as a tendency for pilot-induced osecillations."
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3.2.3 Longitudinal Control

A. REQUIREMENT

3.2.3 Longitudinal Control

3.2.3.1 Longitudinal Control in Unaccelerated Flight - In erect
unaccelerated flight at all service altitudes, the attainment of all
speeds between Vg and Vp., shall not be limited by the effectiveness of
the longitudinal control, or controls.

3.2.3.2 Longitudinal Control in Maneuvering Flight - Within the
Operational Flight Envelope, it shall be possible to develop, by use of
the elevator control alone, the following range of load factors:

Levels 1 and 2 ——— no(-) to n0(+)
Level 3 ————mm—m—mme n = 0.5g to the lower of:
+
a) n (+)

2.0 for no{+) 3g

b} n= 0.5 Ing(+) + 1] for ng(+) > 3g.

This maneuvering capability is required at the lg trim speed and, with
trim and throtile settings not changed by the crew, over a range about the
trim speed the lesser of 15 percent or I50 knots equivalent airspeed
(except where limited by the boundaries of the Operational Flight Envelope).
Within the Service and Permissible Flight Envelopes, the dive-recovery
reguirements of 3.2.3.5 and 3.2.3.6, respectively, shall be met.

B, APPLICABLE PARAMETERS

(1) Longitudinal control effectiveness

(2) Longitudinal control forces during specific maneuvers.

C. F-4 CHARACTERISTICS

{1) Longitudinal control effectiveness of the F-U4 does not restrict
the attainment of any speed between Vg and Vmax in unaccelerated flight
at any service altitude. Attention has, therefore, not been drawn to this
parameter and neither quantitative nor qualitative data are available.

{(2) The P-4 maneuvering capability is stabilator deflection limited
above 35,000 feet at supersonic speeds. At higher altitudes this limitation
does restrict maneuvering to less than the limit load facter. However, such

a characteristic is typical of most high performance aircraft due to the
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increased longitudinal stability at supersonic speeds; as higher alti-
tudes are approached, Gs/g becomes very large and a large amount of
stabilator deflection is required to achieve a small increment in ncrmal
load factor., Large increases in stabilator range would be reguired to
provide a significant improvement in load factor capability but the sta-
bilator deflection range available is frequently governed by space limi-
tations. The only other solution is to reduce statiec longitudinal stabil-
ity supersonically.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

The few available pllot comments from early Navy evaluations indicate
satisfaction with the subsonic buffet boundary but objeet specifically to
the limited supersconic maneuvering capability:
o "...it would be desirable for improved service use if the maneuvering
capabilities of the airplane were increased at superscnic airspeeds. At
50,000 feet and indicated Mach numbers above 1.2, the maneuvering capability
of the airplane is limited by full stabilator deflection.” Reference N1,
FLE-1.
o "The high altitude supersonic maneuvering capability of the airplane
in configuration P (MAT) was limited by full stabilator deflection above 1.2
IMN at sltitudes above 35,000 ft. as shown in [Figure 1 (3.2.3)]. The air-
plane dees not meet the maximum usable 1ift requirements of Reference Bl at
superscnic alrspeeds. Correction of this deficiency is desirable for improved
service use." Reference N4, FLH-1.

Reference N8 evaluated low speed longitudinal control effectiveness of
the slotted stabilator on the F-L4B:
o "Abrupt full LED stabilator was applied in level flight, zero g
push-overs, and during stall recoveries at alrspeeds as low as 100 KIAB,
In all cases an ANU pitch rate was obtainable, and no indication of stabila-
tor stall was noted."

The following comment on supersonic maneuvering was obtained from an
F-4J evaluation in Reference N18:
o "The high altitude, supersonic maneuvering capabilities of the F-LJ

were extremely limited by insufficient stabilator effectiveness, Turns
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utilizing full aft stick at speeds between 1.2M and 2.0M produced only
slightly more than 4g at gross weights near the combat gross weight of

40,442 1b, with CG positions of 27.0% and 31.6% MAC (CL). Although the

F-4J airplane met the maximum usable trimmed normal force coefficient (Cy)}
reqguirements....at a CG position of 27.0% MAC, as shown in [Figure 2 {3.2.3)1,
the inability to attain limit g at normal service gross weights and CG posi-
tions degrades the airplane's maneuvering capabilities and limits mission
effectiveness....Correction of the inadequate stabilator effectiveness is
desirsble for improved service use." Reference N18, F-LJ,

E. DISCUSSION

The extent to which this requirement determines the maneuvering capa-
bility of an aircraft is almost completely dependent on the definition of
the Operational Flight Envelcpe. If the Operational Flight Envelope at
supersonic speeds is defined by the supersonic structural limit lcoad fac-
tor at all altitudes, this paragraph could impose stringent design require-
ments on stabilator effectiveness/deflection range and/or longitudinal
stability. If, however, the Operational Flight Envelopes are defined by
the maximum trimmed normal force capability of the aircraft at supersonic
speeds, this requirement would serve no purpcse. Since, as noted in
paragraph 3.1.7, the Operational Fiight Envelopes are "established with the
guidance and approval of the procuring activity," the impact of this
requirement is almost entirely up to the procuring activity.

In the case of the F-lb, the criterion for establisning the Operational
Flight Envelope at supersonic speeds is not clear. Reference B6 defines
the maximum trimmed ncormal force requirements but the corresponding siruc-
tural limit load factor diagrams do not reflect any limitations due to the
stabilator limit at supersonic speeds. If the F-I had been procured under
the new specification, this situation could have caused considerable con-
fusion in defining the Operational Flight Envelopes.

In any event, the pilot comments tend to verify the need for this
requirement. The nature of the data is such that a strict validation can-
not be made; however, the requirement seems ressonable as written,

I'.  RECOMMENDATIONS

None.
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3.2.3.3 Longitudinal Control in Takeoff
A. REQUIREMENT

3.2.3.3 Lengitudinal Contrel in Takeoff - The effectiveness
of the elevator control shall not restrict the takeoff performance
of the airplane and shall be sufficient to prevent over-rotation to
undesirable attitudes during takeoffs. Satisfactory takeoffs shall
not be dependent upon use of the trimmer control during tskeoff or
on complicated control manipulation by the pilot. For nose-wheel
airplanes it shall be possible to obtein, at Q.9 Vmi » the pitch
attitude which will result in tekeoff at Vmin' FoP %ail-wheel air-
planes, it shall be possible to maintain any pitch attitude up to
that for a level thrust-line at 0.5 Vg for Class T airplanes and
at Vg for Class II, III, and IV airplanes. These requirements shall
be met on hard-surfaced runways. In the event that an airplane
has a mission reguirement for operation from unprepared fields,
these requirements shall be met on such fields.

B. APPLICABLE PARAMETERS

Stick motions in takeoff., Pitch attitude obtaingble at 0.9
Vmin in configuration TO.

C. F-L CHARACTERISTICS

The nosewheel 1lift~off characteristics of the F-k series of
aircraft are presented in Figure 1 through 3(3.2.3.3) as a function
of gross weight and c.g.; also indicated are the corresponding
normal takeoff speeds. In general, thrust setting (MRT or MAT)
and/or trailing edge flap setting (full or half} do not have a
significant effect on nosewheel liftoff speeds. The primary factors
which determine nosewheel liftoff speed are gross weight, c.g., and
the stabilator configuration (slotted or unslotted leading edge).
The F-4B, Figure 1 (3.2.3.3) with basic stabilator has the highest
nosewheel 1iftoff speeds; the F-LJ with the slotted stabilator and
drooped ailerons has slightly lower (7 to 8 knots) nosewheel liftoff
speeds; and the F-LE with the slotted stabilator but without aileron
droop has the lowest nosewheel liftoff speeds {9 to 10 knots below
F-LJ).

As shown 1in Figure 1(3.2.2.3) the F-LB can obtain nosewheel
liftoff prior to normal takeoff speed for c.g.'s aft of approximately
31% MAC.  The F-UJ, figure 2(3.2.2.3) demonstrates improved charac-
teristics in that nosewheel 1iftoff can be obtained prior to normal
takeoff speed for c.g.'s forward to 29% MAC. The F-LE, figure

3(3.2.2.3) demonstrates the best characteristics with nosewheel
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liftoff attainsble prior to normal takeoff for c.g.'s forward to
2T% MAC; this imﬁrovement is somewhat offset by the basic more for-
ward c.g. (2 to 3% MAC) of the F-iE.

Figure 4(3.2.2.3) shows the relationship between nosewheel
liftoff speeds, normal takeoff speeds, estimated vmin’ and 0.9
Vi for MAT for the F=LJ, Vi, for the F-& is determined by
maximum tail down attitude.

D. BSUMMARY OF PILOT RATINGS AND COMMENTS
o} "The average nosewheel 1lift-off speed attained at the average
c.g. loading (31.9% MAC) was 137 Kt CAS (112% VSTO)...the require-
ments (105% VSTO) of Paragraph 3.3.1.1 of (Reference Bl) are not
met. This limited control effectiveness did not appreciably reduce
take-cff performance during normal field taeke-offs since airplane
rotation could be obtained at recommended take-off airspeeds.”
Reference Nk, F-LH-2.

o t

...it was possible to over-rotate the alrplane, tekeoff in
a near stalled condition, and in some cases drag the stabilator on
the runway...Flight Manual...should be changed to read "At 30 knots
prior to predicted lift-off speed the stick should he pulled smoothly
aft, initiating rotation, to arrive at a 10-12 degree pitch attitude
coincident with 1lift-off speed." (The previous Flight Manual
recommendation was tc hold full aft stick.) Reference A2, F-LC
0 Reference N8 compared F-4B models with drooped and undrooped
ailerons. At 42,500 1b. and a c.g. position of 32.6% MAC, the drooped
ailerons increased lift-off airspeed from 129 to 134 KQAS, this being
due to the incressed nose down pitching moment with drooped ailerons.

"...full aft longitudinal control was not required to attain
a flying attitude. Takeoffs (with undrooped ailerons) with flaps
up and full aft longitudinal control maintained throughout the take-
off resulted in rapid nose-up rotation and 1lift-coff prior to attain-
ing operational flying speed. Rapid forward stick displacement
required to counter the nose-up rotation resulted in scraping the
stabilater tips on several occasions.”

"The requirements of the detail specification {(nose wheel lift-
of f at 105% VSTO)...are not met (107% VSTO in drcoped aileron config-

uration) but are satisfactory.'" Reference N8, F-4BE.
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o Reference N21 relsted the c.g. position takeoff character-
istics; "At the aft c.g. limits...the rotation after lift-off was
rapid but controllsble with normal pilot effort (C3). Beyond approx-
imately 1% MAC aft of these limits, the extremely rapid pitch attitude
increase on lift-off required concerted pilot effcrt to prevent
excessive over-rotation (C7.5)...0n two occasions, at c.g. positions
aft of the reccmmended limits, the stabilator scraped the runway
when the stick was moved rapidly forward to stocp an over-rotation.”
Reference W21, F-LTJ,

E. DISCUSSION

The available comments and data indicate that the qualitative
reguirements are a necessary part of the Specification. The require-
ment to be able to rotate the aircraft to takeoff attitude at
0.9 Vmin is not supported by the comments. The ccmments of Refer-
ences N4 and A2 indicate that the ability to safely attain takecff
attitude at takecoff speed is the prime consideration. In addition,
the desirability of attaining vmin take-off attitude at .9 Vmin
is qguestionakble., If Vmin is determined by the maximum tail down
attitude, paragraph 3.1.8.2.e of the specification, the ability to
attain this attitude at .9 Vmin would increase the prcbabllity of
premature lift-offs at Vmin' This certainly would not be a desirable
situation. Furthermore, for aircraft with large variaticns in
take-off ¢.g., the requirement to obtain this attitude at the most
forward c.g. could result in seriocus over control/rotation character-
istics at the more aft e.g.'s. The qualitative requirements of
3.2.3.3 are therefore considered the most desirable and adequate
means of ensuring satisfactory characteristics.

F. RECOMMENDATIONS

Delete the sentence of the Requirement presently reading "For

nose-wheel airplanes it shall be possibie to obtain, at 0.9 Vmin’
"

the pitch attitude which will resulit in tekeoff at Vmin'
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3.2.3.3,1 Longitudinal Control in Catapult Tskeoff

A. REQUIREMENT

3.2.3.3.1 Longitudinal Control in Catapult Takeoff - On airplanes
designed for catapult takeoff, the effectiveness of the elevator control
shall be sufficient to prevent the airplane from pitching up or down to
undesirable attitudes in catapult takeoffs at speeds ranging from the
minimum safe launching speed to a launching speed 30 knots higher than the
minimum, Satiszfactory catapult takecffs shall not depend upon complicated
contrel manipulation by the pllot.

B. APPLICABLE PARAMETERS

Controllability in catapult isaunches.

C. F-4 CHARACTERISTICS

As for field takeoffs (3.2.3.3 and 3.2,3.3.2), the recommended stick
programming technique for F-U4 cataspult launch has been the subject of some
criticism and recommendations. The criginal positioning techmique (full
aft stick during lsunch and smooth forward movement followed by aft move-
ment after launch) is required to obtain the proper aircraft rotation to
reduce sink off the tow and, at the same time, prevent over-rotation during
post launch. The reguired stick positioning is hampered by a lack of stick
centering at low speeds due to the low forces generated by the bellows at
launch speeds.

A "stick fixed" technique was evaluated on an F-LK which was equipped
with a removable strap which held the stick at a fixed position during and
immediately after launch. This technique resulted in improved rotation and
flyaway characteristics.

Subsequent evaluations of the F-4J indicated that less than full aft
stick during the launch was required to prevent over-rotation at aft centers
of gravity. However, less than full aft stick was difficult to maintain due
to lack of stick centering and the effect of longitudinal acceleration on the
pilot's arm and the longitudinal control system.

D. SUMMARY OF PILOT RATINGS AND COMMENTS
o "The catapult launch handling characteristies with the [83 Feel/Trim
System] configuration were satisfactory (C3). Catapult launches in the F-k
airplane require & stick programming technigue...based on stick position...

Proper longitudinal positioning of the centrol stick prior to launch is
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mandatory in order to impart the proper rotation rate to the airplane to
reduce sink off the bow and/or prevent over-rotation. It is recommended
that a cockpit stabilator position indicator he incorporated...to provide
the pilot with accurate control stick positioning information prior to
catapult launch." Reference N11, F-1B,

E. DISCUSSION

The available pilot comments validate the gualitative requirements of
3.2.3.3,1; however, no data relevant to the required speed range are
available., In addition, pilct comments indicate that a stick fixed launch
technique would be preferable. Such a technique requires that the feel/
trim system or other device be capable of holding the stick in the desired
position and that a stabilator position indicator or other means be provided
to permit accurate positioning of stick for various ccmbinations of aircraft
gross weight and center of gravity.

F. RECOMMENDATICNE

None.
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3.2.3.3.2 Longitudinal Control Force and Travel In Takecoff

A. REQUIREMENT

3.2.3.3.2 Longitudinal Control Force and Travel in Takeoff - With the
trim setting optional but fixed, the elevator-control forces reguired during
all types of takeoffs for which the airplane is designed, including short-
field tekeoffs and assisted takeoffs such as catapult or rocket-augmented,
shall be within the following limits:

Nose-wheel and bicycle-gear asirplanes

Classes I, IV-C ——c—mem—e 20 pounds pull to 10 pounds push
Clasges II-C, IV=lL ==——=—- 30 pounds pull to 10 pounds push
Clagses II-L, III ~=——=—m 50 pounds pull to 20 pounds push

Tail-wheel alrplanes

Classes I, II-C, IV =———=- 20 pounds push to 10 pounds pull
Classes II-L, IIl ~—-——-=- 35 pounds push to 15 pounds pull

The elevator-control travel during these takeoffs shall not exceed 75 per-
cent of the total travel, stop-to-stop. For purposes of this reguirement,
the term takeoff includes ihe ground run, rotation and lift-off, the ensu-
ing acceleration to Vpgy (TO), and the transient caused by assist cessation.
Takeoff power shall be maintained until Vpgx (TC) is reached, with the land-
ing gear and high-1ift devices retracted in the normal manner at speeds from
Voui, (T0) to V. (T0).

B. APPLICABLE PARAMETERS

Stick forces and travel in field and catapult takeoff.

C. F-L4 CHARACTERISTICS

As described in Section II, F-l stick forces are generated artificially
by the various types of feel/trim systems., Forces are a function of air-
speed, stick deflection, trim position and the feel/trim system fitted.
Only one evaluation measured stick force in takeoff (Reference N1). Calcu-
lated force variations for feel/trim system $3 appear in Figure 1 (3.2.3.3.2).

D. GEUMMARY OF PILOT RATINGS AND COMMENTS

Teel/Trim System S1

© "Poor control force harmony during takeoff results from the high

{approximately 15 1b.) forces required to pull the airplane off the runway
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thereby giving the airplane an apparent lateral sensitivity." Reference N1,
FU4H-1.
Feel/Trim System S2

ol "Longitudinal control forces during takeoff and ensuing accelera—
tion in configurations T0 [undroocped ailerons] and TC [drooped ailercns]
were within the limits of Paragraph 3.3.13 of Reference Bl." The numerical
requirements of Reference Bl are the same as the present specification.
Reference N8, F-LB,

o] Reference N11, comparing various feel/trim system configurations,
stated "...changes in control system characteristics and control force
gradients appeared to the pilot as a change in lcngitudinal sensitivity
particularly during takeoffs..."

"...field takeoffs..,.were characterized by light contrcl forces after
airplane lift-off...Contrcl forces following tekeoff were extremely light
...(C3)...Pilots with experience in the [52] configurstion F-4 airplane
were able to readily adapt to the lighter forces characteristies of the
(53] configuration...The [83] configuration provided the minimum satisfac-
tory level of control force cues for airplane attitude control." No force
magnitudes are presented. Reference N11, F-LB.

o "Field takeoffs utilizing the NATOPS recommended half-flap setting
require full aft stick tc attain minimum ground run takeoff distance...use
of full aft stick precipitates unsatisfactory takeoff characteristics..."
Reference N18, F-LJ.

Feel/Trim System Sk
o "At 100 KCAS, aft movement of the stick was started so that full

aft stick was reached at approximately 30 knots below liftoff speed. With
two units of nosedown longitudinal trim, the aft stick force required for
full aft stick position was very light...During lift-off, only a light pull
force was required...Because of the light stick force required for rotation
to takeoff attitude, it was necessary tc exercise caution to prevent over-
rotation..."”

"Four units of nose down trim gave a more comfortaple feel for takeoff,
and considerably reduced the danger of over-rotation...Three and cne-half

units of nose down trim should be used for takeoff," Reference AL, F/RF-LC.
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"Field takeoffs...were characterized by light control forces after
airplane lift-off...Control forces following takeoff were extremely light
...{C5,5}...The low system friction and weak stick centering of the [Sh]
configuration resulted in the pilot "hunting" for stick force cues to con-
trol position during and immediately following airplane lift-off. This is
a potential overcontrecl condition and could be catastrophic during a take-
off with no visual reference." Reference N1l, F/RF-LB,

o "...full aft stick prior to nosewheel rotation [sic] was used for

all tests...Rotation was rapid upon reaching nosewheel lift-off speed, and
the stick had to be moved forward to avoid over-rotation and stabilator
contact with the runway...Normal takeoff trim settings were satisfactory
for all allowable asymmetric and drag configurations." Reference AT, F-LE.

E. DISCUSSION

The concern with high stick forces in Reference N1 does not suppoert
the specification limit, the latter being about twice the tested force.

The ccmment, however, states explicitly that the pilots' impression of
longitudinal force levels is influenced by poor longitudinal/lateral con-
trol force harmony. In addition, no complaints were made during subsequent
NPE and BIS trials. This suggests that the original complaint may have
been due, primarily, to the pilot being unaccustcomed to extreme aft stick
position required to rotate the airplane to takecoff attitude.

The complaints of light stick forces draw attention to the fact that
there is no lower limit on forces in the Requirement. Reference N1l refers
to a minimum satisfactory level of forces, unfortunately without guoting a
numerical value. Figure 1 (3.2.3.3.2) presents calculated force variations
with velocity representative of the feel/trim system evaluation of
Reference N11. The force variation with speed is due to pressurization of
the bellows as velocity increases, the stick forces at low velocities being
due to the bobweight {nominally 5 1lb/g). The calculated pull force at nose
wheel liftoff is 6.5 lb. with full aft stick. However, the comments suggest
that a smaller stick input would be used in order to prevent cver-control.
This means that in all probability the stick forces during takeoff are

around 5 lbs. pull. Intuition leads one to suspect that the lack of force
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buildup during takeoff may influence the pilots' impressions; for instance,
if the stick pull force at low speeds were 2 or 3 1b, the pllot would prefer
5 1b or so around liftoff. However, this suspicion is not directly supported
by the comments which refer specifically to absolute force levels only.
Certainly the minimum force level should be a function of airecraft Class,
higher sensitivity being acceptable for an aircraft which is inherently

more maneuverable, Also, it would seem reascnable to specify a minimum
force~-to-maneuver at rotation and lift-off, because stick pull forces will
subsequently decrease and possibly became push forces as the aircraft
accelerates, this being true for aircraft with any type of "q" feel,
ertificial or not.

In summary, the definite nature of the comment in Reference N11, and
the calculated stick force value are together thought to be sufficient to
add a minimum force figure to the Requirement.

F. RECOMMENDATIONS

Add the following to the end of the Requirement:

"The stick forces required for the takeoffs defined above shall not be
objectionably light. For Class IV aircraft the stick force required for
rotation and liftoff shall be from 5 1b to 20 1b puil."”
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3.2.3.4 Longitudinal Control in Landing

A, REQUIREMENT

3.2.3.4 Longitudinal Control in Landing - The elevator control shall
be sufficiently effective in the landing Flight Phase in close proximity
to the ground, that:

(a) The geometry-limited touchdown attitude can be maintained in the
level flight, or

(b) The lower of Vg (L) or the guaranteed landing speed can be
obtained.

This requirement shall be met with the airplane trimmed for the approach
Flight Phase at the recommended approach speed, The reguirements of
3.2.3.4 and 3.2.3.4.1 define Levels 1 and 2. For Level 3, it shall be
poesible to execute safe approaches and landings in the presence of atmos-
pheric disturbances,

3.2.3.4.1 Longitudinal Control Forces in Landing - The elevator-
control forces reguired to meet the requirements of 3.2.3.4 shall be pull
forces and shall not exceed:

Clagses 1, II-C, IV —c—=a= 35 pounds
Classes II-L, 111 ———m———- 50 pounds.

B. APPLICABLE PARAMETERS

Attitude and minimum speeds attainable in close proximity to the
ground.

C. F-4 CHARACTERISTICS

The F-4 series of aircraft does experience a reduction in stabilator
effectiveness ag the aircraft enters the ground effect. As a result, full
or almost full aft stick is frequently required at touchdown with C.G.'s
at or near the forward limit and following touchdown, longitudinal contrel
is insufficient to maintain touchdown attitude,

D. OSUMMARY OF PILCT RATINGS AND COMMENTS
o "...Full aft stick was applied during all landings below 122 Kt.
IAS immediately prior to touchdown. The desired touchdown attitude was
maintained during these landings provided & nosedown pitch rate was not
encountered.. .marginally acceptable for attitude control during normal and
mirror landings." This ccomment referred to the production F-4 stabilator

which possesses 21° Leading Edge Down authority. The same report evaluated
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a stabilator with 25° LED authority: '"the only advantage of the 25° stabi-
lator in ground effect was te reduce landing hold-off airspeeds by 2 Kt."
Reference N2, FuH-1,

0 "The excellent approach characteristics of the aircraft were some-
what compromised by a slight decrease of stabilator effectiveness in ground
effect reguiring full aft stick with the c.g. at or near the forward limit."
[E3] Reference Al, F-kLC.

o "...full aft longitudinal control at touchdown. Touchdown airspeed
in configuration L, undrooped ailerons was ...117% Vg (L) and in configura-

tion L, drooped ailerons was ...111% Vg (L)...
"With the ailerons drooped an increased nosedown pitching moment was
present which appeared as a decrease in longitudinal contreol, This was

evidenced by a decrease in ANU pitch rate cobtainable for a given aft longi-

tudinal control input; however, it was not objectionable." [E3], Reference
N8, F-LB.
o "...airplane touched down with..,the longitudinal control stick full

aft...the average touchdown speed was 110% of the extrapolated stall speed
for the same configuration...Correction of this deficiency 1s desirable for
improved service use." [E4], Reference N13, F-hM,

o "Configuration L stall speed could not be attained in ground effect
during landing hold-off tests. Configuration L tcuchdown airspeeds with full
aft stick exceed the requirements of Reference Bl by an average of 19.5 Kt
(16.3%) with full flaps and 11 Kt (8.8%) with half flaps with C.G. positions
of 29% to 31% MAC." "...correction...desirable for improved service use."
[E4], Reference K18, F-=LJ.

E. DISCUSSION

The available data unfortunately do not point te some suggested minimum
maneuvering capability, which is the underlying requirement of this para-
graph,

The requirement to have sufficient control effectiveness to obitain
tcuchdown attitudelor the guaranteed landing speed is reascnable. However,
even at speeds as high as 117% VS (L), pilots did not find the lack of fur-
ther aft control capablility unacceptable, It is not clear whether the

stall speeds guoted in the evaluations sre in or out of ground effect. It
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is clear, however, that Level 2 flying qualities were assigned to the FP-L
although the requirement to retain some control effectiveness at VS (L)
was not met. This requirement is therefore not considered reasonable
based on F-U experience, However, recommendation of a higher velocity
based on V_ (L) is not considered worthwhile. The requirement to cbtain
the guaranteed landing speed or to maintain touchdown attitude in lewvel
flight is, therefore, all that F-U4 experience justifies retaining. UNo
quantitative data or qualitative comments on longitudinal control forces
during landing are available. However, the requirement is considered
reasonable as written.

¥. RECOMMEKDATIONS

3.2.3.4

Change paragraph 3.2.3.4.b as follows:

(b) the guaranteed landing speed can be obtained for nosewheel and
bicycle-gear sirplanes or the lower of V_ (L) or the guaranteed
landing speed can be obtained for tsil-wheel airplanes.

3.2.3.41

None.

252



3.2.3.5 Longitudinal Control Forces in Dives - Service Flight Envelope

3.2.3.6 Longitudinal Control Forces in Dives — Permissible Flight
Anvelope

A. REQUIREMENT

3.2.3.5 Longitudinal Control Forces in Dives ~ Service Flight Envelope
With the airplane trimmed for level flight at speeds within the Service
Flight Envelope, the elevator control forces in dives tc all attainable
speeds within the Service Flight Envelope shall not exceed 50 pounds push or
10 pounds pull for alrplanes with center-stick contrecllers, nor 75 pounds
push or 15 pounds pull for airplanes with wheel controllers. In similar
dives, but with trim optional following the dive entry, it shall be possible
with normal piloting techniques to maintain the forces within the limits of
10 pounds push or pull for airplanes with center-stick controllers, and 20
pounds push or pull for airplanes with wheel controllers. The forces
required for recovery from these dives shall be in accordance with the gra-
dients specified in 3.2.2.2.1 although speed may vary during the pullout.

3.2.3.6 Longitudinal Control Forces in Dives - Permissible Flight
Envelope -~ With the airplane trimmed for level flight at VMaT but with
trim optional in the dive, it shall be possible to maintain the elevator
control force within the limite of 50 pounds push or 35 pocunds pull in
dives to all attainable speeds within the Permissible Flight Envelope. The
force required for recovery from these dives shall not exceed 120 pounds.
Trim and deceleration devices, etc., may be used to assist in recovery if
nc unusual pilot technique is reguired.

B. APPLICABLE PARAMETERES

Longitudinal control forces in dives.

C. F-bL CHARACTERISTICS

No F-4 data are available concerning this requirement.
D. SUMMARY OF PILOT RATINGS AWD COMMENTS

None.

£, DISCUSSION

None.

F. RECOMMENDATION

None.
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3.2.3.7 Longitudinal Contrel in Sideslips

4.  REQUIREMENT

3.2.3.7 Longitudinal Control inm Sideslips - With the airplane trimmed
for straight, level flight with zero sideslip, the elevator-control force
reguired to maintain constant speed in steady sideslips with up to 50 pounds
of rudder pedal force in either direction shall not exceed the elevator-
control force that would result in a lg change in normal acceleration. In
no case, however, shall the elevator-control force exceed:

Center-stick controllers —----— 1C pounds pull o 3 pounds push
Wheel controllers ———————e———— 15 pounds pull to 10 pounds push

1f a variation of elevator-control force with sideslip does exist, it is
preferred that increasing pull force accompany increasing sideslip, and
that the magnitude and direction of the force change be similar for right
and left sideslips. These reguirements define Levels 1 and 2. TFor Level
3, there shall be no uncontrollable pitching motions associated with the
sideslips discussed above.
BE. APPLICABLE PARAMETERS
Variation of longitudinal-control force with sideslip.
C. F-4 CHARACTERISTICS
Air Force evaluations of the F/RF-4C and F-UE have provided data on
the variation of longitudinal stick force with sideslip angle. These
evaluations cover & wide range of external store loadings in PA, CR and
CO flight phases. |
The data is presented in tabular form in terms of:
{1} The =ideslip angle which 50 pounds of rudder pedal force would
generate,
(2} The longitudinal stick force required to maintain straight and
level flight at the sideslip angle of (1) above.
{3) Also presented {when available) is the longitudinal control force
that would result in a lg change in ncrmal load factor.
The fcllowing tabulations are presented:
Table I (3.2.3.7) - Flight PA
Table II (3.2.3.7) - FPlight Phase CR
Teble III (3.2.3.7) - Flight Phase CO

For nearly all trim conditions an increasing pull force accompanied
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increasing sideslip and the magnitude and direction of the force change was
similar for both right and left sideslips.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

There are no comments associated with the guantitative data presented
in Tables I through III (3.2.3.7) which refer specifically to the variation
of longitudinal centrol force with sideslip.

E. DISCUSSION

The liack of pilot comments indicates no specific objection to the
variation of longitudinal control force with sideslip. This silence is
interpreted as an assigmment of Level 1 flying qualities to this parameter,.

The highest longitudinal control force, at the sideslip angle produced
with 50 pounds of rudder pedal force, is 6 pounds pull. Except for this
and another value at 5 pounds, the remaining pull forces never exceed U
pounds, with the average being 2 pounds. None of these exceed the stick
force required to achieve a lg change In normal lcad factor.

The Level 1 and 2 lower boundary cannot be evaluasted from the F-4 data.
However, the assumption that all data presented ig Level 1 puts the Level 1
boundary at least at € pounds pull. This makes the presently specified
center-stick upper boundary of 1C pounds pull reascnable as & Level 1 and 2
boundary. Therefore, the allowable longitudinal control force limits are
considered reasonable as written.

F. RECCMMENDATION

None.
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Table | {3.2.3.7)

Longitudinal Control in Sideslips

Flight Phase PA

Reference g@ Fs @ AF for
/Figures | Vc/Altitude Loading CG | S50IbFRp | 50IbFRp An=1
A1/92 188/5280 |No Stores 29.5 6.0 0 12.0
A1/101 184/5200 |Nine MLU-10/B 29.4 10.0 04 11.0
A1/106 187/6200 |Eleven BLU-1/B 27.3 10.0 2.5 10.0
Al/111 187/5000 |2 x 370's+ 6 x M117 3041 11.0 0.5 11.0
A2/68 246/5000 |No Stores 33.0 2.0 4.0 11.0
A2/69 153/6000 |No Stores 32.2 240 4.0 11.0
A2/70 206/5100 |No Stores 328 6.0 3.0 10.0
A2/7% 207/5100 |No Stores 324 5.0 2.0 9.0
AB/175 150/5900 |Four AIM-7's 26.0 5.0 1.0 6.0
A8/180 158/6000 |2 x 370's+ 11 x M117 229 55 1.0 6.0
AB/181 160/5250 |2 x 370's+6x M117 255 40 1.0 4.0
A8/183 226/4600 [(10xM117 + 6 x LAU-3/A|29.3 4.0 0.5 40
A8/187 | 1s6/6100 |1 %370+ 3x W17 245 40 1.0 6.0

Note: All longitudinal control forces are puil forces.
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Table 11 (3.2.3.7)

Longitudinal Control in Sideslips
Flight Phase CR

LAU-3/A

Reference/ ge Fs@ AF, for

Figure M/Alt Loading cG | 501b FRP 50 b Fgp An=1
A1/93 | 57/5420 No Stores 327 110 35 12.0
A1/94 |.96/7100 No Stores 4| 60 25 110
A1/95 |.96/9700 No Stores 314| 45 1.0 15.0
A1/96 |.80/37100 No Stores 32.2 2.0 0 9.0
A1/97 |.96/37000 No Stores 31.2 25 —05 16.0
A1/102 |56/5900 | 9 x MLU-10/B 202| 7.0 2.0 12.0
A1/103 |.85/31500 | 9 x MLU-10/B 306| 7.0 1.0 7.0
A1/104 |.96/32000| 9 x MLU-10/B 29| 40 1.0 16.0
A1/107 |56/5400 | 11 x BLU-1/B 306| 11.0 6.0 8.0
A1/109 |.80/31400] 11 x BLU-1/B 274| 95 2.0 7.0
A1/110 |.95/31100] 11 x BLU-1/B 274| 75 1.0 14.0
A1/112 |55/5400 | 2x370°s+11xM117 _ |300]| 80 5.0 12.0
A2/72 |.43/6300 |3 Ext Tanks 203] 20 1.0 9.0
A8/176 |.31/14750 | Inbd Pylons 280| 55 2.0 8.0
A8/177 |.31/14850 Inbd Pylons 282| 5.0 0 10.8
AB/178 |.42/6000 | 2x 370 +6 x M117 22| 30 0.5 8.0
AB/179 |43/4800 | 2x 370 + 6 x M117 270| 1.8 2.0 4.0
AB/182 |.77/14300] 10 xM117 + 6 x LAU-3/A |24.8| 2.8 1.0 9.0
Ag/184 |93/20850 | | X3TOLIXMITH3X 1o56] 18 3.0 12,0
A8/185 |.77/21100 :_;32%’ 3xMN7+3x 49| 30 15 10.0
A8/186 |.34/9050 | 1 X370F3xXMNTH3Ix 140 72 3.0

Note: All longitudinal control forces are
pull forces unless noted as negative (-)




Table 1] (3.2.3.7)

Longitudinal Control in Sideslips

Flight Phase CO

Reference f@ Fs@ AF for
/Figure M/Alt Loading CG 50 Ib FRP 50 b FRP An=1
1.35/
A1/98 34880 No Stares 305 0.3 1.0 12.0
A1/99 315'%() No Stores 273 1.6 2.0 19.0
1.95
A1/100 35106 No Stores 275 05 4.0 16.0
A1/105 1.1/ 9 x MLU-10/B 29.9 8.5 2.0 16.0
29400 : - : :
89/
A1/108 <800 11 x BLU-1/B 29.4 6.0 4.0 10.0
A8/172 1.11/ 4 x AIM.7 307 16 0 8.0
40850 : : :
149/
g7z | A 4x AIM-7 275 0.2 1.0 13.0
A8/174 1.91/ 4 x AIM-7 254 0.3 1.0 14.0
38950 : : : :

Note: All longitudinal controt forces are pu!l forces.
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3.3 Lateral-Directional Flying Qualities

3.3.1 Lateral-Directional Mode Characteristics

3.3.1.1 Lateral Directional Oscillations (Dutech Roll)

A, REQUIREMENT

3.3 Lateral-Directional Flying Qualities

3,3.1 Lateral-Directional Mode Characteristics

3.3.1.1 Lateral-Directional Oscillations (Dutch Roll) - The fregquency,
Wr g and damping ratio, L4, of the lateral-directional oscillations follow-
ing a rudder disturbance input shall exceed the minimums in Table VI. The
requirements shall be met with cockpit controls fixed and with them free, in
oscillations of any magnitude that might be experienced in operational use.
If the oscillation is nonlinear with amplitude, the requirement shall apply
to each cycle of the oscillation. Residual oscillations may be tolerated
only if the amplitude is sufficiently small that the motions are not objec-
tionable and do not impair mission performance. For Category A Flight
Phases, angular deviations shall be less than X3 mils. With the control
surfaces fixed, wpgy shall always be greater than zero.

Table VI
Minimum Dutch Roll Frequency and Damping
Eti Min ¢y, ¥ Min ,
Level ot Phase Class Min {* 0y “hg
gory tad/sec rad/sec
|, IV 0.19 0.35 1.0
A
i, m 0.19 0.35 0.4%*
1 B ALL 0.08 0.15 D.4**
I, i-C, IV 0.08 0.15 1.0
C
l-L, 1t 0.08 0.15 0.4**
2 ALL ALL 0.02 0.05 0.4**
3 ALL ALL 0.02 - 0.4%*

*The governing damping requirement is that yielding the larger value of §'d.

**Class 111 airplanes may be excepted from the minimum Wy requirement, subject
to approval by the procuring activity, if the requirements of 3.3.2 through
3.3.2.4.1, 3.35 and 3.3.9.4 are met.
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When m§d|¢/sld is greater than 20 (rad/sec)z, the minimum Zguwpy shall
be increased above the fatng minimums listed above by:

2
Level 1 = AL up, = .01k (wn,lo/8], - 20)

Level 2 - Agguwnyg .009 (m§d|¢/8|d - 20)

Level 3 - Afgup, = .005 (m§d|¢/s|d - 20)

with Ony in rad/sec.

E. APPLICABLE PARAMETERS

(1) Undamped natural frequency of the dutech roll oscillation, wp,
(2) Damping ratio of the dutch roll oscillation, &,

(3) Total damping, Ta¥ng

(k) Roll-sideslip ratio, [¢/B|4

¢, F-L CHARACTERISTICS

Duteh roll mode characteristics have been evaluated throughout the
flight envelcope by exciting the airersaft with a rudder doublet or a release
from a steady sideslip. Data are available in configurations PA, PA (1/2),
T0, CR, CC for the basic aircraft and for various combinations of external
stores as listed in Tables I (3.3.1.1) through VI (3.3.1.1). The damping
characteristics with the external store loadings were determined with the
roil and yaw STAB AUG disengaged. Clean aircraft damping characteristics
were determined with SAS engaged and disengaged. Data scatter 1s evident in
some areas.

Almost all gquantitative evaluations of the F-L were made in terms of the

)

parameters specified in Reference Bl, that is, the damping parameter (1/01/2

and the rolling parasmeter (ﬁtJ. The damping parameter term has been tran-
lated to damping ratio (Ed}. The few time histories available, Reference AT,
provide the only direct means of measuring the undamped natural freguency
(wnd). A review of these time histories shows that dutch roll excitation

following a 6r doublet, with STAB AUG on, is so highly damped that wn 4 cannot
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be determined. With STAB AUG off, Wng is in the region of L.k to 4.6 rad/sec.
These values were calculated using the procedure illustrated in Appendix TII
of Reference B2, In order to obtain a better spread of data, undamped natural
frequency has been estimated by matching the flight conditions of the tabu-
lated data with the flight test data of page 6.18 of Reference Bl6 to obtain
the dutch roll mode period. This approach is taken with the data of Tables

IT and IIT (3.3.1.1) where available data permit. These are compared with

the specification boundaries on Figure 1 (3.3.1.1). The greatest period
obtained at any ¥-4 flight condition in Reference B1l6 is 3 seconds, which
corresponds to a Wnq of at least 2 rad/sec. Since this value of Wy g ig well
above the minimum frequency specified, U 4 alone is not considered significant
in the F-4 analysis., As a result the majority of the flight test data are
presented in terms of the damping ratio parameter only. Tables II and III

(3.3.1.1) present values of [¢/8|d in cases where w,, is available; this has

2%
been used to calculate increased dend requirements for those flight condi-

tions in which both wnd2|¢/8|d> 20, and also the resulting ¢ Wng represents

d
a higher than the relevant requirement on ry alone. No basic Level 3
L4 d

requirement on La is presented by the specification, and so the increased

Wn
Level 3 Lq “ng requiiement has been calculated by adding the appropriate
Level 3 Azg Unyg te the basic Level 2 g4 wﬂd requirement.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

A summary of pilot ratings and comments on F-U4 dutch roll mode demping
is presented below.

0 "With stability augmentation engaged, damping was essentially dead-
beat throughout the operational regime of the aircraft (E2). A high yaw to
roll rate existed at supersonic speeds due to the weak dihedral effect...
however, flying qualities were not compromised."

"With stability augmentation disengaged, damping decreased but...
qualitatively...was acceptable in all configurations throughout the opera-
tional flight envelope." (EY4), Reference Al, F-LC.

o "With staebility augmentation ON (roll and yaw), demping of the
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lateral-directional oscillations was essentially deadbeat (Cz). With the
stabllity augmentation OFF the airplane exhibited a high roll to yaw ratio,
but damped satisfactorily while rolling intc an ever increasing bank angle.
With only YAW AUG OFF, the directional oscillation damped rapidly."
Reference N18, F-4J.

0 "With stability augmentation engaged...very highly damped.”" (E2).
"With stability augmentation disengaged damping decreased but met,..require-
ments and was satisfactory.” (E3), Reference A2, RF-LC,

o "Dynsmic lateral-directional stability characteristics...in all
test loadings*...in Configuration PA...were qualitatively unchanged frcm
those of the basic airplane (C2)." Reference N10, F-4B.

¥Landing approaches conducted during this evaluation were with asym-
metric external store loadings simulating a weapon release failure mode,
Asymmetrical lateral moments varied from 234,128 in-1b to 333,370 in-1b.

0 "The addition of external stores produced no measurable changes in
the dynamic lateral-directional stability of the aircraft." Reference Al,
F-he,

0 "...the external stores had little effect on the dynamic lsteral-
directional stebility of the aircraft." Reference A2, RF-LC,

To illustrate the effect of a parsmeter, which is non-related to air-
craft stability or flight control system mechanical charascteristics, on
overall flying qualities the following comments on F-LK lateral-directional
characteristics are presented. The F-LX is identical to the F-LJ except for
the engine installation. The F-4J is powered by two General Electric J79-
GE-10 turbo]et engines, whereas the F-4K utilizes Rolls Royce Spey turbofan
engines. All comments apply to the PA configuration,

] "Small amplitude lateral-directional oscillations were frequently
encountered during landing approaches due to asymmetric engine operstion...

besideg requiring the added attention of the pilot to counter these oscilla-

tions, the line up tracking task was increased, (C4.5)." Reference N12,
F-LK.
o "The overall carrier approach handling characteristics of the F-LK

airplane were unsatisfactory because of the inability to stabilize on

approach speed,.., the lateral-directional oscillations and marginal roll
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response,..and the longitudinal stability and control characteristics...
{(C6)." Reference K12, F-LK.

After installing a controlex steel tape throttle system and a revised
engine cambox to correct the unsatisfactory lateral-directional approach
handling characteristics the following comment was made in Reference N16:

o "The resulting thrust/throttle relationship significantly improved
the lateral-directional flying gualities in configurations PA and PA (%)
v..1little or no lateral-directional oscillations resulting from asymmetric
thrust were generated,"

E. DISCUSSION

Unfortunately, pilot comments associated with the various flight test
date presented in Tables I (3.3.1.1) through VI (3.3.1.1) are very brief.
From Reference Al, A2, AT, NL4, and N18, comments on dutch rcll mode damping
with stability augmentation engaged are: 'deadbeat," "very highly damped,”
"eagsily met the requirements.” These comments can be accurately translated
to ratings by referring to References N18 and N10, which consistently assign
a rating of C2 to "deadbeat" and "very highly damped" comments. On the
other hand, comments on dutch roll damping with stability augmentation dis-
engaged are not nearly so easy to interpret. Typical comments from References
A, A2, AT, and N18 are: 'acceptable," "met the requirements," "damping
decreased but...satisfactory.”" Ratings are not available, and these comments
can imply either Level 1 (satisfactory) or Level 2 (acceptable). The F-ALC
data from Reference Al [Tables I (3.3.1.1) and IT (3.3.1.1)] and the pilot
opinion of "acceptable" both put the aircraft in Level 2. The RF-4C data
of Table III (3.3.1.1) generally fall in Level 1 which correlates well
with the pilot cpinion of "satisfactory" (Level 1) from Reference A2,
Reviewing the F-LE data from Reference AT [Table V (3.3.1.1) and VI (3.3.1.1)]
shows both the data and pilct opinions te fall in Level 1.

A comparison of damping ratios - external store loadings versus clean
aircraft -~ shows that the external stores have no significant effect on
either the guantitative or gualitative assessment of dutch rell mode damping.

The data from Table ITII (3.3.1.1) show that a damping ratio of £ > 0.056
can provide satisfactory handling qualities for Category B, lLevel 1 [Figure

1 (3.3.1.1)]. Further, data from Table IV (3.3.1.1) show that ¢ > 0.0Th can
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provide satisfactory handling qualities for Category 4, Level 1. This is
not considered sufficient justification to recommend s« change to the exist-
ing requirements since all other data tend to substantiate the existing
requirements on Cd'

The limited available F-4 datas do not permit velidation of either the
total damping, Edwnd’ or the minimum frequency boundaries, Wng e

The validation of the increased Salng requirements for flight condi-
tions in which [¢/B[d is high shows reascnable correlstion in a number of
cases. All the discrepancies indicate that the requirement is too stringent.
Two Category A cases in Table IT (3.3.1.1) exhibit rather wide discrepan-
cles: according to the specification the ailrcrafts flying qualities fall
outside Level 3, the actual comments being representative of Level 2 flying
qualities. These cases are both supersonic flight conditions at about
35,000 ft., with high values of both Ynq and l¢/8!d. One cage falls in the
specification Level 3 area, the comments being representative of Level 2,
and four cases fall in the specification Level 2 area, the comments being
representative of Level 1, Eight remaining cases show agreement between
the specification and flight test levels. However, the wide variations in
!¢/B|d at similar flight conditions cast some doubt on the original data,
and so no general conclusions are drawn.

F. RECOMMENDATION

None.
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Lateral-Directional Oscillations (Dutch Roll)
Stability Augmentation Off

Table | (3.3.1.1)

Reference A1, F-4C

(9) MLU-10/B Landmines

Gross Flight Flight
Airspeed  Altitude Weight cc Phase  Specif. Test
{KCAS) {ft) Mach {lb} {%¢) Config. $a Cat. Level Rating
21 5,300 0.350 44990 N3 PA 050 c 2 E4
m 5,090 0.283 43530 310 PA 034 c 2
187 5,330 0.310 44390 307 TO 073 c 2
217 6,125 0.366 44,190 303 TO 057 c 2
294 31,540 0.800 43000 317 CR 050 B 2
293 30,920 0.789 43000 317 CR 049 B 2
356 32,330 0.963 43,490 299 co 057 A 2
428 29,980 1.084 42800 330 co 049 A 2
324 31,880 0.877 40520 296 CR 057 B 2
{11) BLU-1/B Napalm Bomhs
Gross Flight Flight
Airspeed-  Altitude Weight CG Phase  Specif. Test
{KCAS) (ft) Mach (b}  (%g) Config. Sd Cat.  Level  Rating
207 5,490 0.345 7410 307 PA 036 C 2 E4
172 4,980 0.285 47,310 305 PA 033 C 2
187 5,190 0.311 47,010 305 T0 033 c 2
216 5,300 0.359 45,600 304 T0 043 c 2
294 31,540 0.800 46,050 28.3 CR 034 B 2
{2) 370-Gal Tanks and {11} M117 Bomhs
Gross Flight Flight
Airspeed  Altitude Weight CG Phase Specif. Test
{KCAS) {ft) Mach {Ib) (%c) Config. 5' d Cat. Level Rating
199 5,440 0.3 50,730 28.4 PA 054 c 2 E4
168 5,010 0.280 50520 291 PA 068 C 2
207 5,090 0.343 49,730  28.7 TD 044 c 2
187 5,010 0.310 49520 29.0 T0 .058 c 2
345 24,690 0.811 49,180 26.5 CR 046 B 2
396 24,860 0.921 48,790  26.8 co 064 A 2
412 25,010 0.959 48,490  26.6 co 058 A 2
366 24,450 0.853 47980 289 CR 085 B ]
361 24,550 0.843 47880 274 CR 060 B 2
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Table 1V (3.3.1.1)
Lateral - Diractional Oscillations {(Dutch Roll)
Stahility Augmentation Off
Three External Fuel Tanks
Reference A2, RF-4C

Trim Conditions

Gross Flight Flight
Airspeed Altitude Weight CG Phase Specif. Test
(KCAS)  (f) Mach {(Ib) (%) Config. $d Cat. Level Rating
508 10,500 .95 48300 303 CO 074 A 2  E3
511 11,500 .95 48,200 29.7 092 A 2
511 11,500 .95 48,200 29.6 075 A 2
486 35,100 1.35 42,700 29.0 098 A 2
486 35100 1.35 42,600 28.8 148 A 2
546 35700 152 33,600 28.8 260 A 1
548 35700 1.53 33400 294 | 340 A 1
256 6,660 .44 36500 208 CR .086 B 1
256 6790 .44 36,500 29.9 080 B 1
267 6990 .45 36,500 29.8 074 B 2
257 7,220 .45 36400 29.7 074 B 2
260 7,260 .46 36,300 29.7 085 B 1
318 35500 .95 40,200 325 CO 126 A 2
314 35600 .95 40,200 32.5 120 A 2
319 35600 .96 39,500 32.3 124 A 2
320 35500 .96 39,300 32.3 M5 A 2
393 8900 .71 36300 301 CR .074 B 2
394 8,900 .71 36,200 30.1 | o s 2
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Table V (3.3.1.1}

Lateral - Directional Oscillations {Dutch Roll)

CR & CO Configuration

Stability Augmentation System On

Reference A7, F-4E

Gross Flight Flight
Airspeed Alt Weight CG Phase Specif. Test
(KCAS) () Mach (Ib) (%) Loading {4 Cat Level Rating
168 20,200 .37 42,700 32.6 Two Aft AIM-7's 415 B 1 E2
197 20300 .44 42,800 32.4 Two Aft AIM-7's 575 B 1
257 20500 .57 43300 32.2 Two Aft AIM-7's 623 8 1
347 40,850 1.11 39,600 30.7 Two Aft AIM-7's 540 A 1
485 40,800 1.50 38,500 27.4 Two Aft AIM-7’s 605 A 1
643 38,800 1.92 36,800 25.2 Two Aft AIM-7's 495 A 1
453 35,200 1.26 38,200 27.1{ Four AIM-4's and Twa Jd50 A 1
576 36,500 1.63 39,600 30.7| Aft AIM-7's 350 A 1
170 14,300 .34 43,300 34.1) Two External Tanks, Inboard .513 B 1
194 16,150 .40 45,700 33.7{ Pylons, One LAU-3/A and One .485 B 1
BLU-27/B (TAC Training} and
241 16,900 .50 45600 33.1)Two Aft AIM-7's 540 B 1
254 4800 .42 47,600 27.2| Two External Tanks and 385 B 1
251 5,150 .42 41,800 23.4| SixM117's 520 B 1
160 14,250 .32 50,000 25.7{ Ten M117‘s and Six Empty 0 - -
169 16,400 .34 50,300 25.8) LAU-3/A's D - -
Dive Configuration
341 4900 .56 35200 23.8 Four AlWV-7's 520 A 1 E2
PA Gonfiguration
Production Angle Gross Flight Flight
Airspeed Alt of Attack Weight CG Phase Specif. Test
{KCAS) {ft) (units)’ (th) (%) Loading $4 Cat. Level Rating
204 5,450 12 49900 29.3 TenM117'sandSix .510 C 1 E2
Empty LAU-3/A’s
166 5,245 18 46,700 25.6 Two External Tanks .383 C ] E2

and Six M117’s
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CR & C{ Configuration

Table VI (3.3.1.1)
Lateral - Directional Oscillations {Dutch Roll)
Stahility Augmentation System Off

Reference A7, F4E

Flight

Flight

Airspeed Alt GW CG Phase Specif.  Test

{KC_AS) {ft}  Mach @ (%) Loading $4  Cat.  Level Rating

250 Zli,_UIEID .60 43400 28.4 Four AIM-7s 153 B 1 E3

260 24,500 .61 43,200 32.2 Twao Aft AIM-7's .120 B 1

315 26,000 .77 42,800 27.6 Four AIM-7's 092 B 1

385 25000 .90 42,200 26.9 160 B 1

285 39,000 .93 40,300 25.3 .086 B 1

410 26,000 .98 41,700 26.3 .092 B 1

335 39,000 1.05 39,600 25.3 .092 A 2

PA Configuration

Production Angle Flight Flight

Airspeed  Alt of Attack GW CG Phase Specif. Test
(KCAS)  (ft) {units) (Ib) (%%  Loading 9 cat. Level Rating
145 4,000 20 3500 274 TwoAftAIMTs 410 € 1 E3
150 9,500 20 39,800 33.3 Four AIM-7's J04 C 1

158 8,500 17 40,600 325 1194 C 1

172 10,000 14 41,100 322 085 C 1

192 10,000 12 42300 3.5 080 C 1

187 14,300 27 36,600 29.7 0 - -
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Sources: S'd and pilot ratings — Reference A1 and A2
. — MCAIR flight test
Nd

Specification boundaries
QO F-4 level 1 data
P F-4 level 2 data

5.0
O D
4.0
Q o
3.0
@ny
(rad/sec) an Oéb
2.0
Level 1
1.0 \\
evels 2 and N"-:—
0
-0.1 0 0.1 0.2 0.3 0.4

{g

Figure 1 {3.3.1.1)
Lateral-Directional Qscillations {Dutch Roll)
F-4 Flight Test Data (Category B Flight Phases)
Stability Augmentation Off
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3.3.1.2 Roll Mode

A. REQUIREMENT

3.3.1.2 Roll Mode - The roll mode time constant, tg, shall be no
greater than the appropriste value in Table VII,

Table V11
Maximum Roll-Mode Time Constant
Flight Phase

Class Category Level 1 Level 2 Level 3
I, 1I-C AC 1.0 sec 1.4 sec
&IV

B 1.4 sec 3.0 sec 10 see
In-L &
]l All 1.4 sec 3.0 sec

B. APPLICABLE PARAMETERS

Roll mode time constant.

C., F-4 CHARACTERISTICS

The roll mode requirements are, according to Reference B2, an attempt
to specify the initial roll response '"shape" or damping. Inherent in the
specification of the roll mode time constant is the essumption that the
roll response can at least be approximated by a first-order roll rate
response. F-lU characteristics are affected by aerodynamic parameters such
as dutch roll dsmping and frequency, roll performance, and the control sys-

tem dynamics, which render the roll response less like a first-order type.

Figure 1 (3.3.1.2) compares calculated basic aircraft responses based on

a single degree of freedom, first order representation, and a three degree
of freedom, fourth order representation. There is a reasonable match in
the very early pasrt of the response, but otherwise the first order response
could not be considered a reliable approximation to the third order (and
hopefully more accurate} representation. A further consideration is that,
in the case of the F-4, the directional stability augmentation system (SAS)
has & characteristie root close to the basic airframe roll mode root; this

mekes identification of the "roll mode" with the directional SAS on, which
is the normal state of the aircraft, very difficult,
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Nevertheless, numerical values of the time constant deta, presented in
Figures 2 through 4% (3.3.1.2) have been estimated by calculating Tg for a
first-order system which exhibits the same steady state roll rate and time-
to-bank ag the test data. Some sttempt has been made to approximate the
effects of a realistic piiot input and control system lag by assuming that
the step aileron input was initlated at time t = 0.1 seconds.

The data have been separated intc flight phases PA, CO, and CR, which
corresponds to the separation of the requirements into Flight Phase Cate-
gories A, B, and C, respectively. The relative paucity of ratings for the
CR Flight Phase is partly due to the lack of significance of this phase com~
pared with the other, more demanding, flight phases, and partly due to
difficulty in ssgsigning ratings using the published comments.

The data points from the early F-L4 evaluation of Reference N1 are
identified because the ratings for roll performance seemed rather lenient
("...excellent [El] rolling performance in the clean configuration over the
entire flight envelope.") Also, it seems reasonable to suppose that pilot's
requirements, particularly on parameters concerned with the CD Flight Phase,
should become more stringent as time passes, and therefore, that "excellent"
rolling performance in 1958 might be considered rather less than excellent
in 1965 or 1970. The Reference N18 data are also identified because they
represent a recent evaluation with specific emphasis con the CO Flight Phase
(see 3.3.4.1.1). Paragraphs 3.3.4 and 3.3.4.1.1 present data on the Pgg vs.
TR plane for correlation.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

The specific comments used for this section pertain to rell performance
and are included under 3.3.4.

Pilot opinion is, of course, as much affected by interaction effects as
are the test data., The comments used to assign Levels to the data of Figures
2 (3.3.1.2), 3 (3.3.1.2), and 4 (3.3.1.2) are taken from evaluations of roll
performance, because no comments concerned with roll damping per se exist,
It could be argued that the ratings should not, therefore, be assigned to
the roll mecde; the justification is that many comments are relevant to

1

rolling "characteristics,” which can be said to inelude the roll mode,
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E, DISCUSSICN
C0 Configuration [Figure 2 (3.3.1.2)]

The Level 1 points from Reference N1 are all in the specification
Level 2 or 3 areas. The other Level 1 point in the Level 3 area is from
Reference Al, If these points are disregarded, then it is evident that all
the remaining Level 1 and Level 2 points fall in the specification Level 1
area. The maximum specification Level 1 time constant could be decreased
to R = 0,5 and the majority of the Level 2 points would be in the Level 2
area with the majority of Level 1 points in the Level 1 area. However,
since pilot ratings are not based specifically on roll response characieris-

tics, the data do not justify this change.
CR Configuration [Figure 3 (3.3.1.2)]

All the availsble datas fall in the specification Level 1 area. The
Level 3 point is from Reference N15, which sssigned a pilot rating of CT7.5
because full aileron control was needed to initiate changes in bank angle.
Numerically, the roll performance for this point was better than some data
points which merited a Level 1 rating. However, the dats were obtained
with simulated failures and so the ratings are somewhat open to guestion.
The only Level 2 point falls near the specification Level 1/2 boundary.

PA Configuration [Figure U4 (3.3.1.2)]

The only comment concerning Figure 4 (3.3.1.2) would be that all the
Level 1 rated data have a specificaticn Level 1 value of T Roll mode
time constant does not otherwise provide any correlation with pilot
opinicn.

F. RECOMMENDATIONS

None.
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Estimated data, Stab, Aug. Off

M= 0.6, 35,000 ft, CG at 28.9%T
Responses shown are those following
a unit step aileron input

6.0

5.0
One Degree of Freedom /

4'0 p(S) - _3-87 /

5(s) (s +0.69)

Roll
Rate
Units 3.0 ,/
Per
Second

2.0 E————

Three Degrees of Freedom
1

pls) _ —4.34s (s + 0.10 £ 1.42j}
1.0 5(s)  (s+0.18 £1.93)) (s + 0.64){s + 0.02) —
% 1.0 2.0 3.0

Time - Seconds

Figure 1 {3.3.1.2)
Roll Made Time Constant
Comparison of One and Three Degree of Freedom Aileron Rolls
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Test data: Actual pilot ratings of roll performance not time constant
O Level 1
®  Level2
[ Reference N1 data
Reference N 18 data
Failure data
Based on full aileron step at t = 0.1 sec.
References N1, N4, N15, N18, A1

2.0
Q
o
Specificatic_m Level 3 &
|
Roll Specification Level 2 [
Mode ! o
COI;E‘;L 1.0 o Specification Level 1
7R (sec) s o o 9 "
o5 4 SP 04
& o | &

4 .6 .8 1.0 1.2 1.4 1.6 1.8
Mach Number

Figure 2 (3.3.1.2)
Roll Mode Time Constant
€0 Configuration

I
o

2.0
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Test data: Actual pilot ratings of roll performance not time constant
O Level 1
Q) Level 2
@ Level 3
& Reference N1 data
J Failure data
Based on full aileron step at t = 0.1 sec.
References N1, N4, N15, A1

2.0
Spef:ification Level 2
Specification Level 1
Qo
Roll Mode
Time Constant, 1.0
TR (sec) o
o}
Q
& 5 @
o % o
O
0]
4 6 .8 1.0 1.2

Mach Number

Figure 3 (3.3.1.2)
Roll Mode Time Constant
CR Configuration
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== == - Calculated data, BLC and ARl cn
Test data: Actual pilot ratings of roll performance nat time constant
O Level1
P Level 2
@ Level 3
{J Failure data
BLC on/off, ARI on/off and differential flap data included.
Based on full aileron step at t = 0.1 sec,.
References N1, N2, N15, N18

2.0
. Specification Level 3
1\ 0 )
Roll | \ o Specification Level 2
Mode '\\
Time 1.0 (CI
c nITant ~ Specification Level 1
onstant, ~e o o
7R (sec) ®) g"""
o g pnit
o%) & ¥ c~ Q
0 o)
@
P o
100 120 140 160 180 200 220 240

Trim Airspeed (KCAS)

Figure 4 (3.3.1.2)
Roll Mode Time Constant
PA Configuration
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3.3.1.3 Spiral Mode
A. REQUIREMERT

3.3.1.3 Bpiral Stability - The combined effects of spiral stability,
flight-control-system characteristics, and trim change with speed shall be
such that following a disturbance in bank of up to 20 degrees, the time for
the bank angle to double will be greater than the values in Table VIII.
This requirement shall be met with the airplane trimmed for wings-level,
zero-yaw-rate flight with the cockpit controls free.

Table VIII
Spiral Stability - Minimum Time to Double Amplitude
Fiight Phase
Class Category Level 1 Level 2 Level 3
A 12 sec 12 sec 8 see
| &IV
B&C 20 sec 12 sec 4 sec
H &I All 20 sec 12 sec 4 sec

B. APPLICABLE PARAMETERS

Bank angle time to double amplitude following disturbance in bank.

C. F-h CHARACTERISTICS

No gquantitative flight test spiral mode data are available. Estimated
spiral mode characteristics for the clean ajrcraft are presented in Figure
1 {3.3.1.3).

D. SUMMARY OF PILOT RATIKGS AND COMMENTS

Only one comment concerning spiral stability is available:
o "The spiral stability of the Model ¥-4H-1 airplane is neutral in that
it will hold a selected bank angle with the flight controls in the neutral
position. This condition is satisfactory." Reference N1, FUH-1. The test
method here is not in accordance with the reguirement.

E, DISCUSSION

Insufficient F-4 dataare available to evaluate this reguirement.

The phrase "and trim change with speed" is not clear unless reference
is made to Reference Bl which identifies it as "lateral trim change with

speed.”" The word "lateral" shculd be added for clarity of wording.
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To clarify the applicability of the requirements with respect to air-
craft exhibiting spiral convergence, the following sentence should be added
to Paragraph 3.3.1.3: "For aircraft exhibiting spiral convergence, refer-
ence should be made to Paragraphs 3.3.2.6, 3.3.4.1.1 and 3.3.4.1.3 as

applicable."

. RECOMMENDATIONS
(1) In the first sentence, change the phrase "and trim change with

speed” to read "and lateral trim change with speed."
(2) 2dd the following sentence: "For aircraft exhibiting spiral

convergence, reference should be made to Paragraphs 3.3.2.6,

3.3.4,1.1 and 3.3.4.1.3, as applicable.”
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3.3.1.4 Coupled Roll-Spiral

4, REQUIREMENT

3.3.1.4% Coupled Roll-8piral QOscillation - A coupled roll-spiral mode
will not be permitted.

B. APPLICABLE PARAMETERS

Roll and spirel mede time constants; damping of coupled roll-spiral
mode,

C. F-4 CHARACTERISTICS

This mode has not been experienced in F-L operation.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

None.

E. DISCUSSION

None.

F. RECOMMENDATION

None.
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3.3.2 Lateral-Directional Dynamic Respcnse Characteristics

3.3.2.1 Lateral=Directional Response to Atmospheric Disturbances

A. REQUIREMENT

3.3.2 Lateral-Directionsal Dynamic Response Characteristics - Lateral-
directional dynamic response characteristics are stated in terms of response
to atmospheric disturbances and in terms of allowable rcll rate and bank
osciliations, sideslip excursions, aileron stick or wheel forces, and rudder
pedal forces that ocecur during specified rolling and turning maneuvers. The
requirements of 3.3.2.2, 3.3.2.3, and 3.3.2.4 apply for both right and left
alleron commands cof all magnitudes up to the magnitude required to meet the
roll performance regquirements of 3.3.4% and 3.3.4.1.

3.3.2.1 Laterai-Directional Respcnse to Atmospheric Disturbances -
Although no numerical requiremerts are specified, the combined effect of
wngs &d» TRy < /B, |¢/8Td5 gust sensitivity, and flighi-control-system
nonlinearities shall be such that the airplane will have acceptable responge
and controllability characteristics in atmespheric disturbances. In parti-
cular, the roll acceleration, rate, and displacement responses to side gusts
shall be investigated for alrplanes with large rolling moment due to side-
slip.

B, APPLICABLE PARAMETERS

Roll response due to side gusts.

C. F-4 CHARACIERISTICS

3.3.2.1

This is a qualitative requirement, and as such nc F-I data is avail-
able. Only one pilot comment is available from the F-L literature.

. BSUMMARY OF PILOT RATINGS AND COMMENTS

3.3.2.1
o "...the {lateral-directional) oscillations are poorly damped with
stab aug disengaged and in particular are very easily induced by mild tur-
bulence in configuration PA," Reference Ni, FhH-1.

E. DIBCUSSION

3.3.2

None.

3.3.2.1

None.

F. RECOMMENDATICNS

3.3.2

None.

3.3.2.1

None.
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3.3.2.2 Roll Rate Oscillations

L. REQUIREMENT

3.3.2.2 Roll Rate Oscilistions - Following a rudder-pedals-free step
aileron control command, the roll rate at the first minimum following the
first peak shall be of the same sign and not less than the following per-
centage of the roll rate at the first peak:

Level Flight Phasge Category Percent
1 A& C 60
B 25
2 A& C 25
B Q

For all Levels, the change in bank angle shall always be in the direction
of the aileron ccntrol command. The ailercn command shall be held fixed
until the bank angle has changed at least 90 degrees.

3.3.2.2.1 Additicnal Rcll Rate Reguirement for Bmall Inputs - The
value of the parameter posc/pav following a rudder-pedals-free step aileron
cormand shall be within the limits shown on Figure 4 for Levels 1 and 2.
This requirement applies for step aileron control commands up to the magni-
tude which causes a 60 degree bank angle change in 1.7T3 seconds.

(Since no data are available to validate the requirement, Figure 4 is
not presented.)

B. APPLICABLE PARAMETERS
P2/Pl and Posc/Pav

C. P-4 CHARACTERISTICS

o P-4 data are available concerning this requirement.
D. ©SUMMARY OF PILOT RATINGS AND COMMENTS

None.

E. DISCUSSION

None,

F. RECOMMENDATIOK

None,
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3.3.2.3 Bank Angle Oscillationsg

A. REQUIREMENT

3.3.2.3 Bank Angle Oscillations - The value of the paremeter ¢OSC/¢AV
following a rudder-pedals-free impulse alleron control command shall be
within the limits in Figure 5 for Levels 1 and 2. The impulse shall be as
abrupt as practical within the strength limits of the pilot and the rate
limits of the aileron control system.

(Since no data are available to validate this requirement, Figure 5
is not presented.)

B, APPLICABLE PARAMETERS

$osc/4av

C. F-4 CHARACTERISTICS

No F-b data are availsble concerning this reguirement.
D, BSUMMARY OF PILOT RATIKGS AND COMMENTS

Hone.

E. DISCUSSION

Hone.

F. RECOMMENDATION

None,
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3.3.2.4 Sideslip Excursions

A, REQUIREMENT

3.3.2.4 Sideslip excursions - The amount of sideslip following a
rudder-pedals~free step aileron control command shall be less than the
values specified herein. The aileron commsnd shall be held fixed wntil
the bank angle has changed at least 90 degrees.

Adverse Sideslip Proverse Sideslip
Flight Phase (Right roll command (Right roll command
Level Category causes right sideslip) causes left sideslip)
1 A 6k degrees °k degrees
B&C 10k degrees 3k degrees
2 ALY 15k degrees Lk degrees

3.3.2.4,1 Additional sideslip reguirement for small inputs - The
amount of sideslip following a rudder-pedals-free step aileron control
command shall be within the limits shown on Figure & for Levels 1 and
2. This requirement ghall apply for step aileron control commands up
tc the magnitude which causes a 60-degree bank angle change within Td
or 2 gseconds, whichever 1s longer.

(8ince no data are available to validate this requirement, Figure 6
is not presented.)

B. APPLICABLE PARAMETERS

Sideslip excursions following a rudder-pedals-{ree step aileron

control command,

0. TF-L4 CHARACTERISTICS

Cnly the very early Navy evaluations (References N1 and N2) were
concerned about investigating sideslip excursions during roll commands.
Lateral control effectiveness tests determined sidesiip angles assoclated
with rudder-fixed rolls throughout most of the flight envelopes for two
flight phases: P {(CRT) or (MRT) and PA, which represent Categories

A and C, respectively.
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The dzta from the above evaluations are tabulated in Tables T
(3.3.2.4) and 1T (3.3.2.4). For the data of Table I {3.3.2.h4) the
commanded bank angles were obtalned using either 3/4 or full lateral
stick deflection. The Table IT (3.3.2.L) data were obtained with
lateral stick deflections varying from % to full. From paragraph
3.3.4% of the Specificaticn for Class IV airplanes in Category A,
the commanded roll performance {¢t ) is the bank angle obtained

€o a
in 1.3 sec., ($. .); however, Reference i recorded; 1) degrees rolled

1.3
in one second and 2) roll rate at one second. For these data, the

value of ¢ was extrapolated by assuming the roll rate at one second

to be cons%;it through 1.3 seconds. The wvalue of k was assumed to be

1.0 for a number of the test points of Table T (3.3.2.4) due to a

lack of data from which to calculate ¢ + The data are summarized
in "pures 1 {3.3.2.4) and 2 (3.3.2.1) %8¥m83%egory A and C Flight Phases

respectively.
D. BUMMARY OF PILOT RATINGS AND COMMENTS

The FUH-1 evaluated in the Phase I Navy Preliminary Evaluation
(NPE) of Reference N1, utilized a limited authority (+5° rudder)
aileron-rudder interconnect (ARI} as compared with +15° rudder authority
in later mcdels, This report commented:
© "The yaw experienced [during lateral control effectiveness tests]
was negligible during clean configuration rolls with the exception that
appreciable adverse yaw was experienced during rolls in the transonic
region (0.92 to 0.96 IMN) [Ek]. The yaw associated with roll is accept-
able in the clean configuration [E3}. The adverse yaw in configuration
PA is controllable with the application of rudder; however it is objection-
able." [E5].Table I (3.3.2.4) presents yaw angles obtained during these
tests. Reference W1, FLH-1.

Reference N2 evaluated the increased rudder authority (1;50) of
the ARI and concluded that:
® "The rudder authority of the ARI... is satisfactory in controlling

adverse yaw tc an acceptable level during full aileron deflection rolls

in configuration PA." (E3) Reference N2, FiH-1.
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E. DISCUSSION
3.3.2.4

In this case, where one pilot opinion covers a range of data,
the pilot is effectively presenting his overall response to general
characteristics, and not to specific test points. Therefore, it is
difficult to apply such a rating to each individual test point with
any degree of confidence and any comparison of gualitative and quanti-
tative data must take this into consideration, A further consideration
is that all data are extracted from an early F-U eveluation (Reference N1)
which appeared to be lenient compared with subsequent evaluations. There-
fore, caution should be exercised in the use of the accompanying data.

The Category A data of Table I (3.3.2.4) and Figure 1 (3.3.2.4)
provide good validation of the Level 1 adverse and proverse boundaries
with the exception of two test points in which the roll command has
induced proverse sideslip, These two pointg were rated Level 1 but
fall outszide the Level 1 proverse boundary. Avallable data do
not permit evaluation of the Level 2 houndaries.

The PA data - Category C - of Table I (3.3.2.4) did not correlate
as well., These date were given a blanket rating of Level 2, however
a significant nunber of test points met the specification Level 1
requirements. Each of these had relatively high roll performance result-
ing in a higher k and a correspondingly higher allowable B, Adverse
sideslip was in the low range compared to the other data.

The data of Table IT (3.3.2.4) - in which the PA configuration
leteral-directional characteristics were modified by increasing ARI
rudder authority to i}5° - provide inconclusive results. From the
pilot comment, an estimated Level 1 was given to all the data, However,
approximately half of the data mre Level 2 according to the requirement.

When the PA configuration data of Tables I end II (Z2.3.2.L4)
are combined as shown in Figure 2 (3.3.2.1), there is some indicaticn
that the Level 1 adverse boundary may be a functicn of airspeed.
Unfortunately, as previously discussed, one pilot opinion covers a
range of data and the data are inadequate to establish a new boundary
However, the data indicate that the Level 1 and 2 boundaries may be

too stringent.
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3.3.2.h.1

No quantitative or qualitative data sre available to evaluate
this requirement. The authors note a discrepancy between the wording
of the requirement and the definition of A8 _  in 6.2.6 of the specifi-
cation. Paragraph 3.3.2.L4.1 specifies a step aileron command to, "cause
8 60 degree bank angle change within Ty or 2 seconds...," while 6.2.6
of the specification defines ABmax as,"...occurring within 2 seconds or
one half - period of the Dutch roll..."

F. RECOMMENDATIOQNS

3.3.2.4

None

3.3.2.h.1 _

Resclve discrepancy between the wording of the requirement and the

definition of A8 __ in parsgraph 6.2.6 of the specification.
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Table | {(3.3.2.4)
Sideslip Excursion Following Roll Command
Reference N1, F-4H-1

Rate of
Degrees  Roll at ) Estimated
Ralled in  End of YMax Specif. Pilot

Flight Roll First sec. Firstsec. ?1.3 Command Adverse d '6Allowed Specif. Rating
Mach Phase Cat. Direction (deg) (deg/sec) (deg) {deg) Regm't & (deg)  Level Level
1.390 P(CRT) A Left 21 56 44 0.2 9091.3sec .49 0 1 1
1.400 Right 33 69 54 0.5 .50 36 1
1.500 Right 21 53 37 -1.3 Y 8 2
1.520 Left 1" 33 21 0.5 .23 1.4 1
1.650 Left 15 27 23 0.2 .25 1.5 1
1.660 Right 20 47 31 0.8 a8 2.3 1
1.71 Left 15 37 26 0.5 .29 1.7 i
1.718 Right 24 5B 1 -11 .45 ! 2
0.964 P (MRT) Right B4 60 72 6.4 B0 48 2
1.224 P{CRT} Left 33 118 68 1.2 .16 45 1 1
1.295 Right 64 137 105 1.0 1.17 7.0 1
1.495 Left i 100 61 0.1 .68 11 1
1.519 Right 51 124 88 4.3 R 6.0 1
1.102 Left a6 102 17 0.3 .86 5.2 1
1.713 Right 37 10 70 0.5 .78 4.7 1
1.912 Left i 107 13 -D.5 .81 1.6 1
1.958 Right 43 112 77 0.4 .B6 5.2 1
2013 Left 13 85 58 -0.5 .54 1.3 1
2.042 Right 27 93 85 2.7 .61 3.7 1
0.832 P(MRT) Left - 159 - 1.3 1.0 6.0 2 2
1.016 P (CRT} Right - 92 - -1.2 2.0 1 1
1.036 Left - 14 - 1.6 6.0
1.291 Right - 107 - 1.3
1.503 Left - 105 - -1.2 2.0
1.516 Right - 62 — -0.8 l
1.7110 Left - 25 - -1.3
1.985 Right - 30 - 1.3 6.0
1.994 Left - 57 - -1.2 2.0
1.710 Right - 29 - -1.3 20
1.720 Left - 86 - 0.2 6.0
KCAS 1 Command
143 PA C  Right " 26 1 78 30°1.0sec 37 37 3 2
144 Left 10 27 10 4.9 g3 33 2
166 Right 1 35 1 7.1 37 37 3
170 Left 22 44 22 5.0 .13 13 1
189 Right 28 54 28 5.0 .93 9.3
189 Left 19 43 19 4.0 .63 6.3
133 Right 5 18 ] 8.0 A7 1.7 3
133 Left M 23 11 95 37 3.7
188 Left 12 26 12 16 40 4.0
138 Right 13 23 13 17.6 43 4.3
149 Right 1 35 1 10.0 37 17
150 Right 16 21 16 6.8 .53 53 2
152 Left 12 21 12 5.1 A0 4.0
184 Left 22 a5 2 8.3 73 73
179 Right 23 37 23 6.8 117 1.7 1
181 Left 21 Y| 2 5.9 .70 7.0 J
183 Right 2 47 21 8.1 .10 1.0 2
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KCAS

126
126
127
121
129
130
i
132
133
133
133
134
136
1G]]
(L]
11
142
142
142
142
143

150
151
153
154
185
160
161
162
162
163
163
164
164
165
Ik
132
132
14
14
142
142
143
151
152
153
154
162
167
168

Table 11 {(3.3.2.4)
Sideslip Excursion Following Roll Command
Reference N2, F-4H-1, ARI On

Estimated
‘}’Max Specif. Pilot
Flight Roll P Command & Adverse  PAliowed Specif. Rating
Phase Cat. Direction (deg) Regmt  k  {dep) (deg) Level {evel
PA  C  Right g 30°/1.0sec .30 47 3.0 3 1
Right 16 53 7.8 5.3 2
Left 5 A7 3.7 1.7 3
Left 18 .60 1.2 6.0 2
Right 17 57 1.1 8.7 2
Right 18 .60 5.7 6.0 1
Left 14 A7 5.2 4.7 2
Left " 37 5.1 37 2
Left 18 .60 6.0 6.0 1
Left 13 .60 6.5 6.0 2
Left 18 .60 8.3 6.0 2
Right 18 .60 59 6.0 1
Right 8 27 11 2.7 3
Left 21 .70 b5 7.0 1
Right 20 .67 5.5 6.7 1
Right q .30 5.7 30 3
Right 19 .63 5.9 6.3 1
Left 20 .67 6.5 6.7 1
Right 16 .83 8.0 5.3 k|
Right 20 .67 9.5 6.7 2
Left 10 A3 35 3.3 2
Left 7 .23 5.4 2.3 3
Left 20 .67 5.1 6.7 1
Right 7 23 55 2.3 3
Left 22 713 1.5 1.3 2
Left 23 J1 6.3 1.7 1
Right 21 g0 5.1 7.0 1
Left 15 .50 3.7 5.0 1
Right 29 97 8.2 9.7 1
Left 23 1 4.1 1.7 1
Right 27 .90 6.4 9.0 1
Right 22 13 13 1.3 1
Left 13 43 4.1 43 1
Right 29 97 5.1 8.7 1
Right 20 .67 5.3 6.7 1
Right 20 67 3.9 6.7 1
Right 9 .30 5.1 3.0 3
Left 16 .53 10.2 b3
Right 0 30 11 3.0 ‘
Right 13 A3 6.6 43
Left 23 . 8.1 1.1 2
Right 18 .60 10.7 6.0 3
Left 9 30 4.8 3.0 }
Right 20 67 8.8 5.7 2
Right 8 21 5.4 2.7 3
Left 27 a0 6.6 9.0 1
Left 18 .60 5.7 6.0
Right 23 17 1.0 1.1
Right 26 87 1.6 8.7
Right 26 87 9.0 8.7 2
Left 10 .33 4.2 33 2
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3.3.2.5 Control of Sideslip in Rolls

A. REQUIREMENT

3.3.2.5 Control of Sideslip in Rolls - In the rolling maneuvers
described in 3.3.4, but with the rudder pedals used for ccordination for
all Classes, directicnal-control effectiveness shall be adeguate to main-
tain zero gideslip with a rudder pedal force nct greater than 50 pounds for
Class IV airplanes in Flight Phase Category A, Level 1, .and 100 pounds for
all others.

B, APFPLICABLE PARAMBTERS

Directional control effectiveness in rolling maneuvers.
C. F-4 CHARACTERISTICS

No F-U data are available concerning this requirement.
D. SUMMARY OF PILOT RATINGS AND COMMENTS

Hone.

E. DISCUSSION

Hone.

F. RECOMMENDATION

None.
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3.3.2.6 Turn Coordination

A, REQUIREMENT

3.2.2.6 Turn Coordination -~ It shall be possible to maintain steady
coordinated turns in either direction, using 60 degrees of bank for Class IV
airplanes, 45 degrees of bank for Class I and II airplanes, and 30 degrees
of bank for Class III airplanes, with a rudder pedal force not exceeding 40
pounds. It shall be possible to perform steady turns et the same bank angles
with rudder pedals free, with an aileron stick forece not exceeding 5 pounds
or an alleron wheel force not exceeding 10 pounds. These reguirements con-
stitute Levels 1 and 2 with the airplane trimmed for wings-level straight
flight.

B. APPLICABLE PARAMETERS

Rudder pedal and aileron control forces during steady turuns.
C. F-L CHARACTERISTICS

o F-4 data are available concerning this requirement.

D. BSUMMARY OF PILOT RATINGS AND COMMENTS

Hone.

&, DISCUSSION

Neone,

F. RECOMMENDATION

Neone.
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3.3.3 Pilot-Induced Oscillations

&, REQUIREMENT

3.3.3 Pilot-Induced Oscillations -~ There shall be no tendency for
sustained or uncontrollable lateral-directional oscillations resulting from
efforts of the pilot to control the airplane,

B, APPLICABLE PARAMETERS

Lateral-directional pilot-induced oscillations.

C. F-4 CHARACTERISTICS

No F-4 data are available concerning this requirement.
I, SUMMARY OF PILOT RATINGS AND COMMENTS

None,

E. DISCUSSION

Hone.

F. RECOMMENDATION

Nene.
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3.3.4 Roll Control Effectiveness

A. REQUIREMENT

3.3.4 Roll Control Sffectiveness - Roll performance in terms of bank
sngle change in a given time, ¢, is specified in Table IX and in 3.3.h.1,
Aileron control commands shall be initiated from zero roll rate in the form
of abrupt inputs, with time measured from the initiation of control-force
application. Rudder pedals shall remain free for Class IV airplanes for
Level 1, and for all carrier-based alrplanes in Cstegory C Flight Phases

for Levels 1 and 2; but otherwise, rudder pedals may be used to reduce
sideslip that retards roll rate {(not to produce sideslip that augments
roll rate) if rudder pedal inputs are simple, easily coordinated with

alleron-control inputs, and consistent with piloting techniques for the

airplane Cless and mission,

Roll control shall be sufficiently effective

to balance the airplane in roll throughout the Service Flight Envelope in
the atmospheric disturbances of 3.7.3 and 3.T7.4.

Table IX. Roll Performance Requirements

Flight
Class Phase Level 1 Level 2** Level 3
Category
| A ¢ =600 in 1.3 sec ¢¢ = 60%in 1.7 sec ¢y = 607 in 2.5 sec
B ¢> = 60% in 1.7 sec ¢y =60%in 2.5 sec q‘) =607 in 3.4 sec
ct ¢t 30°in 1.3 sec qbt 30%in 1.8 sec q)t =30% in 2.6 sec
1 A ¢y = 45" in 1.4 sec ¢ = 457 in 1.9 sec ¢y =457 in 2.8 sec
n B ¢ =45% in 1.9 sec ¢ = 45" in 2.8 sec gb = 45% in 3.8 sec
n-L ct ¢t =30%in 1.8 sec $¢ = 30% in 2.5 sec ¢t = 300 in 3.6 sec
e ¢t ¢ =25% in 1.0 sec ¢ = 26%in 1.5 sec 6= 25% in 2.0 sec
] A ¢y =30 in 1.5 sec ¢¢=30"in 2.0 sec ¢y = 30% in 3.0 sec
B ¢t-30°m205&c ¢¢ = 30%in 3.0 sec ¢ =30% in 4.0 sec
ct ¢t-300 in 2.9 sec ¢t—3{l° in 3.2 sec by -3[1“ in 4.0 sec
v A* ¢¢=90%in 1.3 sec g =90 in 1.7 sec ¢, =907 in 2.6 sec
v B ¢y =80%in 1.7 sec qb =90% in 2.5 sec rb =900 in 3.4 sec
Iv-L ¢t ¢ =309 in 1.0 sec ¢ = 30° in 1.3 sec ¢t = 30% in 2.0 sec
IV-C ¢t ¢ =30 in 1.0 sec qbt 30° in 1.3 sec $¢ = 30° in 1.3 sec

* Except as the requirements are modified in 3.3.4.1

t For takeoff, the required bank angie can be reduced proportional to the ratio of the maximum rolling
maoment of inertia for the maximum authorized landing weight to the relling moment of inertia at

takeoff, but the level 1 requirement shall not he reduced below the listed value for level 3.

** At altitudes below 20,000 feet at the high-speed boundary of the Service Flight Envelope, the level 3
requirements may be substituted for the Level 2 requirements with all systems functioning normally.
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B, APPLICABLE PARAMETERS

Bank angle attained in 1.7, 2.5, and 3.% seconds {CR configuration)
and in 1.0, 1.3, and 2.0 seconds (PA configuration).

C. P-l CHARACTERISTICS

The requirement as written is entirely new, and consequently, no F-k
tests have ever been performed in accordance with the requirement. However,
in view of the importance of this part of the specification, available data
have been adapted where possible in order to provide the best feasible
evaluaticn.

F-4 evaluations usually present time-to-bank to some bank angle and a
steady state roll rate; the most convenient method of converting these data
proved to be conversion into a time constant for an egquivalent first-order
response, and to use the time constant and the steady state value to calcu-
late & ¢ value at the fime required by the specificaticn assuming a step
aileron input at t = 0.1 sec. This clearly involves the inaccuracies
incurred in assuming a first-order rcll rate response which are discussed
under 3.3.1.2. With the directicnal stability augmentation system engaged
(which applies to all the data presented here) the magnitude of discrepancies
due to the dutch roll should be reduced. Even so, trends should be examined
rather than individual data points, and in particular the bank angles at
larger times {usually extrapolated from times to 100° or less, or barnk angle
in the first second) should be viewed with some skepticism.

Test methods included aileron inputs of all sizes, however, only inputs
larger than 97% §ayax are considered in this report. The rudder pedals were

fixed in all cases. In the PA configuration, Navy reports have presented roll

performance data irn a maneuver commencing with 30° bank and rolling through
upright to 30° opposite bank. During this maneuver the maximum roll rate
was meagured, together with various time-to-bank values. Examination of the
data of References H1 and 02 indicates that this maximum value can be read
as the steady state roll rate for the purposes of extrapolating the data
into the required form.

Reference N1 evaluated an F-U model with no bouncary layer control
(BLC) and also assessed a non-production configuration with differential
flaps., Subsequent evaluations were of the aircraft with BLC opersting.

Reference 42 compared roll performance with the Aileron-Rudder Interconnect
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(ARI) on and off; the ARI authority was i5° in the Reference N1 evaluation
and subsequently f15°.

Figures 1 (3.3.4) and 4 (3.3.4) show bank angles achieved in the speci-
fied times in order tc comply with the specification. Figures 2 (3.3.4) and
5 (3.3.4) show times to specified bani angles, in order to facilitate data
correlation, Figures 3 {3.3.4) and 6 (3.3.4) show the data in the P, VS-
% plane, Reference B2 states that ¢t is a better measure of performance
than t¢, but uses t¢ for data correlation. Both representations are used in
this validation.

The Flight Phase Category A pilot ratings have all been concerned with
the CO Flight Phase, and so these are presented under 3.3.4,1,1.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

The data following each comment consists of an estimated time-to-bank
¢, a steady state roll rate (Igs) as measured in actual flight test, and an

estimated roll mode time constant, 1t The aileron input was assumed tc be

B

made at t = 0.1 seconds when estimating ¢ and 7 The numerical values

R
guoted refer to the data presented in the figures.

CR Flight Phase (Category B)

° M"Qualitatively, the model FLH-1 airplane exhibits excellent rolling
performance in the clean configuration over the entire flight envelope.
Rolling performance ir configurations CR, P(MRT), and P{CRT) is satisfac-
tory" [EM]. 4 = 90° in .75 to .95 sec., 211 < Py, © 267 deg/sec., .29 <

1, <.58 sec. Reference N1, FUH-1,

°R "At 20,000 ft, in configuration CR, the airplane does not meet the
minimum rolling reguirements of [the detail specification] over the full
airspeed range. The magnitude of the deficlency was noct excessive and
rolling performance in configuration CR is acceptable"” [EL]. ¢ = 90° in
1.6 sec, P = 140 deg/sec., g = 1.2 sec. for a typiecal point. Reference
¥h, YFLH-1.

® "The lateral control effectiveness of the aircraft was considered
acceptable." Since the single cruise configuraticn data point achieved
twice the bank angle in one second than achieved for some combat points,
which were also rated acceptable (i.e., level 1 or 2), it scems reascnable
to assign Level 1 to the CR point. ¢ = 90° in .70 sec., P = 2Lo

deg/sec., . .24, Reference Al, F-LC.
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°© "[With a simulated hydraulic failure which left only the left spoiler
snd aileron operative ], lateral response was sluggish and control effect-
iveness was poor at 210 KCAS [at 36,000ft] Heading changes could be made, but
full lateral control was needed to initiate changes in bank angle [rating
C7.5]. Rolling performance to the left (spoller effectiveness) was about
cne-half of that to the right (aileron effectiveness)." Average ¢ = 90°

in 2.83 sec., B, = L0 deg/sec., T = LT sec.

"The roll response at high subsonic speeds [36,000 ft] was satisfactory
for normal navigaticnal purposes [rating C3]." ¢ = 90° in 1.61 sec.,? o =
100 deg/sec., TR = .68 sec,

"Rolling performance toc the left below 300 KCAS [10,000 ft]...was...
adequate for navigational purposes [rating C3 , ¢ = 90° in 3.98 sec.,

S =30 deg/sec., 1_ = .88 sec.]. Rolling performance above 300 KCAS was

b
qiite adequate for nivigation [rating C2)] and satisfactory for non-combat
maneuvering [rating C3)." ¢ = 90° in 1.14 to 3.98 s=c, 30 < P g < 140,
31 < T < .88. Reference Ni5, F-UB, The pilot opinion of scme of these
results seems to be ameliorated by the knowledge that the aircraft is
cperating with a failure.

PA Flight Phase (Category C)

© M"ateral control effectiveness in configuration PA [no differential

flaps, no BLC] is unacceptable. The airplane exhibits inadequate peak rate-
of-roll and roll response in configuration PA at the normal approach air-
speeds of approximately 135 kt...Although an increase in roll rate was
obtained from the differential flap configuration, the fiap lags stick
motion considerably and roll response is still inadequate. Improved rcll
performance in configuration PA is mandatory."

"Final approach airspeeds below 135 kt IAS in moderate turbulence are
unsafe due to the unacceptable deterioration of lateral control effective-
ness with decreasing airspeed..."

"...on single engine..,.the minimum final approach speed should be main-
tained at 145 kt. The minimum airspeed of 145 kt enables the pilot to main-
tain adequate lateral control and facilitates acceleraticn should a wave-off
be required." Reference N1. These comments, together with the comments and
data of Reference N2 (g.v.) were used to assign the following levels to the

Reference N1 data:
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(a) V > 170 kts, Level 1; ¢ = 30° in 1.2 to 1.78 secs, 37 < P <55
deg/sec, .27 < T, < 70,

(b) 1h5 < V < 170 kts, Level 2; ¢ = 30° in 1.2 to 1.78 seecs, 25 < P
< kg deg/sec, L1 < 1 < 1.37.

(e) V < 145 kts, Level 3; ¢ = 30° in 1.65 to 2.77 sees, 19 < ;gs < 31

R < 1.23.

© "“BLC has significantly improved rate of roll and roll response in

deg/sec, .34 < 1

configuration PA. Lateral control effectiveness in configuration PA is now
satisfactory ([Level 1] at and above 125 Kt CAS with BLC operating."

V > 125 kts, Level 1; ¢ = 30° in 1.02 to 1.45 sees, 3k < b, <11

deg/sec, U5 < T < TT.

"Lateral control effectiveness in the single engine configuration {30°
trailing edge flaps with leading edge BLC and no trailing edge BLC) in con-
figuration PA was also evaluated. Although the rolling performance obtained
is below that obtained in the twin engine configuration, it is considered
adequate at and sbove 130 KCAS. The single engine configuration should not
be employed for normal landings but should be used only in the event of an
engine or BLC failure." Reference N2, FiH-1.

V = 132 kts, ¢ = 30° in 2.06 sec., Doy = 27 deg/sec, T = 1.0 sec,
¢ "In general, the rolling perfcrmance with left aileron and spoiler
only in operation was poor [rating C6)] but adequate for precautionary
field landings..." Reference N15, F-LB.

155 < v <180 kt, Level 2; ¢ = 30° in 1.7 to 2.45 sec, 18 < L

2h deg/sec., .33 < TR < .83,

© "Roll performance in configurations PA and L was extremely poor
where full lateral control deflections resulted in excessive times to
achieve a 309 bank angle...poor roll response in configuration PA increases
the pilot's worklecad during approaches in gusty wind conditicns or in turbu-
lence cn the glideslope and increases the possibility of landing one wheel
first because of a wing drop near touchdown,.,.poor roll performance,..limits
mission effectiveness and correction is desirable for improved service use.”
Reference N18, F-4LJ.

159 < V < 199 Kts, Level 2; ¢ = 30° in .95 to 1l.17 secs,

hs < PSS < €5 deg/sec., .17 < T < .58,
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E. DISCUSSION
CR Flight Phase (Category B)

Figures 1 (3.3.4) and 2 {3.3.4) show good correlation between the
specification requirements and F-4 data. The only Level 2 rated point is
in the specification Level 1 area, however, it is close to the boundary.
The single point rated Level 1 at 73° in 3.4 seconds is a fallure case
from Reference N15, and was assigned a rating of C3 ("adequate for naviga—
tional purposes"). Although it is difficult to believe that this roll
performance represents the same level of flying gualities as the other level
1 data on the same plot, it does at least indicate that navigational maneu-
vers can be acccomplished with lower roll performance than the specification
Level 3 "floor". A single data point is not, however, felt to be sufficient
Justification to recommend a specific change.

Because it would seem reascnable that initial roll response would
influence the pilot's opinion of roll performance, the data are also com-

pared with the specification boundaries drawn on the Pss VER plane in

1
Vigure 3 (3.3.4)., "This follows the approach of Reference Bll ind asgumes
that the roll response conforms to the first order representation discussed
in €. above. The data point rated Level 2 which falls in the specification
Level 1 area has a time constant which is falrly clecse to the specification
Level 2 n boundary, which better explains the assigned rating. However,
this plot does not help to justify the Level 1 rating assigned to the

roint which falls outside the specification Level 3 area,

PA Flight Phase (Category C)

Pigure L4 {3.3.4) shows some inconsistency in the pattern of data, but,
in genesral, the concentration of Level 1 rated points corresponding to
specification Level 2 indicates that the requirements are too stringent. A
Level 1 minimum time-to-bank of 30° in 1.3 seconds would fit F-4 data
better (Figure S (3.3.4)), although this would not e=xclude all the Level 2
rated data. Hhowever, the pilot ccocmments suggest fairly strongly that some
data points rated Level 2 at higher airspeeds might more accurately be
assigned Level 1 flying gqualities, which lends further support to relaxa-
tion of the Level 1 boundary. There are not encugh dats available to
recommend specific changes to the Level 2 boundaries, however, there are

four data peints which indicate rather definitely that the Level 3 minimum
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boundary could be relaxed. The Level 3 data point at t30 = 2.77 secs.
represents the worst of the "unacceptable" Reference N1 data, and so is
probably almost cutside Level 3.

The tBO data of Figure 5 (3.3.4) suggest that the pilot opinion rating
may be a function of speed. This would appear to be the same kind of effect
noted with respect to failures, i.e., if the pilot expects a degradation in
flying qualities for any reascn, his ratings tend tc be lenient when it
occurs,

Figure 6 (3.3.4) would seem to emphasize the impression gained in
validation of 3.3.1.2 that roll mode time constant alone is not a reliasble
predictor of pilot rating in the PA Flight Phase.

¥. RECOMMENDATION

Category B Flight Phases

None,

Category C Flight Phases

For Clags IV-L and -C aircraft, the Level 1 minimum time to bank to
30° should be relaxed to 1.3 seconds and the lower Level 3 boundary should

be relaxed to 30° in 2.8 seconds.
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Test data: Actual pilot ratings
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3.3.4.1 Roll Performance for Class IV Airplanes

3.3.4.1.1 Air-to-Air Combat

A. REQUIREMENT

3.3.4.1 Roll Performance for Class IV Airplanes - Additional or alter-
nate roll performance reguirements are specified for Class IV airplanes in
3.3.4.1.1 through 3.3.4.1.4, These requirements take precedence over Table
IX.

3.3.4.,1,1 Air-to-Air Combat - For Class IV airplanes in Flight Phase
CO, the roll performance requirements are:

Time to roll through

90 degrees 360 degrees
{a) Level 1 = = = = = = = = =~ 1.0 seccnd 2,8 seconds
(b) Level 2 = = — = — « = = = 1.3 seconds 3.3 seconds
{(c) Level 3 = = = = = = = = = 1.7 seconds L. 4 seconds

B. APPLICABLE PARAMETERS

Bank angle sttained in 1.0, 1.3, 1.7, 2.8, 3.3, end 4.l seconds and
time to bank to 90 and 360 degrees in configuration CO,

C. P-4 CHARACTERISTICS

The same approach to reducing the data to the required form is followed
as in paragraph 3.3.4. Figures 1 (3.3.4%.1.1) and 2 (3.3.4.1.1) show the
bank angles achieved in the specified times, and Figures 3 {3.3.4.1.1) and
4 (3.3.4.1.1) show the times to specified bank angles. Figure 5 (3,3.4.1.1)

shows the data in the Pgg vs. 1, plane. It should be noted that the greatest

inaccuracies probably occur in ihe estimated bank angles at 2.8, 3.3, and L.}
seconds (Figures 2 (3.3.4.1.1) and b (3.3.4.1.1)).

ALl the available data were obtained at lg normal load factor. The
requirements must be met throughout the appropriate flight envelopes and
hence, alsc, at lcad facters up to and including those specified in 3.1.7
and 3.1.8. No background to this regquirement can be presented.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

As for paragraph 3.3.4, the numerical values following each comment

consist of the relevant time-to-bank, steady state roll rate and estimated
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roll time constant of data used in this report.

o "Qualitatively, the model FUH-1 airplane exhibits excellent rolling

performance in the clean configuration over the entire flight envelope.

Rolling performance in configurations CR, P(MRT) and P{CRT) is satisfac-

tory." Reference N1, FUH-1. 1.22 < M < 2.0k, Level 1; ¢ = 90° in 1.4 to

1.9 secs., ¢ = 360° in 3.33 %o 4.27 secs., 138 < Py < 162, 1.10 < Tz < 1.90.
1"

o ...roll response...not sufficient for combat maneuvering [rating

C61." M = .9, Level 2; ¢ = 90° in 1.6l secs., P o = 100 deg/sec., 1, = .68.

"...extremely poor for tactical maneuvering [rating C6}." V = 250 Kts,
Level 2; ¢ = 90° in 3,98 secs., ¢ = 360° in 12.0 secs. P = 30 deg/sec,
g = . B8.

"...satisfactory for non-combat maneuvering [rating C3]." Reference

N15, F-UB (Failure data)}. This was arbitrarily assigned a Level 2 rating for
Flight Phase CO. 340 < V < 520 Kts, Level 1; ¢ = 90° in 1.1h to 1.21 secs.,
¢ = 360° in 3.11 to 5.55 secs., 70 < P < 140 deg/sec., .31 < g < 43,
o "Air-to-air combat maneuvering requires rapid roll response over
the entire usable speed range of the aircraft at any altitude. The ability
to command rapid changes in bank angle at low speeds such as in a high
"vo-yo" and at high speeds during tracking is a necessity. Time to achieve
a given bank angle was satisfactory in the F-4J only between O.7M and 1.2M
at 20,000 ft. [0.79 < M < 1.11, Level 1; ¢ = 90° in .69 to .85 sec., ¢ =
360° in 1.84 to 2.29 sec., 200 < PSS < 2L0 deg/sec, 0.2 < T < 0.4 sec.] and
between 0.9 M and 1.2 M at 35,000 tc 40,000 ft. [0.98 < M < 1.10, Level 1;
$ = 90° in .9 sec., ¢ = 360° in 2.25 to 2.37 secs, 190 < PSs < 210 deg/sec,
.38 < Tr < .45 sec.] Above or below these speeds the F-UJ required excessive
time to change bank angle and thereby limits mission effectiveness in the
air-to-air combat missicn...correcticn of the inadegquate roll performance is
desirable for improved service use."

At 20,000 ft: 45 <M <.68, Level 2, ¢ = 90° in .82 to 1.75 secs.,
= 360° in 2.29 to 5.0 secs., .30 < 1% < ,6h; 1.29 < M < 1.49, Level 2,
90° in 1.06 to 1.20 secs,, ¢ = 360° in 3.22 to 3.69 seecs., 105 < P <
125 deg/sec., .20 < R <,23 sec.

At 35,000 ft: .80 < M < .87, Level 2, ¢ = 90° in .95 to 1.1l secs.,

¢ = 360° in 2.35 to 3.09 secs., 1k0 < P < 210 deg/sec., 4l < 1_ < .56

R
secy; 1.43 < M < 2,0, Level 2, ¢ = 90° in 1.10 to 1.20 secs., ¢ = 360° in

S S
il §
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2,91 to 3.16 secs., 145 < P, <155, .50 < T < .62 sec.

"Full cockpit lateral control deflections were utilized to attain the
rcll performance discussed above, The control forces required for full
lateral deflection were satisfactory, however, the deflection itself was not.
In any airplane where tactical maneuvering requires rapid roll response, the
desired response should be attaineble with less than full lateral control.

In the F-4J, the pilot is required to utilize full lateral control to obtain
roll performance which is still inadequate to perform the basic aircraft
mission effectively.” Reference N18, F-LJ.

o "The requirements of MIL-F-8T785 (ASG) were met in all test speeds
and altitude ranges except above 1.92 Mach number above 35,000 ft. The
lateral control effectiveness of the aircraft was considered acceptable.”
Reference Al, F-LC.

It was decided to assign Level 1 flying qualities to the roll perfor-
mance except for the data point above M = 1.92, which was assigned Level 2.

1.1 <M < 1,70, Level 13 ¢ = 90° in 1.14 to 1.35 secs., ¢ = 360° in
2.97 to 3.03 seecs,, 150 < PSS < 220 deg/sec., .54 < T < 1.46. M = 1.99,
Level 23 ¢ = 90° in 1.36 secs., ¢ = 360° in 3.7 secs., P, = 120 deg/sec.,

g T .59 sec.

E, DISCUSSION

The first observation to be made on examining Figures 1 (3.3.4.1.1)
through 4 (3.3.4.1.1) is that a number of Level 1 rated points fall in the
specification Level 3 area, or even outside it. The majority of these data
were taken from Reference N1, which, as mentioned previously under 3.3.1.2,
was possibly rather lenient in rating the c¢lean configuration roll performance
as "excellent" when compared with later reports. The same might apply to the
data point at M = 1.1 which is derived from Reference Al. The Level 2 data
point at M = ,62 was cbtained with a simulated lateral control system failure
(see Reference N15 comments in €. above) and the Level 2 rating was assumed
because the roll performance was rated Level 1 for ncon-combat maneuvering;
all of this makes this data point open to question.

Most of the remaining points are from Reference N18, which gives an
evaluation of F-li roll performance in the specific context of air-to-air

combat., Because of this, and also because Reference N18 is a recent
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evaluation of the F-4 in its Normal State, more weight should be attached
to its pilot comments than to those of the other reports.

Considering the Reference N18 data points alone, Figures 1 (3.3.L4.1.1)
through 4 (3.3.4.1.1) demonstrate excellent agreement with the specification
Level 1 and 2 requirements. The pilot comments indicate that the Level 2 dala
points at M = 0.68 and M = .87 are close to the Level 1/2 borderline, and so
might equally be assighed Level 1 rather than Level 2 ratings. It could be
argued that the single data point at M = .46 rated Level 2 which falls out-
side the Level 3 reguirement might equally have been assigned Level 3, since
the roll performance it represents is considersably worse than the general
spread of data which Reference N18 describes as "inadequate." Again, it must
be emphasized that these date were obtained in lg flight.

Figure 5 (3.3.4.1.1)} shows that the roll mode time constant provides
little correlation with pilot opinion in air-to-air combat.

The Reference N18 comment on cockpit control deflection requirements
is at variance with the specification requirement that full aileron control
can be used to cbtain the roll performance discussed in this paragraph. I%
is not entirely clear from the comment whether the pilet is concerned with
the fact that the cockpit control mcvements are physically too large, or
whether he feels that some roll performance should be available in reserve
over and above that which is sufficient teo fly the mission satisfactorily.
F-I experience shows that providing an aircraft with Level 1 air-tg-air
ccembat roll performance over a large flight envelope can be difficult; that
this should be attainable with less than full control movement would com-
pound the difficulties, and possibly introduce new problems such as lateral
control sensitivity or lateral PIO tendencies at some flight cenditions,

Evaluation of the F-4 test data and opinions lends weight to the notion
that the operstional requirements for roll contrel effectiveness are in-
creasing as time passes. This may be due not only to general continuing
improvements in alrcraft design expected by pilots, but alsc to corres-
ponding improvements in the capabilities of likely opponents in contemporary
air-to-air combat. Reference B2 mentions that the requirements for present-
day missions, as expressed by operational personnel, have increased since

Reference Bl2 was published. Since early F-L evaluations such as References

313



N1 and N2 are contemporary with Reference Bl2, the reason for the leniency
of their pilot ratings becomes clearer.

The unreliability of Level 3 ratings in general is well known, and for
the CO Flight Phase the meaning of Level 3 is rather ill-defined., For
instance, in stating that roll performance is "inadequate tc perform the
basic aircraft mission effectively,” Reference N18 is virtually using the
wording of the Level 3 definition in Paragraph 1.5 of the specification,
yet the other comments Indicate that the ratings are all Level 1 or 2.
Certainly the mission could be terminated safely from the pure flying
gualities point of wview, but the concept of safety takes on a new connotsg-
tion in Flight Phase CO, It is considered that Level 3 for Fiight Phase CO
should be more closely defined in terms of feasibility of breaking off an
engagement, escape from an oppenent, or kill probability.

F. RECCMMENDATIONS

The following statement should be added to the end of the reguirement:

"The Level 3 requirement mey be relaxed provided that the resulting

roll performance 1s adeguate to break off an engagement and escape

from an opponent.
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3.3.4.1.2 Ground Attack with External Stores

3.3.4,1.3 Roll Rate Characteristics for Ground Attack

A, REQUIREMENT

3.3.4.1.2 Ground Attack with External Stores - The roll performance
requirements for Class IV airplanes in Flight Phase GA with large comple-
ments of external stores msy be relexed from those specified in Table IX,
subject to approval by the procuring activity. For any external loading
specified in the contract, however, the roll performance shall be not less
than:

(a) Level 1l =~—m-ussmmmmee—r—= 90 degrees in 1.7 seconds
(b) Level 2 -= - -~ 90 degrees in 2.6 seconds
(¢c) Level 3 ———- - - 90 degrees in 3.4 seconds.

For any asymmetric loading specified in the contract, sileron control power
shall be sufficient to hold the wings level st the maximum load factors
specified in 3.2.3.2 in the atmospheric disturbances of 3.7.3.

3.3.4.1.3 Roll Rate Characteristics for Ground Attack - Class IV
airplanes in Flight Phase GA shall be able to roll through 180 degrees in
not more than twice the time to roll through 90 degrees. This requirement
specifies Level 1 with the rudder pedals remaining free throughout the
maneuver and Levels 2 and 3 with the rudder pedals employed to reduce
sideslip in the manner described in 3.3.4.

(Table IX is presented with the validation of peragraph 3.3.4).

B. APPLICABLE PARAMETHRS

Time to bank 90° and 180° in configuration GA.

C. F-4 CHARACTERISTICS

The available F-4 data concerned with roll performance and roll rate
characteristics with external stores are included in the validation of
3.3.4.1.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

No F-4 pilot comments are concerned specifically with roll charsacteris-
tics during ground attack with external stores.

E. DIBCUSSICN

None.

F. RECOMMENDATION

None.
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3.3.4.1.4 Roll Response

A. REQUIREMENT

3.3.4.1.4 Roll Response - Stick-controlled Class IV sirplanes in
Category A Flight Phases shall have a roll response to aileron control
force not greater than 15 degrees in 1 second per pound for Level 1, and
not greater than 25 degrees in 1 second per pound for Level 2. TFor Cate-
gory C Flight Phases, the roll sensitivity shall be not greater than 7.5
degrees in 1 second per pound for Level 1, and not greater than 12.5
degrees in 1 second per pound for Level 2. In case of conflict between
the requirements of 3.3.4.1.4 and 3.3.4.2, the requirements of 3.3.h4.1.4
shall govern,

B. APPLICABLE PARAMETERS

Roll gensitivity for Class IV sirplanes,

C. P-h CHARACTERISTICS

No F-4 data are available concerning this requirement.
D. SUMMARY OF PILOT RATINGS AND COMMENTS

None.

E. DIBSCUSSION

None.

F. RECOMMENDATION

None.,
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3.3.4.2 Aileron Control Forces

A. EREQUIREMENT

3.3.4.2 Aileron Centrol Forces - The stick or wheel force reguired tc
obtain the rolling performance specified in 3.3.L4 and 3.3.4.,1 shall be neither
greater than the maximum in Table X nor less than the breakout force plus:

(a) Level 1 —-- one-fourth the values in Table X
(b) Level 2 -- one-eighth the values in Table X

{c) Level 3 -— zero

Table X
Maximum Aileron Control Force
) Maximum Maximum
Level Class Flight Phase Stick Force Wheel Force
Category (Ib) (tb)
1 A B 20 a0
1, I-C, IV
C 20 20
A B 25 50
-t m
C 25 25
2 A B 3 60
I, H-C, 1V
C 20 20
A B 30 60
il-L,
c k]| 30
3 ALL ALL 35 70

B. APPLICABLE PARAMETERS

The rolling performance in 3.3.4 and 3.3.4.1 was cbtained using full
lateral stick throw; therefore, in the case of the P-4, the specified forces
apply to full lateral stick deflecticns.

C. F-L CHARACTERISTICS

The only available comment and data appear in the asymmetric store

configuration evaluation of Reference N10,
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D. BSUMMARY OF PILOT RATINGS AND COMMENTS

In a landing evaluation of asymmetric loading configurations, Reference
Ni0 stated:
o} "Lateral stick force required for full control displacement averaged 21
1b, with full lateral trim set. This maneuvering force gradient and full
throw magnitude were satisfactory (C3)." Reference N10, F-L4B.

E. DISCUSSION

The stick force noted in Reference N10 is marginally greater than the
maximum stick force allowed by the gpecification for Level 1 flying qualities
in Category C Flight Pheses, The fact that the comment is representative of
Level 1 flying qualities may be influenced by the pllot's awareness of the
asymmetric loading condition. Btrictly, the force value falls inside the
specification definition of Level 3. This emphasizes the inadequacy of
requirements which do not specify a Level 2 band separating Levels 1 and 3;
these Levels according to Figure 1 (I) represent markedly different
standards of missicn suitability.

F. RECCMMENDATIONS

None,
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3.3.4.3 Linearity of Roll Response

A, REQUIREMENT

3.3.4.3 Linearity of Roll Response - There shall be no objectionable
nonlinearities in the variation of rolling response with aileron control
deflection or force. Sengitivity or sluggishness in response to small
alleron control deflections or forces shall be avolded.

B. APPLICABLE PARAMETERS

Roll response linearity.

C. PF-Lb CHARACTERISTICS

No F-4 data are available concerning this requirement.
D. SUMMARY OF PILOT RATINGS AND COMMENTS

None,

E. DISCUSSION

Nene.,

F. RECOMMENDATION

None.
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3.3.k.4 Wheel Control Throw

A, REQUIREMENT

3.3.4.4 Wheel Control Throw - For airplanes with wheel controllers,
the wheel throw necessary to meet the roll performance requirements speci-
fied in 3.3.4 shall not exceed 60 degrees in either direction. For com-
pletely mechanical systems, the requirement may be relaxed to 80 degrees.

B. APPLICABLE PARAMETERS

¢. F-h CHARACTERISTICS

This requirement does not apply to the F-l,
D. SUMMARY OF PILOT RATINGS AND CCOMMENTS
Hone,

E., DISCUSSION

None.,

F. RECOMMENDATION

None.
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3.3.4,5 Pudder-Pedal-Induced Rolls

A, REQUIREMENT

3.3.4,5 Rudder-Pedal-Induced Roells - For Levels 1 and 2, it sghall be
possible to raise a wing by use of rudder pedal alone, with right rudder
pedal force required for right rolls and left rudder pedal force reguired
for left rolls. For Level 1, with the aileron control free, it shall be
possible to produce a roli rate of 3 degrees per second with an incremental
rudder pedal force of 50 pounds or less. The specified roll rate shall be
attainable from coordinated turng at up to 30 degrees bank angle with the
airplane trimmed for wings-level, zero-yaw-rate flight.

B. APPLTCABLE PARAMETERS

Roll rate due to rudder pedal input.

C. F-lb CHARACTERISTICS

ic F-4 data are available concerning this reguirement.
D. SUMMARY OF PILOT RATINGS AND COMMENTS

one.

E. DISCUSSION

Hone.

F. RECOMMENDATION

None.
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3.3.5 Directionsal Control Characteristics

A, REQUIREMENT

3.3.5 Directional Control Characteristics - Directionsal stability and
contrel characteristics shall enable the pilot to balance yawing moments
and control yaw and sideslip. BSensitivity to rudder pedal forces shall be
sufficiently high that directional contrel and force requirements can be
met and satisfactory coordination can be achieved without unduly high
rudder pedal forces, yet sufficientiy low that occasional improperly
coordinated control inputs will not seriously degrade the flying qualities.

3.3.5.1 Directional Control with Speed Change - When initislly trimmed
directionally with symmetric power, the trim change of propeller-driven
airplanes with speed shall be such that straight flight can be maintained
over a speed range of *30 percent of the trim speed or 2100 knots equivalent
airspeed, whichever is less (except where limited by boundaries of the
Service Flight Envelope) with rudder pedal forces not greater than 100
pounds for Levels 1 and 2 and not greater than 180 pounds for Level 3, with-
out retrimming. For other airplanes, rudder pedal forces shall not exceed
L0 pounds at the specified conditions for Levels 1 and 2 nor 180 pounds for
Level 3,

3.3.5.1.1 Directional Controcl with Asymmetric Loading - When initially
trimmed directionaily with each asymmetric loading specified in the contract
at any speed in the Operation Flight Envelcpe, it shall be possible to main-
tain a straight flight path throughout the Operational Flight Envelope with
rudder pedal forces not greater than 100 pounds for Levels 1 and 2 and not
greater than 180 pounds for Level 3, without retrimming.

3.3.5.2 Directional Control in Wave-Off (Go-Around) - For propeller-
driven Class IV, and all propeller-driven carrier-based airplares, the
response to thrust, configuration, and airspeed change shall Tte such that
the pilot can maintain straight flight during wave~off (go-around) initiated
at speeds down tc Vg(PA} with rudder pedal forces nct exceeding 100 pounds
when trimmed at VOmin(PA). For other airplanes, rudder pedal forces shall
not exceed 40 pounds for the specified conditions.

B. APPLICABLE FARAMETERS
(1) Rudder Pedal Forces:
(a) with speed change (3.3.5.1)
(b) with asymmetric loading (3.3.5.1.1)
(c) during wave-off (3.3.5.2)
(#) Rudder Pedal Sensitivity
C. F-L CHARACTERISTICS
With the excepticn of some limited asymmetric loading control reguire-
ment data given in Reference AT (Figure 1(3.3.5)), the F-L pedal force data

are all gqualitative.
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As described in Section II.Z2,2, the directional feel system on the
F-4 employs a force gradient switchover which provides a low sensitivity
(approximately 0.1 deg/lb) at high airceraft speeds and a high sensitivity
(approximately O.% deg/lb) at low speeds. This enhances rudder—pedal
sensitivity through a wide range of airspeeds.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

3.3.5.1

Reference N2 complained of a gradual directional trim change occur-
ring during supersonic (1.6 ~ 1.8 IMN) speed changes. Quantitative data
were not provided and no mention has been made of this phenomenon in sub-
sequent test programs.

Reference N15 tested directional characteristice with loss of utility
hydraulic system pressure, which is a failure mode. In this backup mode,
the pilot must manually oppose aerodynamic hinge moments:
© "The test airplane exhibited unsymmetrical directional characteris-
tics when utility hydraulic pressure was shut off...The airplane would yaw
tc the right and the rudder would trail to about 1.5 degrees ANE., Maximum
manual rudder pedal deflection in configurstion PA would result in a rudder
deflection of one degree ANL, which was insufficient to reduce the left
sideslip to zero. Althcocugh undesirable for test purpcses, the asymmetry
did present the worst case, especially for single-engine A/B wave-offs
(with utility system failure)." Reference N15, F-i4B

3.3.5.1.1

A number of reports have evaluated F-4 flying qualities with asymmetric
store loadings (References N10, N19, N26). However, these have almost ex-
clusively been concerned with lateral control forces/deflection/trim
characteristics rather than directional characteristics.

Take-off characteristics with asymmetric store loadings were evalu-
ated in Reference N19:
® "ppke-offs (with 234,128 in-1b asymmetric lateral moment) were satis-
factory with lateral trim set at neutral. Some left aileron was required
after lift-off to maintain wings level, but the control forces rapidly re-
duced to zero as the airplane accelerated. No directional problems were

noted. Take-offs (with 308,105 in-lb asymmetric lateral moment) were
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characterized by a tendency for the nose to turn into the heavy wing there-
by reguiring scme left rudder or ncse wheel steering for directional con-
trol. Lateral trim was set full left for take-offs in [this loading] and
with a nose wheel lift-off speed of 170 kt lateral control was adequate,
The full aft stick {take-off technique was not used for any take-offs with
asymmetric loads." Reference N19, F-4J.
The following asymmetric loading configurations were evaluated on an
F-U4E during takeoffs, landings, sideslips, maneuvering, and stalls in
Reference AT:
(1) Asymmetric weight and symmetric drag - two external wing tanks
(one empty, one full).
(2) Symmetric weight and asymmetric drag - one full external wing
tank con right; 3 LAU-3/A and 3 M11T7 on left.
(3) Asymmetric weight and drag - one empty external wing tank on
right; 3 LAU-3/A and 3 M11T on left.
On straight and level flight:
°© "The asymmetric weight, symmetric drag and asymmetric weight, asym-
metric drag loadings resulted in essentially the same flying gualities.
Both cof these loadings had an asymmetric moment equal to the maximum
allowed in the F-LC/D/E Flight Manual. During straight and level flight,
some aileron and rudder trim was required and above 450 KIAS insufficient
rudder trim was available tc trim the sideslip to zero with the asymmetric
drag, asymmetric weight loading. This was not considered objectionable.
Straight and level flight below 15 units ACA received a Pilot Rating of CHZ.
+..Control requirements for level flight with the symmetric drag-asymmetric
weight loading are shown in [Figure 1 (3.3.5)]." Reference AT, F-LE.
On stall and maneuvering characteristics:
¢ "The asymmetric drag, symmetric weight loading resulted in satis-
factory stability and control characteristics for all conditions tested.
Approximately five degrees of rudder were reguired to trim the sideslip
to zero and no significant lateral or directional trim changes were

encountered during stalls or maneuvering." Reference AT, F-LE.
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3.3.5.2
The only wave-off comment in the F-Y4 literature is very general with
no quantitative data, from Reference K2:
° "Wave-off characteristics were also excellent." Reference N2, FLH-1.
E. DIBCUSSION
Insufficient quantitative and/or qualitative data are available to
attempt to validate these paragraphs. The asymmetric loading date of
Reference AT gave rudder pedal forces well within the Level 1 and 2 require-
ment of 100 lbs., in Paragraph 3.3.5.1.1, however, the speed range covered
{0.45 to 0.95 Mach) was considerably less than required (i.e., throughout
the operational flight envelope).
F. RECOMMENDATION
3.3.5
None.
3.3.5.1
Kone
3.3.5.1.1
None.
3.3.5.2

None.
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3.3.6 Lateral-Directional Characteristics in Steady Sideslips

3.3.6.1 Yawing Moments in Steady Sideslips

A. REQUIREMENT

3.3.6 Lateral-Directional Charscteristics in Steady Sideslips - The
requirements of 3.3.6.1 through 3.3.6.3.1 and 3.3.7.1 are expressed in terms
of characteristics in rudder-pedal-induced steady, zero-yaw-rate sideslips
with the airplane trimmed for wings-level straight flight. For 3,3.6.1
through 3.3.6.3, sideslip angles shall be considered up to those produced
or limited by:

(2) Full rudder pedal deflection, or
{b) 250 pounds of rudder pedal force, or
(¢) Maximum aileron control or surface deflection,

except that for single-propeller-driven airplanes during wave-off (go-
around), rudder pedal deflection in the direction cpposite to that required
for wings-level straight fiight need not be considered beyond the deflection
for a l0-degree change in sideslip from the wings-level straight flight con-
dition.

3.3.6.1 Yawing Moments in Steady Sideslips - For the sideslips speci-
fied in 3.3.6, right rudder pedal deflection and force shall produce left
sideslips and left rudder pedal deflection and force shall produce right
sideslips. TFor Levels 1 and 2 the following requirements shall apply. The
variation of sideslip angle with rudder pedal deflection shall be essentially
linear for sideglip angles between +15 degrees and -15 degrees., For larger
sideslip angles, an increase in rudder pedal deflection shall always be
required for an increase in sideslip. The wvariation of sidesiip angle with
rudder pedal force shall be essentially linear for sideslip angles between
+10 degrees and -10 degrees. Although a lightening of rudder pedal force is
acceptable for sideslip angles outside this range, the rudder pedal force
shall never reduce to zero.

B. APPLICABLE PARAMETERS

Variation of sideslip. angle with rudder pedal force and rudder
deflection,

C. P-4 CHARACTERISTICS

Considerable static directional stability date are available on the
F-4 for Both the clean aircraft and with various combinations of external
stores. These data are presented in Figure 1 (3.3.6.1) through 8 (3.3.6.1}.
Tests included flight phases PA, CR, CO, P{MRT), and P(CRT) and an evalua-

tion of an asymmetric loading configuration.
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D, GSUMMARY OF PILOT RATINGS AND COMMENTS

Static lateral-directional control evaluations, as reported in
References N1 and N4, were conducted in flight phases CR, P(MRT), and
P(CRT) between 0.85 and 2.0 Mach number at altitudes from 15,000 to 60,000
ft. and in PA at 10,000 ft. Quantitative data are not available but the
following comments are offered:

o "Static directional control-free and control-fixed stability...was
positive and satisfactory for all configurations tested throughout the
flight envelope of the airplane." (E3), Reference N1, Fi4H-1. Reference
N4 comments were nearly identical,

Reference Al eveluated static directional stability in PA, CR, and CO
flight phases throughout the operational envelope. The report commented
that:

o "Static directional stability was positive throughout the opera-
tional envelope in-all configurations. At supersonic Mach numbers, large
sideslip angles could not be attained because rudder control was hinge
moment limited...Static directional stability was satisfactory.”" (E3),
Reference Al, F-4C. )

The data referred to (Reference Al) are presented for various combina-
tions of external stores as follows:

Figure 1 {3.3.6.1) - No External Stores

Figure 2 {(3.3.6.1) - Nine MLU-10/B Landmines

Figure 3 (3.3.6.1) - Eleven BLU-1/B Napalm Bombs

Figure 4 (3.3.6.1) - Two Wing Tanks and Eleven M117 Bombs

Data in flight phases PA and CR were obtained from Reference AZ. These

data and pilot comments are similar to that presented in Reference Al above,
and therefore are not 1llustrated here,
o "Directional stability was positive in all areas of the flight
envelope tested. ...Static directional stability was satisfactory." (E3),
Reference A2, P-4,

Reference AT evaluated static directional stability on an F=LE i;
flight phases PA, CR, and CO with various external store loading configursa-

tions:
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o "Static directional stability was satisfactory {E3) throughcut the
operational envelope. Rudder force and displacement varied linesrly...be-
low the deflection at which the rudder was airload limited., Above these
limits, increase in rudder pedal force gave no increase in rudder deflec-
tion. Rudder airicad limitations affected handling qualities only with
asymmetric loads at high speeds." Reference A7, F-LE.

The data discussed above were presented in Reference A8 and are illus-
trated in the following figures:

Figure 5 (3.3.6.1) - Four AIM-7 Missiles

Figure 6 (3.3.6.1) - Two 370C-gal. Wing Tanks + Six M11T7 Bombs

Figure 7 (3.3.6.1} - Ten M117 Bombs + Six Empty LAU-3/A's

Figure 8 (3.3.6.1)

Asymmetric Loading, One Empty 37C-gal.
Wing Tank, Three M117 Bombs and Three LAU-3/A's.

E. DISCUSSICHN

The variation of sideslip angle with rudder pedal deflection and force
on the F-4 is nearly linear up to the maximum rudder deflection which is
limited by rudder hinge moments at certain flight conditicns. The hinge
moment limit is evident on the plots as the point where an increase in pedal
force results in no further increase in rudder deflection. Filots have
commented on this limitation, but only once complsired that it affected
handling qualities; in Reference A7 cduring high speed flight with an asym-
metric loading. The requirement seems reasonable as written.

F. RECOMMENDATTION

3.3.6

None.

3.3.6.1

None.
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Figure 1 (3.3.6.1)
Static Directional Stability
Reference A1, F-4C
No External Stores
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Fit phase KCAS M _/ili E_V}i_ E
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Figure 2 {3.3.6.1)
Static Directional Stability
Referenca A1, F4C
Nine MLU-10/B Landmines
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Fit phase KCAS M Al GW cG

PA 187 31 5K 41,700 273
————— CR 295 80 31K 42 600 274
—_— e —— CO 529 B9 7K 48,700 294
ANR 40
B
20 ~—co
e e
Rudder 0 \\
Position (deg) —
I == —CR
20
PA
ANL 40
Rt. 200 ‘\CO
100 ‘
\
N L
— —\\\
Rudder =
Pedal Force (Ib) 0 St
\‘ ——
\‘K-.PA
R
100 c
Lt. 200 ‘
12 8 4 o 4 8 12
ANR ANL

Sideslip Angle (deg)

Figure 3 (3.3.6.1}
Static Directional Stability
Reference A1, F4C
Eleven BLU-1/B Napalm Bombs
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Figure 4 (3.3.6.1)
Static Directional Stability
Reference A1, F-4C
Two 370-Gal. Wing Tanks + Eleven M117 Bomhs
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Flit phase KCAS M ﬂ Gw. E(_S_
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Figure 5 {3.3.6.1}
Static Directional Stability
Reference A8, F-4E
Four AIM-7 Missiles
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Flt phase KCAS M Alt GW CG
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Figure 6 (3.3:6.1)
Static Directional Stability
Reference A8, F-4E
Twa 370-Gal. Wing Tanks + Six M117 Bombs
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FIt phase KCAS M Alt GW cG
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Figure 7 (3.3.6.1)
Static Directional Stability
Reference A8, F-4E
Ten M117 Bombs + Six Empty LAU-3/A’s



Fit phase KCAS M Alt Gw je<}
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Figure 8 (3.3.6.1)
Static Directional Stability
Reference A8, F-4E
Asymmetric Loading

One Empty 370-gal Wing Tank, Three M-117 Bomhbs

and Three LAU-3/A’s
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3.3.6.2 BSide Forces in Steady Sideslips

A, REQUIREMENT

3.3.6.2 Side Forces in Steady Sideslips - For the sideslips of 3.3.6,
an increase in right bank angle shall accompany an increase in right side-
slip, and an increase in left bank angle shall accompany an incresse in left
sideslip.

B. APPLICABLE PARAMETERS

de

4B

C. F-l4 CHARACTERLSTICS

Side force characteristics flight test data are not available for any
flight phase of the F-L.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

The only comments available are from References N1 and NL, Reference
N1 states that:
o "Side force characteristics of the model FLH-1 airplane are accep-
table throughout the flight envelope of the airplane.,."

Reference WL =adds:

o "...above 1.2 IMN.,,an increase in right sideslip angle was accom~

panied by an increase in left bank angle. BSince both the attainable sideslip

angle and accompanying bank angle were very small the fiying qualities of the

airplane were not degraded. The side force characteristics are acceptable.”

E, DISCUSBION

Data available are insufficient to permit evaluation of this requirement.

However, the requirement seems reasonable as written.
F. RECOMMENDATIONS

None.
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3.3.6.3 Rolling Moments in Steady Sideslips

A, REQUIREMENT

3.3.6.3 Rolling Moments in Steady Sideslips - For the sideslips of
3.3.6, left aileron-control deflection and force shall accompany left side-
slips, and right aileron-control deflection and force shall accompany right
sideslips. For Levels 1 and 2, the variatlon of aileron-control deflection
and force with sideslip angle shall be essentially linesar.

3.3.6.3.1 Exception for Wave—off (Go-around) - The requirement of
3.3.6.3 may, if necessary, be excepted for wave-off (go-around) if task per-
formance is not impaired and no more than 50 percent of roll control power
available to the pilot, and no more than 10 pounds of alleron-control force
are required in a direction opposite to that specified in 3.3.6.3.

3.3.6.3.2 Positive Effective Dihedral Limit - For Levels 1 and 2,
positive effective dihedral (right aileron control for right sideslip and
left ailercn control for left sideslip) shall never be so great that more
than T5 percent of roll control power available to the pilot, and no more
than 10 pounds of aileron-stick force or 20 pounds of aileron-wheel force
are required for sideslip angles which might be experienced in service
employment.

B. APPLICABLE PARAMETERS

Variation of aileron-control deflection and force with sideslip angle.

C. F-L4 CHARACTERISTICS

Evaluation data are available on the F-i4 for the clean configuration
and with limited external store loadings. Data are presented in Figures 1
{3.3.6.3) through 4 (3.3.6.3) for flight phases PA, (R, and CC covering the
Mach range from 0.30 to 1.35 at altitudes between 5,000 and 37,000 feet.

D. ©SUMMARY OF PILOT RATIKGS AND COMMENTS

References N1 and N4 offer the following comments without presenting
any quantitative data:
0 "Dihedral effect...is positive at all airspeeds below 1.2 IMN,
essentially neutral between 1.2 and 1.3 IMN and slightly negative above
1.3 IMN. The negative dihedral effect...is easily controllable with
lateral stick pressures rather than any noticeable stick displacement...and
...dces not detract from the flying gqualities or controllability of the air-
plane. The dihedral effect above 1.2 IMN is acceptable..." (E3), Reference
N1, FhHE-1.

Reference N4 essentially restated the above and added:
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o "Although the slight negative dihedral effect does not seriously
detract from the flying qualities and controllebility of the airplane, the
correction of this deficiency is desirable for improved service use." (EkL),
Reference N4, Fhi-1.
Quantitative data were provided in Reference Al along with the follow-
ing comment:
o "Dihedral effect...was positive in the subsonic region...neutral in
the lower supersonic region and became slightly negative as Mach number in-
creased...the slight negative dihedral effect did not seriously detract
from the flying qualities and controllability of the aircraft and was
acceptable." (EL) Reference Al, F-LC,
The data referred to in the above camment are presented for various
combinations of external stores, as follow:
Figure 1 (3.3.6.3)
Figure 2 (3.3.6.3)
Figure 3 (3.3.6.3)
Figure 4 (3.3.6.3)
E. DISCUSSION
3.3.6.3

The F-4 force and position gradient data is linear. The position

No External Stores

Hine MLU-10/B Landmines

Eleven BLU-1/B Napalm Bombs

Two Wing Tanks and Eleven M117 Bombs.

gradient becomes neutral at 1.2 - 1.3 Mach number and the force gradient
become neutral at 1.5 Mach number.

The authors agree with the desire to establish some lower limit on
dihedral effect, as discussed in Reference B2, Unfortunately, the rather
indefinite nature of the opinion attached to the data of Reference Al
does not assist in establishing a lower limit. The F-4 pilots do confirm
that slightly negative dihedral effect, as in Figure 1 (3.3.6.3), though
undesirable, is acceptable (Ek). This indicates that possibly Level 2 and
certainly Level 3 flying qualities can be obtained with negative dihedral
effect.

3.3.6.3.1 and 3.3.6.3.2

No quantitative or qualitative F-U4 data are available to evaluate

these requirements.
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F. RECOMMENDATICHS

3.3.6.3
Add the following statement to paragraph 3.3.6.3:

"Vegative dihedral effect (left aileron-control deflection and force
with right sideslips) will be permitted for Levels 2 and 3 provided that the
resulting stick force characteristics are not objectionable.™

3.3.6.3.1
None.
3.3.6.3.2

one.
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3.3.7 Lateral-Directional Control in Crosswinds

A, REQUIREMENT

3.3.7 Lateral-Directional Control in Cross Winds - It shsall be possi-
ble to take off and land with normal pilot skill and technique in 90 degree
cross winds, from either side, of velocities up to those specified in Table
XI. Aileron-control forces shall be within the limits specified in 3.3.k4.2,
and rudder pedal forces shall not exceed 100 pounds for Level 1 nor 180
pounds for Levels 2 and 3. This requirement can ncrmally be met through
compliance with 3.3.7.1 and 3.3.7.2.

Table XI
Cross-Wind Velocity
Level Class Cross Wind
1 l 20 knots
and
2 0,1, &I 30 knots
Water-based 20 knots
airplanes
3 All One-half the values
for Levels 1 and 2

B. APPLICABLE PARAMETERS

Aileron and rudder control forces in cresswinds.

C. P-4 CHARACTERISTICS

The only tests directly applicable to the reguirement are in References

N1C0 and N19, which evaluated approach flying qualities with asymmetric store

configurations,

D, SUMMARY OF PILOT RATINGS AND COMMENTS
o] "Insufficient surface winds during the evaluation precluded the
determination of maximum crosswind limitations. Crosswind approaches and
landings were acceptable for emergency conditicns with asymmetric loads with
adverse wind components of 12 and 8 kts (from the direction of the unloaded

wing)...(C6)." Reference N10, F-LB,
o "Landing approaches were conducted in various combinations of load-

ings, flap settings, crosswinds, pattern directions, and simulated single-
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engine conditions. The most comfortable conditions encountered for any
loading were 1/2 flap approaches with a crosswind on final from the same

side as the asymmetric load and with pattern turns into the heavy wing.

The most adverse conditions encountered were single engine approaches with
the inboard engine [sic] coperating and with a crosswind on final from the side
opposite the heavy wing. At normal landing fuel weights (2,500 1b) [with
asymmetric loads in excess of 300,000 in.-1b)] approach handling characteris-
tics were satisfactory at 170 kt., acceptable at 160 kt, and only acceptable
under ideal conditions at 150 ki, Approach characteristics at airspeeds less
than 150 kt were considered dangercus (C9)}. Qualitative opinions of approsach
characteristics [with around 234,000 in-1b loading] were generally the same
for sirspeeds 10 kit less than those mentioned above. To ensure acceptable
flying qualities for emergency field landings with asymmetric loadings in
service, it is recommended that approaches be conducted at sirspeeds for 19
units AOA [normal approach angle of attack] but with the flaps set at 1/2
instead of full. The roil response for a given airspeed is essentisally the
same regardless of flap setting, but the airspeed for 19 units AOA with 1/2
flaps ig approximately 10 kt higher than the corresponding full flap approach
speed. The higher airspeed will result in better contrel during landing
approaches and, with asymmetric loads in excess of 300,000 in-1b "on-speed"
will be at least 150 kt."

"The approach handling characteristics noted for various airspeeds are
applicable for the loadings tested up to crosswinds of 10 kt from the side
cpposite the heavy wing. However, i1f possible, a runwey should be selected
such that the crosswind is from the same side as the heavy wing. The air-
plane should then be landed on the downwind side of the runway because the
advantages of the crosswind from the heavy wing side are reversed during
landing roll-out..." Reference N19, F-kJ.

E. DIscCussIon

Available data do not permit evaluation of either the crosswind
velocity or control force limitations of this requirement.

F. RECOMMENDATIONS

None.
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3.3.7.1 Final Approach in Cross Winds

A. REQUIREMENT

3.3.7.1 Final Approach in Crosg Winds - For all alrplasnes except land-
based aslrplanes equipped with cross-wind landing gear, or octherwise
constructed to land in a large crabbed attitude, rudder and aileron-control
power shall be adeguate to develop at least 10 degrees of sideslip (3.3.6)
in the power approach with rudder pedal forces not exceeding the values
gpecified in 3.3.7. For Level 1, aileron control shall not eXxceed either
10 pounds of force or T5 percent of control power available to the pilot.
For Levels 2 and 3, aileron-control force shall not exceed 20 pounds,

B, APPLICABLE PARAMETERS

Aileron and rudder control deflections and forces required to obtain
ten degrees of sideslip in the PA configuration.

C. F-4 CHARACTERISTICS

As previously discussed in 3.3.6.1, References Al and AT present
rudder pedal forces required to maintain steady sidelips with verious ex-
ternal store configurations. The Figures presented under 3.3.6.1 exhibit
asymmetric rudder force characteristics (apparently due to a slight direc-
tional trim offset) so that a given sideslip angle is attained with a
different force depending on the direction of sideslip. ©Since the concern
in this paragraph is with maximum forces, the largest pedal force required
to develop the given sideslip, left or right, is presented. In a number of
cases ten degrees was not attained in the test, and in cne case hinge moment
limiting has precluded reaching ten degrees. Further, ten degrees of side-
slip has frequently been obtained in a region where the force/sideslip
relation is non-linear. 7For these reasons, the lateral stick forces and
deflections and the-rudder forces were evaluated at both eight degrees and
tern degrees of sideslip. These data are tabulated in Table I (3.3.7.1).

D, SUMMARY OF PILOT RATINGS AND COMMENTS
o "The test method used was to apply rudder control while holding
a constant ground track by varying bank sngle...static directioral stabi-
lity was satisfactory." Reference Al, F~4C. This evaluation ineluded
the clean aircraft and some external store configurations.

o "...in the low altitude - low speed range of the flight envelope...
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static directional stability was satisfactory." Reference A2, RF-4C., This
evaluated the aircraft in the PA configuration with nc flaps, half flaps and
full flaps.
¢ Mgtatic directional stability was satisfactory throughout the
operational envelope." Reference AT, F-AE.

E. DISCUSSION

Maximum Sideslip Values

F-4 pilot opinions are not specifically related to cross-wind capability.
However, the sbsence of any complaints tc the effect that the F-4 has limited
eross wind capability in the PA configuration implies that the inability of
the F-L4 to attain a full ten degrees of sideslip in the PA configuration is
not of great concern to the pilot. The fact that the pilot ratings =all
represent Level 1 flying qualities is certainly at variance with Reference
B2 which describes ten degrees as a bare minimum, i.e., presumably a Level 3
"floor." Because eight degrees of sideslip were attained irn all cases except
an asymmetric loading case, this figure seems more reasonable as a minimum
sideslip requirement for Level 1 flying qualities.

Rudder Forces

The rudder forces specified in 3.3.7 are 100 pounds maximum for Level
1 and 180 pounds for Levels 2 and 3. The data peint at 240 pounds rudder
force from Reference AZ was obtained in the hinge moment limited region and
50 need not be considered in verifying the specified force levels. The
highest force obtalned below the hinge l1limit for this flight condition was
around 150 pounds at a sideslip angle of 6.5%, and was obtained with the
flaps up, which is not a recommended PA configuration., This suggests that
the rudder force of 190 pounds from the same Reference might be disregarded.
Even sc the Level 1 ratings, however guestionsble, assigned to the rudder pedal
forces of 190 and 240 pounds, cast some doubt on the specification require-

ment, which would place these force levels cutside Level 3.

Neglecting the two data points discussed above, the maximum rudder
force at a sideslip angle of ten degrees is 125 pounds, and at eight degrees

is 115 pounds. Although F-4 data do not suggest that these maxima are
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necessarily borderline, they do indicate that the rudder force level might

be increased to 120 pounds &t eight degrees of sideslip for lLevel 1 Flying

Qualities, with considerably better justification than that offered for the
present requirements in Reference BZ.

The Level 3 boundary for rudder forces should be determined by either:

(a) considerations of some minimum control harmony, or;

(b) some reasonable maximum effort within the physical capability of

the pilot,

No information is available on the first item. The second consideration
depends on the "average" pilot and the pilot/control geometry. For the F-k
the figure is approximately 300 pounds. OSince the sideslip angle specified
is virtually the maximum attainable by the F-4 in the PA configuration, it
follows that the rudder deflection and, hence, force are maxima. Therefore,
a figure of 300 pounds seems reasonable as the maximum for Level 3.

Aileron Contrcl Force

Most lateral stick forces are below ten pounds. The fact that cne force
level was measured at 1l pounds is not sulfficient Jjustification te recom-
mend a change in the specification, although nothing in the F-4 results
suggests that higher forces would not be rated Level 1. F-4 experience
provides no background to the Level 2 and 3 requirements.

Aileron Control Power

Seventy-five percent of lateral control deflection is 22.5 degrees for
the F-I. This correlates well with the test data, although, as for the
forceg discussed above, there is no indication that higher deflections
would not be rated Level 1,

F. RECOMMENDATIONS

The requirement should be re-written to read:

"3,3.7.1 Final Approach in Cross Winds - For all airplanes except land-

based airplanes equipped with cross wind landing gear, or otherwise con-
structed to land in a large crabbed altitude, rudder and aileron-control
power shall be adeguate to develop, for Level 1 Flying Qualities, eight
degrees of sideslip (3.3.6) in the power approach. The corresponding rudder
pedal forces shall not exceed 120 pounds for Level 1, 180 pounds for Level

2, and 300 pounds for Level 3. The aileron control force shall not exceed
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10 pounds of force or 7% percent of control power available to the pilot
for Level 1 and aileron-control force shall not exceed 20 pounds for

Levels 2 and 3."
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3.3.7.2 Takeoff Run and Landing Rollout in Cross Winds

A. REQUIREMENT

3.3.7.2 Takeoff Run and Landing Rollout in Cross Winds - Rudder and
aileron-control power, in conjunction with other normal means of control,
shall be adequate to maintain a straight path on the ground or cther landing
surface. This requirement applies in calm air and in cross winds up to the
values specified in Table XTI, with cockpit control forces not exceeding the
values specified in 3.3.7.

B, APPLICABLE PARAMETERS

Rudder and aileron deflections and other means of control required
during takeoff run or landing rollout in cross winds.

C. F-4 CHARACTERISTICS

The F-4 has been evaluated with and without nosewheel steering. A
drag chute can be deployed if required, and this influences landing rollout
handling.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

° "Directional control during the landing ground roll was good. Most

landing rolls were easily controlled with rudder and differential braking.
Nosewheel steering had to be used on a few occasions when maximum antiskid

braking wes used. Heading control was excellent using these techniques."
Reference Al, F-LC,

® '"Directional control of the esirplane during landing rollout in

crosswind conditions up to 25 kt. is adequate with use of differential
braking below rudder effectiveness speeds and has been made much less
demanding by the incorporation of nosewheel steering. The deployment of the
drag chute in cross winds above 15 kt. was not recommended since the drag
chute added to the already strong weathercocking characteristices of the air-
plane. Landings with the drag chute deployed during rolicut were made in
crosswind components up to 20 kt. and directicnsl contrcl was adequately
maintained by use of differential braking ana/cr ncsewheel steering. The
force and deflection feel of the wheel brake system is pcor since a small
pedal deflection and a relatively steep force gradient is present when
inereasing braking action. This makes accurate selection of different wheel

braeking levels during landing rollout difficult. Ccrrection of this

deficiency is desirable for improved service use." Reference Nk, FLH-1F.
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? "The girplane tends to 'weathercock' into the wind during normsl
landing rollouts especially with the drag chute deployed. This characteris-

tic was aggravated during landing rcllout with an asymmetric loading condi-
tion with cross winds from the same side as the heavy wing. The vertical
tail, the drag chute and the higher drag on the upwind wing all tend to
turn the airplane into the wind. This tendency can be satisfactorily
countered, however, with rudder and alleron opposite to the wind direction
‘and with nosewheel steering as a last resort.” Reference N19, F~UT,

E. DISCUSSION
Reference N4 indicates that satisfactory F-4 handling qualities can be

cbtained in a 15 kt. cross wind and that control is adequate in 20 kt. cross
winds. The required cross wind values, as explained in Reference B2, are a
function of the prcbabilities of occurrence at various locations of interest
to the USAF, and so the remarks of Reference N4 should not be used as a
validation of the requirements.

F. RECOMMENDATIONS

None
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3.3.7.2.1 Cold- and Wet-Weather Operation

A. REQUIREMENT

3.3.7.2,1 Cold- and Wet-Weather Operstion - The requirements of

3.3.7.2 apply on wet runwgys for all airplanes, and on snow-packed and icy
runvays for airplanes intended to operate under such conditions. If com=
pliance is not demonstrated under these adverse runway conditions, direc-
tional control shell be maintained by use of aerodynamic controls alone at
all airspeeds ebove 50 knots for Class IV airplanes and above 30 knots for
all cthers. For very slippery runweys, the requirement need not apply for
cross~wind components at which the force tending to blow the airplane off
the runwsy exceeds the opposing tire-runway frictional force with the tires
supporting all of the airplane's weight.

B. APPLICABLE PARAMETERS

Rudder and aileron power and nosewheel steering effectiveness on wet
runways.

C. F-4 CHARACTERISTICS

Reference A10 is a refused takeoff and landing rollout wet runway
evaluation of the F-4, Though chiefly concerned with performance charac-
teristics, some comments are pertinent to this paragraph.

D. SUMMARY OF PILOT RATINGS AND COMMENTS
o "Vérious means of directional contrcl were evaluated during the wet
runway refused takeoff...and landing tests. The rudder alone was generally
effective in providing directional control above 100 knots IAS provided
there was little or no crosswind."

"lose gear steering provided the most positive means of maintaining
directional control."

"The aircraft had a tendency to fishtail in the speed range of 70-90
KIAS. This fishtailing was disconcerting to the pilct and the aircraft
could not be adequately controlled using differential braking or rudder.
Differential aileron/spoiler action further aggravated the fishtailing
tendency,"

"The drag chute provided the most effective means of initially decelera-
ting the aircraft on a wet runway. With a crosswind the drag chute tended
to yaw or weather~vane the aireraft into the wind. HNose gesar steering pro-
duced the only adeguate means of retaining positive control of the alrcraft

under these conditions. No nosewheel skidding was quallitatively observed...
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Nose gear steering should be engaged immediately after touchdown." Reference
A10, RP-LC.

E. DISCUSSICHN

Peragraph 3.3.7.2 allows "other normal means of control" for compliance
which for the F-4 refers to nosewheel steering. According to the above com-
ment, nosewheel steering is reascnably effective except for the transient
fishtailing between TO and 90 knots IAS. However, the F-4 evaluations do
not indicate whether the aircraft meets the crosswind requirements of Table
¥I. Therefore, F-4 experience does not indicate whether 50 knots is a rea-
sonablie minimum requirement for the speed at which aerocdynamic controls
should be effective if the aircraft can not meet the requirements of 3.3.7.2.

F. RECOMMENDATIONS

None.

361



3.3.7.2.2 CARRIER-BASED AIRPLANES

A.  REQUIREMENT

2.3.7.2.2 Carrier-based airplanes. All carrier-based airplanes
shall be capable of maintaining a straight path on the ground with-
out the use of wheel brakes, at airspeeds of 30 knots and above,
during takeoffs and landings in a 90-degree cross wind of at least
10 percent VS(L). Cockpit control forces shall be as specified

in 3.3.7.

B. APPLICABLE PARAMETERS

Rudder and aileron control forces during takeoffs and landings in
cross winds.,

C. F-4 CHARACTERISTICS

Vo P-4 data are available concerning this requirement.
D, BSUMMARY OF PILOT RATINGS AND COMMENTS

None.

E. DISCUSSICN

None.

F. RECOMMENDATION

None.

362



3.3.7.3 Taxiing Wind Speed Limits

A. RHEQUIREMENT

3.3.7.3 Taxiing Wind Speed Limits - It shall be possible tc taxi at
any angle to a 35-knot wind for Class I airplanes and to a 45-knot wind for
Class II, III, and IV airplanes.

3. APPLICABLE PARAMETERE

Taxiing characteristics in 45-knot crosswind.

C. F-h CHARACTERISTICS

The F-4 has been evaluated with and without nosewheel steering, as
mentioned below. HNo strict evaluation of the reguirement is possible.

D. BSUMMARY QOF PILOT RATINGS AND COMMENTS
o "The airplane was taxied in 90° crosswinds up to 25 kt. and has a
tendency to weathercock into the wind. Directional control could be main-
tained while taxiing in a crosswind with differential engine thrust: how-
ever, taxi speeds then became excessive and differential braking was
reguired for directional conirol...Nosewheel steering is mandatory for
satisfactory service use." Reference N1, Flil-1.
o] "Nosewheel steering was incorporated...Ground handling has been
greatly improved, particulariy at high gross weights. Precise control of
the airplane is easily attained, and close quarter maneuvering and cross-
wind taxiing presents no difficulty." Reference Wi, FLH-1/1F.

E. DISCUSSICN

Available data dc not permit evaluation of the L5 knot crosswind
reguirement for Class IV airplanes.

F. RECOMMEWDATIONS

Hone.
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3.3.8 Lateral-Directional Control in Dives

A. FEREQUIREMENT

3.3.8 Lateral-Directional Control in Dives - Rudder and aileron con-
trol power shall be adequate to meintain wings level and sideslip zero,
without retrimming, throughout the dives and pullouts of 3.2.3.5 and 3.2.3. 6
In the Service Flight Envelope, aileron control forces shall not exceed 20
pounds for propeller~driven airplanes nor 10 pounds for other airplanes.
Rudder pedal forces shall not exceed 180 pounds for propeller-driven air-
planes nor 50 pounds for other airplanes.

B. APPLICABLE PARAMHETERS

Ailercn control and rudder pedal forces during dives and pullouts.
C. F-4 CHARACTERISTICS

Ko P-4 data are available concerning this requirement.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

None,

E. DISCUSBION

Nene,

F. RECOMMENDATION

None
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3.3.9 Lateral-Directional Control with Asymmetric Thrust

A. REQUIREMENTS

3.3.9 Lateral-Directional Control with Asymmetric Thrust -~ Asymmetric
loss of thrust may be caused by many factors including engine failure, inlet
unstart, propeller failure, or propeller-drive failure, Following sudden
asymmetric loss of thrust from any factor, the airplane shall be safely con-
trollable. The requirements of 3.3.9.1 through 3.3.9.4 apply for the
appropriate Flight Phases when any single failure or malperformance of the
propulsive system, including inlet or exhaust, causes loss of thrust on one
or more engines or propellers, considering also the effect of the failure or
maiperformance on all subsystems powered or driven by the failed propulsive
system,

3.3.9.1 Thrust Loss During Takeoff Run - It shail be possible for the
pilot tc maintain control of an airplane on the iakeoff surface following
sudden loss of thrust from the most critical factor. Thereafter, it shall
be possible to achieve and maintain a straight path on the takeoff surface
without a deviation of more than 30 feet from the path originally intended,
with rudder pedal forces not exceeding 180 pounds. For the continued take-
off, the requirement shall be met when thrust is lost at speeds from the
refusal speed (based on the shortest runway from which the airplane is
designed to operate) to the maximum takeoff speed, with takeoff thrust
. maintained on the operative engine(s), using only elevator, aileron, and
rudder controls. For the aborted takeoff, the requirement shall be met at
all speeds below the maximum takecff speed; however, additional controls
such as nosewheel steering and differential braking maey be used. Automatic
devices which normally operate in the event of & thrust failure may be used
in either case,

3.3.9.2 Thrust Loss After Tskeoff - During takeoff, it shall be possi-
ble without a change in selected configuration to achieve stiraight flight
following sudden asymmetric less of thrust from the most critical factor at
speeds from Vpin(TO) to Vgpax(T0), and thereafter to maintain straight flight
throughcut the climb-out. The rudder pedal force regquired to maintain
straight flight with asymmetric thrust shall not exceed 180 pounds. Aileron
control shall not exceed either the force limits specified in 3.3.4.2 or 75
vercent of available control power, with takecff thrust maintained on the
operative engine(s) and trim at normal settings for takeoff with symmetric
thrust. Automatic devices which normally operate in the event of a thrust
failure may be used, and the airplane may be banked up to 5 degrees away
from the incperative engine.

B. APPLICABLE PARAMETERS
These qualitative requirements concern directional control with

asymmetric thrust.
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C. F-4 CHARACTERISTICS

The effect of single engine operation on stabllifty and control
characteristics was qualitatively evaluated in flight phase TO in Reference
N1 {Flli-1) and Reference N12 (F-LK). Corresponding quantitative data are
not available.

D, BSUMMARY OF PILOT RATINGS AND COMMENTS

The following ccmment was provided in Reference N1 after an evalustion
of single engine characteristics on the FUH-1:
© '"Directional control is easily maintained with rudder in configura-
tion TO (CRT) trimmed at 140 kt. during simulated engine failure. The
directional trim change 1s not significant and is readily trimmed out.
Single engine stability and control characteristics ere satisfactory."

Reference N12 provided the follcowing comment during an asymmetric
thrust evaluation of the F-LK:
° "pAsymmetric thrust characteristics were qualitatively evaluated in
configuration TO...by retarding cne engine to the IDLE detent. The asymme-
tric thrust characteristics were excellent. Considerably less directional
trimning was required for balanced flight than is necessary with P-LB air-
planes." Reference N12, F-LK,

B, DISCUSSION

3.3.9, 3.3.9.1, and 3.3.9.2

Qualitative requirements such as these are difficult to validate. How-
ever, no change can be suggested and the requirements are considered adeguate
as written.

F. RECOMMENDATION

3.3.9

None.

3.3.9.1

done,

3.3.9.2

None.,
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3.3.9.3 Transient Effects

A. REQUIREMENTS

3.3.9.3 Transient Effects - The airplane motions following sudden
asymmetric loss of thrust shall be such that dangerous conditions can be
avolded by pilot corrective action. A realistic time delay (3.4.9) of at
least 1 second shall be considered.

B. APPLICABLE PARAMETERS
Airplane motions folliowing sudden asymmetric loss of thrust.
C. F-L CHARACTERISTICS
Limited evaluations of the effect of sudden asymmetric thrust loss
have been conducted on the F-4 in flight phases CR and C0O, Figure 1(3.3.9.3)

presents a time history of an asymmetric afterburner concellation.
D. SUMMARY OF PILOT RATINGS AND COMMENTS

Reference Wi evaluated thrust loss in flight phase CR and concluded:
° "Complete loss of power on one engine at any airspeed results in a
mild yaw which is easily counteracted with rudder or rudder trim." (E2),
Fiii-1, Reference NL.

Reference N17 provided the following comment during the Phase II NPE
(lavy Preliminary Evaluation) of the F-LK:
© "Phe single engine characteristics were investigated in configura-
tion CC at 1.88 M and 40,000 ft...with thrust set at maximum afterburner on
both engines, the left throttle was retarded to the military position.
Although only 3° of sideslip resulted, the yaw was uncomfortable (Ch.5),
The airplane was controllable and the yaw was immediately eliminated by
reducing the thrust on the opposite engine to military." Reference N17, FhK.

A time history of this maneuver is presented in Figure 1 (3.3.9.3).

E, DISCUSSICN

The P-4 data substantiate the need for this requirement, which is con-
sidered adeguate as written.

F. RECOMMENDATIQON

None,
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3.3.9.4 Asymmetric Thrust-Rudder Pedals Free

A. REQUIREMENT

3.3.9.4 Agymmetric Thrust-Rudder Pedals Free - The static directional
stability shall be such that at all speeds above 1.4 Vpin, with asymmetric
loss of thrust from the most critical factor while the other engine(s)
develop normel rated thrust, the airplane with rudder pedals free may be
balanced directionally in steady straight flight. The trim settings shall
be those reguired for wings-level straight flight prior to the fallure.
Aileron-control forces shall not exceed the Level 2 upper limits specified
in 3.3.4.2 for Levels 1 and 2 and shall not exceed the Level 3 upper limits
for Level 3,

B. APPLICABLE PARAMETERS

Static directional stability following asymmetric thrust loss.
C. F-4 CHARACTERISTICS

Ho F-4 data are available concerning this requirement.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

None.

®. DISCUBSSION

None,

F. RECOMMERDATION

None,
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3.3.9.5 Twe Engines Inoperative

A, REQUIREMENT

3.3.9.5 %wo Engines Inoperative - With any engine initially faiied,
it shall be possible upcn failure of the most critical remaining engine to
stop the transient motion at the one-engine-out speed for maximum range, and
thereafter to maintain straight flight from that speed to the speed for
maximum range with both engines failed. In addition, it shall be possible
to effect a safe recovery at any service speed above Vomin(CL) following
sudden simultaneous fajlure of the two critical feiling engines,

B. APPLICABLE PARAMETERS

Adrplane control with two engines incperative.
C. F-4 CHARACTERISTICS

This requirement does not apply to the F-k,

D, SUMMARY QF PILOT RATINGS AND COMMENTS
None,

E. DISCUSSION

Hone.

F. RECOMMENDATION

None.
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3.4 Miscellaneous Flying Qualities

A. REQUIREMENT

3.4 Miscellaneous Flying Qualities

3.4.1 Approach to Dangerous Flight Conditions - Dangerous conditions
may exist where the airplane should not be flown. When approaching these
flight conditions, i1t shall be possible by clearly discernible means for
the pilot to recognize the impending dangers and take preventive acticn.
Final determination of the adequacy of all warning of impending dangerous
Tlight conditions will be made by the procuring activity, considering
functional effectiveness and reliability. Devices may be used to prevent
entry to dangerous conditions only if the criteria for their design, and
the specific devices, are approved by the procuring activity.

3.%.1.1 Warning and Indication - Warning or indication of approach to
a dangercus condition shall be clear and unambiguous. For example, & pilot
must be able tc distinguish readily among stall warning (which requires
pitching down or increasing speed), Mach buffet (which may indicate a need
to decrease speed), and normal airplane vibration (which indicates no need
for pilot action). If a warning or indication device is required, func-
tional failure of the device shall be indicated to the pilot.

3.4,1.2 Preventicn ~ As a minimum, dangerous-condition-prevention
devices shall perform their function whenever needed, but shall not limit
flight within the Operatioconal Flight Envelope. Hazardous operation, normal
or inadvertent, shall never be possible. For Levels 1 and 2, neither
hazardous nor nuisance operation shall be possible.

B, APPLICABLE PARAMETERS

(1) Qualitative evaluation of indicaticn of approach to dangerous

flight conditicns.

(2) Operation of dangerous-condition-prevention devices.

C. FP-lI CHARACTERISTICS

F-b data pertinent to these qualitative requirements are presented
in 3.4,2,

D, SUMMARY OF PILOT RATINGS AND COMMENTS

Nene.

©. DISCUSSION

The requirement appears reasonable as written.

F. RECOMMENDATION

None.
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3.4.2 gtalls
A. REQUIREMENT

3.4.2 8talls - The requirements of 3.4.2 through 3.4k.2.4.1 are to
assure that the airflow separation induced by high angle of attack, which
causes losg of aerodynamic 1lift or control sbout any one axis, does not
result in a dangerous or mission-limiting condition. The stall is further
defined in terms of speed and angle of attack in 6.2.2 and 6.2.5, respec-
tively.

3.4.2,1 Required Conditions - The requirements for stall characteris-
tics apply for all Airplane Normal States in straight unaccelerated flight,
and in turns and pullups with normal acceleration up 1o noygx. Specifically,
the Airplane Normal States associated with the configurations, throttie
settings, and trim settings of 6.2.2 shall be investigated; also, the require-
ments apply to Airplane Fallure States that affect stall characteristies.

3.4.2.2 Stall Warning Requirements - The stall approach shall be
accompanied by an easily perceptible warning. Acceptable stall warning for
all types of stalls consists of shaking of the cockpit coantrols, buffeting
or shaking of the airplene, or a combination of both. The onset of this
werning shall occur within the ranges specified in 3.%.2.2.1 and 3.4.2.2.2
but not within the Operational Flight Envelope. The increase in buffeting
intensity with further increase in angle of attack shall be sufficiently
marked to be noted by the pilot. This warning masy be provided artificially
only if it can be shown that natural stall warning is not feasible. These
reguirements apply whether Vg is as defined in 6.2.2 or as followed in
3.1.9.2.1.

3.4.2,2,1 Warning Speed for Stalls at lg Normal 1o the Flight Path -
Warning onset for stalls at lg normal to the flight path shall occur
between the following limits:

Flight Mipnimum Stall Warning Maximum Stall Warning

Phase Speed Speed

Approach Higher of l.OSVS or Higher of 1.10V_ or
VS + 5 knots VS + 10 knots

All Other Higher of 1.05V, or Higher of 1.15V_ or
VS + 5 knots VS + 15 knots

3.4.2.2.2 Warning Range for Accelerated Stalls - Onset of stall
warning shall occur outside the Operaticnal Flight Envelope associated with
the Airplane Normal State and within the following angle-of-attack ranges:
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Flight Minimum Stall Warning Maximum Stall Warning

FPhase Angle of Attack Angle of Attack
Approach Gy + 0.82 (us - ao) o + 0.90 (as - aO)
A11 Other o *+ 0.75 (as - ao) o, + 0.90 (us - ao)

where o  is the stall angle of attack and o, is the angle of attack for
zero 1ift (ag is defined in 6.2.5; ap may bé estimated from wind-tunnel
tests).

3.4.2.3 Stall Characteristics - In the unaccelerated stalls of
3.4.2,1, the airplane shall not exhibit uncontrollable rolling, yawing, or
downward pitching at the stall in excess of 20 degrees of Classes I, IT,
and III, or 30 degrees for Class IV airplanes. It is desired that no pitch-
up tendencies cccur in unaccelerated or accelerated stalls. In unacceler-
ated stalls, mild nose-up pitch may be acceptable if no elevator control
force reversal occurs and if ne dangerous, unrecoverable, or objectionable
flight conditions result. A mild nose-up tendency may be acceptable in
accelerated stalls if the operational effectiveness of the airplane is not
compromised and:

(a) The airplane has adequate stall warning.

(b} Elevator effectiveness is such that it is possible to stop the
pltch-up promptly and reduce the angle of attack, and

(c) At no point during the stall, stall approsech, or recovery does
any porticn of the airplane exceed structural limit loads.

The requirements apply to all stalls resulting from rates of speed reduc-
tion up to 4 knots per second. The stall characteristics will be considered
unacceptable if a spin is likely to result.

3.4.2.4 Stall Recovery and Prevention - It shall be possible to pre-
vent the complete stall by moderate use of the controls at the onset of the
stall warning. It shall be possible to recover from a complete stall by
use of the elevator, aileron, and rudder controls with reasonable forces,
and to regain level flight without excessive logs of altitude or buildup of
speed. Throttles shall remain fixed until speed has begun to increase when
an angle of attack below the stall has been regained. In the straight-flight
stalls of 3.4.2.1, with the airplane trimmed at a speed not greater than 1.h
Vs and with a speed reduction rate of at least 4.0 knots per second, eleva-
tor control power shall be sufficient tc recover from any attainable angle
of attack,

3.4.2.4,1 One-Engine-Out Stalls - On multi-engine airplanes, it shall
be possible to recover safely from stalls with the critical engine inopera-
tive, This requirement applies with the remaining engines at up to thrust
for level flight at 1.4Vg, but these engines may be throttled back during
recovery.
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B. APPLICABLE PARAMETERS

These requirements are generally qualitative in rature and involwve
evaluation of the stall, stall approach, stall warning and recovery charac-
teristics in all normal and all significant failure states. In addition,
an abgolute stall warning margin is established for both lg and accelerated
stalls.

C. P-4 CHARACTERISTICS

Numerous evaluations of the stall/near stall characteristics of the
various models of the F-4 have been conducted in recert years. The early
investigations tended to provide a rather superficial analysis along with
a lenient qualitative evaluation. The more recent investigations, on the
other hand, have provided a much more thorough evaluation of all phases of
the stall and a detailed evaluation of the low speed, high angle of attack
handling qualities.

This valldation will concentrate on these more current evaluations;
most notable are: (1) References A5, AT, and A8, Category II stability and
control evaluations of the ¥-4C and F-4E, (2) Reference A3, an extensive
evaluation of the stability and control characteristics of the F-LC with
various external store loadings, (3) Reference N12, the phase II Navy Pre~
liminary Evaluation (WPE) of the F-4K, and (L) Reference N18, the BIS
Trials of the FP-UJ.

Generally the stall/near stall characteristics of the various models
of the F-4 in flight phases CR and CO., i.e., gear and flaps up, do not
differ significantly from each cther. As is typical of mest low aspect
ratio, swept wing sairplanes, stall in this configuration is not well defined -
1lift reaches & local maximum at approximately 18 to 20 degrees angle of
attack but then continues to increase with increasing angle of attack.
Stall in the F-4 is generally considered to be the point where "nose slice"
(divergent lateral-directional oscillation) occurs. This is generally pre-
ceded by a wide band of buffet, nose rise, and finally, wing rock, a lateral
oscillation which generally takes place just prior tc "nose slice."

The stall/near stall characteristies in the high 1ift configurations
(flight Phases PA, TO, & W0} are a function of both aerodynamic and engine

characteristics. The F-4J incorporates aileron droop and a retracted
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inboard leading edge flap which results in some differences in stall/near
stall characteristics; nose rise is slightly more pronounced, with wing
rock somewhat milder. The effect of engine operation is evident on the
F-4K and F-LUM which replace the J-79 engine with the Rolls Royce Spey
turbofan engine., The engine, in addition to providing a thrust component
in the 1ift direction, also provides air for boundary layer control (BLC)
operation, For a given airspeed, an increase in power increases the BLC
momentum coefficient, thereby increasing the maximum 1lift coefficient. The
F-UK/M stalls are generally milder than experienced in other models of the
F-U, and have less pronounced wing rock. Artificial stall warning is pro-
vided by a rudder pedal shaker which is activated at a predetermined indi-
cated angle of attack, This system was incorporated to provide stall
warning in the high 1ift configurations where little or no buffeft is
experienced prior to nose rise/wing rock/or nose slice. It was anticipated
that, in the clean configuration, normal airplane buffet would provide
adequate stall warning. However, as indicsated in the following pilot
comments, aercdynamic buffet is not always suitable on the F-U4 because of
the wide buffet band which is not always repeatable and does not always
increase in intensity with stall approach. In addition, the buffet fre-
guently masks the rudder pedal shaker.

D. ©SUMMARY QF PILOT RATINGS AND COMMENTS

Reference A8 reported the results of a low speed handling qualities
evaluation conducted during the F-4E Category II Program.
o "Stalls and stall approaches were conducted in the PA and CR con-
figurations with various loadings and cg positions., One-g and accelerated
stalls...wereperformed using the following technique: For one-g stalls the
sircraft was trimmed at 1.4 Vg in level flight and the airspeed was reduced
at about 1-3 knots per second. For accelerated stalls the aim load factor
was established in a twrn and the airspeed was reduced while attempting to
maintain the aim load factor. Airspeed bleed rates for accelerated stalls
were generally greater than for one-g stalls; however, the lcad factor
normally dropped to below the aim value above approximately 19 units angle

of attack."
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"Stall characteristics observed are summarized in [Figure 1 (3.L.2)
through Figure 3 (3.4.2)]. Buffet onset and moderate buffet were noted
by pilot observations. Wing rock onset, heavy wing rock (greater than
+ 20 degrees of bank) and onset of nose slicing were determined by
measurements of bank angle and sideslip angle data. The omissicn of
symbols on buffet indicates that they did not occur during the maneuver.
As an example, referring to [Figure 1 (3.4.2)], moderate buffet was not
cbserved during PA configuration stalls and wing rock did not occur on scme
tests." Reference A8, F-LE, The scatter of the flight test data on Figure 1
(3.4.2) through Figure 3 (3.4.2) is primarily due to the non-repeatability of
the characteristics and partly due to the pilot's sensitivity to buffet and/or
lateral directional oscillation. Obviously this makes the various 'phases"
of stall approach rather difficult to define and analyze.

No specific pileot comments with regard tco stall were presented with
these data, however, Reference AT, commenting on high angle of attack
dynamic lateral directional stability ncted that:
o "At high angles of attack (outside the normal operaticnal envelope)
the Dutch roll mode was undamped and/or divergent. The undamped data..,
were obtained during what is commonly referred tc as wing rock which generally
occurred at AOA's between 2L and 30 units. The wing rock was encountered
with SAS either on or off and maximum bank angle excursions were as high
as T40 degrees. The roll SAS had little or no effect on reducing the
csecillations. Yaw SAS engagement generally reduced the oseillations and
increased the ACA at which the wing rock became divergent. The ratio of
bank to yaw (approximately 3) remained unchanged with SAS engagement."
Reference AT, F-L4E.

F-4C maneuvering flight characteristies with and without external
stores were evaluated during a Category II follow-on evaluation reported
in Reference A5. A qualitative and quantitative summary of accelersated
gtall characteristics in flight phase CR is presented below,

Ho External Stores

o "The aircraft could be maneuvered without difficulty to about 18

units angle of attack where light "wing rock" (5 degrees bank-to-bank),

coupled with small sideslip execursions, occurred. As angle of attack was
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increased beyond this point, wing rock became more violent {(approximately
15 degrees bank-to~-bank at 20 units angle of attack) and the sideslip
excursions became divergent. A time history showing this wing rock is
presented in [Figure &4 (3.4.2)], The aircraft was in heavy buffet at
this time. The rudder pedal shaker was actuated shortly after entering
heavy wing rock but could not be felt due to heavy airframe buffet."
Reference A5, F-UC.

With External Stores

o "...the aircraft was maneuvered to heavy buffet, which occurred at
approximately 18 units angle of attack...light wing rock was encountered at
approximetely 20 units angle of attack. Wing rock was never as violent with
externsl stores as it was without external stores, probably due to the added
inertia of the stores. Precision control of the aircraft was impossible
above 20 units engle of attack. The rudder shaker was actuated at approxi-
metely 22 units, but was completely masked by heavy airframe buffet. On
most maneuvers, a definite decrease in the buffet noise level was ncticed
at the point of noseup pitching tendency and just prior to lasteral-direc-
tional breakdown. Above 22 to 24 units, the aircraft nose began to oscillate
in yaw and large sideslip angles developed. Any aileron input at this point
produced a rapid roll-off in the direction opposite that commanded by the
lateral control input. The ailercns should not be used in an attempt to
countergct the rolloff but should be neutralized immediately tc prevent
a post-stall gyration." Reference A5, F-UC,

General comments on the stall warning characteristics of the F-4C from
the same report are summarized below.
) "Angle of attack indications gave the best stall warning when
maneuvering beyond the onset of heavy buffet. Buffet intensity did not
provide adequate stall warning. The aircraft had considerable control
margin even after the onset of heavy buffet, i.e., although heavy buffet
occurred at approximetely 18 units angle of attack for subsconic flight,
control could be maintained to approximately 25 units without any appre-
ciable increase in load factor or buffet intensity. The present rudder
pedal shaker is unacceptable as an accelerated stall warning device because

it is masked by heavy airframe buffet." Reference A5, F-4C.
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Reference A3 evaluasted the stall and stall warning characteristics of
the P-UC with an external store loading used by the Tactical Air Command
(TAC) for training missicns. This loading consists of:

(1) (2) 370gal. tanks on outboard wing stations.

{2) LAU-17 Pylon, TER and LAU-3/A Rocket Pod on left inboard

wing station.

(3) LAU-17 Pylon on right inboard wing station.

(L) 8SUU-21 Bomb dispenser on centerline station,

This evaluation generally reported the same characteristics as the F-U4(
category Il program:

o "During maneuvering flight tests with the TAC training leading,
heavy buffet occurred at approximately 18 units, the g-level remained
essentially constant, and light wing rock was encountered at approximately
20 units. Wing rock was never as pronounced with the TAC loading as with
no external stores. Buffet intensity did not provide adeguate gtall warn-
ing because the angle of attack could be increased well beyond heavy buffet
onset without proportiocnate increases in load factor and buffet intensity
.. .With the TAC training loading, the rudder pedal shaker signal was com—
pletely masked by airframe buffet."

"Stall warning characteristics were unacceptable at all c.g. locations
tested." Reference A3, F-LC,

A category II evaluation of the RF-4C, reported in Reference A2, pro-
vided some additional data and comments on stall approach characteristics:
o "Stalls in all configurations were characterized by a breakdown of
lateral-directional stability and control. During the test, stall approaches
were normally terminated whern the bank angle excursions and/cr yaw rate

increased sharply."

"Cruise configuration lg stall approaches were characterized by
gerodynamic buffet onset approximately 35 KCAS prior to lateral-directional
stability breakdown. Buffet increased steadily with decreasing speed and
became moderately heavy at the point of normal recovery. Recovery was rapid

and positive."

" Landing configuration lg stalls displayed no usable aerodynamic

buffet warning because of the heavy airframe buffet always present in this
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configuration...Actuation of the stall warning device preceded leteral-
directicnal breakdown by approximately 10 KCAS and was considered adequate
stall warning. Recovery was rapid and positive."

A summary of Normal (lg) stall data is presented in Table I (3.4.2)
Stall is considered as the point of lateral cor directional divergence.
Stall warning cccurred between 1.06 and 1.09 VS in the high iift configura-
tions and between 1.03 and 1.16 VS in the gear and flaps up configuration.

The following comment from the same report discussed accelerated stall
approach characteristics:

"Accelerated stall approaches at constant airspeed were accomplished
during windup turns. Characteristics were similar to those experienced in
lg stalls; however, when the stall approach was continued until roll tran-
sient excursions became violent the aircraft yawed and snaprolled to the
right...The addition of external stores reduced the roll rate asscciated
with the laterzl-directional stablility breakdown. BStall approach charac-
teristics of the aircraft were satisfactory." Reference A2, RF-UC.

Reference N18 reported the results of an evaluation of normal (lg) and
accelerated stalls conducted on the F-4J in flight Phases PA, CR, P, and
CO at wvarious airspeeds and between 5,000 and 38,000 feet altitude,

Flight Phase PA - Hormal and accelerated stalls at 10,000 feet:

o "The airplane stalled at 24-25 units AOA and the stall was charac-
terized by pitchup and a rapid increase in angle of attack. A time history
of a typical configuration PA normal stall is presented on [Figure 5 (3.4.2)].
This pitchup at the stall is objectionable since a dangercus deep stall can
occur uniess the pilot takes immediate corrective action (C6) .. ,Effective
recovery requires full forward stick and usually results in an excessive

loss in altitude., The altitude loss can be minimized by the application of
afterburner thrust and careful manipulation of longitudinal control; however,
the altitude loss following PA stalls was between 500 and 1,000 ft, and the
same or greater altitude losses can be expected in service use. The pitchup
tendency precludes accomplishment of the aircraft mission with a satisfac-
tory degree of safety...Ccrrection of this deficiency is mandatcry for

satisfactory service use."
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Flight Phase CR - Normal stalls at 15,000 feet:

"Tnitial stall warning appeared as light airframe buffet at 12-1k
units of angle of attack (AOA). The buffet occurred 40 kt above the stall
and increased gradually in intensity to heavy buffet immediately preceding
the stall, Artificial stall warning occurred at 21.3 units AQOA with the
actuation of the rudder pedal shaker. Lateral instability in the form of
wing rock occurred at 22 units AOA and increased in amplitude as the stall
was approached. Lateral control effectiveness was lost just prior to the
stall. The airplane stalled at 27-28 units AOA with a slight nose-up pitch.
Recovery could he immediately effected by placing the stick forward and
thereby reducing the angle of attack. The stall warnings were adequate
and are satisfactory for service use.”

Flight Phases CR, P, and CO -~ Accelerated stalls al various altitudes
(5,000 - 38,000 ft):

"The stall warnings were identical to those for normal stells and
occurred at the same AOA's. With rapid application of aft stick, the air-
plane could be stalled with little or no stall warning. The airplane could
also be stalled at indicated angles of attack less than 27 units due to lag
in the AOA indicator. In normal fleet use, operational considerations
require that the airplane be flown well into the buffet regime to obtain
optimum turning performance, and consequently airframe buffet loses signifi-
cance as stall warning. The rudder shaker is masked by heavy airframe
buffet. Hence, accelerated stall warning becomes lateral instability and
loss of lateral control effectiveness, and these may easily go unnoticed
by the pilot, Therefore, even though numercus characteristics exist which
could serve as stall warning, operational practices reduce their signifi-
cance, and inadvertent accelerated stalls are likely to occur freguently
in service. The situation is not intolerable, however, since the airplane
can be recovered from the stall immediately if the pilot places the stick
forward of neutral and maintains neutral aileron and rudder. However,
reduction of the wide buffet region would significantly improve the
accelerated stall warning characteristics.” Reference N18, F-4J.

Reference N19 evaluated stall characteristics of the drooped aileron
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F-4J in Flight Phases PA and PA {1/2) with asymmetric store loadings. The
outboard wing station asymmetric load varied between 1,767 and 2,516 pounds,
resulting in lsteral moments of 234,128 in-1b and 333,370 in-1lb, respec-
tively:

¢ "As the airspeed was reduced slowly below the normal approach

speed, an increasing amount of left lateral control was required to main-
tain wings level. In all the asymmetric lecadings, full lateral conirol was
necessary approximately 5 kt before reaching the minimum speed for accept-
able longitudinal flying qualities (24 units AOA). At 24 units ACA the
airplane rolled into the heavy wing, pitched nose up, and the stick force
lightened. Lateral control was usually regained about 10 kt above stall
speed. ©5tall recoveries were generally commenced just after full left stick
was applied so maximum AOA's experienced were 24 to 25 units. The stall
characteristics were unsatisfactory for normal operations because of the
pitchup combined with the roll intc the heavy wing (ce)., Symmetric-load
configuration PA stalls normally require 500 to 1,000 ft of altitude for
recovery. The r¢ll into the heavy wing during stalls with assymmetric loads
results in even greater altitude loss since the wings must be leveled prior
to initiating recovery to level flight." Reference N19, F-UuJ,

The Phase I NPE of the F-L4K (Reference N12) provided an evaluation of
normzl (lg) and accelerated stalls in Flight Phases TO, CAT, PA, PA (1/2),
WO, and WO (1/2):

o "TIn all configurations, the approach to the stall was characterized

by a light airframe buffet throughout the approach with no perceptible
change in intensity immediately preceding the stall (CL4.5). In configura-
tions TO, CAT, PA, and WO the stall was characterized by a nose-up pitch at
approximately 2L units AOA. During mcst of the stalls, the airplane rolled
off to the left; however, previous experience in drocped aileron F-LB/J air-
planes indicates that lateral characteristicsg vary between airplanes and are
not used as a criteria for stall definiticn in drcoped aileron F-U's.

Single engine stalls (one engine at IDLE) in configurations PA-1/2 and W0-1/2
were similar to PA and WO stalls except the wing on the "dead engine” side
became heavy during the approach to the stall and the airplane invariably

rolled in that direction at the stall. The artificial stall warning (rudder
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shaker) cccurred at 21.3 units AOA and precedes the stall by approximately
7 kt (106% VSPA)' This satisfies the requirements of [parasgraph 3.6.3 of
Reference Bl] and is acceptable."”

A time history of an appreach turn stall in configuration PA is pre-
sented in [Figure 6 {3.4.2)] to show the rapid increase in ADA past 24
units, and the positive action taken by the pilot to prevent further stall
penetration. The following comment is cffered:

"The F-UK airplane does not meet the requirements of [paragraph
3.6.4 of Reference Bl] since the nose-up pitch occurring at 2L units ACA
results in extreme nose high attitudes in the high-1ift configurations.
Correction of the longitudinal stick force lightening and nose-up pitch at
24 units AOA in the high-lift configurations is desirable for improved ser-
vice use." Reference N12, F-LK,

The Phase I NPE of the F-UM (Reference K13), evaluated stall charac-
teristics in the Flight Phases TO, PA, PA (1/2), and WO. Comments were,
in general, as follows:

0 "Aerodynamic stall warning was very weak and at some time negligible.
Light wing rocking {(¥5 degrees) generally occurred between 24 and 25 units
ADA. Artifiecial stall warning was provided at 22,3 units ACA by the rudder
pedal shaker...The stall cccurred at 25 units ACA and was characterized by
& nose-rise of approximately 5-8 degrees in conjunction with a rapid in-
crease in angle of attack to 30 units (pegged)."

"Correction of the...nose-rise at 25 units ACA in the high-1lift con-
figurations is desirable for improved service use. Wing rock intensity
normally increased to approximately 25 degrees during the fully developed
stall and continued throughout the initisl stage of recovery. On two
cccasions a deep stall was achieved with very little increase in wing rock.”

"All of the high-lift configuration stalls were considerably milder
than those previcusly experienced in cther model F-k4 aircraft. Since the
stall was so mild, and the sirplane casily decelerated below trim without
any cues to the pilot, stall warning, albeit artificial, must be sufficiently
early to warn the pilot of a low speed condition. Although the airplane met
the stall warning regquirement, {108% VSPA) an increase in the stall warning

margin is desirsble for improved service use."
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The fcllowing comments were offered regarding stall recovery:

"Stall recovery was accomplished either by applying forward stick
to decrease the angle-of-attack or by adding MIL thrust to accelerate out
of the stall region in a level flight attitude. Longitudinal control was
effective in decreasing nose atiitude, but was not effective enough to pre-
vent a steep nose-down attitude from occurring after the initial nose-down
pitching moment developed. Recovery by applylng forward stick resulted in
lecgs of altitude of 1,500-2,500 ft. The excessive altitude loss using
normal recovery control techniques is a deficiency the correction of which
is desirablie for improved service use. The application of MIL thrust while
maintaining a relatively level nose attitude permitted recovery from the
stall with a minimum Jloss of altitude. This technique will require precise
manipulation of longitudinal control at low altitudes and amidst wing rock-
ing, but is necessary to prevent excessive altitude loss., It is recommended
that stall recoveries in service be accomplished by the application of MIL
or MAX thrust while maintaining a relatively constant nose attitude to pre-
vent an excessive loss of altitude." Reference N13, F-iM.

A re-evaluation of the F-LiM (Reference N23) reported stall charac-
teristics essentially unchanged and further commented that:
o "In any opersational situation, nose rise must he considered the
peint of stall regardless of the fact that the alrplane can be 'flown’
a few knots slower, Accelerated stalls in configurations PA and PA-1/2
further emphasized this fact. In any stall approached with any noticeable
pitch rate, the nose rise occurred at 24 teo 25 units angle of attack, and
the angle of attack always increased rapidly to 30 units. The intermediate
position between nose rise and deep stall was never ncticed in any accele-
rated stall. Prior tc nose rise, no stall warnings cccurred except rudder
shaker, With moderate pitch rates, the ncse rise occurred so rapidly
following rudder shaker that the airplane can be considered to have nc
meaningful stall warning in configurations PA and PA-1/2. Essentially the
same results were reported for the F-4K and were considered satisfactory.
Since the possibility of an inadvertent stall has increased in the F-L4M as
a result of the apparent negative static and maneuvering Jongitudinal sta-

bility, the lack cf stall warning assumes even more significance. The
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stall warning characteristics of the F-4M in configurations PA and PA-1/2

remain unsatisfactory (C6)."

E. DISCUSSICK

Reference N23, F-LM.

The foregoing has been provided primarily to pcint out the stall/near
stall characteristics of a typical modern, high performance Class IV air-
plane.

A paragraph-by-paragraph discussion of the requirements is presented
below,

3.h.2

This introduction to the stall section is considered reasonable as
written.

3.h.2.1

Reasonable as written.

3.4.2.2

The F-4 experience emphasizes the need for an easily perceptible stall
warning, either naiural or artificial. As discussed previously, F-4 aero-
dynamic buffet is not suitable as stall warning because buffet intensity
does not always increase significantly as stall is approached. Further,
numerous F-4 complaints are documented that the artificial stall warning
provided on the F-4 (rudder pedal shaker) is unsatisfactory because it is
often masked by airframe buffet. The paragraph is considered adequate as
written.

3.4.2.2.1

Although pilots have often complained of lack of stall warning inten-
sity, only one report - Reference W13, F-4M - complained that normal (lg)
stall warning was not gsufficiently early. As summarized below, all other

reports substantiate the stall warning requirements of this paragraph:
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Reference Warning Specification
Model Report Flight Phase Bpeed Range Reguirement
RF-LC A2 PA 1.06-1.09 Vg 1.05-1.10 Vg
RF-4C A2 OTHER 1.03-1.16 VS 1.05-1.15 VS
P-LK N12 PA 1.06 Ve 1.05-1.10 Vg4
F-4B N8 OTHER 1.06-1.10 Vg 1.05-1.15 Vg
F-LB e} PA 1.05-1.10 VS 1.05-1.10 VS

Baged on the above, the stall warning requirements for stails lg normal
to the flight path are considered adequate as written.

3.h.2.2.2

As shown in Table II (3.4.2) the F-l stall warning occurs within the
required range. However, several reports have documented pilect complaints
that, during maneuvering flight, rapid stick inputs result in indicated
AOA lag sufficient to allow overshoot and reduce the stall warning margin.
Obviously an artificial stall warning which uses an ACA inpul only, such
as is used on the F-4, cannot be optimized for both maneuvering and 1g
flight. A statement should be added which prohibits lag in the stall sensing

system from compromising stall warning in accelerated stalls.

3.4,2.3

The lateral-directional oscillations experienced on the F-U4 during
stall/near stall evaluations generally approach ¥25° in roll and ¥10° in
yaw, which are within the limits established in this paragraph. The limits
as written are, therefore, considered reasonable,

The requirements on characteristics associated with permissible mild
nose-up pitch tendencies for unaccelerated and accelerated stalls are con-
sidered reasonable as written., However, it is noted that these requirements,
which are generally qualitative, are open to wide interpretations.

3.4,2.h

This requirement provides adegquate gualitative coverage of all areas of
stall prevention and recovery.

3.h.2.001

Validation of this paragraph 1s not possible due to lack of engine-cut
stall data.
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F. RECOMMENDATION

3.4.2

None

3.h2.1

None

3.h.2.2

Ncne

3.h.2.2.1

None

3.k.2.2.2

Add the following statement at the end of the paragraph:

"If stall warning is provided artificially, lag in the stall sensing
system shall not compromise stall warning for stalls resulting from rates
of speed reduction up to 4 knots per second."

3.4.2.3

None

3.4.2.4

None

3.h.2.400

None
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Aim Aim
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Symbol {Ib) {g) Symbol {Ib) {g)
0 37,000 1.0 O 42,900 1.0
] 36,600 1.0 o 42,700 1.0
A 36,200 15 (B g 42 500 1.0
O 35,400 2.0 '¢) 41,900 1.0
\v] 38,300 1.0 v 41,300 1.0
0 37,600 1.0 4 40,500 1.5
4 36,900 1.0 Z 39,500 1.5
N 36,700 1.0 Y 39,100 2.0
v 36,400 1.0 [ 38,400 15
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Production Angle of 30 0
Attack at Onset of ® a Y 0’
Wing Rock @)
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22 24 26 28 30 32

Aircraft CG Pasition (%¢)

Figure 1 {3.4.2})
Stall Approach Characteristics
Reference A8, F-4E — Flight Phase PA
No External Stores
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Aim Aim
Normal Normal
GW Load Factor GW Load Factor
Symbol {Ib) {g) Symbol {Ib) (g}
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Figure 2 (3.4.2)

Stall Approach Characteristics
Reference AB, F-4E — Flight Phase CR
No External Stores

Aircraft CG Position (%c)
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GW Load Factor
Symbol {Ib) {a)
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O 49,700 1.0
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Aircraft CG Position (%C)

Figure 3 {3.4.2)
S1all Approach Characteristics
Reference A8, F-4E — Flight Phase CR
Two 370 Gal. Tanks + Inb’d Pylons
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Figure 4 (3.4.2)
Accelerated Stal! Approach
Flight Phase CR - No External Stares
Reference A5, F-4C
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Altitude = 8,000 ft

GW=41,1901b
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130
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Figure 5 (3.4.2)
Normal (1g) Stall Time History
Reference N18 — Flight Phase PA
2 Sidewinder Missiles + 1 600 Gal. Centerline Tank
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Altitude = 10,500 ft
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Figure 6 (3.4.2)

Time History of an Approach Turn Stall
Reference N12, F-4K — Flight Phase PA
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3.4.3 Spin Recovery

A. REQUIREMENT

3.4.3 8pin Recovery - If spin demonstration 1s required by MIL-8-25015
or MIL-D-8T08, consistent prompt recoveries shall be possible from a1l modes
of incipient and fully developed erect and inverted spins, using controls as
regquired by the referenced specifications. If such controls include a spe-
cial spin recovery device, that device shall satisiy the following additicnal
reguiremsnts: reguired pilot acticn shall be easy, consistent, and simple;
the device shall be immediately reusable for several spins on the same
flight. Recovery control forces shall not exceed 250 pounds rudder, 75
pounds elevator, or 35 pounds aileron.

B, APPLICABLE PARAMETLRS

Control deflections and forces and aircraft characteristics during
recovery from incipient and fully develcoped ersct and inverted spins.

C. P-4 CHARACTERISTICS

The F-Ub provides a long history of extensive model tests, analytical
studies and flight test investigations to determine the spin and spin
recovery characteristics of the airplane. The chronology of early model
testing is summarized as follows:

(1) Free-spinning model tests - 1/30 scale.

(2) TForce and moment model tests - 5% scale.

(3) Auto-rotating wing tests - 13% scale.

(L) Free-flight spin model tests - 13% scals.
The 1/30 scale spin tests exhibited steep erect and inverted oseillatory
spin modes as well as a steady erect flat spin. These model tests revealed
that only the flat spin was not recoverable by use of aerodynamic controls.
Subseguently, a total of 38 free-flight 13% scale radic controlled model
drops were made. These tests demonstrated that although the flat spin
could be readily duplicated by pre-rotating the model with a pro-spin plate
attached to the wing, in all but one case stalled flight entries produced
steep oscillatory spins.

The original flight test spin evaluation program was begun in 1960 with
a formal spin demonstration program flown by the Contractor. This demonstra-
tion, which consisted of a total of 89 entries, evaluated right and left
spins, both erect and inverted as well as vertical entries over a wide range

of Mach number, c.g. positicn, load facter, and sititude. A1l developed
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spins exhibited a steep oscillatory mode which responded readily to the
Contractor's recommended recovery control technigue. The test airplane
was subsequently lost in a non-spin accident prior wo commencement of the
Navy Spin Evaluation Program. The results of this original program are
reported in Reference N3.

A flight test spin evaluation program was re-established in 1966 to
continue investigation of the spin entry, spin, and spin recovery charac-
teristics of the F-4. This continuing evaluation was initiated as a result
of a number of in-service stall/spin accidents. This program, flown by
the Naval Air Test Center (NATC), investigated normal and accelerated
stalls/spin entries, post-stall gyrations, erect spins and spin recoveries.
A flat spin mode was experienced on two occasions during this program, the
results of which are reported in Reference N25. The airplane was lost when
it failed to recover from the second flat spin.

A program consisting of model and analytical testing was initiated in
1968 to attempt to define the cause of the flat spin mode and to determine
an F-4 configuration that would not have a non-recoverable flat spin mode.
This program obtained static and dynamic wind tunnel data for use in the
MCAIR six-degree of freedom (SDF) computer preogram which studied the spin
and spin recovery characteristic of the F-4. The following quantitative
testing was conducted:

(1) Static force and moment tests - 1/15 scale model

(2) Forced oscillation tests - 1/11 scale model

(3) Rotary balance tests — 1/11 scale model

The static and dynamic force tests pointed to the existence of a
destabilizing yawing moment due to rotation rate at anglez of attack
approaching the flat spin region (70°~90°)}. It was further shown that this
yawing moment was non-linear with rate of rctation.

A series of model component-off tests in conjunction with a qualitative
program of autorotation and flow visualization testing by #ASA, (LRC) disclosed
that the destabilizing yawing moment, which promoted the flat spln, was
generated on the vertical tail by a vortex from the horigzontal tall surface.
Unfortunately, this flow pattern was of such magnitude that it could not be

allevigted without a major airframe redesign. f5he analytical spin simulation

396



study revealed that the accepted spin recovery technique of ailercns-with,
rudder-against, and stick-back might not be as effective as ailerons-with,
rudder-against, and stick-forward. The results of this program are reported
in Reference Bl5.

A follow-on program, flown by the Air Force Flight Test Center (AFFIC),
was begun in 1969, utilizing an F-LE flight test airplene. This program was
intended to investigate the near stelil and stalled flight conditions which
lead to loss of control and possible splnning of the aircraft. As opposed
to previous programs which utilized pro-spin controls to deliberately induce
spin entries, this program called for maneuvering the airplane in the high
angle of attack region with emphasis on the departure from controlled flight
such as the service pilot might encounter. This program concentrated on a
systematic investigation of the following phases:

(1) Smocth entry stalls

(2) Abrupt entry stalls

(3) Unusual entry stalls

(4) Incipient spin recoveries

(5) Limits of drag chute effectiveness as a recovery device.

The test program evaluated the characteristics of the clean airplane and both
symmetrical and asymmetrical (weight and/cr drag) external store loadings.
The program consisted of 5T flights, with a tetal of 233 departures from
contrcl, 101 of which resulted 1n spins. Two flat spins were encountered,
the aircraft failed to recover from the secornd due to an inadvertent

release of the emergency spin recovery parachute. This program did, however,
confirm that the stick-forward technigue provided effective recovery from all
spin medes cther than the flat spin. Results of this evaluation are reported
in Reference AQ,.

D. BSUMMARY OF PILOT RATINGE AWD COMMENTS

Only three reports previde any significant pilot comments on the spin
characteristics of the F-L, Reference H25 evaluated the spin and recovery
characteristics of the F-4B and Reference 18 provided comments on the BIS
trials of the F-4J. The F-LE stall/near stall investigation results are
reported in Reference A9.

Reference H25 evaluated both left and right spins from normal and
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accelerated stalls at entry altitudes from 38,000 to 46,000 ft:

o "A typical spin was initiated by applying pro-spin contrcls at the
stall which resulted in the alrplane yawing in the direction away from the
applied aileron. After the initial yaw the airplane would pitch nose-down
to about 60° to 80° at the 1/4 turn position followed by an increase in yaw
rate. After 1/2 turn in yaw the airplane would pitch up tc near level and
in some cases 10° to 20° ANU, depending upon the energy conditions at entry.
The yaw rate was usually st s minimum when the pitch attitude (and angle of
attack) was at a maximum. The airplane was concurrently oscillating *60°
in roll with no apparent relationship to pitch or yaw. The motions were
extremely oscillatory for the first 2 to 3 turns. After 3 to & turns
steady-state conditions were appreached and although the oscillations
remained, the amplitude and period became constant...Pro-spin controls were
held for up to 4-1/2 turns. The characteristies of the spin were similar
for both left and right spins, however, each spin was different in some
aspect from the others even under apparently identical entry conditicns."
Time history data for a typical steep oscillatory spin are presented in
Figure 1 (3.4.3).

"The recovery technigue used after one turn in the inecipient stage
and in the fully developed spin was full aft stick, full rudder against the
spin, and full aileron with the spin. This technique would generally affect
recovery in 1/2 to 1-1/2 turns,..The primary visual cue that recovery had
been effected was the cessation of yaw. As the yaw rate stopped the controls
had to be neutralized rapidly to prevent a reversal. The iime at which con-
trols were neutralized was criticsl. If controls were neutralized before the
vaw rate ceased, the airplane would accelerate back into the spin..., and if
they were not neutralized within the ore second after the yaw rate stopped,
the spin direction would reverse...in most cases, the recovery was indis-
tinct because of regidual oscillations, particularly in roll. Even though
the yawing had been srrested and the angle of attack was below stall the
alreraft would roll up to 5L0® in the same direction as the terminated spin.
The residual oscillations were easily mistaken for a ceontinuaticon of the
spin.”

The second flat spin encountered in this program and the cne in which

358



the airplane was lost occurred from a normsl stall entry at 44,000 ft.

The pilot attempted to enter a right erect spin by applying pro-spin con-
trols as the airplane stalled, with both throttles at idle. The airpliane
entered a post-stall gyration but would not progress to the incipient spin
stage. After 15 sec. the pilot attempted to terminate +the post-stall gyra-
tion by neutralizing the rudder and aileron and by placing the stick forward
of neutral:

"A left yaw rate developed, and the airplane entered a left inci-
pient spin. After 1-2 turns the oscillations diminished and the flat spin
mode became apparent. Anti-spin controls were applied but had no significant
effect on the spin characteristics. The drag chute was deployed at 33,000
ft, but again it streamed, did not blosscm, and had no effect on the spin.
At 27,000 ft the emergency spin recovery chute was deployed, but it also
streamed, As a last resort the flight controls were cycled in an attempt
to induce oscillations in the spin motions and/or to change the wake charac-
teristics between the airplane and the spin chute. The only apparent effect
of the control cyeling was an increase in yaw rate to above 100°/sec.”
Reference N25, F-LUB. Telemetry time history data of this spin are presented
in Figure 2 (3.4.3).

Reference N1€ did not provide any additional F-i spin characteristics
data, but referred back to the program of Reference N25 above:
0 "Aerodynamic differences between the F-LUB and the F-4J in the cruise
configuration are minor and are not considered tc change the F-UJ spin
characteristics significantly. In view of the demonstrated spin charac-
teristics of the F-4B and the minor aerodynamic differences between the
F-4B and F-4J airplane in the cruise configuration, the F-UJ is considered
to have the same unsatisfactcry spin characteristics as the F-LB, until
demonstrated otherwise. The presence of an unrecoverable flat spin mode
precludes utilization of the F-4J during tactical maneuvering with a satis-
factory degree of safety (Cooper Rating 9)}." (This assigned Cooper Rating
translates to 14 on the Cooper-Harper Rating scale). Reference N18, F-LJ.

As discussed previously, the AFFIC investigated the stall/near stall
flight characteristics of an P-LE with representative operational store
loadings in the maximum performance maneuvering enviromment. Maximum per-
formance maneuvering iz obtained at 19-20 units AOA, wherein the airpiane
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encounters light to moderate buffet and a nose rige tendency. In this
region, rudder becomes the primary roll control due to dihedral effect.
Out of control characteristics and spin susceptibility were evaluated in
three basic loading groups: (1) clean loadings, (2) symmetrical high
drag/weight and low asymmetric loadings, and (3) medium to high asymmetric
loadings. In general:

o "...eny severe out-of-control event could be classified as either a
rolling departure or a spin.”

Of the total of 233 departures from controlled flight encountered dur-
ing this program: (1) 39% of the clean loading departures resulted in spins,
(2) 24% of the symmetric high drag/weight and low asymmetric loading depar-
tures resulted in spins, and (3) 81% of the medium to high asymmetric load-
ing departures resulted in spins. All other out-of-control events resulted
in rolling departures:

"Airplane loading, c.g. locstion, entry attitude, speed and AOA rate
influenced whether the post-stall event would be & rolling departure or a
spin."

"Most departures with the high drag symmetric and low asymmetry load-
ings tended toward rolling departures rather than spins. 5Spin susceptibil-
ity was increased by an aft c.g., & higher entry speed, or a nose low
attitude."”

"A spin was unavoidable with the medium to high asymmetry loading if
the departure yaw rate built up sufficiently and/or the subsequent roll had
started prior to initiating a forward stick recovery,

3% of all departures resulted in a spin. The types of spin encountered
were classified into five modes: (1) steep-smooth, (2) steep-mildly oscil-
latory, (3) steep-oscillatory, (4) high AOA - highly oscillatory, and (5)
flat.

"Spin susceptibility and spin modes were found to be most influenced
by loading, c.g. position, entry sttitude, and entry speed. Departures that
developed into spins included the cruise, combat, dive, descent, and half-
flap configurations."

"It should be re-emphasized that each spin developed from an out-of-

control condition with recovery generally attempted immediately at
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departure and with no intentional pro-spin control inputs. Pro-spin stabi-
lator, sileron, and rudder, if applied and held for several turns, would
eliminate or modify one or more of the modes experienced. (This may explain
the different spin characteristics observed during the Navy F-4B Spin Evalua-
tion, Reference N25), The flat mode may have resulted more often for the
loadings and c.g. ranges tested if pro-spin controls had been used.”

Reference A9, F-LE,

E. DISCUSSION

The early free-spinning model tests pointed to the existence of a flat
spin mode on the F-4, Numerous attempts to duplicate this mode with the 13%
radio controlled free-flight model from a stalled entry resulted in encounter-
ing only one flat spin. The extensive original spin demonstration, in which
no evidence of the flat spin mode was indicated, led to the conclusion that
this mode could not be duplicated with the full scale airplane. In fact, it
was not until nearly 1967 that a documented flat spin was encountered with
the P-l. This experience leads to the conclusion that even an extensive
spin demonstration program does not always expose the most critical problems.

In the 12-1/2 year, 3,926,000 flight hour history of the F-l aireraft
with the U.S. Navy and U.S. Air Force, a total of 80 F-lU's of all models
have been lost as a result of stall/spin accidents. This is an average rate
of 2 per 100,000 flying hours, with the current rate being 1.36 per 100,000
flying hours. The reduction is attributed to more intensive training and
briefing on the part of Navy, Alr Force and MCAIR.

Two of these 80 aircraft were the flight test wvehicles involved in
investigating the stall/spin modes of the F-4. Both of these test vehicles
had encountered the flat spin mode snd were reccvered by the use of their
spin recovery parachutes. The aircraft were both lost when they encountered
the unrecoverable flat spin mode and their spin parachutes failed. Outside
of these two test aircraft, the incidence of flat spins in operational use
appears to be very low, based on inspection of impact sites (when available)
and the approximate entry altitude of the aircraft maneuver precipitating
the stall/spin condition. Of the T8 aircraft lost operationally, 24 were from
maneuvers entered below 2000 ft. terrain clearance. Of course, recovery from

even an intentional stall condition in this altitude range is marginal. An
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additional 29 aircraft were lost from maneuvers entered between 2000 and
10,000 ft. terrain clearance. It is considered unlikely that the aircraft
would have time prior tc impact to establish a steady state spin mode from
this altitude range. The remaining 25 sircraft were lcst as a result of
maneuvers commenced above 10,000 f£. This altitude, of course, would allow
ample time for the aircraft to generate a steady state spin mode were it
inclined to do so. It was impossible tc examine the impact sites of all

25 of these aircraft, since many of them impacted the ccean. Of the acces-
sible sites examined, more than half revealed the impact pattern of an air-
craft at relatively high speed indicating the aircraft had recovered from
its stall/spin condition after ejection of the aircrew and prior to impact.
In only cne case did the wreckage pattern positively indicate ground impact
in a stabilized flat spin.

The practice with "classic" spin demonstration programs has been to
investigate spin and spin recovery characteristics by delibterately spinning
the girplane. This technique would seem to be of dubicus value, particu-
larly when only one of the four flat spins encountered in F-4 test programs
resulted from a deliberate pro-spin control entry. |

The service history of the FP-U, which has highlighted low altitude
meneuvering problems, also tends to obsclete the Navy and Air Force "classie"
spin programs. Of more importance to cperaticnal users is the pessibility
or susceptibtility of entering a spin while performing typical maneuvers.

A program which concentrates on stall and spin prevention investigation,
inecluding the aircraft's entire configuration matrix, such as flown by the
AFFTC on the F-4E (Reference A9) provides the pertinent answers on spin
susceptibility during high angle of attack maneuvering. As illustrated in
the service history discussion above, good spin recovery characteristics
are of little consequence if the spin is entered with insufficient altitude
for recovery.

. RECOMMENDATION

Consideration should be given te revising spin demonstration require-

ments to include an evaluation of spin susceptibility.
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3.4.4 Roll-Pitch-Yaw Coupling

A, REQUIREMENT

3.4.4 Roll-Pitch-Yaw Coupling - For Cless I and IV ajrplanes in
rudder-pedal-free, elevator-control-fixed, maximum=-performance rolls
through 360 degrees, entered from straight flight or from turns, pushovers,
or pullups ranging from Og to 0.8 n,, the resulting yaw or pitch motions
and sideslip or angle of attack changes shall neither exceed structural
limits nor cause other dangerous flight conditions such &s uncontreollable
motiong or roll autorotation. During combat-type maneuvers involving rolls
through angles up to 360 degrees, the yawing and pitching shall not be so
severe as to impair the tactical effectiveness of the maneuver. These
requirements define Level 1 and Level 2 operation. For Class II and (lass
ITI airplanes, these requirements apply in rolls through 120 degrees.

B. APPLICAELE FARAMETERS

Roll-pitch-yaw coupling during maximum performance rolls,

C. F-L CHARACTERISTICS

The F-4 is placarded against 360° rolls entered at less than Og.
D. SUMMARY OF FILOT RATINGS AND COMMENTS

None.

E. DISCUSSION

None; the requirement appears reasonable as written,

F. RECOMMENDATION

None.
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3.4.5 Control Harmony

A.  REQUIREMENT

3.4.5 Control Harmony - The elevator and aileron force and displace-
ment sensitivities and breakout forces shall be compatible sco that inten-
tionsl inputs to one control axis will not cause inadvertent inputs to the
other,

3.4.5.1 Control Force Coordination - The cockpiv control forces re-
quired to perform maneuvers which are normal for the airplane should have
magnitudes which are related to the pilot's capability to produce such forces
in combination. The following control force levels are considered to be
limiting values compatible with the pilot's capability to apply simultaneous
forces:

Type Control Elevator Aileron Rudder
Center-stick 50 pounds 25 pounds 175 pounds
Wheel 75 pounds 40 pounds 175 pounds

B. APPLICABLE PARAMETERS

Cockpit control force, deflection and breskout characteristics.

C. F-L CHARACTERISTICS

All the relevant characteristics are somewhat dependent on the type
of longitudinal feel/trim system. For descriptions o the various systems,
refer to Section II. The comments are all concerned with force levels, de-
flections either being satisfactory or, as is the impression gained from
evaluation of other parts of the specification, of little conseguence to
the pilot. Apparently, the pilct opinions are influenced by the combined
effect of breakout forces and force levels; conseguently, the comments on
both are presented together in Table T (3.5.2.1). No background is avail-
able to 3.h4.5.1.

D, BSUMMARY OF PILOT RATINGS AND COMMENTS

Feel/Trim System S1

o] "A normal takeoff requires a pull force of approximately 15 1b.
tc rotate the airplane ... There was a tendency to overccontrcl the airplane
laterally during takeoff on the first few flights due to the deterioration

of control force harmony as the airplane is rotated."
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"Control force harmony during maneuvering flight is objectionable.
This condition should improve when the unacceptable longitudinal stick
forces for maneuvering are brought to a satisfactory level. Poor control
force harmony during takeoff results from the high (approximately 15 1b)
forces required to pull the airplane off the runway thereby giving the air-
plane an apparent lateral sensitivity. Threoughout the remainder of the
flight envelope control harmony is satisfactory." Reference N1, FLH-1.
o) "Lack of control force harmony during maneuvering flight is
objectionable. The high breakout forces [elevator control 1 to 1-1/2 1lbs,
aileron 1 to 1-1/2 pounds, rudder 4 to 5 pounds; these forces are not the
object of specific complaints other than in this passage of the evaluation]
and the shallow, non-linear force gradient of the lateral control system
are not compatible with the relatively high maneuvering control force gra-
dient of the leongitudinal control system, particularly at high Mach numbers.
This causes a tendency to overcontrol laterslly. A more linear and steeper
lateral force gradient is desirable for improved service use." Reference
Nk, FPUYH-1/-1F.

Feel/Trim System $3

0 "Control force harmony was qualitatively evaluated during aerchbatics,
simulated ACM, formation flight, aerial refueling, and landing approaches.
Evaluation pilots unanimousiy agreed that longitudinal-lateral contrel force
harmony in maneuvering flight was enhanced with the longitudinal downsprings
removed [feel/trim system S3]. Lateral control breakout forces (were) . . .
undesirably high, . . . buf the reduction in longitudinal control forces
during tactical maneuvering resulted in improved control force harmony when
maneuvering beyond the lateral control breakout force (Rating C2). The re-
duction of lengitudinal control breskout forces in the [83] configuration
resulted in an excessivé lateral-longitudinal control force ratic in landing
approaches where the pilot normally uses very small control displacements,
which are just out of the control friction-breakout band (Rating C3). Cor-
rection of this unbalance of control forces in configuration PA is desirable
for improved service use." Reference N11, F/RF-LB.

o "The high lateral breakout forces and the low longitudinal breskout

forces resulted in a control force ratio (greater than 6:1) which was
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excessive for the precise coordination required during a carrier approach
(Rating CL.5)." Reference N12, F-LK.

o ". . . a4 1b lateral force and a longitudinal force of less than
1 1b [in PA/TO configurations] resulted in unsatisfactory control force
harmony (Rating C4.5). If the longitudinal control breakout forces were

increased, the lateral control breakout forces would probably not be objec-

tionable, and the control force harmony would be satisfactory." Reference
N13, F-LM.
) "The longitudinal breakout forces of less than ¥ 1/2 1b . . . were

objectionable, particularly during approaches (Rating Ch.5). The lateral
breakout forces were satisfactory but the resultant longitudinal to lateral
breakout control force ratic of greater than 1:3 was undesirable and was

& contributing factor to the poor approach handling cualities."

"The poor centrol force harmony resulted in unwsnted longitudinal in-
puts during the many small bank angle changes required for precise line-up.
The combination of longitudinal stick centering and poor control force
harmony was apparent when the airplane was turned at the 180 degree position
after it was trimmed to "on speed" during the downwingd leg. Since the pilot
was generally not locking in the cockpit and concentrating on angle-of-
attack during the turn, the lateral stick input generally resulted in an in-
advertent aft longitudinal input and the angle-of-attack would increase
until the rudder shaker actuated. This occurred consistently when the air-
plane was trimmed to "on speed," but could be precluded by trimming nose
down (3-4 1b pull force) during the downwind leg. This helped the problen
somewhat since inadvertent aft stick movements were averted, but is not a
sclution since it introduced still snother task (retrimming) at the top of
the glide slope." Reference N23, F-hM,

Feel/Trim System Sk

o) "Reduction of positive longitudinal control centering for aft stick
displacements . . . and the decreased maneuvering control force gradients

. degraded control force harmony for the reduced bobweight [SL] config-
uration to an unsatisfactory level (Rating CL.S5). Poor longitudinal control

centering did not provide adequate stick force cues for small normal
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acceleration commands during LAHS maneuvering flight, where high control
sensitivity dictates small contrcl displacements. This aggravated the
tendency to overcontrol the airplane." Reference N11, F/RF-4B,

o "Lateral control feel was . . . felt to be heavier than longitudinal
feel. Although heavier lateral than longitudinal feel is undesirable,
control harmony during & rolling pullout maneuver was evaluated and found
to be satisfactory.” ZReference AL, F/RF-LC.

E. DISCUSSION

The comments confirm the necessity for satisfactory control force
harmony.

The concern with breakout force harmony can be supported with some
numerical background. The minimum longitudinal to lateral breakout force
ratio resulting in adverse comment is about 1:3. Reference to Table I
(3.5.2.1) shows that a longitudinal to lateral ratic of 1:1.5 produces no
adverse comment concerning harmony and neither does a ratio of 2:1. The
data are far from being conclusive, but they do indicate that pilcts might
complain about a longitudinal/lateral or lateral/longitudinal breakout
force ratio above two. The contribution of this deficiency ito flying
qualities, particularly in the critical Category C Flight Phases, is signi-
ficant encugh that an attempt at a anumerical specification would be worth-
while.

F. RECOMMENDATIONS

3.h.5

The reguirement should be expanded toc read:

"3.4.5 Control Harmony - The elevator and aileron force and dis-

placement sensitivities and breakout forces shall be compatible so that
intentional inputs to one control axis will not cause inadvertent inputs
to the other. For any Flight Phase, breakout forces for one of the two
axes greater than twice that for the other axis will not be permitted if
they result in objectionsable flying qualities.”

3.4.5.1

None.
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3.4.6 Buffet
L, REQUIREMENT

3.4,6 Buffet - Within the boundaries of the Operational Flight
Envelope, there shall be no objectionable buffet which might detract from
the effectiveness of the airplane in exXecuting its intended missions.

B. APPLICABLE PARAMETERS

This reguirement calls for determinaticn of the objecticnabie huffet
beundary, which is strictly dependent upon pilot Judgement.

C. P-4 CHARACTERISTICS

The cnly portion of the F-lW flight envelope where buffet becomes a
factor in determining the operational boundary is the subsonic, high normal
force region. As indicated in Figures 1 and 2 {3.4.6), both buffet onset
ard maximum attainable normal force exceed the requirements of the F-4
Detail Specification, Reference B6.

D, SUMMARY OF PILOT RATINGS AND COMMENTS

Reference AT reported the resulis of the Category II evaluation of the
F-4E in which maximum maneuvering capability was determined. Data is shown
on Figure 1 {3.4.6} in support of the comment presented belcow:

o "Although the buffet boundary met the requirements of (Reference

B6), buffet onset occurred at AOA's too far below the maximum maneuvering
capability., Much of normal maneuvering within the operational envelope
nad to be done in buffet, particularly at high altitudes. Mild turns of
less than 2g's resulted in buffet while subsonic above 30,000 feet. This
premabure onset of buffet compromised the effectiveness of buffet as a
stall warning., Irn addition, the buffet in many cases was severe enough to
completely mask the artificial stall warning device (rudder pedal shaker).
The buffet onset AOA should be increased to an AOA corresponding to at
least 85 percent of C, mazximum." Reference A7, F-LE,

The Phase I NPE on the F4H-1, Reference N1, offered the following
comment :

o "General sirframe buffet was experienced in configuration PA and
is unacceptable because it is disconcerting to the pilct under all-weather

conditicns. Correction of this deficiency is mandatory." Reference N1, FiH-1.
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The F-LJ BIS report (Reference N18) evaluated the subsonic buffet
boundary and reported the following:

o "The F-LJ exhibits unsatisfactory subsonie buffet boundary at high
altitudes., During high altitude {above 30,000 ft) subsonic maneuvering
flight with military thrust, mild turns of legs than 2.0g resulted in light
to moderate airframe buffet that caused a rapid drop in airspeed te 0.7M or
below. Although the buffet boundary meets the requirements of (Reference Bl),
the high altitude subsonic maneuvering capabilities of the F-LJ are
unsatisfactory since the alrplane is far less maneuverable than other con-
temporsary fighters. The use of afterburner results in only slight improve-
ment in the maneuvering cepability at a great expense in fuel since the
deficiency lies in the 1ifting capability of the airplane., AL superscnic
speeds, the buffet boundary is improved but afterburner is reguired to
remain supersonic and the increased fuel consumption precludes prolonged
superscnic flight. The poor high altitude subsonic buffet boundary limits
airplane effectiveness and correcticn is desirable for improved service
use." Reference N18, F-LJ, Figure 2 (3.L.6).

E. DISCUSSION

Ideally, it is desirable to restrict the buffet regicon, particularly
the subsonic buffet boundary, to as small a percentage of the operaticnal
flight envelope as possible. In the F-k, buffet onset occurs at fairly
low angles of attack, and although meeting the reguirements of the Detail
Specification, is objectionable to the pilots.

The term "objectionable buffet" is, unfortunately, subject to wide
interpretation. For example, although customer test pilots complain of F-h
buffet at low angles of attack, many operational pilots do not find the
buffet particularly objectionable sc long as handling gqualities and tracking
ability are not compromised. Admittedly, this cpinion varies from pilot
to pilot and so a more descriptive or definitive term than "objectionable
tuffet" can not be recommended.

F. RECOMMENDATION

None.
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3.4.7 Release cf Stores

3.4.8 Effects of Armament Delivery and Special Equipment

A, REQUIREMENT

3.4.7 Belease of Stores - The intentional release of any stores shall
not result in objectionable flight characterigstics for Levels 1 and 2. How-
ever, the intentional release of stores shall never result in dangerous or
intolersable flight characteristics. This requirement applies for all flight
conditions and store loadings at which normal or emergency store release is
structurally permissible,

3.4.8 Effects of Armament Delivery and Special Equipment - Operation
of moveable parts such as bomb bay docrs, cargo doors, srmament pods,
refueling devices, and rescue equipment, or firing of weapcons, release of
bombs, or delivery or pickup of carge shall not causes buffet, trim changes,
or other characteristics which impair the tactical effectiveness of the
alrplane under any pertinent flight condition. These requirements shall
be met for Levels 1 and 2.

B. APPLICABLE PARAMETERS

Effect of external stores release on flying qualities; particularly
on lcngitudinal characteristics.

C., F-L CHARACTERISTICS

Aircraft response due to gross weight, center of gravity, and longitu-
dinal stability changes during release of external stores can result in
significant normal load facter excursicns. This characteristic, sometimes
referred to as "G Jump", has been demonstrated during F-4 flight testing to
be most severe for inboard wing mounted (B.L. 81.50) external stores at
high subsconic Mach numbers; e.g., fiight testing has demonstrated that a

' is experienced during ripple release of M11T and CBU-

significant "G Jump'
24 pombs from B.L. 81.50 stations. In the ripple mode, bombs are released
singularly at a preselected, timed interval - alternating from the left and
right wing stations - continuing until the bomb button is released. The
intervalometer setting, normally .06 seconds to .1l seconds, and pilct
reaction, in terms ¢f stabilator input, to the initial pitching acceleration
can have significant effect on the magnitude of the "G Jump.'" Typically, a
ripple release of 5 M11T7 bombs from B.L. 81.50 station gives an abrupt aft

¢c.g. shift of sbout 3%c and & jump in aircraft load factor of nearly 4g's.

Figure 1 (3.4.7) presents a time history of such a release,
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D. BSUMMARY OF PILOT EATINGS AND COMMENTS

No customer reports contain pilot comments associated with stores
release. The contractor pilot comments associated with the "G jump" shown
in Figure 1 (3.4,7) were as follows:
o "Abrupt positive N, transient to approximately k4.5g absolute approxi-
mately 1/2 second after bombs leave aircraft.”
o From a purely qualitative and very brief impressicn, the g transient
appeared to result from a vertical rather than rotational input."

E. DISCUSSION

3.4.7

F-4 experience validates the need for this requirement. The require-
ment is considered reasonsble as written.

3.4.8

No F-) data is available to evaluate this requirement.

F. RECOMMENDATIONS

3407

None.

3.5.8

None
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3.4.9 Transients Following Failures

3.4.10 Failures
A. REQUIREMENT

3.4.9 Transients Following Failures - The airplane motions following
sudden sirplane system or component failures shall be such that dangerous
conditions can be avolded by pilot corrective action. A realistic time
deley between the failure and initiation of pilot corrective action shall
be incorporated when determining compliance. This time delay should include
an interval between the occurrence of the failure and the occurrence of a
cue such as acceleration, rate, displacement, or sound that will definitely
indicate to the pilot that a failure nas occcurred, plus an additionel inter-
val which represents the time required for the pilot to diagnose the situa-
tion and initiate corrective action.

3.4.10 PFailures - No single failure of any component or system shall
result in dangerous or intolerable flying qualities; Special Failure States
(3.1.6.2.1) are excepted. The crew member concerned shall be provided with
immediate and easily interpreted indications whenever failures occur that
require or limit any flight crew action or decisicn.

B. APPLICABLE PARAMETERS

Flying qualities during and after system or component failures.

C. P-4 CHARACTERISTICS

Wo F-Ub data are available concerning this reguirement.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

None.

E, DISCUSSICN

Honey the requirement appears reasonable as written,

F. RECOMMENDATION

None.
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3.5 Characteristics of the Primary Flight Control System

A, REQUIREMENT

3.5 Charscteristics of the Primary Flight Control System

3.5.1 General Characteristics - As used in this specification, the

term primary flight control system includes the elevator, alleron and rudder

controls, stability augmentaticn systems, and all mechanisms and devices
that they operate. The requirements of this section are concerned with
those aspects of the primary flight contrel system which are directly
related to flying qualities. These requirements are in addition to the
requirements of the applicable control system design specification, e.g.,
MLL-F-9490 or MIL-C-182kk,

3.5.2 Mechanical Chareacteristics - Some of the important mechanical
characteristics of control systems {(including servo valves and actuators)
are; friction and preload, lost motion, flexibility, mass imbalance and
inertia, nonlinear gearing, and rate limiting. Requirements for these
characteristics are contained in 3.5.2.1 through 3.5.2.4, Meeting these

separate requirements, however, will not necessarily ensure that the overall

system will be satisfactory; the mechanical characteristics must be com-

patible with the non-mechanical portions of the control system and with the

sirframe dynamic characteristics.

B. APPLICABRLE PARAMETERS
S8ee 3.5.2.1 through 3.5.2.4,
C. P-4 CHARACTERISTICS

Reference should be made to Bection II of this report for descriptions

of the various F-4 control systems.
 D. SUMMARY OF PILOT RATINGS AND COMMENTS
Yee Sections 3.5.2.1 through 3.5.2.4,
&, DISCUSBION
See Sections 3.5.2.1 through 3.5.2.%4.
F. RECOMMENDATIONS

None.
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3.5.2.1 Control Centering and Breakout Forces

A, REQUIREMENT

3.5.2.1 Control centering and breakocut forces - Longitudinal, latersal,
and directional controls should exhibit positive centering in flight at any
normal trim setting. Although absolute centering is ncot required, the com-
bined effects of centering, breakout force, stability, and fcrce gradient
shall not produce objecticnable flight characteristics, such as poor pre-
cislon-tracking ability, or permit large departures from trim ccnditions
with controls free. Breakout forces, including friction, preload, etc.,
shall be within the limits of Table XII. The wvalues in Table XII refer to
the cockpit control foree required to start mcvement of the control surface
in flight for Levels 1 and 2; the upper limits are doubled for Level 3.

Table XII. Allowable Breakout Forces, Pounds

Classes I, tI-C, IV Classes 11-L, l]
Control

min max min max
Stick 1/2 3 1/2 5
Elevator Wheel 112 4 1/2 7
. Stick 1/2 2 1/2 4
Adleron Wheel 12 3 12 6
Rudder 1 7 1 14

Measurement of breakout forces on the ground will ordinarily suffice in lieu of actual flight measurement,
provided that qualitative agreement between ground measurement and flight chservation can be established.

B. APPLICABLE PARAMETERS

Control breakout forces and general mechanical control system char-
acteristics.

C. F-l CHARACTERISTICS

The mechanical characteristics of the F-b control system have been
the subject in several evaluations,. Their influence on the general
flying gualities of the aircraft is apparently so significant that it is
considered worthwhile to present meost of the available F-I data as back-
ground tc the reguirement. OSome comments concerned with flying qualities
parameters specified in cother paragraphs mention the adverse effects of
mechanical characteristics on the aircraft, e.g. paragraph 3.2.1, but it
is entirely possible that these effects have not always been mentioned
specifically by evaluation pilots. The detail in some of the discussion

not only lends some insight into pilot technigue {particularly the Navy
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descriptions of the PA Flight Phase) but provides an example of how a
seemingly small deficiency can profoundly affect the pilot's opinion of
the aireraft.

Table I (3.5.2.1) summarizes the breakout forces associated with the
pilot comments presented in D below. The pilot rating levels are assigned
on the basis of in-flight breakout forces and friction, not including
ground (static) frietion which is generally higher due to lack of normal
airframe vibration.

Figure 1 (3.5.2.1) is a typical representation of static friction
megsured ina ground cycle of the controls. Figure 2 (3.5.2.1) presents.

a time history of the aircraft stick-free response following a longitudinal
stick rap, Figures 3 (3.5.2.1) and 4 (3.5.2.1) are illustrations of the
combined effects of various flying qualities parameters on PA Flight Phase
flying qualities, for the F-4J and F-LK respectively.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

The data following each comment consist of the Level of flying qualities
represented by the comment, followed by the relevant control (elevator,
aileron or rudder) and its associated measured breakout force.

Feel/Trim System S1

¢ "Combined control system friction and breakout forces were measured

in the air under various flight conditions by determining the control
force required to start a stick motion. The obtained values were then
compared with [Reference Bl]." The test results fell within the specified
ranges and the lack of further comment suggest satisfaction., Level 1;
elevator 1 to 1,5, aileron 1 to 1.5, rudder & to 5 pounds. Reference N1,
FLH-1.

o "...Friction and breakout forces.,.stabilized lg flight and remained
the ssme as reported in [Reference N1, F4H-1]" Reference N2, FhH-1.

o "...breakout forces including friction were determined during
flight...There was cousiderable variation in the longitudinal and lateral
breakout forces with flight conditions which was apparently the result of
variations in friction caused by normal aircraft vibration. Lateral con-
trol breakout forces do not meet requirements of [Reference Bl]. Reduction
of the lateral breakout forces is desirable for improved service use."
Level 1, elevator 2 pounds. ILevel 2, aileron 3 pounds. Level 1, rudder

6 pounds.
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"The curves presented in [Figure 1 (3.5.2.1)], show the static
friction of the control systems installed in the FLH-1F test airplanes.
This datas was obtained from ground control cycles and will not necessarily
agree with in-flight measurement of breakout forces due to lack of normal
flight vibrations and feel system bellows pressure. The longitudinal con-
trol system friction band is particularly broad. In addition, it was noted
during dynamic and static longitudinal stability flight tests that the
longitudinal control stick centering was weak. The combination of large
hysteresis and wesk centering in the longitudinal control system tended to
mask the static stability of the airplane and caused the airplane to be
extremely difficult tc accurately trim in the longitudinal axis...Following
catapult launches, with the pilot holding full aft stick during the power
stroke, it was necessary to exert a 5-10 1lb push force to return the stick
to the trimmed position. Correction of the excessive longitudinal control
gsystem friction and wesk longitudinal control stick centering is desirable
for improved service use.”

"The rudder centering was also determined to be inadequate. When
displaced from the trim position, the rudder often returned to a small out-
of-trim deflection. It was then necessary to recenter the rudder with the
rudder pedals and/or the rudder trim. Corrertion of the inadequate rudder
centering is desirable for improved service use,"

"The rudder trim system produced a satisfactory rate of trim. Poor
rudder centering as discussed in [the)] paragraph [above] often resulted
in out-of-trim flight conditions.” Reference N4, FLH-1/-IF,

Feel/Trim System 852

o "In-flight longitudinel control system breakout forces, including
friction, were 1.0 1b and within the limits of [Reference Bl]." Reference
N8, F-LB.

Reference N11 measured longitudinal control system characteristics

in flight with various feel/trim systems installed:

o "The total static hysteresis band for the longitudinal control

system averaged 7 1b dwring ground control cycles with zero trim set and

no feel system bellows pressure. Control system friction was satisfactory..."
", ..the longitudinal control system of the test airplane was con-

sidered representative of production airplanes." Reference N11, F/RF-4B.
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o "Breakout Forces in the test aircraft were satisfactory." ILevel 1;
elevator 4 1bs., aileron 2 ibs., rudder 2-1/2 1bs. Reference Al, F-LC.

o] "Longitudinal control system breakout forces were approximately

Y pounds at 500 KCAS [simulated} and 3.5 pounds at S8T KCAS [simulated].
Lateral control system breakout forces were approximately 3 pounds. The
breskout forces did not adversely affect the control of the aircraft and
were considered acceptable." Reference A2, RF-LC.

Feel/Trim System 83

o "The extremely light longitudinal breakout force [less than 1/2
pound] in configuration PA was unsatisfactory (Ch.5) in that any inadver-
tent body movements by the pilot resulted in undesirable movement of the
control stick and stabilator which was not conducive to stable landing
approach characteristics...An increase in the longitudinal breakcut forces
in configuration PA and PA 1/2 is desirable for improved service use."

"The lateral breakout force of 3 1b in configuration in PA was ex-
cessive for ease in control of line-up corrections required during landing
approaches {C4.5)...Reduction of the high lateral breakout forces in con-
figurations PA and PA 1/2 is desirable for improved service use. The high
lateral breakout forces and the low longitudinal breakout forces resulted
in a control force ratio (greater than 6:1), which was excessive for the
precise coordination required during a carrier approach (CL.5). Correc-
tion of this deficiency is desirable for improved service use. The longi-
tudinal and lateral control breskout forces do ncot meet the requirements
of [Reference Bl]}...Directional control breakout forces (5 1lbs.) were
satisfactory for nosewheel steering operation and in-flight turn co-
ordination (C2)."

"Longitudinal stick centering was unsatisfactory under low g conditions
{(C4.5). In configuration PA with a representative gross weight, CG and
airspeed for an approach, an aft contrel input of about one inech resulted
in necse rise and airspeed bleed-off to the stall when positive centering
was not initiated by the pilot. An increase in the longitudinal stick
centering under low g conditions 1s desirable for improved service use.
Longitudinal centering was qualitatively the same under static conditions
in the other high 1ift configurations {(Ck.5), and was satisfactory in

configurations CR, P, and CO (C3). The airplane does not meet the longi-
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tudinal contrecl centering requirements of {Reference Bl]. The unsatisfactory
longitudinal control system characteristics discussed herein (breakout and
cenfering), when combined with the neutral longitudinal stability resulted

in unacceptable longitudinal characteristics in configuraticns PA and

PA 1/2 (Ch). Correction of the unsatisfactory longitudinal characteristics
in configuration PA is mandatory for satisfactory service use."

"The longitudinal conirol system mechanical characteristics...and the
static longitudinal stability...further degraded the carrier approach
handling characteristics. The stabilator was easily displaced from trim
inadvertently because of the light breakout forces (less than 1/2 1b) and,
once displaced, the airspeed could increase or decrease as much as 10 kt
before the pilot would realize that an out-of-trim condition existed. The
overall carrier approach handling characteristics of the F-L4K airplane
were unsatisfactory because of the inability to stabilize on approach
speed...the lateral-directicnal oscillations and marginal roll response...
and the longitudinal stability and control characteristics discussed in
this paragraph (C6)." Breakcut forces: elevator less than 1/2 pound,
aileron 3 pounds, rudder S5 pounds. Reference N12, F-LK.
¢ "The mechanical characteristics of the longitudinal, lateral, and
directional flight control systems were qualitatively the same as in pre-
vious F~L airplanes. Freeplay in the cockpit controls was minimal..,Flight
control system breakout forces were measured on the ground and under varicus
flight conditions. ULateral and directional control breakout forces were
essentially the same as in other F-4 airplanes, but longitudinal control
breakout forces were lighter than in F-LB/J airplanes and the same as re-
ported in Reference N12 for the F-LK airplane. The loangitudinal control
breskout force was gualitatively evaluated as less than one pound in the
high=-1ift configuraticns. Buch a light breakout force in the presence of
neutral static stability...and virtually no centering...is unsatisfactory
for normal operation (Ch.5). An increase in the longitudinal control
breakout forces in the high-1ift configurations is desirable for improved
service use even though there is no minimum breakout force requirement in
the Detail Specification.”

"The lateral breakout force in all configurations was measured as
L4 1b...The lateral control breakout forces were satisfactory in all config-

urations except in the high-1ift configurations where a 4 1b. lateral fcrce
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and a longitudinal force of less than 1 1b resulted in unsatisfactory con-
trol force harmony {ch,5). If the longitudinal control breakout forces
were increased, the lateral control breakout forces would probably not be
objectionable, and the control force harmeny would be satisfactory. Cor-
rection of the excessive ratio of lateral to longitudinal breakout forces
in all high-1ift configurations is desirable for improved service use.il

"Longitudinal stick centering was unsatisfactory under low g con-
ditions (ch.S5). Forward stick inputs initiated at 19 units angle of attack
in configuration PA resulted in the airplane proceeding into a divergent
long period oscillistion. Aft stick inputs resulted in nose-rise and
airspeed bleed-off into stall. An increase in longitudinal stick centering
under low g conditicns is desirable for improved service use. Longitudinal
stick centering was qualitatively the same under static conditions in the
other high-1ift configurations (CL.S), and was satisfactory in configura-
tions CR, P, and CO (C2). The unsatisfactory longitudinal control system
characteristics discussed herein (breakout and centering), when combined
with the neutral longitudinal stebillity, resulted in unacceptable longi-
tudinal characteristics in configurations PA and PA 1/2 (C6)...Correction
of the unsatisfactory longitudinal characteristics in configurations FA
anrd PA 1/2 is mandatory for satisfactory service use." Reference N13, FiM.
o "Longitudinal control system breakout forces including friction,
measured in flight, were one 1b... [and] met the requirements of [Reference
Bl]. The friction band averaged one pound under all flight conditions,
Cockpit control free play was minimal."

"Longitudinal stick centering was poor under conditions of low dynamic
pressure. Small aft stick displacements resulted in the control stick re-
meining displaced after release of the stick force., This was especially
noticeable in the high 1lift configuration, where little or no tendency to
return t¢ trim was noted. The poor centering increases the difficulty of
flying an 'on-speed' approach and causes the pilot to hunt for the proper
attitude Immedistely after takeoff since stick forces cues are non-existent.
Correction of the poor longitudinal stick centering &t low alrgpeeds is
desirable for improved service (CL.5)." Reference N1L, FhJ,

) "The longitudinal and lateral control system breakout forces, in-
cluding friction, were measured both on the ground and airborne [250 KIAS

and 450 KIAS =t 10,000 ft], Rudder breakout forces were estimated...met
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the requirements [of Reference B6]." Level 1: elevator 1 pound, ailercn
0.75 pounds, rudder 5 pounds (estimated).

"The longitudinal control system has virtually no stick centering
under locw dynamic pressure (q) conditions. This is especially noticeable
in the high-1ift configuration where aft stick inputs of about one inch
result in nose rise and airspeed bleed-off to stall unless the control
stick is recentered by the pilot. The lack of stick centering is shown in
[Figure 2 (3.5.2.1)]. Forward stick inputs of about one inch result in
nose down piteh which is terminated through the airplane's long period mode.
The lack of stick centering under low 'q' conditions limits airplane ef-
fectiveness...Correction of this deficiency is desirable for improved
service use.,.."

"The F-UJ exhibits objectionable approach characteristics due to un-
satisfactory longitudinal contrel system characteristics and neutral static
longitudinal stability near trim in configuration PA...There is virtually
no longitudinal stick centering under low'q'conditions and the longitudinal
stability in conjunction with the extremely light breakout force and lack
of stick centering result in inadvertent movement of the control stick and
stabilator during landing approaches., These frequent inadvertent control
changes increase the pilot effort required for longitudinal control (CU.5).
The degraded approach characteristics increase pilot worklcoad during landing
approaches and limit mission effectiveness. Correction of thig deficiency
is desirable for improved service use." Reference N18, F-LJ,

D "Breakout including friction was approximately 1 1b and stick
centering was very poor, particularly under low dynamic pressure (g) con-
ditions." Reference N21, F-LJ.
Reference NI23 measured longitudinal and lateral breakout forces

in the PA configuration, trimmed "on-speed." The forces were less than 1/2
pound for the elevator control and 1 1/2 pounds for the aileron control.

"The longitudinal breakout forces of less than 1/2 1b failed to meet
the requirements cof paragraph 3.2.1 of [Reference Bl] and were objection-
able, particularly during approaches {CU.5). The lateral breakout forces
were satisfactory but the resultant longitudinal to lateral breazkout con-
trol force ratic of greater than 1:3 was undesirable and was a contributing

factor tc the poor approach handling qualities.™
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"In configurations PA and PA 1/2, longitudinal stick centering was
poor. For gross stick movements away from trim the stick would tend to
move back toward the trim position when released; for normal small excursions
from trim, no centering was apparent. As a result, a small 4Tt stick pulse
resulted in a nose rise into the stall (CH), and a small forward stick
pulse resulted in the airplane proceeding into a divergent long period
oscillation {C3). The lack of stick centering in configurations PA and
PA 1/2 was a prime contributing factor to the poor approach handling gquali-
ties. 1In configuration CR at 300 KCAS, the lack of centering was also
apparent, especially in loading B (two wing tanks) immediately after take-
off when the static margin was a minimum, During maneuvering flight, it
was necessary to continually reposition the stick instead of simply re-
leasing it as would normally be done to let it return to the trim position."

"Since the longitudinal control centering was essentially non-existent
for small displacemenis away from trim, the contrel system friction was
checked., Althcugh the airplane had an early history of excessive control
system friction, the friction measured during the evaluation was found
to be within the friction limits as published by MDC. However, when com-
bined with the extremely low breakout force and lack of centering forces,
the fricticn was excessive and was another contributing factor to the
poor eppreach handling qualities."”

"The combination of deficiencies...generally resu ted in not being
"get-up' at the top of the glide slope. Not being 'set-up' means either
not being trimmed 'on speed' or not on glide slope, or not lined up, or
with imprcper thrust for the approach, or any combinaticn of these. Noit
being 'set-up' significantly increases pilot workload during an approach
and is probably the biggest factor in poor approaches. With the F-hM, it
wag virtually impossible to arrive on the glide slope 'set-up'. Once on
the glide slope, the poor engine handling characteristics predominated
gince during VFR approaches sufficient visual cues exist to detect aircraflt
attitude changes and the pilot has the approach indexer lights in his field
of view to help maintain optimum angle-cof-attack. However, at night or
during IFR approaches when visual cues are reduced the poor engine handling
and poor control force harmony characteristics will result in unsatisfactory

approach handling characteristics (C6)." Reference N23, F-UM.
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Feel/Trim System Sb

o "The poor stick centering accompanied by light longitudinal static

stabllity in the power approach coanfiguration, would reguire mcre pilot

attention during Formation Flight and IFR approaches.” Reference AL,
F/RF-4C.
o} "Contrel system friction and breakout forces were measured...”

"Longitudinal in-flight breakout forces ranged from one to twe pounds...

"lateral breakout force was found to be approximately 2 pounds for all
flight conditions...The directicnal breakout force was 4 to 5 pounds.”

"411 breskout forces...considered satisfactory. [Level 1]..." Re-
ference AT, F-LC.
o "Longitudinal bobweight reduction further reduced restoring forces
to aft control stick displacement and stick centering from that of [pre-
viously evaluated] control system ccnfiguraticns. This condition, in con-
Junction with the slight decrease in precision of control which resulted
from [replacing the viscous damper with a mechanical stop and changing the
linkage] reduced longitudinal control breakout and frietional forces in
flight to an unzcceptable level., For small control displacements, pllots
had to rely primarily on visual position cues for attitude reference rather
than normal combined visual and force cues., In configurstion PA with a
representative trim speed for landing, an aft control input of about one
inch resulted in airspeed bleed-off to stall when positive pilot action
was not taken to center the control stick prior to release. Adverse ef-
fects of the [SL feel/trim system] during takeoffs and catapult launches
are discussed in paragraphs [3.2.3.1 and 3.2.3.3.2]. [84] control system

L]

characteristics were unacceptable for service use (C06). Reference N11,

F/RF-LB,
E. DISCUSSION

Elevator Control Breakout Force

An upper limit of about L pounds would be reasonably well supported as
a Level 1 boundary by References Al and A2. The Reference AZ rating is
translated as Level 2 in Table T (3.5.2.1) but is probably close to the
Level 1 houndary. The two comments are certainly not representative of
Level 3 flying qualities, however, as suggested by the present reguirement.
These comments suggest that 4 pounds should represent only a boundary for

Level 1 and not a boundary for both Levels 1 and 2. The pilot ratings con-



cerned with the lower 1limit of 1/2 pound are not entirely consistent.

Only the C6 rating of the Sb feel/trim system in Reference N1l is close

to Level 3, for a measured force of 1/2 pound. The same report rated a
lower breakout force as Level 1, and the comments indicate that poor stick
centering is a large part of the problem. Most of the cother ratings are
Level 2 for forces below 1/2 pound. For these reascns, 1/2 pound is
considered a more valid boundary for Level 1 than for both Levels 1 and 2.
F-4 data strictly provides no conclusive arguments for Level 2 and 3
boundary requirements,

Aileron Control Breakout Force

No background is available to evaluate the minimum breakout force
requirement of 1/2 pound.

Breakout forces as high as 4 pounds are rated Level 2 by F-4 pilots.
According to the specification this force level should be representative
of marginal Level 3 flying qualities. When the comment on the 4 pound force '
is examined {Reference 13, Ch.5) the concern is chiefly with breakout force
harmony, and the lateral breaskout force might be Level 1 if a reasonable
longitudinal breakout force were provided. This, plus the other ratings
for forces higher than 2 pounds, indicates that the maximum force could be
specified at 4 pounds and still be within Level 2. The data for lower
forces substantiate the 2 pound maximum as & Level 1 boundary reasonably
well. Therefcre, a maximum breakout force of 2 pounds for Level 1 and 5
pounds for Level 2 are considered reasonably substantiated by F-U data,

Rudder Control Breakout Force

Within the limits of avallsble data, the requirements are validated
by F-4 experience (see Table I (3.5.2.1}).

General

Figures 3 (3.5.2.1) and 4 (3.5.2.1) attempt tc illustrate the combined
effect of mechanical characteristics and other parameters on flying gquali-
ties in configuration PA, for the F-UJ and F-UK respectively. These air-
eraft are equipped with the same feel/trim system (S3) and should exhibit
the same longitudinal stability with respect to speed. The fact that the
F-L4J is assigned a rating of C3 (Level 1), and the ¥-4K CL.5 (Level 2} for
longitudinal speed stability may be due either to normal scatter or ftc the

influence of the engine characteristics on static stability. The rating
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El is assigned to the F-LJ engine characteristics because pilet ratings had
described the throttle response as excellent (e.g., Reference N1}, and be-
cause no inadvertent lateral-directional oscillations due to engine asymmetry
were encountered. The final result is that the overall approach character-
istics were degraded one and a half rating points by installation of the Spey
engines. Since both the J79-10 engined F-4J and the Spey engined F-UK are
therefore rated Level 2, there appears to be no great significance in this
conclusion, However, the overall flying qualities of the F-LK for the PA
Flight Phase are rated one and a half rating points worse than any single
contributory parameter, The implication is that the ability of the aircraft
to complete the Flight Phase is measurably worse than individual evaluation
of the parameters required by the specification would suggest. This would
of course be more significant 1f the ratings were close to a level boundary
and the overall opinion were representative of the lower level. According to
Reference Bl, this interaction has been noted by Cooper and Harper with
respect to "poor" flying qualities, but more research is needed on the results
of interaction eof both good and bad flying gqualities. Most parametric
studies have been conducted by arranging for "good" values of those parameters
which are not under investigation, and a change from this approach should be
considered.

The "ecombined effects" statement and the requirement for positive

centering are firmly supported by F-4 experience.

F. RECOMMENDATIONS

On the basis of the available F-4 data, the breaskout force limits for
Class IV aircraft should be relaxed as follows:

Elevator contrcl: Level 1, 1/2 to 4 pounds

Aileron control: Level 1 upper limit, 2 pounds

Level 2 upper limit, 5 pounds.

The above recommendation leaves the reguirement incomplete insofar as Level
2 and 3 elevator and Level 3 aileron upper limits are concerned. The P-4

data however is insufficient to provide guidance in establishing these limits,
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Table | (3.5.2.1)
Control Breakout Forces

Elevator Aileron Rudder
{Requirement] Requiremant lRequirement]
1/2t031b 12t 2lh 1t071h
Reference Test Meets A-;::I: ! Test Meets A;::tal Test Meets A-F::tal
Force Spec.? Level Force | Spec.? Level Force | Spec.? Level
Feel/Trim
System §1
N1 110 1% Yes L1 Tto 1% Yes L1 105 Yes L1
N2 1t0 1% Yes L1 1to 1% Yes L1 4105 Yes L1
N4 2 Yes L1 3 No L2 6 Yes L1
Feel/Trim
System §2
N8 i Yes L1
N11 [<%to 1%] Yes L1
A 4 No L1 2 Yes L1 2% Yes L1
A2 | No L2 3 No L2
Feel/Trim
System §3
N11 1 Yes L1
N12 | <¥% No L2* K] No L2 b Yes L1
N13 | <1 ? L2 4 No L2*({PA)
N14 i Yes L1
N18 1 Yes L1 % Yes Lt <h Yes L1
N21 1 Yes L1*
N23 | <¥% No L2* 1% Yes L1
Feel/Trim
System S4
N11 ¥ Yes 12
A7 1to2 Yes L1 2 Yes | L1 4105 Yes L1

*Expresses dissatisfaction with fongitudinal/lateral hreakout force harmony.
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Altitude = 5,000 ft
2 AIM-7's, 2 Sidewinders, 1 600 Gal. C.L. Tank
GW=2358901b
CG=308%C¢C
ANU 10

Rat 0 —
aie
of Pitch Recovery —_| \

(deg/sec) 10 N_/
AND 20

TEU 99

Stabilator 10L—-.

Position

(deg} 0

TED 10

Aft 20

Longitudinal 4 e AL
Stick Position /
{deg} 0 =

Fwd 10

Pull 20

Longitudinal g

Stick Force

{Ib) 20

Push 40

Calibrated 200

Airspeed

(kt}

100

0 2 4 6 8
Time {sec)

Figure 2 (3.5.2.1)
Longitudinal Stick Centering Characteristics
Reference N18, F-4.)
Configuration PA
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Note: J79-10 engines

Figure 3 (3.5.2.1)
F-4J: Combined Effacts of Various Parameters
on Powar Approach Flying Qualities
Reference N18
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Figure 4 (3.5.2.1)

F-4K: Combined Effects of Various Parameters
on Power Approach Flying Qualities

Reference N12
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3.5.2.2 Cockpit Control Free Play

A. REQUIREMENT

3.5.2.2 Cockpit Control Free Play - The free play in each cockpit
control, that is, any motion of the cockpit control which does not move
the control surface in flight, shall not result in objecticnable flight
charscteristics, particularly for small-amplitude control inputs.

B. APPLTCABLE PARAMETERS

Cockpit control lost motiom.

C. F-4 CHARACTERISTICS

Comments on controcl free play are included as background to the
regquirement, The half-inch free play reported by Reference Al appears to
be an isolated instance,.

D. SUMMARY OF PILCT RATINGS AND COMMENTS

Feel/Trim System S2

o "Cockpit control free play was minimal," Reference N11, F/RF-4B.
o "The aft control stick had approximately one-half inch 'play’ at
neutral. It was virtually impossible to fly close formation from the rear

seat with this condition. The aft control stick should be modified to pro-

vide a more rigid attachment." Reference Al, F-i(,
Feel/Trim System £3
0 Freeplay "Minimal" References N11, N12, N13, N1k, N23.

Feel /Trim System Si

) Freeplay "minimal." Reference N11, F/RF-UB.

E. DISCUSSION

The comment from Reference Al shows that a small amount of free play
can result in Level 3 Flying Qualities for a Category 4 Flight Phase. This
emphasizes the importance of this reguirement which is considered adeguate
as written.

F. TRECOMMENDATIONS

None.
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3.5.2.3 Rate of Control Displacement

A. REQUIREMENT

3.5.2.3 Rate of Control Displacement - The ability of the airplane to
perform the operational maneuvers required of it shall not be limited in the
atmospheric disturbances specified in 3.7 by control surface deflection rates.
For powered or boosted controls, the effect of engine speed and the duty
cycle of both primary and secondary controls together with the pilot control
techniques shell be included when establishing compliance with this require-
ment.

B, APPLICABLE PARAMETLRS

Maximum control surface deflection rates.

C. F-h CHARACTERISTICS

Ho F-4 data are available concerning this requirement.
D, SUMMARY OF PILCT RATINGS AND COMMENTS

Hone,

E, DISCUSSION

Hone; the requirement appears reasonable as written.
F. RECOMMENDATION

None.
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3.5.2.4 Adjustable Controls

&, REQUIREMENT

3.5.2.4 Adjustable Controls - When a cockpit control is adjustable
for pilot physical dimensions or comfort, the control forces defined in
6.2 refer to the mean adjustment, A force referred to any other adjust-
ment shall not differ by more than 10 percent from the force referred to

the mean adjustment.

B. APPLICABLE PARAMETERS

Variation of control forces when cockpit controls are adjusted,
C. F-4 CHARACTERISTICS

No F-4 data are available concerning this requirement.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

None.

E. DISCUSSION

None, the requirement appears reasonable as written.

F. RECOMMENDATION

None.
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3.5.3 Dynamic¢ Characteristics

A, REQUIREMENT

3.5.3 Dynamic Characteristics - The response of the control surfaces
in flight shall not lag the cockpit control force inputs by more than the
angles shown in Table XIII, for frequencies equal to or less than the fre-
quencies shown in Table XIII.

Table XIII
Allowable Control Surface Lags
Allowable Lag {deg) Control | Upper Frequency (rad/sec)
Ca.tegury Aand C Cf{teguw B Elevator _ w“sp
Level Flight Phases Flight Phases
1and 2 10 45 Rudder & | o, or 1/7g (whichever
Aileron . d
3 50 is larger)

The lags referred to are the phase angles cbtained from steady-state
frequency responses, for reasonably large-amplitude force inputs. The lags
for very small control-force amplitudes shall be small enough that they do
not interfere with the pilot's ability to perform any precision tasks
required in normal operation.

3.5.3.1 Control Feel - In flight, the cockpit-control deflection shall
not lead the cockpit-control foree for any freguency or force amplitude.
This requirement applies to the elevator, alleron, and rudder controls, In
flight, the cockpit-control deflection shall not lag the cockpit-control
force by more than the angles listed in 3.5.3, for frequencies equal to or
less than those listed in 3.5.3, for reasonably large force inputs. The
lags for very small control-force amplitudes shall not interfere with the
pilot's ability to perform precision tasks reguired in normal operation.

B. APPLICABLE PARAMETERS

Phase lag of cockpit contrel and control surface responses to sinusoi-
dal cockpit contrel force inputs.

C. P-4 CHARACTERISTICS

Time histories of stick free oscillations appear in some F-U4 reports.
Unfortunately the only evaluation in which a steady-state frequency response
was obtained presented only gain characteristics. The results are shown
under 3,2.2.3.1,

D. SUMMARY OF PILOT RATINGS AND COMMENTS

None.
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E. DISCUSEION

This requirement is intended to ensure that the dynamic response of
the control system is "fast" enough to aveid control problems. The allow-—
able phase lags are specified at an exciting frequency (wnSP’ Wy » l/TR)
which in general depends on flight condition. If the flight condition is
such that the frequency is low, then the allowable phase lags are representa-
tive of a "slower" control system than if the frequency is high. As an
example, the writers noted an interesting implication of this requirement
for & hypothetical aircraft with a simple high bandwidth spring feel system,
a low short period natural frequency (say 1.0 radians/sec.), and a time
delay between stick and elevator movements. According to this paragraph
and Paragraph 3.2.2.1.1 of the specification, a time delay up to about
0.5 seconds would result in Level 1 or 2 Flying Qualities for flight con-
ditions in which n/o is fairly low.

The F-4 has low short pericd natural frequencies in the PA configura-
tion (Reference B7). Pilot comments from F-h tests suggest that an 0.5
second time delay in the control system would be far from acceptable, parti-
cularly for category C Flight Phases. It could be argued that the F-4
possesses a higher Wngp at other fiight conditions and therefore demonstra-
tion of compliance at these flight conditions would ensure a fast encugh
control system to preclude control problems throughout the flight envelope.
However, this intent is not written into the requirement and this argument
would not necessarily apply to all aircraft/control system types. Similar
arguments would, of course, apply to the requirements for the rudder and
aileron control systems, and to the numerical reguirements of 3.5.3.1.

Reference BZ substantiates the phase lag regquirement by examination of
the inflight test data of Reference Bl3, in which evaluation pilots rated
the effects of higher-order control system dynamics. Their concern was
chiefly with the apparent time delays caused by control system phase lag,
and twe criteria, both involving short pericd freguency, were found to
correlate with pilet opinicon rating. The present criterion was chosen for
the specificaticon because it appeared to be better related to design and
test. However, the experiment was restricted to the frequency range 2.3 <
< 5.0 rad/sec. Therefore, there is, strictly speaking, nc substantia-

“ngp
tion for the requirement for aircraft with frequencies outside this range.
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In summary, the intent of the requirement is understood and such a
requirement is a necessary part of the specification. However, the sub-
stantiating data are not considered sufficiently comprehensive to justify
application of the numerical requirements to all aircraft types and Flight
Phases, &as presentiy written. In fact, the strict applicability of the
requirements is so restricted by the choice of paramevers made in the
single series of tests of Reference B13, that deleting the numerical
regquirements would seem to be logical until a wider spread of substantiating
data is availsble,

F. RECOMMENDATIONS

Until more substantiating data become available, Table XIII should be
deleted and the requirements should be re-written as follows:

"3.5.3 Dynamic Characteristics - The response of the control surfaces

in flight shall not lag the cockpit control force inputs by an amount which
results in objectionable flying gqualities. The lags referred to are the
phase angles obftained from steady-state frequency responses, for reasonably
large-amplitude force inputs. The lags for very small control-force ampli-
tudes shall be small enough that they do not interfere with the pilots’
abllity to perform any precision tasks reguired in normal operation.”

"3.5.3.1 Control Feel -~ In flight, the cockpit-control deflection

shall not lead the cockpit-control force for any frequency or force ampli-
tude. This requirement applies to the elevator, alleron and rudder controls.
For reasonably large force inputs in flight, if the cockpit-contrel deflecticn
lags the cockpit-control force, objectionable flying cualities shall not
resuit. The lags for very small control-force smplitudes shall not inter-
fere with the pilot's ability to perform precision tasks required In normal

operation.”
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3.5.3.2 Damping
A, EREQUIREMENT

3.5.3.2 Damping - All control system oscillations shall be well damped ,
unless they are of such an amplitude, frequency, and phasing that they do not
result in objectionable oscillaticns of the cockpit contrels or the airframe
during abrupt maneuvers and during flight in the atmospheric disturbances
specified in 3.7.3 and 3.7.L.

B. APPLICABLE REQUIREMENT

Control system damping and other dynamic characteristics.

C. F-kL CHARACTERISTICS

This paragraph is linked to 3.2.2.1.3 {Residual Oscillations) in that
a control system oscillation with zero or near-zero damping is a residual
oscillation. The two paragraphs should therefore be considered together.

The non-linear nature of the control system dynamics is emphasized by the
comment from Reference N1l. No background 1s aveilable to the requirement
to demonstrate acceptability in atmospheric disturbances.

D, SUMMARY OF PILOT RATINGS
Feel/Trim SystemSl

o "The dynamics of the contrcl system were evaluated under all condi-
tions of flight by perferming sharp stick raps and rudder kicks. With the
exception of configuration PA (where stick centering is poor), control stick
centering and control system damping is satisfactory." Reference Ll, Fhi-1.
o "The longitudinal control system exhibits positive damping...during
all conditions of flight." Figure 1 (3.5.3.2) shows time histories of leon-
gitudinal stick raps. The primary purpcse of these is to illustrate the
poor stick centering, but the control system dynamics also appear in the
traces. Reference N2, F4H-1.

o "With STAB AUG, the control system exhibits positive damping and
the short period oscillation of all control surfaces is essentially dead-
beat. Without S5TAB AUG, the longitudinal control system is poorly damped.
This poor damping degrades the stick free dynamic stability of the airplane,
particularly at aft center of gravity loadings." Reference N4, FLH-1,

o "4 high-frequency (3 cps to 4 cps) longitudinal control system

oscillation was excited when the control stick was very abruptly deflected,
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approximately one inch forward or aft, and released with the STAB AUG ON or
QOFF. After a forward stick-free rap at .60 IMN and 5,000 ft., the oscilla-
tion took about 5 cycles to damp. As IMN increased the damping decreased
until at .90 IMN the osciliation was undamped. Damping rapidly increased
above .90 IMN with the cscillation becoming deadbeat at 1.0 IMN. Damping
for aft stick-free raps was approximately 50% higher than for forward raps.
STAB AUG OH increased damping cf the high-freguency oscillation by approxi-
mately 50%. This high-freguency control system oscillation could easily be
stopped by fixing the stick and was therefore not objectionable to the
pllot. The contractor should investigate this chatter because of its
pessible effect on control system service life. A time history of high-
frequency, longitudinal control system oseillation is shown in [Figure 1
(3.5.3.2}]." The maximum normsl load factor excursions are around + .3g
for essentially Level 1 flying qualities. (See 3.2.2.1.3). Reference NT,
F-4A/R.

Feel /Trim System 52

o "Very abrupt forward longitudinal control inputs (stick raps) re-
sulted in a high freguency (3.5 cps) control system oscillation with the
STAB AUG either O or OFF...No undamped oscillations were experienced
following aft stick raps. Contrel system damping following forward stick
raps was inconsistent and appeared to be a function of the rate of input
and total dispiacement of the control stick. Forward stick raps freguently
resulted in undamped control stick and stabilator oscillations. Airpiane
response to the control system oscillation at speeds greater than 500 KCAS
procuced high frequency airplane oscillations (X0.5g). These oscillations
could be easily stopped by grasping the stick and were therefore not objec-
tionsble. Although it is not expected that this cordition will be exper-
ienced during normal employment of the airplane, correction...desirable for
improved service use.'" Reference K1l, F/RF-LB.

5,  DISCUSSION

The requirement appears to be written to deal with undesirable control
system cgcillations during maneuvers, l.e., during stick-fixed flight.
Therefore, the F-U oscillations cobtained in stick-free flight following a

stick rap are not strictiy relevant to this paragraph. As evidenced by the
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comments from References N7 and N1l, such oscillations are not necessarily
objectionable, if they can be damped by fixing the stick. Conversely, scme
comments in 3.2,2.1.3 show that if the pilcot cannot prevent the oscilla-
tions by fixing the stick, then the resultant flying qualities are degraded.
Therefore, the requirement seems reasonable as written.

F. RECOMMESDATION

Hone.
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3.5.4 Augmentation Systems

A. REQUIREMERT

3.5.4 Augmentation Systems - Normal operation of stability augmentation
and control augmentation systems and devieces shall not introduce any objec-
tionable flight or ground handling characteristics.

3.5.4.1 Performance of Augmentation Systems = Performance degradation
of augmentation systems caused by the atmospheric disturbances of 3.7.3 and
3.7.4 and by structural vibrations shall be considered, when such systems
are used,

3.5.k.2 BSaturation of Augmentation Systems - Limits on the authority
of sugmentation systems or saturation of equipment shall not result in
cbjectionable flying quaiities. In particular, this requirement shall be
met during rapid large-amplitude maneuvers, during operation near Vg, and
during flight in the atmospheric disturbances of 3.7.3 and 3.7.L.

B. APPLICABLE PARAMETERS

Side effects of augmentation systems on flying qualities.

C. F-U CHARACTERISTICE

The evolution of F-U4 feel/trim systems (see Section II) provides scme
examples of the compromises which must sometimes be effected in the design
of augmentation systems, and of how different weight can be attached to
various characteristics according to how the aireraft is utilized. The
original (81) F-U feel/trim system was described by Reference N1 as satis—
factory in most areas, although sensitivity at high "q" flight ccnditions
was mentioned as a potential problem. Airspeed and altitude control in
landing apprcaches were particularly singled out as being highly desirable,
A year later, Reference N2 expressed rather less satisfaction with PA fly-
ing qualities. Reference NS5 was a LAHS investigation following a PIO
incident, and determined that the PIO tendency could be attributed to the
dynamic effects of the normal acceleration bobweights. Reference N6 tested
a proposed feel/trim system modification (S1 with the downsprings removed)
designed to reduce the PIC tendency. In fact the test aircraft entered a
PIC during the evaluation, and the report also stated that poor PA speed
stability was a prime result of removing the downsprings. Consequently, this
modification was not recommended for implementaticn in production aircraft,
A subsequent modification {feel/trim system S2) which was designed to increase

Fg/n below sbout M = 1.2, also reduced the control system cscillations
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(Reference N7) which Reference N5 had attributed to the bobtweights., However,
the improvements effected by incorporation of feel/trim system S2, which
permitted the LAHS flight envelope to be expanded somewhat, proved to be
insufficient to keep pace with the change in the use of the aircraft from an
interceptor to a multi-purpose fighter/bomber. In particular, the maneuvering
stick forces were too high (Reference N11) and so the longitudinal downsprings
were removed (feel/trim system S3) because this action appeared to reduce
these forces and also to ameliorate PIO tendencies by reducing the trimming
task. The penalty was paid in the form of a deterioration in PA speed
stability, which was indiscernible to the pilot, and a slight decrease in Csp'

Reference N11 also evaluated the Sk feel/trim system but rejected it
for Navy aircraft for reasons which incliuded light maneuvering stick
forces with some external loads, and unacceptable PA flying qualities.
Reference AL is an evaluation of the same (S84) system; the lighter maneu-
vering forces noted in Reference N11 were not, however, discernible fo the
pilot and the PA flying qualities were considered essentially the same as
with the previous (83) system. This report then concluded that the overall
improvement, particularly in longitudinal dynamic characteristics, was
sufficient to recommend installation of feel/trim systen S84 in 8l1 Air
Force aircraft, with the recommendation that the poor PA configuration
flyirg qualities should be the object of further investigation.

The above is necessarily a simplified and incomplete version of feel/
trim system development on the F-li. The tradeoff decisions made in evalua-
tion of the different systems depended to a jarge extent on the importance
of those areas of flying qualities which were compromised by the modification
being evaluated. For instance, the Navy task of carrier approach apvarently
iends heavier emphasis to PA cheracteristics than the field landings
encountered by the Alr Force, It is interesting to note that the starting
point for the F-U was a feel/trim system which produced generally good
characteristics, with excellent PA flying qualities meriting special men-
tion. After ten years of fairly continucus development the aircraft now has
generally good characteristics with rather poor PA flying gualities being

specially mentioned.
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D. SUMMARY OF PILOT COMMENTS AND RATINGS
See discussion of F-L characteristics.

E. DISCUSSION

This requirement states that devices designed to improve flying
qualities shall not degrade flying qualities. This would at first
appear redundant. Certainly it offers little help to the designer, who is
aware that an improvement in one area of the flight envelope may be offset
by undesirable characteristics elsewhere., Nevertheless, the requirement is
a necessary one if only from a contraciual standpoint, and the discussion of
some historical aspects of F-U4 experience presented above illustrates the
type of situation at which these requirements are directed. The requirements
are, therefore, considered resonable as written.

F. RECCMMENDATIONS

3.5.k

None

3.5.h.1

None.

3.5.4h,2

Ncone.
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3.5.5 Failures
'A.  REQUIREMENT

3.5.5 Failures - If the flying qualities with any or all of the aug-
mentation devices inoperative are dangerous or intolerasble, special provi-
sions shall be incorporated to preclude a critical single failure.
Failure-induced transient motions and trim changes resulting either imme-
diately after failure or upon subsequent trasnsfer to alternate control

modes shall be small and gradual enough that dangerous flying qualities
never result.

3.5.5.1 PFailure Transients - With controls free, the airplane motions
due to failures described in 3.5.5 shall not exceed the following limits
for at least 2 seconds following the failure, as a function of the Level of
flying qualities after the failure transient has subsided:

+

Level 1 -0.05g normal or lateral acceleration ai the piloi's
{after station and 1 degree per second in roll

failure)

Level 2 0.5¢ at the pilot's station,

(after %5 degrees per second roll, and the lesser of *5 degrees
failure) sideslip or the structural limits

Level 3 No dangerous attitude or structural limit is reached, and
(after no dangerousg alteration of the flight path results from
failure) which recovery is impossible.

3.5.5.2 Trim Changes Due to Failures - The control forces regquired to
maintain attitude and zero sideslip for the fallures described in 3.5.5 shall
not exceed the following limits for at least 5 seconds following the failure:

Elevator—mmemem———— e 20 pounds
Aileron--——-—w——=—————= 10 pounds
Rudder - - 50 pounds

B, APPLICABLE PARAMETERS

Trangsient motions and trim changes during and after failure of augmenta-
tion devices.

C. P-4 CHARACTERISTICS

No F-4 date are aveilable concerning this reguirement.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

Hone.

5, DISCUSSION

Hone,

F. RECOMMENDATTON

None,
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3.5.6 Transfer to Alternate Control Modes

A, REQUIREMENT

3.5.6 Transfer to Alternate Control Medes - The transient motions and

trim changes resulting from the intentional engagement or disengagement of
any portion of the primary flight control system by the pilot shall be small
and gradual enough that dangerous flying qualities never result,

3.5.6.1 Transients ~ With controls free, the transientg resulting from

the situations described in 3.5.6 shall not exceed the following limits for
at least 2 seconds following the transfer:

tude

Within the Operational i0.0Sg normal or lateral acceleration at the
Flight Envelope pilot's statlon and *1 degree per second roll
Within the Service ¥0.5¢ at the pilot's station, %5 degrees per
Flight Envelope second roll, and the lesser of 5 degrees

sideslip or the structural limit.
These requirements apply only for Airplane Normael States.

3.5.6.,2 Trim Chenges - The control forces required to maintain atti-
and zero sideslip for the situations described in 3.5.6 shall not

exceed the following limits for at least 5 seconds following the transfer:

ment

Elevator-——————c—mew—o 20 pounds
Aileron——-=-——me=———-- 10 pounds
Rudder-————cm—e e e 50 pounds

These regquirements apply only for Airplane Normal States.

B. APPLICABLE PARAMETERS

Transient motions and trim changes following engagement or disengage-
cf any portion of the primary flight control system.

C. F-l CHARACTERISTICS

No F-L4 data are availeble concerning these requirements.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

Kone.

E., DISCUSSION

None.

F. RECOMMENDATION

None.
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3.6 Characteristics of Seccndary Control Systems

3.6.1 Trim System
A, REQUIREMENT

3.6 Characteristics of Secondary Control Systems

3.6.1 Trim System -~ In straight flight, throughcut the Operatiocnal
Flight Envelope the trimming devices shall be capable of reducing the eleva~
tor, rudder, and aileron control feorces to zero for Levels 1 and 2. For
Level 3, the untrimmed cockpit control forces shall not exceed 10 pounds
elevator, 5 pounds aileron, and 20 pounds rudder. The failures to be con-
sidered in applying the Level 2 and 3 reguirements shall include trim
sticking and runaway in either direction. It is permissible to meet the
Level 2 and 3 requirements by providing the pilot with alternate trim
mechanisms or override capability. Additional requirements on trim rate
and authority are contained in MIL-F-G490 and MII-F-18372.

B. APPLICABLE PARAMBTERS

Trim authority throughout the operational flight envelope.

C. P-4 CHARACTERISTICS

Minimum trim air speed was of primary interest during several F-L
evaluations and was investigated with trim system normal as well as during
gimulated runaway and sticking trim. Trim acceptability with varicus
agymmetric external store loadings was also evaluated. The available
untrirmmed residual control forces are presented along with the gqualitative
remarks on the various configurations. Quantitative data are available
cnly for elevator and aileron control forces.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

Feel/Trim System S1

The Phase I HPE of the Fili-1 without external stores ccrmented that:
o "Minimum trim sirspeeds were investigated...and the sirplane can be
trimmed about all axes to the stall for all configurations tested.”
Reference W1, FLH-1.

Feel/Trim System £3

Reference €10 evaluated minimum approach speed of an F-U4B with asymmetric
external store loadings:
9 "The maximum test asymmetriec load for which lateral trim could be

maintained at normal approach speeds and landing gross weights was 308,105
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in-1b...The lateral stick force required to maintain steady-state, wings-
level flight for speeds below minimum trim airspeed was under 4 Ib. up to
approximately 21 units angle of attack (C3). Slight directiocnal trim
changes were necessary for steady-heading wings level flight but were sc
slight that a pilot could easily fly an acceptable landing approach without
using rudder trim." Reference N10, F-kB.

Reference N1l evaluated lorngitudinal trimmability on an F-4B with the
various feel/trim systems:

o "The ability to trim out longitudinal control fcrces in configura-
tions CR and P at a specifiec airspeed was slightly degraded with downsprings
removed (rating Ch.5). This condition was contingent on the static longitu-
dinal stability of the airplane and was therefore more pronounced feor the
reduced bobweights configuration [S4] than for the [83] configuration. In
the highlift configuration, the combination of low friction and breakout
forces, weak stick centering, and large trim speed bands acccunted for a
derogation in trimmability in the alirplane with downsprings removed. Pilots
noted a tendency to trim out forces at the slow speed end of the ftrim speed
bard..."

"Trimmability was degraded to an unacceptable level with the reduced
bobweights [feel/trim system SU] because of extremely poor stick centering
from aft stick displacements (rating (6)." Reference N1l, F/RF-LB,

One Air Force and one Navy evaluation investigated minimum trim air
speed with runaway trim for various store loadings:

0 "Tests were conducted with [no external stores, and with ten M=11T7's
plus six empty LAU-3/A's] with approximately 2,000 pounds of fuel to inves-
tigate the effects of an inoperative longitudinal trim system. Approaches

and landings were accomplished with full nosedown and full noseup trim,

Full down trim resulted in forces of 20 and 12 pounds pull for a 250-knots
indicated airspeed (KIAS) cruise (CR) configuration approach and an 'on

speed' landing with full flaps, respectively. The task of landing with

this pull force received a Pilot Rating of [CHL]. A full up trim approach
and landing at the same conditions resulted in push forces of 10 and 5

pounds, respectively. These approach and landing tasks received Pilobt Ratings

of [CHL] and [CH3), respectively. Control of the airecraft with inoperative
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longitudinal trim was acceptable and no corrective action is recommended in
this area. It is believed that the aircraft cen be safely recovered from
eny flight condition within the flight envelope should runawsy longitudinal
trim occur." Reference AT, F-LE.

o "The minimum trim air speed (full left trim applied, no lateral
forces required for wings level flight) [with a medium asymmetric load] was
approximately that airspeed for [normal approach angle of attack]. The
minimum trim speeds [with higher asymmetric loading] were between 170 and
190 kt depending on gross weight. Lateral control forces were not objec-
tionable below minimum trim air speeds and generally did not exceed 5 1b.
during landing approaches at recommended approach speeds (C3). Therefore,
the minimum trim speed was inconsequential as to the acceptability of air-
speeds for landing approaches. The maximum lateral force required for full
deflection, if needed, was 15 1b." Reference N19, F-hJ.

) "The trim rate and trim authority were satisfactory." Reference
N23, F-4M.
o "Longitudinal trimability was qualitatively evaluated during climbs,

cruising flight, and lending approaches. Because of the extremely weak
static stebility...it was nearly impossible to trim the airplane 'hands-off'
for a desired flight condition (Rating C3). Any slight disturbance would
cause the alrplane to vary from trim, and if not stopped by the pilot, pro-
ceed into a divergent long period oscillation. An improvement in longitu-
dinal trimability during climbs, cruising flight and landing approaches is
desirasble for improved service use." Reference N13, F-lUM,

E. DISCUSSION

General ~ The requirement to reduce control forces to zero for Levels
1 and 2 flying qualities is not strictly upheld by F-L experience. Some
residual force does not result in unacceptable flying qualities. The Level
1l rating attached to a non-zero longitudinal control force in Reference AT
was obtained for a failure state and so is somewhat open to question. The
Level 1 ratings of lateral forces in References N10 and N19 were for asym-
metric store conditions. Based on these, it would appear reascnable to
provide a covering statement concerned with asymmetric lcads in the specifi-

cation, rather than limit the operational effectiveness of an aircraft by
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disallowing some asymmetric loads on the basis of trimability.

Elevator Control Force

Reference A7 assigns a Level 1 rating to a force of 5 pounds and Level
2 ratings to forces of 10 pounds push and 12 pounds pull. According to the
specification these should be representative of Level 3 or worse flying
qualities, The fact that the data were obtained for s known failure state
means that the ratings may be lenient; even so the worst rating (C4.5) is
considerably better than Level 3, and in one case applies to a force (20
pounds) which according to the specifieation should result in a totally
unflyable aircraft. Reference AT obtained a 20 pound pull in the CR con-
figuration and stated that safe recovery from any flight condition within
the flight envelope 1s possible. Therefore, an elevator control force of
20 pounds would certainly seem to represent better flying qualities than a
Level 3 "Floor," and it is possible that a higher force might also result in
Level 3 or better flying qualities. The pilot is capable of elevator cock-
pit control forces from roughly 100 pounds pull to 60 pounds push and these
figures are possible values for absolute maxima. However, validation of
Paragraph 3.4.5 has emphasized the importance of force harmony, particularly
in Category C Flight Phases and so this should be considered in specifying
a force value. Also, maneuvering would invelve higher forces than those
necessary only for level flight, in terms of which the specification is
written, and the force should be within the absolute capability of the pilot
because in an emergency he may have to hold the force for some time, There-
fore 20 pounds would represent a conservative Level 3 maximum elevator con-
trol force for level flight which should prevent problems due to poor
harmony and pilot fatigue.

Aileron Control Force

Both Reference N10 and Reference N19 are concerned with asymmetric
loads, and the data indicate that the specification is too stringent.
Reference N19 shows that a force of five pounds is rated C3, and even
allowing for leniency in rating (for similar reasons to those suggested
concerning the failures above), a "corrected" pilot opinion might represent
flying gualities no worse than E5, i.e., comfortably within Level 2. There-

fore, the Level 3 flying qualities "floor" could reasonably be represented
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by some greater force, say 10 pounds.

The longitudinal Level 3 force above was chosen not only on the basis
of F-4 data but also with consideration for force harmony, the provision of
some reserve force, within the capability of the pilot, for maneuvering, and
consgiderations of the pilot's ability to exert a force for a period of time.
The pilct is most limited in his ability to exert a push force {60 pounds
versus 100 pounds pull) and the recommended longitudinal control force is
one third of his capability, i.e., he has at worst two thirds of his force
capability remaining for maneuvers and as a margin against fatigue. Apply-
ing the same argument to a lateral contrel force of about‘30 pounds, the
figure of 10 pounds is again evident.

It should be noted that the recommended figures for both axes fall
within the requirements of paragraph 3.4.5.1.

F. RECOMMENDATIOHNS

The requirement shall be amended to read:

"In straight flight, throughout the Operational Flight Envelope the
trimming devices shall be capable of reducing the elevator, rudder, and
aileron contrcl forces to zero for Levels 1 and 2. This requirement can
be relaxed for asymmetric lcading conditions provided the operational
effectiveness of the aircraft is not unduly compromised. For Level 3, the
untrimmed cockpit control forces shall not exceed 20 pounds elevator, 10

pounds aileron, and 20 pounds rudder..."
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3.6.1.1 Trim for Asymmetric Thrust

4. REQUIREMENT

3.6,1.1 Trim for Asymmetric Thrust - For all multi-engine airplanes,
it shall be posgible to trim the elevator, rudder, and aileron control
forces to zerc in straight flight with up to two engines inoperative
following asymmetric loss of thrust from the most critical factors (3.3.9).
This requirement defines Level 1 in level-flight cruise at speeds from the
naximum-range speed for the engine(s)-cut configuration to the speed
obtainable with normal rated thrust on the functioning engine(s). Systems
completely dependent on the failed engines shall alsc be considered failed,

B. APPLICABLE PARAMETERS

Trim authority with up to twc engines inoperative.

C. F-L CHARACTERISTICS

No F-L data are available concerning this requirement.
D. SUMMARY OF PILOT RATINGS AND COMMENTS

None.

E. DISCUSSION

The requirement appears reasonable as written.

F. RECOMMENDATIOCNS

None.
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3.6.1.2 Rate of Trim Operation

3.6,1.3 B8talling of Trim Systems

3.6.1.4 Trim System Irreversibility

A. REQUIREMENT

3.6.1.2 Rate of Trim Operation - Trim devices shall operate rapidly
enough to enable the pilot to maintain low control forces under changing
conditions normally encountered in service, yet not so rapidly as to cause
over-gensitivity or trim precision difficulties under any conditions.
Specifically, it shall be possible to trim the elevator control forces to
less than Y10 pounds for center-stick airplanes and 20 pounds for wheel-
control airplanes throughout (a) dives and ground attack maneuvers required
in normal service operation and {b) level-flight accelerations at maximum
augmented thrust from 250 knots or Vy/¢, whichever is less, to Vygy at any
altitude when the airplane is trimmed for level flight prior to initiation
of the maneuver.

3.6.1.3 Stalling of Trim Systems - Stalling of a trim system due to
aerodynamic loads during maneuvers shall not result in an unsafe condition.
Specifically, the longitudinal trim system shall be capable of operating
during the dive recoveries of 3.2.3.6 at any attainable permissible n, at
any possible position of the trimming device.

3.6.1.4 Trim System Irreversibility - All trimming devices shall
maintain a given setting indefinitely, unless changed by the pilot, by a
specilal sutcmatic interconnect such as to the landing flaps, or by the
operation of an augmentation device. If an automatic interconnect or
augmentation device is used in conjunction with a trim device, provision
shall be made toc ensure the accurate return of the device to its initial
trim position on completion of each interconnect or augmentation cperation.

2. APPLICABLE PARAMETERS

Trim rates, cut-of-trim forces in maneuvers specified in 3.6.1.2, irim
power at any permissible normal load factor, and trim irreversibility.

C. P-4 CHARACTERISTICS

F-4 evaluations have menticned trim rate, trim linearity, trim time
delay and location of the trim bution as contributory factors to flying
qualities. No numerical data asre available on the required force levels of
3.6.1.2. No background is available on 3.6.1.3, and one comments states
that the F-4 meets the requirement of 3.6.1.k.

D. SUMMARY OF PILOT RATINGS AKND COMMENTS

Feel/Trim System S1

o "The longitudinal trim rate is too slow, although trim requirements
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over most of the flight envelope are small. This condition is especially
noted in configuration PA during landing apprcaches where trim reguirements
are the highest., Correction of this deficiency is mandatory for satisfac-
tory service use.”

"The trim controls will maintain a given setting unless deliberately
changed.”" Reference N1, FLH-1.

o "In the longitudinal axis there is an apparent time delay in the
trim circuit from the time the trim button is depressed untll response 1is
attained. This phencmenon prevents the pilot from "beeping" the longitudi-
nal trim system and requires that the trim button be held depressed until '
the desired trim is attained. This makes small, accurate adjustments in
longitudinal trim difficult since the pilot is constantly over-shooting

and under-shooting the desired trim position. In addition, the longitudi-
nal trim rate is slow. This is most apparent when longitudinal trim changes
are rapid, as in MAX A/B acceleration or when transitioning from configura-
tion CR to configuration PA. These characteristics of the longitudinal
trim system, combined with the,.. poor location of the trim button...and
the broad frietion band of the longitudinal control system...result in poor
longitudinal trimmebility. Correction of this deficiency is desirable for
improved service use."

"The lateral trim system produced a high rate of trim. Over-shooting
the desired trim was a common occurrence. Correction of this deficiency is
desirable for improved service use."

"The rudder trim system produced a satisfactory rate of trim. Poor
rudder centering...often resulted in cut-of-trim flight conditions.”
Reference N4, FLUH-1/-1F.

o "The longitudinal trim system rate is sufficient to maintain trim
requirements during constant 5,000 ft. altitude, MAX A/B thrust accelera-
tion runs from 250 kts to 750 kts CAS...the excessively high location of the
trim button on the control stick and the apparent time delay in the trim
circuit operstion are deficiencies which make accurate adjustment cf longi-
tudinal trim difficult. These cause the pilot, on occasion, teo overcontrol
the airplane in the longitudinal axis and increase the PIO tendency of the

airplane. Correction of these deficiencies is desirable for improved service
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use." BReference N5, ¥-LA/B.
Feel/Trim System S2

o} "Longitudinal trim rate was too slow to maintain a trimmed condi-
tion during acceleration and deceleration. This discrepancy caused & gross
out-of-trim ceondition during speed transient conditions which added to
longitudinal sensitivity and increased the FIO susceptibility of the air-
craft in the low-altitude high-speed region. The trim rate should be
increaged, and/or the stick free longitudinal stability gradient should
be reduced.”

"...slow trim rate significantly detracted from the handling gqualities
of the aircraft..." Reference Al, F-iC.
o "Longitudinal trim rate was sufficient to meintain trim requirements
during MAX A/B accelerations to 750 XIAS. However, non-linear trim and high
control system sensitivity make precise trimming difficult. While trimming,
the pilot will excite small (%0.5g) airplane short period oscillations.
This was particularly true in the transconic region of .95 IMN to 1.05 IMN,
Reference N7, F-LA/B.

Feel/Trim System S3

o "With the shallow longitudinal control force gradients of the
F-4J, the trim rate was adequate to maintain longitudinal cockpit control
forces near zero during rapid speed changes (rating C2). Elimination of
large out of trim conditions during rapid speed changes at low altitude
reduced the PIC tendency." Reference Hlh, F-LJ.
o "Trim rate...satisfactory." Reference N23, F-UM.
o "With the downsprings installed [S2] the longitudinal trim rate had
been reported to be toc slow to maintain a trimmed condition during accelera-
tion and decelerations at low altitude [see Reference Al comments]. This
discrepancy caused a gross out-of-trim condition (forces) during transient
speed conditicns which increased the PIO susceptibility of the aircraft in
the low altitude, high speed region. Removal of the downsprings [incorpora-
tion of 83] eliminated this out-cf-trim condition and reduced PIO suscepti~
bility." Reference A5, F-UC.

E. DISCUSSION

The interaction of static stsbility and PI0 charscteristiecs with trim
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rate is evidenced by the above comments. F-k4 experience verifies the need
for these qualitative reguirements.

F. RECOMMENDATIONS

3.6.1.2

None.

3.6.1.3

None,

3.6.1.4

one.
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3.6.2 Speed and Flight-Path Contrcl Devices

A. REQUIREMENT

3.6.2 Speed and Flight-Path Control Devices - The effectiveness and
response times of the fore-and-aft force controls, in combination with the
other longitudinal controls, shall be sufficient to provide adequate con-
trol of flight path and airspeed at any flight condition within the Opera-
tional Flight Envelope. Thig requirement may be met by use of devices such
as throttles, thrust reversers, auxiliary drag devices, and flaps.

B. APPLICABLE PARAMETERS

For the F-4, this requirement refers to throttle response and engine
thrust, speed brake extension times and effectiveness, flap extension times
and effectiveness,

C. F-4 CHARACTERISTICS

No comments are avallsble which relate flap characteristics direcily
to this requirement but some comments are available on speed brake exten-
sion. Very detailed comments are avallable which relate throttle response
and effectiveness tc PA flying gqualities. The interaction of various flying
qualities parameters in the PA Flight Phase has been discussed elsewhere;
the particular contribution of engine characteristics is included here.
The F-4 is unusual in that extensive flight experience is available with
two different engines, i.e., the G.E. JT9 turbojet and the Rolls Royce
Spey turbofan.

Figure 1 (3.6.2) presents a waveoff time history for the Spey-engined
F-LK with BLC bleed air switching from high to low pressure stages (12th to
Tth) when the throttles are advanced to MRT. Figure 2 {3.6.2) is a gualita-
tive comparison of approasch handling characteristics with the two engines,
expressed as percentage of time spent at various angles of attack. Figures
3 (3.6.2) and 4 (3.6.2) show a compariscn of engine response between the JT9
and Spey engines, and Figure 5 (3.6.2) presents the thrust/rpm slope of both
engines as a background to approach flying qualities.

D. SUMMARY OF PILOT RATINGS AND COMMENTS

Speed Brake Effectiveness

o "The speed brakes decelerated the airplane from military thrust Vpax
to 0.8 Vpay at 25,000 ft. in 18 sec...Qualitatively, the speed brakes are

very effective at supersonic airspeeds and high EAS. At low EAS they are
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ineffective. Longitudinal trim changes with speed brake extension and
retraction are acceptable...An increase 1n speed brake effectiveness at
airspeeds below 300 kt EAS is desirable for improved service use."
Reference N4, FLH-1/1F.
o "Speed brake effectiveness was tested at 25,000 ft. by measuring
the time to decelerate from military power Vmax to 0.8 Vmax with the speed
brskes extended and power retarded to the point where full military power
could be regained in five seconds. The deceleration time obtained...was 16
sec..." Reference N18, F-u4J.

Throttle Response Characteristics

1} G.E. J79 Engines; Feel/Trim Systems S1 or 82

o "Airgpeed and altitude control during the approach are excellent.
Engine and airplane response to throttle movements coupled with good longi-
tudinal controllability allows the pilot to make precise corrections in
airspeed and altitude during the approach." Reference N1, FiH-1 (81}.
o "Fifteen day and nine night mirror-landing-aid approaches were made
using a 3° mirror angle. Airplane and engine response to throttle movement
was excellent and it was found that airspeed could be controlled very easily
within 2 kt of the desired approach speed.” Reference N2, FUH-1 (51).
o "The flying qualities of the aircraft during the approach and land-
ing phase were satisfactory. Precise airspeed and glide slope control were
available to the pilot through the excellent response characteristics of the
'JT9 engine and the positive static stability of the aircraft in this con-
figuration." Reference Al, F-4C (82).

2) R.R. Spey Engines; Feel/Trim System S3
o] "The approach handling characteristics of the airplane were unaccept-
able for the following reasons:

(a) Inability to set or maintain a desired level of thrust...

{b) Insbility to stabilize on approach speed...

(¢) Keutral static longitudinal stability ¥10 kt from trim airspeed...

(d) Lateral oscillations and pcor roll response...

(e} Lack of longitudinal stick centering...

{f) Poor longitudinal and lateral control force harmony...

"For reasons unknown to the pilot, it was virtually impossible to make
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precise corrections with the throttles without either a change in airspeed
or glide slope less than or greater than that desired."”

This report then presented scme thrust stand date from which it was
surmised that the problems might be due to

(a) nonlinearities in thrust for a range of throttle positions
representative of approach throttle usage.

(b) =& large spread in throttle position for matched engine RPM in
the apprcach RPM range.

{¢) a variation in thrust due to hysteresis greater than 500 1b.

(d) & cyciing of thrust X300 1b about a mean of 6000 lb. with both
engines at 85% and full flaps, possibly due to BLC bleed air
switching from engine to engine.

"There were no large uncommanded thrust changes noticeable during
landing approaches with full flap, however, during 1/2 flap approaches
large uncommanded thrust changes were experienced with the RPM arcund 85%
... .during the thrust stand run...The total change in thrust was an increase
of 1,200 1lb."

"The inability to stabilize on approach speed is obviously related to
the engine characteristics discussed [above] but all of the flying quali-
ties deficiencies listed above contributed to increase the pilot's task
immeasurably. [A time history of s typical approach to wave-off is pre-
serted in Pigure 1 (3.6.2)]...to show the variations in airspeed and AOA
experienced and to illustrate the lateral and longitudinal contrcl manipu-
ilations made during the approaches. A consensus of WATC pilots familiar
with the approach handling qualities of the F-L4B and the F-UK airplanes is
presented in [Figure 2 (3.6.2)]). This is an ettempt to display 'pilot
opinion' of approach handling characteristics in terms of percentage of
time spent at various angles-of-attack indications during typical approaches
on a 3-1/2° gilide slope in the F-UK as compared to the F-4B. It has been
recognized that each F-4K tested to date has exhibited differences in
approach handling qualities with different combinations of engines installed.”
Reference W17, F-LX.

o Under the heading "Throttle Response" Reference N20 stated: "For

the test day conditions, the configuraticn PA appreach characteristics were
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similar to those of the F-4J with the exception of engine handling where
the airplane exhibited slow thrust response for small throttle movements.

An indication of these characteristics is shown in [Figure 3 (3.6.2)].
[Figures 3 (3.6.2) and 4 (3.6.2)] compare the thrust response of the Spey
engine with that of the J79. While the JT79 incremental thrust increase for
a given rise in RPM remains constant over the approach power range (85% to
90%) the Spey incremental thrust almost doubles, as shown in [Figure 5
(3.6.2)]. The J79 accelerates from 80% to 88% RPM in approximately 1 sec,
while the Spey requires over 2 sec, to attain the same increase in HPRPM,
Because a turbo-fan engine achieves a large portion of its thrust from the
bypass air, the thrust response of the Spey is further degraded by the lag
of LPRPM behind HPRPM. In addition, with EFM deceleration an airplane sink
rate rapidly develops which indicates a possible engine/BLC bleed air inter-
action in the approach RPM range introducing loss of lift as well as thrust.”

"During a normal manual-throttle F-U4 carrier approach, power is used to
control glide slope while pitch attitude controls airspeed. The thrust
response of the F-LUK is adequate to maintain glide slope during the initial
portion of the approach where the tolerances are large. However, as the
allowable glide slope error decreases with distance tc touchdown the thrust
response of the Spey becomes lncreasingly objectionable. Precise glide slope
corrections inside of 1/4 mile, which are easily made with power in the
F-4B/J, were difficult in the F-4K (rating Ck.5). When a given power addi-
tion, which was often required coming through the air wake turbulence, 4id
nct immediately produce the desired results, the pilot quickly applied
additicnal throttle. The thrust became effective approximately at the time
the airplane was crossing the ramp requiring a quick power reducticn to
maintain glide slope, Overcontrolling the power reduction quickly set up a
high sink rate which was difficult to arrest with power due to the lag in
thrust response., This tendency will be more marked during night operations
when the pilot is deprived of the numerous visual cues available during day
operaticns. Improvement of the configuration PA thrust response characteris-
tics of the F-LK airplane is mandatory for satisfactory service use."

Reference N20, F-LK.
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o "The approach handling characteristics of the F-hM were similar
to those of the F-UK as reported in [Reference N17]. Satisfactory carrier
type approaches can be made only under day VFR conditiong, and are consider-
ably more difficult to make in the F-LM than in the F-4J. Since the flight
control systems and basic stability characteristics of the F-UM are similar
to the F-4J, the increased pilot work load in the approach must be attributed
to the different engine handling characteristics of the Spey engines as com-
pared to the JT9 engines. In the F-4J and F-UM, the longitudinal flight
control system centering and friction, and the static and maneuvering
longitudinal stability characteristics are all similar and are marginal at
best. In the P-4J, the JT79 engine, with its excellent response time and the
precision with which a thrust level can be set, provides the pilot with a
rgpid and asccurate means of altitude control on the glide slope. The margi~-
nal flying qualities of the F-UJ are not aggravated by the engine handling
characteristies. However, in the F-iM (and F-LK), the engine response is
sluggish and there are significant nonlinearities between throttle movement
and thrust response. Consequently, the pilot is unable to rapidly or
accurately meke timely thrust setting changes in the approach. The inter-
action between the poor engine handling characteristics and the marginael
flying qualities of the F-UM results in significantly increased pilot work
load over that required with the F-4J, and makes precision approaches diffi-
cult, even under optimum conditions." Reference N23, F-4M.

E. DISCUSSION

Speed Brake Effectiveness

The comments provide some background to the requirement. The difficulty
of providing reasonable effectiveness at both high and low "g" flight condi-

tions is emphasized by the Reference N4 comment.

Engine Response Characteristics

The corments and data presented on the F-4K/M engine problems can be
sumarized as follows:

(1) Slow thrust response

(2} iHonlinearity of thrust response

(3) Thrust variation due to hysteresis

(4) Uncommanded thrust variation with time
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(5} Engine thrust mismatch.

The more lengthy comments tend to support the statement in Reference B2,
i.e,, the general problem of speed and flight-path control is, by nature,
complex, This argument, together with the reaslization that a quantitative
specification would have to apply to a large variety of mechanizations, was
used to justify writing this important requirement in a general, qualitative
form. The F-4 dats are reasonably detailed but are not considered sufficient
to Justify numerical specification of any parameter. Therefore, the guali-
tative requirement should be retained as writtemn.

F. RECOMMENDATICHNS

Add the following to the requirement:

In particular, the engine thrust-to-throttle response characteristics
shall be compatible with the airframe stability and control characteristics
so as to provide adequate overall speed stability and flight path control in

the power approach configuration.
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3.6.3 Transients and Trim Changes
A. REQUIREMENT

3.6.3 Transients and Trim Changes - The transients and steady-
state trim changes for normal operation of secondary control devices
(such as throttle, flaps, slats, speed brakes, deceleration devices,
dive recovery devices, wing sweep, and landing gear) shall not impose
excessive control forces to maintain the desired heading, altitude,
attitude, rate of climb, speed or locad factor without use of the trimmer
control. This requirement applies to all in-flight configuraticn
changes and combinations of changes made under service conditions,
including the effects of asymmetric operations such as unegual
cperation of landing gear, speed brakes, slats, or flaps. In no case
shall there by any oblectionable buffeting or oscilliation of such
devices. More specific requirements on secondary control devices are
contained in 3.6.3.1, 3.6.L4, and 3.6.5 and in MIL-F-949C and MIL~F-
18372.

3.6.3.1 Pitch Trim Changes - The pitch trim changes caused by
operation of secondary control devices shall not be so large that a
peak elevator control force in excess of 10 pounds for center-stick
controllers or 20 pounds for wheel controllers is required when such
configuration changes are made in flight under conditions representative
of operational procedure. Generally, the conditions listed in table
AIV will suffice for determination of compliance with this requirement.
(For airplanes with variable-sweep wings, additional requirements will
be imposed consistent with operational employment of the vehicle.)
With the airplane trimmed for each specified initial condition, the
peak force required to maintain the specified parameter constant
following the specified configuration change shall not exceed the
stated value for a time interval of at least 5 seconds fellowing the
completion of the pilot action initiating the configuration change.

The magnitude and rate of trim change subsequent to this time pericd
shell be such that the forces are easily trimmable by use of the normal
trimming devices. These requirements define Leveil 1. For Levels 2

and 3, the allowable forces are increased by 50 percent.

B. APPLICABLE PARAMETERS

Contrel force transients and/or changes due to operation of throttle,

flzps, speed brakes and landing gear.

C. F-b4 CHARACTERISTICS

3.6.3 General comments and data on 1) buffet experienced with
flap and *speedbrake actuation, 2) transient lateral and directional
trim changes and 3) normal acceleration transients with speedbrake
actuation are presented in parsgraph D.

3.6.3.1 The available trim change dats eppear in Table I (3.6.3.1).
The data are presented as they originally appeared in the referenced

evaluations, except that the loading condltions are not identified.
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Table X1V
Pitch Trim Change Conditions

Initial Trim Condition
High-Lift Parameter to
Flight . i i i i
4 Altitude | Speed handing | Devices Thrust Conflguratuon Be Held
Phase Gear & Wing Change
, Constant
Flaps
1 Agpproach homin | Normal | Up Up TLF Gear Down Altitude
Pattern and
Entry Airspeed*
Speed
Up Up TLF Gear Down Altitude
3 Down Up TLF Extend High- Altitude
Lift Devices and
and Wing Airspeed™
Flaps
4 Down Up TLF Extend High- Altitude
Lift Devices
and 'Wing
Flaps
5 Down Down TLF tdle Thrust Airspeed
6 Vomin | Down Down TLF Extend Airspeed
Approach Drag
Device
7 Down Down TLF Takeoff Airspeed
Thrust
B Approach Vomin | Down Down TLF Takeaff Airspeed
Thrust Plus
Normal Cleanup
for \Waveoff
(Go-around)
9 Takeoff Down Takeoff Take- Gear Up Pitch
off Attitude
Thrust
10 Min. Up Takeoff Take- Retract High- Airspeed
Flap - off Lift Devices
Retract Thrust | and Wing
Speed Flaps
1 Cruise ho Speed Up Up MRT {dle Thrust Pitch
and Air- mne for Attitude
ta-Air ;"d Level
Combat Omax | Flight
12 Up Up MRT Actuate De-
celeration
Device
13 Up Up MRT Maximum
Augmented
Thrust
14 Speed Up Up TLF Actaate De-
for celeration
Best Device
Range

*Throttle setting may be changed during the maneuver.

Notes: — Auxiliary drag devices are initially retracted, and all details of
configuration not specifically mentioned are normal for the Flight Phase,

— |f power reduction is permitted in meeting the deceleration requirements established for the
the mission, actuation of the deceleration device in No. 12 and No. 14 shall be accompanied
by the allowable power reduction.
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The maneuvers are numbered to identify the closest corresponding
maneuver in Table XIV of the specification, and the required maneuver
and the required Level 1 force are zlso shown for comparison.

It should be ncted that some reports inciude drocped aileron
actuation with flap actuation (see Table I (II.1)).

D. SUMMARY OF PILOT RATINGS AND COMMENTS

3.6.3
) "General sirframe buffet was experienced in configuration PA
and is disconcerting to the pilot under all-weather conditions.
Correction of this deficiency is mandatory."

"The glide path was easy to maintain and the power response to
throttle movement was outstanding."

"During decelerations through the transonic region with speed
brakes extended and a 3g normal acceleration, a 2g overshoot was
experienced at 0.92M. This overshoot 1s controllable and was not
present with the speed brakes closed. Correction of this deficiency
is desirable for improved service use." Reference N1, FUH-1
0 "At subsonic airspeeds there is a noticeable but acceptable
airframe buffet with the speed brake extended." Reference N3, FhH-1/
~1F
o "Lateral and directional trim changes during wave-offs were
investigated by jam acceleration of the engines to (MRT) and (MAT)
power at angles-of-attack from 19.0 to 22.0 units. The resulting
directional trim changes were negligible and lateral trim changes
were gradual and easily controlled (rating C2)." Reference N17,
F-LIB
o "Lateral trim changes were experienced in both test airplanes
upon flap and drocoped aileron extension or retraction. The trim change
in XT-595 was transient and resulted in wing rocking during transition.
The trim change in XT-596 resulted in a steady-state out of trim
condition of about 5 1b. after transition. Neither the transient or
steady state trim change is conducive to good instrument flying, and
correction is desirable for improved service use.”" Reference N20, F-LK
0 "The speed brakes were extended at elevated load factors during
windup turns (g values from 3.5 to 7.0 in increments of 0.5g). For

each turn, a constant load factor was maintained until the speed-
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breke was extended. At 500 KCAS, 10,000 feet and an initial locad
factor of 3.5 to 6.0 g's, extension of the speed brakes momentarily
increased the load factor by approximately O.l4g and then the load
factor returned to initial wvalue. For initial lcad factors above
6.0 g's, speedbraske extension increased the load factor by only 0.2g's...
extension of the speedbrakes during flight in light to heavy buffet
had no measursble effect on load factor." Reference A5, F-UC.
3.6.3.1

Feel/Trim System S1
o "The most desirable flying quality of the model FLH-1 airplane

during transition to flight after take-off is the lack of any noticeable
trim change with landing gear and flap retraction. Also, the airplane
has no tendency to settle with flap retraction. Thls characteristic

of the model F4H-1 airplane is very desirable for a night, all-weather
interceptor. Landing gear and flap retraction time is approximately

& to 8 sec.”

"Longitudinal trim changes associated with speedbrake extension
and retraction are negligible and satisfactory. With the speed-
brakes extended at subsonic airspeeds there 1s a noticeable but
acceptable airframe puffet. This buffet 1s not present at supersonic
airspeeds." Reference N1, FLH-1
¢ "Longitudinal trim changes during the transition to ¢limb after
take-off are satisfactory. The trim change with landing gear retrac-
tion is negligible. The trim change with flap retractiocn, requiring
less than 5 1b. of longitudinsal push force, is considered acceptable,.
The airplane exhibits no tendency to "settle" with flap retraction.”

"A11 trim changes...are satisfactory." Reference N2, FLiH-1
a "A11l forces are...acceptable." No improvement is reguested and
so Level 1 can be assigned to this rating. Reference N4, F4H-1/-1F

Feel/Trim System 82

Reference Al noted that trim changes in general met the specified
values with the exception of speed brake extensicn at high speeds,
"This trim change (1b pounds) was large but considered acceptable.”
This report then mentioned that the cumulative trim change encountered
due to flep retraction, gear retraction and acceleration from 165 to
210 knots was 17 pounds push, and proposed that the recommended trim

setting for takeoff be amended from neutral to 2 units nose down. I%
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then concluded”...objectionable longitudinal trim change...following
takeoff...Pogitioning the trim to the 2 units nosedown position re-
lieved this undesirable characteristic. All other longitudinal trim
changes...Were satisfactory." The force due to speedbrake extension
is assigned Level 1 flying qualities on this basis. Reference Al,
F-LC
o "Longitudinal trim changes associated with combined flap and
drooped alleron extension and retraction were in excess of [specifica—
tion requirements]. Inconsistent synchronization of flap and drooped
aileron operation precluded obtaining repeatable data. Peak trim
changes within 5 sec after actuation were in excess of 12 1b. pull
during extension and 20 1b. push during retraction of flaps and drooped
gilerons. Correction of these deficiencies is mandatory for satisfactory
service use." Reference N8, F-LB
o} "The maximum trim changes were 8 1b. pull for flap-aileron exten-
sicn and 5 lb. push for flap-aileron retraction which were...satisfactory
{rating C2)." Reference N9, F-4B
o "The total force held by the pilot at 150 KCAS in configuration
PA transiting from a trim speed of 250 KCAS in configuration CR was
15 1b. pull...(rating Ch.S5}. Any inadvertent relaxation of these
forces by the pilot resulted in an undesirable loss of altitude in the
landing pattern. Trimming during the speed and configuration transi-
tion required approximately S50% of total longitudinel trim suthority,
and was almost a mechanical procedure...because of the heavy longitudinal
force buildup." Reference N11, F-4B.

Feel /Trim System 83

"Irimmability was enhanced by downspring removal in air-to-ground

weapons delivery maneuvers. The airplane could be pre~trimmed for
weapons release alrspeeds and still be maneuvered throughout the delivery
pattern with the control forces remaining comfortably light, thus relieving
pilot fatigue and/or excessive trimming requirements."

"Pransiting from configuration CR at 250 KCAS to configuration PA
at 150 KCAS resulted in a total of 6 1b., pull at 150 KCAS with only
about 25% of the longitudinal trim authority required to trim out the
forces. This reduction in the trim change during transitions to configura-

tion PA is more comforteble [than the 15 1b. obtained with feel/trim system
LT



s2], particularly under instrument conditions, and sllows the pilot to
concentrate more on the landing approach or separation from other air-
craft in the landing pettern (rating C2)." Reference N1l F/RF-4B

o "Longitudinal trim changes were measured within 5 seconds after changes
in configuration or engine thrust as presented in [Table I {3.6.3.1)].

The trim change associated with flap extension was objecticnable in that
the total change occurred in two seconds {(rating CL.5). To counteract

the nose-down pltching moment generated by the flaps and drocped ailerons,
the pilot is required to displace the control stick aft 7° (1.7 inches)

to prevent loss of altitude. This nose-down trim change is particularly
undesirable because the flaps are normally extended at low altitude during
a transition pericd when pilot scan is at a maximum under night or ins-
trument conditions. The total trim change between 250 kt in configuration
CR to 150 kt in configuraticn PA was 15 1b. pull over a one minute pericd
with thrust for level flight and altitude held constant. This is 150%
greater than the same trim change in a non-drooped aileron F-LB with the
downsprings removed (6 1b.). The increase in forces is due to the increase
in nose-down pitching moment with drooped aileron extension. Although

the F-4K will probably meet the force reguirements of [Reference R1 ]
correction of the excegsive trim change with flap and drooped aileron
extension is desirable for improved service use." Reference N12, F-LK.

o "In configuration TQ, the trim change asscciated with flap retraction
required a reduction in pull force of 5 1b. to maintain rate of climb
(rating €3). The trim change associated with gear retraction was masked
by the changing control force reguirement during the acceleration after
takeoff, The longitudinal control pull force required at 1ift off was

13 1b. decreasing to zero at approximately 200 KIAS, with 1 unit TED

trim set., The longitudinal trim change with flap extension at 200 KIAGS
required a T 1lb. pull force to maintain altitude. The total trim change
occurred in 2 1/2 seconds from commencement of flap extension (rating
Ch.5}. Under instrument conditions, the magnitude and rapidity of the
trim change made altitude control more difficult. &Should the pilet select
flap extension at an airspeed above that at which the airspeed switch

will allow flap extension, the trim change becomes more difficult to
smeothly handle due to the element of surprise. Although the longitudinal

trim change asscciated with flap extension meets the requirements of
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(Reference Bl) the rapidity of the trim change creates a deficiency,

the correction of which is desirable for improved service use."

Reference N1h, F-LJ.

0 "The longitudinal trim change associated with droop extension is
objectionabhle in that the total change cccurs in less than twe seconds.
The longitudinal trim change resuiting from droop extension while
maintaining a constant altitude at 150 KIAS required a peak longitudinal
control force of approximately T lb. pull cne second after initiation

in order to counteract the nose-down pitching moment. This nose-down
trim change is particularly undesirable with the [Automatic Aileron Droop
Retraction System] since the drocps will normally be extended at low
altitude following a bolter when pilot scan requirements are at a maximum,
especially under night or instrument conditions. The rapid trim change
with droop extension does not meet the requirement (Reference Bl).
Correction of this discrepancy is desirable for imprcved service use."
Reference N16, F-UK.

0 "A11 longitudinal trim changes were satisfactory, with the exception
of the trim change associated with flap extension. Prior tc the incor-
poration cf the electro-mechanical drcop installation, the longitudinal
trim change with flap extension required a T 1b, pull force 2 1/2 seconds
after actuation, as reported in (Reference N1L). The electromechanical
droop installation in the test airplene resulted in increased (approximately
double) time for the total trim change to occur; however, the force re-
quired remained the same. The electromechanical droop has improved the
cbjectionable rapidity with which the trim change occurred; however, it
has resulted in an objectionable "two-step" trim change. Occurrence of
the trim change in two discrete steps (2 1/2 and 5 seconds) makes altitude
contreol difficult under night and/or instrument conditions, increasing
the pilot's workload during an already demanding period of the flight.
This limits the aircraft mission effectiveness. Although the trim change
with flap extension met the requirements of [Reference Bl] it was objec-
tionable and an improvement is desirable for improved service use."

Reference N18, F-4J
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0 "The trim changes...were essentially the same as those experienced

for the [83] configuration." Reference N11, F/RF-4B

E. DISCUSSION
3.6.3 and 3.6.3.1

The F-U results in general exhibit good agreement with the numerical
specification requirements. The Level 1 rating assigned by the authors
to the 14 pound force (specification Level 2 or 3) on speed brake exten-
sion discussed in Reference Al is arguable. The level 2 rating assigned
by Reference N1Z2 to the trim change on lowering the flaps refers to a force
(9 pounds) which although strictly specification Level 1 is eclose to the
specification Level 1 boundary. According to the specification, the 20
pound force experienced on flap retraction in Reference N8 should result
in a loss of contrcl situation, and so the Level 3 rating actually agsigned
to this force suggests that the 15 pounds Levels 2 and 3 boundary is too
stringent. However, there are insufficient data to warrant a change in
the requirement.

Other remarks are concerned with

1)} combinations of trim changes, including those due to speed change

2) speed of trim change.

The first is adequately covered by the "combinations of changes"
requirement of Paragraph 3.6.3, and the "conditions representative of
operational procedure" statement of Paragraph 3.6.3.1.

The second, of concern in References N12, N1k, N16 and N18 is not
apparently dealt with in 3.6.3 or 3.6.3.1., As presently stated, the
requirement allows the peak trim change to occur et any time within the
first 5 seconds. In the light of F-4 experience, therefore, and because
Paragraphs 3.6.3 and 3.6.3.1 appear to be written to deal with every
eventuality, 1t is reasonsble to include in the reguirement a quelita-
tive statement to deal with rate of trim change. With sufficiently
genersl werding, this statement could be made to cover the type of situa-
tion of concern in Reference N18, i.e. objectionable transient nature of
the trim change. This statement is recommended for Parasgraph 3.6.3

becaugse it could then be applied to latersl and directiconal trim changes.
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It should be noted that the trim chaﬁge data were not necessarily
obtained under the conditions defined in Table XIV of the specification
particularly with regard tc the parameters held constant. This is partly
due to the fact that the deta were obtained under the previous specifica-
tion (this in general applies to maneuvers 11, 12, 13 and 1lh) and partly
due to F-4 standard operational procedures (msneuvers 7, 9 and 10).

No change is therefore recommended for Table XIV, which in an actual
procurement would be teilored to match the operational use of the aircraft
in guestion.

F. RECOMMENDATIONS

3.6.3 An addition to the requirement should be made as follows:

"3.6.3 Transients and Trim Changes - The transients and steady-state

trim changes for normal operation of secondary control devices (such as
throttle, flaps, slats, speed brakes, decelerstion devices, dive recovery
devices, wing sweep, and landing gear) shall not impose excessive control
forces or other objectionable demands on the pilot to maintain the desired
heading;m;ifitude, attitude, rate of climb, speed or load factor without
use cf the trimmer control. This requirement applies to all in-~flight
configuration changes and combinations of changes made under service con-
ditions, including the effects of asymmetric operations such as unequal
operation of landing gear, speed brakes, slats, or flaps. In nc case
shall there by any objecticnable buffeting or oscillation of such devices.
More specific requirements on secondary control devices are contained in
3.6.3.1, 3.6.4, and 3.6.5 and in MIL-F-9490 and MIL-F-18372."

3.6.3.1

None
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Table | (3.6.3.1, Table XIV)

Pitch Trim Changes
Various Madels, C.G. Positions and Loadings

Initial Teirn Condlition
High-L i1 Reponed | Agrees
Maneuver Devices Parameten Levet uf | With
ct. Table X1V Flight Attiwude Speed Landing fnd Thrust Condiguration Held Furce Flymy Spee? [Rel. |Feel/Trim
MIL-F-004785A | Phase Gear Wing Flaps Change Constant Pounds Qualities | 3.6.3.1 Sysiem
PA homin Pattern Emry (Up Up TLF Gear Down Altitude HJ .l;PP[_n:: 34T
PA 4-BK 185 kit up Up TLF Gear Down Altitwde 0 Lt Yas N1 (8§83
PA SK-10K 200 kt Lp Up TLF Gear Down Altitiede [ L1 Yas Nz |§1
PA 3K 1.4Vsg lip Up TLF Gear Down Altitugls 24 Pull LI Yes N4 |51
PA 3K 1.4Vsg up Up TLF Gear Down Altitude 2.0 Pull Ll Yes Nd |51
@ PA 3K 1.4Vgg Up Up TLF Gear Duwn Altitude 2.4 Pull L1 Yes Na 51
PA 1K 210 kt Up Up TLF Gear Down Altitude @71.0Pull L1 Yes Al 's2
PA 10K 210kt Up Up TLF Gear Down Altitde @10 Pult L Yes Al 52
PA 10K 210 ki Up tp TLF Gear Down Altitude 9.0 Pull L1 Yes Al 52
PA 10K 210 k1 Up Up TLF Gear Dewn Altnuds 8.0 Pull Lt Yes Al 52
PA aK 260 ki Up Up TLF Gear Down Altitude 5 Pull Lt Yes N1Z 53
PA 109K 218 k Up Up TLF Gear Dawn Altitude 15 Pull [ Yes | Al 54
PA homin Pattern Entry |[Bown | Up TLF Fiaps Down Altitude H;::IIE}PTJE' 3<15 ] |
PA 4K 10 8K 185 kt Down | Up TLF Fiaps Down Altitude 5 Pull L1 Yes NE ‘51
PA 4K 10 BK 200 ki Down | Up TLF Flaps Dawn Aititude a HR | Yes N2 81
P 3K 14vgg Dows | Up TLF ¥ Flaps Down Aititnde B Puli L1 Yes Ng 81
FA 3K 1.9Vsg |Down | Up . TLF Y Flaps Down Altitnde 29 Pull i Yes Na Is1
PA K 1.avsg [oown | up TLF % Flaps Duwn Altitude 1.6 Pul) 11 FYes Ng |51
PA 3K 1.4¥g iDDwrl Up TLF Flaps Down Altitude 1.6 Pult L1 Yes nNa |81
PA 3K 1.4vg;; ‘Down | Up TLF flaps Dowan Altitude 2.9 Pull L1 Yes Ng 31
PA 3K 1.4Vsg Oown | Up TLF Flaps Down Altituds 1.9 Putt L1 Yes N4 |51
@ PA - - fown | Up Flaps Duwn - >12 Pult ] Yes Ng ‘32
1. - - Oawn | up - Flaps Down - B Pull L1 Yes NG |82
PA 10K 210kt Oown | Up TLF Flaps Dovwn Altitude B5 Pull L1 Yes Al 82
Pa 10K 210 kt Oown | Up TLF Flaps Quan Altitude 2.0 Pulf L1 Yes Al 182
PA 10K 210 kt Oown | up TLF Flaps Ouwn Altlude B.0 Pull L1 Yes Al '§2
PA 10K 210 kt Oown | Up TLF Flaps Down Altitude 1.0 Pull L1 Yes Al §2
PA 5K 210 kt Down | Up TLF Flaps Down Aftrtude g Pull L2 No N1Z §3
PA - 200 kt Down | Up - Flaps O own Aftitude r 7 Pull L2 No N14 $3
PA - 150 ket Oown | Up - Flaps Down Altitude v 7 Pull L2 No N16 S3
PR - - Down | Up - Flaps Down Altitude iy 7 Pult L2 Ne N1B 53
rA 103K 2121 Oawn | Up TLF Flaps Dowin Alutude 4.0 Pull L1 Yes LU ]
PA homin Pattern Entry |Down | Down TLF {dle Thrust Airspeed H‘-:"’?Pti- 3t
PA 4K-8K 185 k1 Down | Down TLF tdle Thrust Airspeed BEII L1 Yes N1 |87
PA SK-T0K 145 ki Down | Down TLF Idle Thrust Airspeed 0 L1 Yes Nz |31
PA IK 14vg Down | Down TLF Idle Thrust Airspeed 2.0 Pull L Yes Ng (St
PA K 1.4vs Down | Down TLF tdle Thrust Airspeed & Pull L1 Yes nNg 81
@ PA 3K 14vg, Down | Down TLF i tdle Thrust Airspeed 10.4 Putt L1 Na nNg 81
PA 10K 200 kt Down | Down TLF ! tdle Thust Airspeed 6.0 Push L1 Yes Al |82
PA 10K 210kt Down | Down TLF “tdle Thrust Airspeed 9.5 Push L1 Yes Al |82
PA 10K 200 kt Down | Down TLF Idle Thiust Airspead 6.0 Push L1 Yes A1 |52
PA 10% 210kt Down | Down TLF Idle Thiust Airspeed 7.0 Push ALt Yes A1 |82
PA 10.3K 201 kt Down | Down TLF Idle Thrust Rirspeed 2.0 Push Nl Yes A4 |54
A homin Patiern Entry |Down  ; Down TLF MAT Airspeed F:;:L?Ftﬁ 3.%18
PA aK-8K 60kt Down : Down Idle MRT Altitude 5 Pull T Yes N1 s
Pa SK-10K 130 kt Down Down TLF MRT Altitudz a Lt Yes N2 {51
PA 3K Approach Down  Down TLF MRT Altitude 1.6 Push !Li Yes N ISt
PA 3K Approach Dowe  ; Down TLF MRT Altitude 1.7 Push ‘L1 Yes NA |51
PA 3K Approach Down l Down TLF MRT Altitude 2.6 Push jLi Yes N4 |31
PA 10K 140 kt Down  Down TLF MRT Altitude 4.5 Push n Yes Al |82
PA 10K 140 kt ‘Down  : Down TLF MAT Altitude 4.0 Pull L1 Yes Al (82
@ : PA 10K 160 kit Duwn | Down TLF MRT Altitude 4.5 Push L1 Yes Al |s2
Pa 10K 160 ht Dawn | Down TLF WMAT Altitude 5.0 Pull ikl Yes Al [S2
‘pa 10K 160 W Down | Down TLF MRT Altitude 4.5 Pull Y Yes A1 (52
I PA 10K 160 ht Down ; Down TLF WAT Altitude 15 Pull it1 Yes Al (82
HJ 10K 160 kt Down ; Down TLF MRT Altitude 4.0 Pull L1 Yes Al 182
I Pa 10K 160 ht Down } Down TLF WAT Altitude 4.9 Pull L1 Yes Al |82
1PA 5K 137kt Dewn ' Down PA WRT Angte of Attack |3 Push L1 Yes N2 |83
P& 10.1K 149 it Ocwn  Down TLF MRT Altitude 25 Poll L1 Yes At |54
PA 9.9K 158 ki Oewn  Down TLF MAT Altitude 4.0 Pull L1 Yes Al |84
70 Boemin Vomin Down % Oown | MRT Gear Up Attituge H;:"]?Pﬁ L<n i
@ T0 1X—BK 156 k1 Down | Down MRT or MAT | Gear Up T ] L1 Yos | N1 (81
T SK-10K 155 ki1 Dawn | Down MRT Gear Up R/C 1 L Ves Nz | st
T0 K 1-3V5T0 iDuwn | ¥ Oown MRT Gear Up ER,’C 1.2 Push u Yes Nd 181
Tp Cortenieis concered w e apncity o i clange
@ These two tnm changes alsinned with el Feeeet oodings
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Table | {3.6.3.1, Table XiV) Con’t.
Pitch Trim Changes
Varigus Models, C.G Positions and Loadings

Initial Trim Condition
High-Lift Reported |Agrees
Maneuvar Devices Parameter Level of [With
of. Table XIV | Flight | Altitude Speed Landing | and Thrust Configuratian Held Force Flying Spec? (Ref. | Feel/Trim
MIL-F-DOB?BSA| Phase Gear Wing Flaps Change Constant Pounds Dualities [3.6.3.1 System
TO IK 1.3¥s7q Down (% Dawn |MRT Gear Up R/C 5.3 Push R} Yes (Na |51
D K 1.3¥s7g Down | Dovn MRT Gear Up R/C 1.2 Push Lt Yes N4 | St
T0 K 1.3%g7g Down | Down MAT Gear Up R/C 2.0 Push Lt Yas N4 | §1
T0 5K 190 kt Down 1% Down  |MAT Gear Up R/C 4.5 Push Lt Yes Al |S2
@ T |5k 190kt |Down [%Down  |MAT Gear Up R/t 7.0 Push 2 [N 4| s
T0 5K 200 ke Down % Down  [MAT Gear Up R/C 3.5 Push L1 Yes A1 (82
0 5K 210kt Down |% Down  [MAT Gear Up R/C 4.5 Push L1 Yes Al |32
TO 5K 160 kt Down |% Down |MAT Gear Up R/C 5 Push L1 Yes N1z | 83
10 5.3K 199 ke Down [% Down [MRT Gear Up R/C 1.0 Push L1 Yes Ad | 54
TO 5.3K 198 kt Dewn [% Down MAT Gear Up R/C 2.5 Pull L1 Yes Ad | 54
T0 homin Min Fiaps Up | Up ¥ Down  |MRT Flaps ip Airspeed L1.<10; 12, 3.<15
Pugls gr Pyi
10 4K-BK (AT Up Oown MRT or MAT ‘Flaps Up A/ ‘TL L1 Yes N1 [ $1
O SK-10K 180 kt Up Down MRT ,Flaps Up R/C ul L1 Yes N2 | §1
T K 1.5V51p Up % Down  |MRT Flaps Up R/ 2.4 Push L1 Yeos Na | 81
T0 K 1.8¥grp Up % Down |MRT Ftaps Up R/C 4.0 Push L1 Yes N | $1
TD K L5¥51p Up Dawn MRT Ftaps Up R/ 4.7 Push L1 Yes N | St
T0 K 1.5V¥s1p Up Down MAT Flaps Up R/C 6.1 Push L1 Yes [N | S1
T0 - - - Down - Flaps Up - 20 Push L3 fo NE |52
™ |- - - |pown | - Flaps Up - & Push L Yes MO |82
T0 15K 130 &t Up ¥ Down  MRT Flaps Up R/C 6.0 Push L1 Yes At | 82
TR 5K 190 k1 Up % Dowa MAT Flags ttp R/C 3.0 Push L2 Al | 82
T0 5K 200 k1 Up Y Dawn MAT Flaps Up 'R/L 3.8 Push Li Yes Al | 82
T0 5K 2104t Up % Down  MAT Flaps Up 'R/IC 0 L Yes Al | 82
T0 T 190 kt tp % Down MRT Flaps Up R/L 5 Push L1 Yas N1z | S3
TQ - - Up % Down - Flaps Up R/C 5 Push 11 Yes N14 ! 53
T0 5.3K 204 kt thp % Down  MRT Flaps Up R/T 2.5 Push Lt ‘Yes A4 | S4
TO 5.4K 218 kt ip ¥ Down MAT Flaps Ug R/C 4.5 Push L1 Yes A4 | 84
CA& 60 Mo, B b, [ Level ligt [Up  |up MRT Tdle Thrust Attitude LlibL2 3t
c0 Vinax Up  [Up MRT dle Thrust Altitude 5.6 Pull L1 Yes N8 | §1
co 35K Vemax Up Up MRT Idle Thiust Altitude 1.9 Push L1 Yes N4 | 51
co JDK 300 kt Up 1p MRT Idle Thrust Altitude 5.5 Pull L1 Yes Al | 82
® co ADK 320 k1 Up 1ip MRT Idle Thrust Altitude 9.0 Pull L1 Yes Al | 82
co 2IK 360 kt Up Up MAT Idie Thaust Altitude 5.0 Pull Lt Yas Al | 82
o] 35K 300 kt Up Up MRT Idde Thrust Altitude 2 Pull L1 Yes N1Z | 83
co 26K 410kt Up iip MRT \dte Thrust Altitede B Pult L Yes NIz 53
co 5K 300 kt Up Up TLF Idte Thrust Altitade d Pulk E1 Yes Ni2 | §3
cRACOMy o Bl fievel Fligt [Up  [up MRT S/8 Out Attitud L1.<10; 12,335
co K Vemax Up Up MAT S/B Ot Point of Aim 2.0 Push L Yes LI |
co 35K Vmax Up Up MAT $/8 Dwt Paant of Aim 2.3 Push L1 Yes Nd | 51
co 20K 260 kt Up Up MAT §/8 Out, tdle Thrust |Atitude 7.5 Pull R Yes Al | 52
@ o 30K 330kt Up Up MAT S/B Dut, Idle Thrust |Attitude 3.5 Pull u Yes |A1 |82
co 30K 320 kt Up Up MAT S/B Dut, tdle Thrust |Atitude 8.0 Pull 8] Yas Al | §2
M) 23K 360 kt Up Up MRT S/B Dut, Idle Thrust }Attitude 0 L1 Yes Al | 82
CR 111K 575kt Up Up TLF S/B Out Attitude 4.0 Pull L1 Yes A | 54
co 20.6K 261 kt Up Up MRT $/8 D1, Idle Thrust [Anitude 5.0 Puil [N Yes AL | 84
CR 115K 518 kt Up Up TLF 5/8 Dunn Attitude 1.5 Pull 11 Yes Al | 54
CR&COfM, &M, "Level Flight |Up up MRT S/B Dut Attitude L1.<1D; L7 3<T5
to TRy — U |Up MRT MAT Altitude L1 Yes  |NA |51
co 38K Vmax Up Up MRT MAT Altitude L1 Yes N3 | 81
@ to |3K 200 ke v |up MRT MAT Altitude L1 ves a1 |2
co 5K 320 %t Up Up MRT MAT Altitude L Yes Al | 82
co 30K 300 ke Up Up MAT MAT Altitude L1 Yes Al | 82
0 23K 340 kt Up Up MRT MAT Altitude L1 Yes Al | S2
chacofhy . &by v Runge [Up Up TLF $/8 Out Attitode ,E"m‘ L2,3<15
A 35K VimaxRange |Up Up TLF S/B Out Altitude 4.4 Push 1] Yes (N4 | S1
CA 35K Vmax Range ;Up Up TLF §/8 Qur Altitude 3.0 Fush L Yes LI ]
CA aK Vinax Range |Up Up TLF S/8 Out Altitutle 4.0 Push LY Yes N4 | 51
A 4K Vmax Rangs |Up Up TLF S/B Out Altitude 1.2 Fush 1] Yes  |N& [ S1
CA 4K Vmax Range [Up Up TLF 5/B Qut Altitude 2.6 Push Lt Yes N& | 81
PA 4K L15vg) Dawn  |Down TLF 5/B Gut Airspeed 8 Push L1 Yes Nat | S1
PA 4K 1.15vg Down | Down TLF S/8 (ut Airspeed 2.0 Push L1 Yes  |Na1| st
PA 4K 115vg) Down | Down TLF S/B Gut Airspeed L} L ¥es N3: | S1
R 10K 290 kt Up Up TLF 5/8 Qur Attitude 14.0 Push L1 No Al |82
CR 10K 280 kt Up Up TLF S/8 Qut Altitude 3.0 Push L1 Yes Al | 82
CR 16¥ 300 kt Up Up TLF 578 Gur Altitude 2.0 Push L1 Yes Al | 52
CR 16K 310kt Up Up TLF S/B Qut Altitude 1.0 Push L1 Yes Al | 82
CR 10.4K 301 kt Up Up TLF S/8 Qut Alritude 4.0 Push L1 Yes Ad | 54
* Combined gear/flap/speed change
t Speedbrakes not recommended approach diag device h8 3




3.6.4 AUXILIARY DIVE RECOVERY DEVICES

A. REQUIREMENT

3.6.4 Auxiliary dive recovery devices. Operation of any auxiliary
device intended solely for dive recovery shall salways produce &
positive increment of normal acceleration, but the total normal
load factor shall never exceed 0.8 n controls free.

B. APPLICABLE PARAMETERS

Normal load factor during/following activation of any auxiliary
dive recovery device.

C. F-U CHARACTERISTICS

This requirement does not apply to the F-L,
D. ©SUMMARY OF PILOT RATINGS AND COMMENTS
None,

E. DISCUSSION

Nene.

F. RECOMMENDATION

None.
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3.6.5 DIRECT NORMAL~FORCE CONTROL

A. REQUIREMENT

3,6.5 Direct normal-force control. Use of devices for direct

normal-force control shall not produce objectionable changes in
attitude for any smount of control up to the maximum available.
This requirement shall be met for Levels 1 and 2.

B. APPLICABLE PARAMETER

Attitude changes during/following activation of direct normal-force
control devices,

C. ¥F-h CHARACTERISTICS

This requirement does not apply to the F-L,
D. BSUMMARY OF PILOT RATINGS AND COMMENTS
None. -

E. DISCUSSION

None.

F. RECOMMENDATION

None.
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3.7 Atmospheric Disturbances

Discussion

This section is entirely new. It defines the turbulence models which
a contractor must use in demonstrating compliance with paragraphs 3.3.4,
3.3.4.1.2, 3.5.3.2, 3.5.4.1 and 3.5.4.2, and may use for paragraphs 3.2.2.1,
3.2.3.4%, 3.3.2.1, 3.5.3.2, 3.5.4,1, and 3.5.4.2. The portions of thesze
paragraphs which are concerned with atmospheric disturbances are all quali-
tative. For example, paragraph 3.2.2.1 states: "The contractor shall show
that the airplane has acceptable response characteristics in atmospheric
disturbances.”" Therefore, the only methods of compliance open to the con-
tractor are to cbtain pilot ratings during flight test or from a flight
simulator study, or to attempt to predicet pilot ratings based on a theo-
retical model of the pilot. It appears that there exists a pressing need
for quantitative requirements on flying qualities in atmospheric distur-
bances.

For the purposes of this study, the requirements might be validated

by paraliel methods, that is:

(1) Flight test; this would involve cbtairing pilot opinion ratings
as the aircraft performs the maneuvers specified in the relevant
paragraphs, in actual atmospheric disturbances which are shown
to be reasonably equivalent to the models defined in the specifi-
cation.

{(2) Flight simulation; the pilot would be required to rate the simu-
lated aircraft's ability to perform the required maneuvers, with
the specified atmospheric disturbances as inputs to the simulator.

{3) Theoretical pilot model; mathematical descriptions of the aircraft/
pilot gystem would be used with the specified atmospheric distur-
bances and maneuvers to obtain predicted pilot ratings.

Strict validation would alsc involve a further study additicnal to

any one of the above, namely:

(L) Comparison of the specified atmospheric disturbance models with
actual atmospheric turbulence likely to be encountered in opera-
tional use of the ajircraft.

Method (1) is not possible for the F-L because very few ratings directed at
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atmospheric disturbances exist, and no guantitative measure of the pre-

vailing disturbances is available. Methods (2) and (3) have not been used
in available evaluations and the survey of (4) has not been performed with
specific regard to the F-4, Cbtaining these data is outside the scope of

this study, and so wvalidation of Section 3.7 is not feasible.
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SECTION IV
RELIABILITY ANALYSIS

This section describes the failure data which were analyzed to provide
failure probabilities on the following primary F-l aircraft systems:

A. Longitudinal stability augmentation system
Lateral-directional stability augmentation system

Longitudinal control system

Lateral-directional control system
Flap actuation system
Gear retraction system

Weapon release systems

Engine failure

H & @ = = o O oW

Wing and fuselage fuel transfer system

The failure and reliability data for the above systems are shown in
Table I (IV}.

Failure data for each system are based on the total malfuneticns and
aborts reported against each system and/or its components. Calendar year (cY)
1968 failure data from the Air Force AFM 66-1 reporting system were selected
as representative data sampling for probability analysis. These data provided
by the Air Force Logistics Command (AFLC) contain reports covering the
maintenance, operational and failure history of the F-4 aircraft, which are
processed through the MCAIR Unified Electronic Data Processing System (UEDPS).
The reporting system provides failure data not only on those components which
actually failed but also on those which were replaced for preventative main-
tenance; i.e., worn but still operating parts. Those components which were
replaced to isolate a systems failure, and subsequently found to be not
defective or worn are not included in the data used in preparing Table I(IV).
Where available, the most prevalent failure mode is indicated. Unless other-
wise noted, the Mean Time Between Flight Malfunction (MTBFM} data and the Mean
Time Between Flight Abort (MTBFA} data are based on a total accumulated flight
time of 568,462 hours. The probabilities were based on the time of the
longest operational mission, which for the F-4 is a ferry mission with in-

flight refueling (6.29 hour mission time).
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The AFM 66-1 reporting system does not identify the individual axis
peculiar tc several components of commonality within the stability augmenta-
tion system. At the suggestion of the Air Force Flight Dynamics Lavoratory
(AFFDL), these few component failures were apportioned by theory and consider-
ation of the total part count for each axis system.

The engine failure analysis was not based on all modes of failure,
but is a count of all recorded single or dusl engine flameouts occurring
during 1968, The data were obtained from Trouble Reports, Incident Re-
ports, Accident Reports, and Unsatisfactory Reports, as detailed engine
failure data are not available through the AHM66—1.reporting system. Each
inflight power loss was considered a malfunction if engine(s) restart was
succesaful; otherwise it was labeled an abort. Approximately 20% of all
flameouts are the result of component failure, with the remainder caused
by Foreign Cbject Damage (FOD) and pilot mismansgement. Twelve flameouts,
or approximately 15%, occurred on the ground.

The smaller sampling of flight hours on the weapon release system is
the result of eliminating accumulated flight time on the RF-4Q. The weapon
releagse failure data considers only "hung" external stores and were accumu-
lated from Trouble Reports, Incident Reports, Accident Reports, and Unsatis-
factory Reports. The percentage of total failures covered by these reports
is unknown since complete reporting is not required.

The failure and relisbility data presented in this section are in
accordance with the approach originally proposed. It would have been
desirable to go further and estimate the degradation in flying qualities
resulting from the malfunctions reported in order to wvalidate the numerical
probabilities specified in 3.1.10.2. Several attempts were made, however,
the AFM 66-1 reporting system only reports that a component has failed with-
out stating the precise mode and effect of the failure. Many components can
fail in different modes, thereby having a different effect cn systems oper-
ation, and therefore on flying qualities. For example: 1) a switch or valve
can fail open or closed; 2) the effect of an actuator failure cannot be
assessed without knowing at what point in the stroke failure occurred; and
3) a hydraulic leak in a component may only be significant if it lowers the

system pressure to a certain critical level,
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With the available data, it was not even possible to determine why
certain failures resulted in only a malfunction while cthers caused the
flight to be aborted. A flight abort can not be assumed to always signify
degradation to Level 3 flying gualities. For example, the pilot could elect
to abort upon seeing a dropping hydraulic system pressure, and be on the

ground before the pressure reached a critical level.
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SECTION V
SUMMARY OF RECOMMENDATIONS

Tables 1 (V) through 6 (V) present summaries of the various recommen—
dations made in this study concerning Seciion 3 of the specification.
Sections 1 and 2 consist of definitions and applicability statements and
as such are not amenable to wvalidation.

When a specific recommendation cconcerning a requirement has been made,
the recommendation is shown in an abbreviated form. For a full presenta-
tion of the recommendation, reference should be made to the sppropriate
paragraph validation in Section IIl of this report.

For various reascns, some reguirements have not oteen the subject of a
recommendation; the reasons are briefly noted in the Tebles. The corres-
ponding forms of words used in the Tables are not completely self-explanatory

and their interpretation may be alded by the following:

Recommendation

Hone - the specification paragraph is a definition,
descripticn or title rather than a require-
ment, and is considered acceptable as
written.

Noney no dats available - no flight test data, relisble estimated
data, or pilot opinions available for
validation of the reguirement.

Hone; insufficient data ~ insufficlent flight test data, reliable
estimated data, or pilot opinions avail-
able for validation of the requirement.

licne; availsble data ~ reasonable gquantity of flight test data,

validate requirement reliable estimated data, pilot opinions

or any combination of these shows good
correlation with all or part of the
requirement, which is considered acceptable
as written.

None; data inconciusive - reasonsble quantity of flight test data,
reliable estimated data, pilot opinions or
any ccmbination of these is available, but
nature or range of data precludes valida-
tion of the recguirement,

Not applicable - reguirement not by nature applicable tc the
F-k sircraft.
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The contents of the Tables are noted below:

Table
Table
Table
Table
Table
Table

1 {v)
2 (V)
3 (V)
L(v)
5 (V)
6 (V)

3.1
3.2;
3.3;
3.3
3.4,
3.5

3.6

3.7

Genersal Requirements

Longitudinal Flying Qualities
Lateral-Directional Flying Quaiities
Lateral-Directional Flying Qualities {Cont'd)
Miscellaneous Flying Qualities

Characteristics of the Primary Flight Control
System

Characteristics of the Secondary Flight Control
System

Atmospheric Disturbances.
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Table 1 (V)
Summary of Results
3.1 General Requirements

Paragraph Title Recommendation

31 Operationat Missions Clarify Intended Operational Usage.

312 Loadings Add Statement Showing Relation to Nermal and Failure State
Critical Loadings

313 Moments of Inertia Add Statement Showing Relation to Normal and Failure State
Critical Loadings

314 External Stores Revise to Restrict Applicahility to l_oads Reasonably Encountered. Add
Statement Showing Relation to Normal and Failure State Critical Loadings

315 Configurations None: Available Data Validate Requirement

216 State of the Airplane None: Available Data Validate Requirement

3.1.6.1 Airplane Normal States Add Statement Showing Relation tn 3.1.2, 3.1.3, 3.1.4 and 4.2

3.1.6.2 Airplane Failure States Revise to Bz Consistent with 6.7.1. Restrict Applicability 1o Flight
Phases Subsequently Encountered. Reduce Task of Compliance.

3.1.6.2.1 Airplane Special Failure States None: No Data

217 Gperational Flight Envelopes None: Available Data Validate Reguirement

318 Service Flight Envelopes None

3181 Maximum Service Speed None

3.1.8.2 Minimum Service Speed Naone

3183 Maximum Service Altitude None

3184 Service Load Factors None

319 Permissihle Flight Envelopes None

3.1.91 Maximum Permissible Speed Nane

3.1.9.2 Minimum Permissible Speed None

3.1.9.21 Minimum Pgrmissible Speed Other None

Than Stall Speed
3110 Applications of Levels None
3.1.101 Requirements for Airplane None

Normal States

3.1.10.2 Requirements for Airplane Mission Time Should be Less Conservative.
Failure States

3.1.10.2.1 | Requirements for Specific Failures None

3.1.10.3 Exceptions None

3.1.10.3.1 | Ground Operation and Terminal None
Flight Phases

3.1.10.3.2 | When Levels are not Specifizd None

3.1.10.3.3 | Flight Qutside the Service Flight None
Envelope
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Table 2 (V)

Summary of Results
3.2 Longitudinal Flying Qualities

Patagraph Title Recormmendation
321 Longitudinal Stability With Respect None
to Speed
3.2.11 Lengitudinal Static Stability 1} Add Statement Concerning Mechanical-Plus-Stahility Characteristics.
2} For Class 1V: Level 1; Zero Positian Gradients For Cat A and B.
Levels 2 + 3; Negative Position Gradients For Cat A,
8 and C. Positive Force Gradients.
32111 Relaxation in Transonic Flight Level 1 + Z Boundary For Gradient, G, and Change, C, Should be
C+3.36=20
32112 Elevator Contral Force Variations None: Availahle Data Validate Requirement
During Rapid Speed Changes.
3212 Phugoid Stahility Relax Level 2 Boundary to '§p at Least -0.1
3213 Flight Path Stability None: Insufficient Data
3.2.2 Longitudinal Maneuvering Nane
Characteristics
3221 Short Period Response Nane
32211 Short Period Frequency And Insert Statement Concerning Applicability to Stab. Aug or AFCS
Acceleration Sensitivity
3.2.2.1.2 Short-Period Damping Relax Requirements to Original User Guide Data Boundaries
32213 Residual Oscillations ? Relax Level 2 Boundary to + 0.5g
3222 Control Feel and Stability in Permit Neutral Position Stability for Level 3, Provided Force Stability
Maneuvering Flight Remains Positive - —-'_\
32.2.2.1 | Control Forces in Maneuvering Flight = Relax Level 3 Minimum Fs/ to 2.0 Ib/g o
32222 Control Motions in Maneuvering Flight None: Insufficient Data
3223 Longitudinal Pilot-lnduced Oscillations None: Inconclusive Data
3.2.2.31 Transient Contral Forces Discretionary Relation for Class |V, Co Phase -
323 tongitudinal Controf None
3231 Longitudinal Control in None: Availabie Data Validate Requirement
Unaccelerated Flight
3.2.32 Longitudinal Control in Maneuvering None: Available Data Validate Requirement
Flight
3.2.33 Longitudinal Cantrol in Takeoft Delete Requirement to Obtain Takeoff Attfitude at .9 VMIN
3.2.3.3.1 Langitudinal Contral in Catapult None: Available Data Validate Requirement
Takeofi
32332 Longitudinal Cantrol Force and Stick Farces Shall Not be Objectionably Light; 5<FS<ZD 1b tar Rotation
Travet in Takeoff and Liftoff, Class IV
3.2.34 Langitudinal Contral in Landing For Nosewheel Aircraft, Retain Only Requirement to Obtain Guaranteed
Landing Speed for Levels 1 and 2
3.2.341 Longitudinal Control Forces None: No Data
in Landing
3235 Longitudinal Control Forces in Dives - Nane: No Data
Service Flight Envelope
3.2.38 Longitudinal Control Forces in Dives - None: No Data
Permissible Flight Envelope
3237 Longitudinal Contral in Sideslips None: Available Data Validate Requirement
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Table 3 (V)

Summary of Results
3.3 Lateral - Directional Flying Qualities

Paragraph

Title Recommaendation
3.3.1 Lateral-Directional Mode None
Characteristics
3.3.1.1 Lateral-Directional Oscillations None: Available Data Validate Fequirement
(Dutch Roll)
3312 Rall Mode None: {nconclusive Data
3.3.1.3 Spiral Stability Nane: Insufficient Data
3314 Coupled Roll-Spiral Qscillation Naone: No Data
332 Lateral-Directional Dynamic Response None
Characteristics
33.21 Lateral-Directional Response to None: Insufficient Data
Atmospheric Disturbances
3322 Roll Rate Oscillations None: No Data
3.3.22.1 | Additional Rol} Rate Requirement None: No Data
for Smalt Inputs
3323 Bank Angle Oscillations None: No Data
3324 Sideslip Excursions None: Avaitahle Data Validate Cat A Level 1 Adverse and Proverse:
Others, Inconclusive Data
3.3.24.1 | Additional Sideslip Requirement None: No Data
for Shall Inputs
3325 Control of Sideslip in Rolls None: No Data
1326 Turn Coordination None: No Data
133 Pilot-Induced QOscillations None: No Data
334 Roll Control Effectiveness Cat. C, Ctass 1V-L and-C, Relax Min 13 10 1.3, 2.8 Secs for Level 1, 3
3.3.41 Roll Performance for Class |V Airpianes None
33410 Air-to-Air Combat Relax Lavel 3 Requirament to a Value Related to breaking off an
engagement and escape
33412 | Ground Attack With External Stores None: No Data
33413 Rall Rate Characteristics for None: No Data
Ground Attack
13414 Roll Response None: No Data
3342 Aileron Control Forces None: Insufficient Data
3.3.43 Linearity of Roll Response None: No Data
1344 Wheel Control Throw Not Applicable
3345 Rudder Pedal-induced Rolls None: No Data
335 Directional Control Characteristics Nona: |nsufficient Data
3.3.51 Directional Controt With Nonae: Insufficient Data
Speed Change
33510 Directional Control With None: Insufficient Data
Asymmetric Loading
3352 Directignal Control in Wave-0ff None: Insufficient Data

{Go-Around)
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Table 4 (V)

Summary of Results
3.3 Lateral - Directional Flying Qualities (Cont.)

Paragraph Title Recommendation
336 Lateral-Directional Characteristics None
in Steady Sideslips
3.3.6.1 Yawing Maments in Steady Sidelsips None
3.3.6.2 Side Forces in Steady Sideslips None: Available Data Validate Reguirement
3363 Rolling Moments in Steady Sideslips Negative Dihedral for Levels 2 and 3 Provided Stick Forces Are Nat
Dhjectionable.
13631 Exception for Wave-0ff {Go-Around) Nong: No Data
3.3.6.3.2 | Pasitive Effective Dihadral Limit None: No Data
337 Lateral-Directional Control in None: Insufficient Data
Cross Winds
3379 Final Approach in Gross Winds Relax Sideslip to 8% and Rudder Forces to 120 1b Level 1, 300 Ib Leve! 3
3372 Takeoff Run and Landing Rollout None: Insufficient Data
in Cross Winds
33121 Cold-and Wet-Weather Operation None: Insufficient Data
33122 Carrier-Based Airplanes None: No Data
3313 Taxiing Windspeed Limits None: Insufficient Deta -
338 Leteral-Directional Contral in Dives None: No Data
338 Lateral-Directional Control With None
Asymmetric Thrust
3.391 Thrust Loss During Takeoff Run None: Insufficient Data
31392 Thrust Loss After Takeoff None: Insufficient Data
33493 Transient Effects None: Available Data Validate Requirement
3394 Asymmetric Thrust-Rudder Pedals Fres None: No Data
3.395 Two Engines inoperative Not Applicable
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Table 5 (V)

Summary of Results

3.4 Miscellaneous Flying Qualities

Paragraph Titie Recommendatign
344 Approach to Dangerous Flight None
Conditions
3410 Warning and Indication None
3.4.1.2 Prevention Nanhe
3.4.2 Stalls None
3421 Required Conditions None
3.4.2.2 Stail Warning Requirements None: Available Data Validate Requirement
3.4.2.2.1 | Warning Speed for Stalls at 1 “g” None: Available Data Validate Requirement
~ Normal to the Flight Path
3.4.2.2.2 Warning Range for Accelerated Add Statement Directed at Actificial Stall Warning Lag for Entry Rates
Stalls Less Than 4 kt/sec
3.4.2.3 Stall Characteristics None; Avsilable Data Vatidate Requirement
3.4.24 Stall Recovery and Prevention Nong: Available Data Validate Requirement
3.4.24. One-Engine-Out Stalls None: No Data
343 Spin Recovery Consider Revising Demonstration Requirements ta Include Evaluation
of Susceptiiity
344 Roll-Pitch-Yaw Coupling None: Mo Data
3.4.5 Control Harmony Add Statement That Breakout Force far One Axis Shall not Exceed
Twice That for Other Axis
3.45.1 Control Force Coordination None: Insufficient Data
3.4.6 Buffet None: Inconclusive Data
3.4.7 Release of Stores None: Available Data Validate Reguirement
3.4.8 Effects of Armament Delivery and None: No Data
Special Equipment
349 Transients Following Failures None: No Data
3.4.10 Failures None: No Data
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Table 6 (V)

Summary of Results
3.5 Characteristics of the Primary Flight Control System

Paragraph Title Recommendatian
3.5 General Characteristics None
352 Mechanical Characteristics None
3.5.2.1 Control Centering and Breakout Farces Retax Upper Limit: Elevator 4 |b {L1); Aileron 2 1k {L1), 5 1k {L.2)
35.2.2 Cockpit Control Free Play None: Available Data Validate Requirement
3523 Rate of Control Displacement None: No Data Availahie
3524 Adjustable Cantrols None: No Data Available
3.5.3 Dynamic Characteristics Oelete Numerical Requirement- [nsufficient Sub.stantiatiun Quoted
in Reference B2
3.5.3. Control Feel Delete Numerical Requirement - Insufficient Substantiation Quoted
in Reference B2
3.5.3.2 Damping None: Available Data Validate Requirement
3154 Augmentation Systems None: Available Data Validate Requirement
354 Performance of Augmentation Systems Mone: Ko Data Available
3.5.4.2 Saturation of Augmentation Systems None: No Data Available
355 Failures None: No Data Availahle
3.5.5.1 Faifure Transients None: No Data Available
3552 Trim Changes Due to Failures Naone: No Data Available
356 Transfer to Alternate Control Modes None: No Data Available
3.5.6.1 Transients None: No Data Available
3.5.6.2 Trim Changes None: No Data Available
3.6 Characteristics of Secondary Cantrol Systems
Paragraph Title Recommendation
6.1 Trim System Relax Level 3 Boundary: Elevator, 20 |b; Aileron, 101h
3.6.1.1 Trim for Asymmetric Thrust None: No Data
3.6.1.2 fate of Trim Operation None: Available Data Validate Requirement
3.6.1.3 Stalling of Trim Systems None: No Data Available
3.6.1.4 Trim System [rreversibility Nane: Insufficient Data
362 Speed and Fiight-Path Control Add Statement Directed at Compatibility of Engine Response
Devices Characteristics with Airframe Characteristics.
3.6.3 Transients and Trim Changes Add Qualitative Stateinent on Rate of Trim Change.
36.39 Pitch Trim Changes None: Available Data Valtdate Reguirement.
364 Auxiliary Dive Recovery Devices Not Applicabie
365 Direct Narmal-Farce Control Not Applicable
3.7 Atmospheric Disturbances
Paragraph Title Recommendation
379
Through Atmaospheric Disturbances None: No Data Available
375
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SECTION VI
CONCLUSIONS

Of the 119 individual specification requirements, 11l were applicable
to the F-k; five requirements were, by their nature, not applicable to the
F-L, Of the lik-applicable requirements, quantitative and/or qualitative
data were available on 77. Of these 7T, sufficient data were available to
conduct an evaluation of 54, of which 24 were substantiated, entirely or in
part, and a change or addition was recommended for the rgmaining 30. Con-
clusions concerning all these individual requirements are to be found in
the appropriate parsgraphs of this report.

Some particular sasreas of the specification which appear to be in need
of further study, either based on the authors assessment or on discrepan-
cies shown by P-4 data, are listed below.

1} Longitudinal Short Period Damping Ratio (3.2.2.1.2)

2) Longitudinal Pilot-Induced Oscillstions (3.2.2.3)

3) Roll Mode Time Constant (3.3.1.2)

k) Spin Recovery (3.h4.3)

5) Control System Mechanical Characteristics (3.5.2)

6) Engine Control and Response Characteristics (3.6.2)

T) Quantitative Requirements on Atmospheric Disturbances (3.7)

In addition to the ebove, the following general topics are considered to
be in need of further study:

1) Practicability of the Genersl Requirements section

2) Specification of parameters relevant to sircraft with stability
augmentation systems

3) Effect of interaction of 'good' and 'bad' parameters on overall
mission capability.

Finally, the authors reached the following general conclusions concerning
MIL-F-008785A.

1) The new flying qualities specification is a considerable improve-
ment over its predecessors, and the User Guide is an excellent
innovation.

2) The intent of the General Requirements section is understood; how-
ever it represents an obscure and idealistic definition of a

mammoth task.
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3)

Ly

5)

7}

In a number of cases overly conservative quantitative requirements
have been specified when substantiating data are absent, scant or
inconclusive.

In some areas F-l experience shows that the amount of research
effort recently performed, and hence substantiating data presented
by BReference BZ, is greater than that Justified by the signifi-
cance to the pilot of the relevant parameter, e.g., lateral-
directional dynamic response characteristies. In other areas the
converse is true, e.g., control system mechanical characteristics.
A number of requirements have limited applicability to aircraft
with artificial staebility augmentation systems.

The importance of using a pllot opinion rating method such as the
Cooper-Harper scale in testing for compliance with qualitative
requirements, cannot be too strongly stressed; the authors in
many cases found assigning even a Level of flying qualities to &

qualitative remark was difficult or impossible.

The agsessment of "poor" flying qualities is difficult; in this con-

nection Level 3 is often ill-defined, e.g. roll performance in

combat.
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SECTION VII

REFERENCES

The references are arranged by subject into sections as indicated
below. Within the General Section (Section B) the reports are listed in
the order of their introduction in this report. Within the Air Force and
Navy Reports Sections (A and N}, the reports are, in general, listed in

chronological order with the most recent reports last.

Section Page
A Air Force Flight Test Center Reports 503
B General MCAIR and Flying Qualities Reports 50
N Haval Air Test Center Reports 506
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