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INTRODECTION

This report describes srrow handling and stabil 13ty sh
as required in para, 3.3.2 of “MNodel onpv*__ra+*c“ f2
Aircraft Type CF.105 Mk, 1 AAMS . 1C5’l Dated De:zembs
Issue 1 and subsequent,
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To facilitate reading, the USAF Militsry Specifiration F-8783,"
Flying qualities of piloted iirplanes" has been rswritten

with paragraphs having a small left hand margin, and cur ccmment
have been written after each requirement with paragraphs haalng
a wider margin

The flndings in this report are based on thecrstical predictions
from the results cf model tests and simulator studies, The
following test facilities were employed:-

N.AE, 6 x 10 feet Low Speed wind Tunneli
-~ 16 x 30 inch Supersonic Wind Tunnel
15 feet Spin Tunnel
C.A.L, 3 x 4 feet Transonic wind Tunnel.
10 x 12 feet Subsenic Wind Tunnel
8 x 8 feet Transonic Wind Tunnel
N.A,C.A, (Langley) L x4 feet Unitary Wind Tunnel
4 x 4 feet Supersonisz Wind Tunnel
Avro Free Flight Model Testing,
Avro Arrow Flight Simulator,
)
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U.S.A.F. MILITARY SPECIFICATION MIL.F.8785 (ASG)

SECTICN U
FIYING QUALITIES OF PILCTED AIRPLANES
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General
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Operational flight envelope

Maximum permissible speed envelope
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NUMERICAL INDEX (Continued)

Interrretation of gualitative rejuirements

Rates of operation of auxilizr- aercdynamic devices
Control force coordination

Artificizl stability devices

Effects of sercelasticity, control equipment, structural
dynamics,etc.

Latersl oscillations

Control rosition measurement
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LIST OF FIGURES

Number Title

Flight envelope limitations., Sea level.

Flight envelope limitations, 30,000 feet.

Flight envelope limitations. 60,000 feet.
Longitudinal deceleration due to speed brakes.
Normal acceleration due to speed brakes.

Elevator angle to trim in level flight, all altitudes.
Effect of ground on elevator trim, 0,28¢

Effect of ground on elevator trim, 0,318
Elevator trim at low speed, gear down

Elevator angle to trim, sea level

Elevator angle to trim, 30,000 feet,

Elevator angle to trim, 60,000 feet.

Effect of speed brakes on trim, low speed.

Low speed pitching moment characteristics 0.31c
Low speed pitching moment characteristics 0,28¢
Damping of short period longitudinal oscillations
Stick force per 'g', sea level to 20,000 feet.
Stick force per 'g', 30,000 feet to 60,000 feet.
Speed to raise the nose, military power.

e 0 O~ O\ EW N
LCoaahTHRES ~ F

20 Speed to raise the nose, afterburner 1lit.

21 Take-off speed, military power,

22 Take-off speed, afterburner lit.

23 Elevator trim at low speed; gear up.

24 Maximum level speed, MRP-and augmented MRP,

25 Spring feel forces; breakout forces; trim ranges.

26 Dutch roll damping requirements, level flight, 0.29¢,
27 Dutch roll periodic time, level flight, 0,298 '
28 Dutch roll, regions meeting specification 0,298

29 Dutch roll damping requirements, 2 ‘g' flight, 0,293,
30 Dutch roll, regions meeting specification, 2 'g! flight 0.29¢.
31 Control to trim in straight steady sideslips.

32 Angle of bank during straight steady sideslips.

33 Maximum steady sideslip angle at low speed.

34 Maximum crosswind velocity at low speed.

35 Bank angle for asymmetric power,

36 Rudder angle for asymmetric powers.

37 Rudder angle to trim, asymmetric power, low speed.
38 Maximum roll rate with zero sideslip.

39 Maximum helix angles with zero sideslip.

4o Lateral-directional damping requirements.

: NOTE:; At altitudes of 50,000 and 60,000 feet the graphs given

PN = in figures 3, 6, 12, 38, and 39 apply strictly to the
Arrow 2, for which the ailerons are automatically de=-
flected 4 degrees up at these altitudes. However, the
general conclusions deduced from these graphs will also
apply to thé Arrow 1,
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Scope :

This specification contains the requirements for the flying qualities
of UesS. military piloted airplanes.

Applications

The flying qualities for all airplanes proposed or contracted for
shall be in accordance with the provisions of this specification,
unless specific deviations are authorized by the procuring activity,
Additional special requirements for stability and control may be
specified by the procuring activity.

Classification:

For purpose of this specification, airplanes shall be divided into
the following classes:

Class I - Primary trainer, observation, and other light
airplanes specifically designated by the pro-
curing activity.

Class IT - Horizontal bomber, cargo, transport, glider,
patrol, antisutmarine, early warning, mine-
layer, heavy attack, and trainers for class
II airplanes.

Class III . Fighter, interceptor, general purpose attack,
and trainers for class III airplanes.

An airplane not listed specifically among these class designations
shall be considered to be in that class which includes airplanes of
the most similar type. When peculiarities of intended mission or
configuration so dictate, an airplane of one class may be required
by the procuring activity to meet selected requirements ordinarily
specified for airplanes of another class.

The Arrow 1 is in class I1II.
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1.3.1 Land- or carrier -based desirnations ~ The letter-L following a

class designation identifies an airplsane as land-based, carrier-based
sirnlanes are similarly identified by the letter -C. When no such differ-
entiation is made in a requirement, the requirement shall apply to both
land-based and carrier based airplanes.

The Arrow 1 is a land based aircraft, designation L.

APPLICABLE DOCUMENTS

2.1 Not applicable to this specification.

REQUIREMENTS
Sl General,

3.1.1 Airplane loadingss- Unless otherwise stated, the airplane weight
for a specified c.g. (center of gravity) position shall be that corresponding
to the normal service loading in which the specified c.g. is obtained.
Similarly, normal service loading conditions shall govern the location of the
c.gs for a specified weight. When not specified, loadings shall be optional.

In order to facilitate calculations in the early design stage, an
arbitrary but realistic centre of gravity and weight combination
has been chosen for the Arrow 1 as 47,000 lb for the centre of
gravity at 31% of mean aerodynamic chord for most of the calcula-~
tions. In addition in some cases data are presented for c.g.
positions at .28¢, 29¢ and for weight cf 56,000 1b,

3,1.2 Altitudes:- Unless otherwise stated, the requirements shall arply
at all altitudes at which the airplane might be operated in each of the spec-
ified configurations. In general, compliance with this stipulation may be
deteriined by investigation of three significant altitudes consistent with
the airplane mission requirements. Unless otherwise established between the
procuring activity and the contractor, these altitudes shall be defined as
follows:

(a) Low altitude: For design purposes, low altitude shall be
sea level.

(b) High altitude: An altitude nct lower than 80 percent of
the service ceiling. ’

(¢c) Medium altitude: Approximately 50 percent of high altitude,
or 40,000 feet, whichever is lower. (Medium altitude need
be investigated only when the service ceiling is 40,000 feet
or higher).

The high and medium altitude conditions may be excluded in consideration of
configurations L, PA, WO, and TC.
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3.1.2 Altitudes: (Continued)

The majority of desigzn czlculations for the Arrow 1 have been made
at intervals of 10,000 feet from Sea level to 60,000 feet which
exceeds the demands of the specification.

In order that this report shall not become too bulky, in general
only the results of invsstigations at sea level, 30,000 feet and
60,000 feet will be presented herein.

3.1e3 Operationsl flight envelope:~ For the three altitudes defined in
paragrapn 3e.l.2 and for combat ceiling, Mach-number-normal acceleration
envelopes for several significant airplane loading conditions shall be
specified in the contract or otherwise established by agreement between the
precuring activity and the contractor. Both positive and negative normal
accelerations are to be included. These envelopes shall serve to define

the boundaries within which the airplane is expected to be operational and
within which the requirements of this specification therefore apply. With-
in these boundaries there shall be no objectionable buffet, trim or stability
changes, or other irregularities which might detract from the effectiveness of
the airplane in executing its intended mission. The operationazl flight enve-
lope shall show cut-off points representing the highest Mach numbers at which
the airplane is to be considered operational. These maximums shall be based
on considerations of pull-out recovery (reaching level flight at 2,000 feet
above sea level), as well as attainable speeds. In the requirements of this
specification, a curve of such cut-off speeds plotted against altitude is
referred to as the maximum operational sveed envelope. If necesssary for
adequate definition of this envelope, maximum speed points for various inw
termediate altitudes shall be included.

Three typical flight envelopes are given as figs. 1, 2 and 3.
Note that the maximum Mach number is the structural limit Mach
Number rather than the maximum obtainable Mach number from
thrust available considerations.

3.1.2.1 The operational flight envelopes for an airplane intended solely
for missions at supersonic speeds need not include the transonic speed
range, provided that satisfactory transition through the trznsonic speed
range is assured,

The Arrow 1 is intended to cruise in both the transonic and
supersonic range, so the flight envelopes include the tran-
sonic range.
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3.1.4 Maximum permissible speed envelopes- A Vp (or Mp) altitude envelope
shall be established in addition to the envelopes specified in paracraph
3e¢1s3. This maximum permissible specd envelope shall be derived from con-
sideration of dives entered at Vy. Unless limited by structural considera-
tions, this envelope shall define, at each altitude, the maximum speed from
which a recovery can be made which will result in level flight at an altitude
of not less than 2,000 feet above sea level without encountering intolerable
buffet, loss of control, uncontrollable trim changes, or other dangerous
airplane behavior during the entire dive or pullout. In establishing this
maximum permissible speed, the pullout shall be governed by the requirements
of paragraph 3.3.16.1.

This envelope is not required for the Arrow 1 as the maximum horizontal
flight Mach number is restricted by structural considerations. Maximum
speeds in level flight for Arrow 1 are shown on fig. (24),

3.1.4,1 The development of any dangerous flight conditions associated with
the dive or pull-out in paragraph 3.l.4 shall be sufficiently gradual, in
order that the pilot is amply warned.

(a) Normal mode:

There are no dangerous conditions associated with a dive
or pull-out providing it is within the flight envelope.

(b) Emergency mode:

Inertia coupling effects may be significant during an
extreme pull-out. These effects should however be
gradual.

3.1.5 Extermal Stores:- In preparation of the flight envelopes discussed
in paragraph 3.1.3 and 3.1.4, external stores which are not normally dropp-
able in flight, or which are intended to be carried during the primary mission,
shall be considered as integral elements of the airplane configuration. When
such stores contain expendable loads the requirements shall, unless otherwise
stated, apply throughout the range of store loadings. For other significant
store installations, revisions to the flight envelopes and deviations from
the flying qualities requirements shall be established by agreement between
the procuring activity and the contractor in accordance with the mission re-
quirements of the airplane with such stores installed. In establishing these
agreements, consideration of reasonable single malfunctions, such as failure
of release mechanism or failure of fuel feed, as well as normal initial
asymmetric store installations, shall be included.

The Arrow 1 has no external stores,

3.1.6 Effects of armament provisions:- Operation of bomb bay doors, armament

pods, or other movable protuberances, shall not cause objectionable buffet,
trim changes or other characteristics which impair the tactical effectiveness .
of the airplane under any flight condition in which operation of such devices
may be required in the conduct of the airplane mission,

FORM 1749 A
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301.6

Bffects of armament provisions (Continued)

The requirements of the last paragraph on page 4 , need to be verified
by flight test, particularly to investigate whether there will be
objectionable buffet, which is difficult to predict. When the aireraft
automatic control system is fully operational, the damping system will
nulify any trim changes that would otherwise occur on lowering the
missiles. From wind tunnel tests with three missiles, it is estimated
that, for the aircraft on emergency control system, the trim change due
to lowering four missiles would be as quoted in the table,

Mach No, Altitude Sea Level 20,000 ft. 40,000 ft. 60,000 ft.
095 Change in =1.5¢g = o5g - olg 0
Normal
1.20 Accelera- - - .7 - Jbg -e5g
tion

3.1.7 Release of stores:- .The release of any stores intended to be released
during normal operation of the airplane shall not result in dangerous or seriously
objectionable flight conditions,

The Arrow 1 has no external stores.

The Arrow 2 has only one releasable store at the present time; the fuselage
drop tank, The release of dynamically scale models have been observed in
the N.A.E. wind tunnel, simulating tank full and empty cases, and the effect
of Mach number and altitude. Results show that the store drops cleanly and
does not foul the fuselage.

3.1.8 D ion devi :- Unless specifically exempted by the procuring
activity, all class II and class III airplanes shall be capable of deqelération
dive-speed limitation, and constant-speed, glide-path control, to a degree which
will be stated in the contract or otherwise agreed to by procuring activity.

These capabilities need not be provided by auxiliary devices, such as speed
brakes, if other design features or provisions can be utilized to produce the
desired characteristics. The term "deceleration device," as employed in this
specification, shall apply to whatever brake, flap, or other feature is used
to provide the desired incremental drag effect.

The Arrow 1 is equipped with an under-fuselage dive brake, intended

o— primarily for deceleration and dive speed control. The characteristics
of thls brake are shown in Figures 4 and 5, It can be seen (Fig. 4)
that the deceleration obtained is approximately a linear function of
Mach No. at a given altitude, the maximum being about .35 'g' at M = 2,0
at heights of 30,000 and 40,000 feet. In the normal mode the change in

FORM 1749 A
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3el08 Deceleration devices (Continued)

normal acceleration due to dive brake extension will be negligible
at all speeds. It will appear as a transient of short duration
which should not require manual retrimming.

In the emergency mode the change in normal acceleration (Fig. 5)
which accompanies this deceleration is reasonable, being always
positive and reaching a maximum value of about 1.8 'g' at 40,000 ft.
At subsonic speeds, the change in normal acceleration due to dive
brake operation is much less. If it were desired to use the speed
brake as a speed control on the approach, there would be a maximum
change of +0,3 'g' in normal acceleration for a maximum deceleration
of 0.1 'g' .

3.1.9 Configurations:- For purposes of this specification, the basic
airplane configurations shall be as described herein. Items of configur-
ation not specified, such as cockpit enclosure, cowl flaps, oil cooler
flaps, gun turrets, blast tube covers, or bomb bay doors shall be in their
normal settings for the particular configuration.

Configuration CR: Cruise: Power for level flight at trim speed
(See table II), flaps in cruise position,
gear up.

Configuration D : Dive: 25-percent normal rated power or minimum
operable power, whichever is the greater,
flaps and gear up (unless normally used
as speed brakes), speed brake extended,

Configuration G : Glide: Power off, unless otherwise specified:
gear and flaps up.

..

Landing: Power off, gear down, flaps or other high
1ift device at landing setting.

Configuration L

Configuration P : Power on, clean: Normal rated power, flaps and
gear up.
Configuration CO: Combat: Augmented power, airplane in combat cone
figuration,

Configuration PA: Power Approach: Gear down, flaps, other high
1ift device, canopy, and
approach brake in normal approach
position: power for level flight
at 1l.15 Vs; or normal approach
speed, whichever is lower.

FORM 1749 A
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3.1.9 Configurations:- (Continued)
Configuration WO: Wave off: Gear down, flaps or other high

1ift device in landing position,
take=-off power.

Configuration TO: Take-off: Gear down, flaps or other high
1ift device at take-off setting,
take-off power, including assist
or augmentation used in normal
take-off,

Mec ical racteristics of contr st

3.2.1 Control friction and breakout force:- Longitudinal, lateral, and
directional contrcls shall exhibit positive centering in flight at any
normal trim setting. Although absolute centering is not required, the
degree of centering shall be such thzt the combined effects of centering,
breakout force, stability, and force gradient do not produce objectionable
flight characteristics, or permit large departures from trim conditions
with controls free. Control-system friction in all airplanes shall be as
low as possible, and breakout forces, including friction, feel, preload, etc,
shall not exceed the values given in table I, These values refer to the
pilot control force required to start movement of the control surface, and
apply in flicht at all attainable conditions of trimmed airspeed, altitude,
temperature, and control deflection.

TABIE I

" Maximum allowable stick breakout forces (including friction) pounds.

Co 0 c I TIIC ITT

Elevator
Aileron
Rudder

~N DWW

In the Arrow 1, the stick is self centering in all control modes, since
in the automatic mode the parallel servo will always return to its
central position if the stick-input signal falls to zero, while in the
emergency manual mode, the feel system spring will ensure the return of
the stick to its trimmed position,

FORM
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2.2 Centrol friction and breakout force:- (Continued)

The breaxout forces for the aileron snd elevator in norasl =nd
emergency modes with booster units installed in ezch control
circuit meet the specified values in Table I.

The breakout force for the rudder pedals is 14 1b in both normal
and emergency modes.,

Therefore the specificaticn is not met for the normal mode but
the aircraft in this mode is basically a two contrcl aeroplane
and rudder pedals will only be used occasicnally. The emergency
mode satisfies the specification requirements see para. 3.2.1.2.

2e2.1s1 Measurement of the breakout forces on the ground will ordinarily
suffice in lieu of actual flight measurement, provided that qualitative
agreement between ground measurement and flight observation can be estab-
lished to the satisfaction of the procuring activity.

Due to the artificial nzture of the breakout forces for the aileron
and elevator controls, the forces in flight should be identical to
-~ those measured on the ground.

The breakout force for the rudder pecals increases slightly with
increase in dynamic pressure and the figures quoted arrly to the
case of zero pressures.

2¢2.1.2 For emergency munual operation upon failure of a power-operated

or power-boosted control system, the allowable breakout forces specified
in table I may- be doubled,

In the emergency mode, the elevator and aileron breakout forces do
not exceed the forces specified in tsble I. The rudder pedal break-
out force is twice the value stated in table I,

3.2.2 Adjustable Controls:~ When a cockpit control is adjustable for

ilot physical dimensions or comfort, the control force as defined in
paragraph 6.2 shall refer to the mean adjustment; a force referred to any
other adjustment shall not differ by more than 10 percent from the force
referred to the mean adjustment.

Cnly the position of the rudder pedals is adjustable. This adjustment
is effectively a movement of the fulcrum fore and aft on a line level
with the foremost point of the seat and there is no appreciable change
in the required contrecl force.

Fzbruary 1958
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3.2.2 Rate of Control Distlacement:- The ability of the airplane to
perform the manoeuvres expected of it shall not be linited by the rates
of control surfsce deflectiun or auxilicry control operstion, nor shall
the rates of operaticn of either vrimary controls or auxiliary devices
result in object:onable flizht characteristics.

Consideration has been civen to the available controcl hinge moment
and rate of control avplication where ever necessary. All response
rates quoted are obtainatle with the existing rates of control
surface deflection. No objectionatle flight characteristics are
obtained due to the rate of contrel surface deflection in either
the normel or the cmergency mode,
3.%e%  Cockpit Control Free Plav:- The free play in each cockpit control,
i.ee. the motion of the cockpit control, from the trim position, which does
not zove the control surface in flight, shall not be excessive.

Very little free play exists in zny of the cockpit controls.

Je2.5 Artificial stability devicess- Normal operation of an artificial
device for improvement of any characteristic shall not introduce any ob-
jectionzble flight or ground handling characteristics. Feilure of such a
device shall not result in a dangerous or intolerable flight condition
(See varazraphs 3.4.1.3 and 6.6 for additional discussion.)

No objectionable flight or ground handling characteristics are
introduced by the damping system. Reliability of .the damping

system is achieved by complete duplication of essential parts

and provision is made for automatic reversion to the emergency
mode. (For fuller discussion see raragraph €.6).

Longitudinal Stability and Contro

3.2,1 Elevator fixed static stability:- In the flight conditicns and
throughout the speed ranges listed in columns 1 and 2 of Table II, the

elevator-fixed neutral points shall be aft of the co.g. position in the
aft critical loading,

FORM
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TaBLi IT

Required conditicns for longitudinal static stability

"Trim Speeds" 1/ for
Configuration Speed Range elevator-free stability

CR l.4 Vsg to VNRP Speed for maximum range, 2
additional trim speeds

P 0,75 VNRP to Vg VNRP, 1 additicnal trim

speed
P (Climb) 0.85 Vr/C or 1.15 Vsg, VR/G
- whichever is greater,
to 103 VR/C
co VNRP to Vy Vi, 1 or more additional

trim speeds

(&)

VsG to Vy l.4 Vsg, 1 or more addi.
tionzl trim speeds.

D All speeds normally attain- |1 or more representative
ed in confizuration D dives | configuration D dive speedf

L Vs, to limit structural 1.4 VSL
speed in configuration L

PA V3, to limit structural 1.15 Vsg,
speed in configuration PA

NOTk: For .C airplenes,
lower speed shall be Vgp, or
7 design maximum arresting
speed, whichever is lower

1/ Additional "trim speeds" shall be so selected that the trim speeds
effectively span the specified speed range.

FORM 1749 A
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3.3.1 Elevator_fixed static stability:- (Continued)

The elevator fixed neutral point is defined in peragrarh 6.2 as the c.g.
position for zerc elevator cockpit control travel with change in speed,
in straight flight at constant throttle. Hence the condition that the
elevator-fixed neutral points shall be aft of the c.ge position is
equivalent to the requirement that a forward movement of the stick is
needed to trim out an increment in speed in straight flight and constant
throttle,

For the Arrow 1, the stick movement is directly proportional to
the steady state elevator deflection and therefore the slope of
the elevator angle to trim curve against Mach number is a measure
of the elevator fixed static stability, An increase in down
elevator to re=trim at a slightly higher speed corresponds to
positive elevator fixed static stability.

(a) Configurations CR, P and CC

The carpet showing the variation of elevator angle to trim
o with Mach number for level flight at various altitudes
presented in figure (6) covers the specified speed ranges
and flight conditions corresponding to configuration CR,
P and CC. It can be seen from the slopes of the curves that
the Arrow 1 possesses positive elevator fixed static
stability in these configurations, except for the following
cases:

(1) For the speed range M = ,5 to M = .8 at altitudes
of 10,000 feet and less.

(2) In the transonic speed range at all altitudes.
(3) For M = 1.7 at 30,000 feet.,

In case (2), considerable control movements in the unstable
sense are required with increase of speed, but a relaxation
for the case of transonic flight is given in paragraph 3.32.32.

(b) Configuration L

Graphs showing the elevator angle to trim for low speed, power
off flight, but with the landing gear retracted, are shown in
figs (7) and (8) for fore and aft centre of gravity positions.

7 The effect of the landing gear on trim is small as can be seen
by comparing fig. (9) with fig. (23).

In the configuration L, the Arrow 1 possesses positive elevator
fixed static stability and this stability becomes more positive
as the ground is approached,

Ersnsnas S=m A &
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3.3.1 Elevator-fixed static stability:- (Continued)

(¢) Configuration Pa

Increased power has an adverse effect on the elevator fixed
static stability, as shown in figure (9). However, during

the approach, the power requirement will be of the order of

0% of military power and the power off case will be approached
in the flare out. In this case, the Arrow 1 will possess
positive elevator fixed static stability.

Climbing, divinz configuratiocng

The elevator angles to trim for climbing and diving cases have
not been specifically determined, because the elevator angles
to trim in these cases are nearly equal to those required in a
steady push-over at the same Mach number and altitude, where
the normal loading is the szme in both cases. Small increments
to allow for change in thrust moment and the moment due to the
pitch rate in the push-over are required to be added to the
elevator angle tc trim in the equivalent push over.

Carpets showing the variation of elevator angle to trim with
HMach number for a range of normal acceleration are shown in
figs (10) to (12). At zero 'g', there is a reduction in
static stability at subsonic speeds compared with the level
flight case, but there is little change in the stability at
transonic and supersonic speeds,

(d) Configuration D

During a dive, the variation of the elevator angle to trim with
speed compared with the push over case is stabilising to a small
degree at subsonic speeds, and has a neutral effect at transonic
and supersonic speeds. Another increment in elevator angle needs
to be added to the equivalent push over case with speed brakes
retracted to allow for the pitching moment produced by the
extension of these brakes. However, as shown in figure (5), the
extension of the speed brakes produces a positive increase in
normal acceleration which is either constant or increases with
speed excent for specific cases in the transonic range.

In configuration D, dives, the elevator fixed static stability
will be positive at all speeds except in the transonic range.
The relaxation given in paragraph 2.3.3 covers this exception,
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3.3.1 Elevator-fixed static stability:- (Continued)
(e) Configuration P (Climb)

Climbing flight is a little less stable than for the
equivalent push-over case at subsonic speeds, but at
transonic and supersonic speeds the elevator fixed
static stability is unchanged,

The speed for maximum rate of climb at sea level is 527
knots, representing a Mach number of .8 and therefore
the speed range, covered by the requirement is from

M= ,68 to M = 1,04, In this range the Arrow 1 possesses
neutral elevator fixed static stability.

(£) Configuration G

The elevator angles to trim in configuration G are shown
in figure (13). The effect of the speed brakes are also
shown.

In this configuration the Arrow 1 possesses positive
elevator fixed static stability.

303.1.1 At the aft critical loading, in the flight conditions and through-
out the speed ranges listed in columns 1 and 2 of table II, the elevator-

fixed static longitudinal stability with respect to angle of attack at constant
speed shall be positive. This requirement shall also apply to configuration WO
at 1.15 VS, »

The normal acceleration is proportional to the lift coefficient
devloped and the variation of the lift coefficient with angle

of attack is very nearly linear for 1lift coefficients within the
flight envelope. The slope of the graph of elevator angle to

trim against normal acceleration at constant Mach number is there-
fore a measure of the elevator-fixed static longitudinal stability
with respect to angle of attack at constant speed.

Carpets showing the variation of the elevator angle to trim with
Mach number, with normal acceleration as parameter are shown in
figures (10), (11), and (12). These show that the Arrow 1 possesses
positive elevator-fixed static longitudinal stability with respect
to angle of attack at all altitudes and speeds above M = ,5.

The elevator fixed static longitudinal stability with respect to
angle of attack is positive if = d C, measured at constant speed.

d q
and elevator angle is positive. This condition will be used to
determine the stability at low speeds. Figures (14) and (15) show
the variation of pitching moment with angle of attack and elevator
angle as measured in a low speed wind tunnel for fore and aft c.g.
positions. The above quantity is positive or zero at angles of attack
less than 16 degrees for the most aft c.g. and less than 20 degrees.

L SRR P £
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2.2.1.1 (Continued)
for the most forward ce.g. positions.
An incidence greater than 16 degrees is not required in the flirht
conditions of table II and therefore this requirement for elevator
fixed, static longitudinal stability with respect to angle of attack
is met,

3.3.2 Elevator-free static gtability:. In the flight conditions and through-

out the speed ranges listed in columns 1 and 2 of table II, the elevator-free
neutral points shall be aft of the c.g. position in the aft critiesl loading,
In general, this requirement shall be considered satisfied if the requirement
of paragraph 3.3.2.1 is met. For configurations PA and P (climb), this
requirement may be waived, provided rarazraph 3.2.2.1 is met.

The term elevator-free has no meaning when aprlied to the Arrow 1,
beczuse the controls are power operated and irreversible. The
equivalent case to this condition is "control-column-free" a

this will be assumed tc be the meaning of 'elevator free' wherever
it is included in the specificéation,

(2) Normal flight control mode

The control system has been designed so that in the normal
mode, if the control column, is left free the aireraft will
automatically trim itself to within narrow limits at all
flight speeds and all c.g. positions. This will give the
pilot the feel of flying an aircraft with its centre of
.gravity at the elevator free neutrzl point, with respect
to speed changes.,

(b) ency flicht control mod

In the emergency mode a spring feel system is employed and
therefore the control cclumn free stability will be identical
with the elevator fixed case (Paragrarh 3.3.1).

3e3e2.1 In the aft critical loading, with the airplane trimmed at the speeds
listed in column 3 of table II, the variation of elevator control force with
speed shall be a smooth curve, with a gradient which is stable through trim
and remains stable throughout the specified speed range. (In configurations
PA and P (climb), a reversal in slope may be permitted below the trim speed;
if a reversal does occur, however, the force shall not decrease to less than
1 pound for classes I and II airplanes, or 3 pounds for class II airplanes).
This requirement applies throughout the speed ranges listed in column 2 of
table II, but need be considercd only at speeds within % 15 percent (or t 50
knots, whichever is less) of the trim speed, and need not be considered at
speeds where the control force exceeds 50 1lb. As used in this paragraph, the
term gradient shall not include that portion of the force versus speed curve
within the preloaded breakout force or friction range.
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3.3.2.1 (Continued)

(a) Normal flight control .iode

In this mode, variation of elevzior control force is only
required to command an increment in normal acceleration.

No control force is required to trim out a change in speed.
An exception to this occurs when undercarriage down is
selected; operation is then similar to that in the emergency
flight mode.

(b) Emergency flight control mode

In this mode, the elevztor control force is proportional

to the change in elevator angle from the trimmed position.
Thersfore, the remarks in paragraph 3.3.1 apply equally well
to this case of control column free static stability.

The variation of elevator control force with speed is a smooth
curve except at transonic speeds (see paragraph 3.3.3) and in
general the slore is sgable. In configuration P (Climb) and at
low speed and low altitude in configurations CR, P and CO the
control column free static stability is essentially neutral.
In these cases, the out of trim control forces in the unstable
sense will be small.

In the transonic speed range the control column free static
stability is negative, but this case is covered by the relaxation
of this requirement given in paragraph 3.3.3.

Je3e3 Excevption in transonic flight:- The requirements of paragraphs

3e3.1 and 3.3.2 may be relaxed, if necessary, in the transonic-speed range,
provided that any reversals in slope of elevator angle or elevator control
force with spesd are mild and gradual and not seriously objectionable to

the pilot. Howevera on airplanes with cruising speeds or mission require-
ments necessitating prolonged operation at transonic speeds, the requirements
of paragraph 3.3.2 shall be satisfied. For this purpose, the use of artificial
means satisfactory to the procuring activity is permissible. The relaxation of
paragraph 3.3.1 is not intended to include paragraph 3.3.1l.1, which shall re-
main applicable throughout the entire speed range.

It is intended that the Arrow 1 will cruise at transonic speeds and
therefore the relaxation to requirement 3.3.2 does not apply to the
normal flight control mode.

(a) No £1i control

There is no change in stick force to trim throughout the
transonic range.
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3.3.3 [Exceotion in transonic flishts. (Continued)

(b) Emergency flisnt control mode

Reference to fig. (6) shows that for sltitudes above 16,000 feet
the elevator fixed static stability (and also the control column
free static stability) is negative. For altitudes up to

50,000 feet the reversals in slope of elevator angle (and of
control force) with speeds are mild and gradual and therefore
may be excluded from the requirements of 3.3.1 and 3.3.2. At an
altitude of 40,000 feet the unstable chinges of trim in passing
through the transonic region are large (6 degrees of elevator
angle)and occur suddenly.

The above relsxation dces not strictly arply in this case but
considering that the elevator angle per "g" in this region is
of the order of 3 - 10° the resulting disturbance should not
be objectionavle.

3.3.4 Stability in asccelersted flight:. The slope of the curve of elevator
deflection versus gravity (g) at constant specd shall be stable (increasing

up =1
lozad

3e345

evator required for increasing ‘'g') throughout the range of attainable
factors in all configurations and in all conditions of flight.

Reference to figs (10) (11) and (12) shows that for all speeds and
altitudes within the flight envelope, for Mach mumbers greater

than .5, this requirement is met. Using the same argument as in
paragraph 3.3.1.1, the low speed wind tunnel measurements of pitching
moment for various angles of attack and elevator angles, figures (1w),
(15) show that the low speed stability in accelerated flight is also
positive, for angles of attack less than 1€ degrees, at the most aft
Ceg., and to approxe. 20° at the fwd. ¢ of g. An incidence of 16 degrees
approximately represents the buffet boundary at low speed of the opera-
tional flight envelope and therefore this requirement is met.

Short-period oscillationss:~ The dynamic oscillations of normal accel-

eration, which occur at approximately constant speed and which may be produced

by ab

posit

ruptly deflecting and returning the elevator control to the trimmed
jon, shall damp to 1/2 amplitude in 1 cycle, and the magnitude of any

residual oscillations shall not exceed & 0,02 'g'. Residual oscillations in
angular attitude shall not be of objectionable magnitude and shall not adver-
sely affect the tactical utility of the airplane. (For gunnery of bombing
applications, pitch deviations greater than = 5 mils are ordinarily considered
excessive). Any lonzitudinal oscillations with period less than 6 seconds

shall

be governed by this requirement.

(a) Normal flicht control mode:-

This mode includes artificial damping zbout all axes designed
to give approximately ‘dead beat! motion throughout the flight
envelope, and therefore meets easily above requirements. '
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2.2,5 Short-period oscillations:- (Continued)
(b) Emergency fiirht control mode:-

In this mode the artificial damping about the pitch anc roll
axes is reuoved and therefore the short veriod oscillsations
in pitch will be those of the basic configuration. The
region where this requirement is not met is shown on the
oreration speed, altitude envelope in figure (14). Cnly
surersonic flight at altitudes greater than 50,000 feet has
unsatisfactory short period damping.

2.3.5.1 When the elevator is abruptly deflected and released, the motion
of the elevator following the release shall be essentially deadbeat, unless
the =levator oscillations are of such frequency and amplitude thzt they do
not result in an objectionable oscillation in normal acceleration,

In both normal and the emergency flight modes, when the elevator is
abruptly deflected and relessed it will return to its original
pcsition and the motion is essentially deacdbeat.

2.3.5.2 There shall be no tendency for a sustained or uncontrollable oscill-
ation resulting from efforts of the pilot to maintain steady flight.

(a) Normal flight control mode:-

In this mode damper system gives essentially dead-beat motion,

(v) Emergencv flisht control Mode:-

There is no tendency for any sustzined or uncontrollable oscill-
ation,

33053 The requirements of paragraphs 3.3.5, 3.3.5.1 and 3.3.5.2 shall
apply at all permissible airspeeds amd loadings, both in straight flight
and in turns.

The requirement has not yet been investigated in tumns.

3.3¢6 Long period oscillations:- Although there is no specific require-
ment for damping of the conventional long-period, or phugoid oscillation
which occurs at approximately constant angle of attack, there shall be no
objectionable flight characteristics attributable to apparent poor phugoid
damping. In addition, if the period of az longitudinal oscillation is less
than 15 seconds, the oscillation shall be at least neutrally stable.

‘ (a) Normal mode:-

Final investigation of the long period oscillations is not yet
complete, but preliminary work indicates that the phugoid effects
will be reduced to a negligible level.
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3.3.6 Long period oscillzstions:- (Continued)

(b)  Emergency mode:-

Generzlly at subsonic speed the periods will be well in
excess of 15 seconds. At supersonic and transonic speeds
some objectiocnatle effects may be expected.

2,3.7 _Control effectiveness in unaccelerated flight:- In erect unacceler-
ated flight at any altitude, the attainment of any permissible speed above
the stalling speed Vg, as defined in paragraph Z.6.2, shall not be limited
by the effectiveness of the longitudinal control, or controls. This
requirement shall apply to all airplane configurations and rermissible
lozding.

The normal acceleration flight envelopes, showing the elevator
limitations where they arise, are presented in figures (1), (2)
and (3). For a load factor of 1 it can be seen that the speed
range is not limited by the available elevator angle.

2.3.8 Control effectiveness in accelerated flight:- In the forward critical

Vi loading, when trimmed at any permissible speed and altitude in the configura-
tions listed in table II, it shall be possible to develop at the trim speed,
by the use of the elevator control alone, the limit load factor, the 1lift
coefficient corresponding to Vs as defined in paragraph 3.6.2 or 3.6.2.2, or
a load factor consistent with the operational flight envelope specified in
paragraph 3¢1l.3.

The operational flight envelope presented in paragraph 3.l1.3 applies
for a centre of gravity position of .31 &. The elevator limitations
will be some what more severe with a more forward centre of gravity
position and the operational flight envelopes for a centre of gravity
position at .29¢ will be presented when available.

3e3.9 Control forces in ste ccelerated flight:= In steady turning
flight and in pullouts, increases in pull force shall be required to produce
increases in positive normal acceleration throughout the range of attainable
accelerations. The varigtion of force with normal acceleration at all points
beyond the breakout force shall be approximately linear, except that an
increase in slope upward (such as might be introduced by an acceleration re-
strictor) is permissible above 0.85 np. In general, a departure from linear-
ity resulting in a local gradient which differs from the average gradient by
nore than 5C percent is considered excessive. The average force gradient
shall be within the limits specified in table III in configurations P, CO,

D, and PA throughout the operational flight envelope up to 0.85 np.
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Control forces in steadr zcceler:

==

TaBLE TIT

ted flirnt:- (Continued)

Elevator control force gradient limits, 1b per 'g?

Class haxdmum FEinimum
5€ 2
I, IiI P n_l_l
L L~
IT 120 Lg
= ny - 1 n. -1
L

The Arrow 1 is a class III aircraft and the limit loac factor is 7.33
Yz', therefore it is required that the average stick force gradicnt
should be within the range:

(a)

(b)

Hax
Min

Normal flisht contro,

ode -

8.33 1b/g
3.33 1b/g

Stick force per "g" gradient will te 6 1lb. per "g" up to the
command limiter setting of approx. 5.5 "g's". Cormmanding
"ets" in excess of command limiter setting will generally
result in an sutomatic switch-over from normal to emergency
mode, through the action of the "g" limiter. Force gradients
will then be as in the emergency mode.

In normal mode gear down configuration proportional feel will
be nrovided and stick force per "g" will be identical with

emergency mode.

The stick force per "g" gradient up to 5.5 "g's" is well
withir the requirements,

Emergency flicht control mode:-

In this mode proportionl feel is provided. Variation of stick
force per "g" with Mach number and altitude is shown on Fig. 17,
18. Values shown apply strictly only to manoeuvres between one
and 2 "g's" since some small non~linearities exist when higher

"eis" are reached.
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3.3.9 Control forces in steady accelerated flight:- (Continued)
(b) Emergency flight control mode:- (Continued)

Up to and including 30,000 feet, the requirements are met since
stick forces per 'g' do not exceed 8.83 1b and the minimum of
3.33 1b can never be reached since the bob-weight of 4.25 1lb is
used.,

For the cases which do not meet this requirement a relaxation
is given in paragraph 3.3.9.3.

3.3.9.1 In all configurations at all permissible speeds and accelerations,
the local value of the force gradient shall never be less than 3 pounds per

lg!o

The minimum stick force per 'g' is limited by the bob-weight to 4.25 1b
per 'g',

3:349e2 For configurations P, CC and D on airplanes intended primarily for
high altitude missions, the maximum allowable force gradients specified in
table III need not apply below the medium altitude. The maximum forces at
the low altitude, however, shall be not more than 50 percent greater than
the maximum values specified in table III.

(a) Normal mode:- See paragraph 3.3.9 (a)

In the emergency mode for any given Mach number the stick force
gradient increases with altitude and the low altitude gradients
meet the requirements of paragraph 3.3.9.

3e2¢9.3 Under conditions in which maximum attainable normal acceleration is
less than n; (e.g. limited by stall or control effectiveness), an increase in
the maximum force gradient, up to a value no higher than 50 percent greater
than that specified in table III, may be permitted.

In those cases where the stick force gradient is greater than that
required by paragraph 3.3.9, the flight envelopes are limited by
the maximum control surface deflection, The maximum allowable
value of stick force per 'g' becomes 13,22 lb. per 'g'.

(b) Emergency mode:-

Allowing for this relaxation, the requirement is still not met at
50,000 and 60,000 feet. However the pull force required at these
altitudes to reach the maximum attainable normal acceleration is
of the order of 50 - 60 lb, and this is somewhat less than is
required to pull the maximum normal acceleration at the lower
altitudes. Therefore, although the high gradients obtained at
high altitude do not meet the requirement, they will not produce
objectionable handling characteristics,
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3.3.9.4 For configurations P, CC, and D on class III airplanes with
c.g. positions in combat lozdings which are aft of the c.g. positions

in other normzl service loadings, the maximum allowatle forces specified
in table III shall no* arply at c.ge. positions forward of the most for-
ward combat position. The maximum forces in any normal service lcading,
however, shall be not more than 50 percent greater than the values
specified in table IIIL,

The effect of the missiles on the centre of gravity position is
small and the centre of gravity position with the missiles is
forward of c.g. position without the missiles. This requirement
is therefore not apprlicable.

3.3.9.5 The requirements of paragrapvh 3.3.9 apply to negative as well

as positive accelerations, exccrt that the maximum force gradients speci-
fied in table III may te exceeded in the negative acceleration range.

This increase, however, shall not exceed 5C percent of the value specified
in table III.

Both negative and positive force gradients have been considered in
the above paragraphs. The relaxation allowed has already been
apnlied to those cases whrich do not meet the requirement of para-
graph 3.3.9, because of the relaxation allowed in paragraph 3.3.9.3.

3.3.10 Control forces in sudden pull-ups:- In sudden pull-ups from trimmed
straight flight, in which the elevator cockpit control is rapidly deflected

and returned to its initial position, the ratio of the maximum elevator
control force to maximum(neak) change in normal acceleration shall never be
less than the ratio of force to acceleration change obtained in steady
accelerations under the same conditions. In investigating the sudden pull-
up, several rates of cockpit control motion shall be considered, the elapsed
time from start to return varying, for example, from 1/2 second to 6 seconds,

(a) No flicht control mode:-

Generally a tail-less aeroplane will not meet this requirement
due to high 1ift effectiveness of the pitch control. In the
Arrow normal mode the damping system will tend to minimize
these effects, through the action of the differential servo,

(b) Emergency mode:=

In the majority of flight conditions this requirement will not
be met,
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3.2..1 Control effectiveness in take-cff:- rnlevator effectiveness shall
not unduly restrict the take-off performance of the zirulane. As = minilmu,
elevator effectiveness shall “e adeguste to permit compllance with take=-off
performance guarantees:, if tie take-off performance is not spec ifically
cuaranteed in the airrlane contract, it shall be possible, on z hard-surface
runway at a minimun s‘eed no creater than Vgpp, to obtain takeeoff attitude,
on nose-wheel airnlanes or to mzintain any attitude up to thrust line level
on tail-wheel airrianes. (For nropeller-powered airplanes, Vspo may be
estimated, with the concurrence of the procuring activity, on the basis of
stz11l sreeds determined wi*h various amounts of nower up to the highest
feasitle). The requirements shall be met with the airplane loading which
prodiuces the most critical nose-heavy moment on nose-wheel types and the
most critical tail-heavy moment on tail-wheel types. The loadings consid-
sred for this rurpese shall include all full and partial loads which might
normally be employed during training, as well as operational take-offs.

For class I tail wheel zirplenes, the required minimum sreed for maintain-
ing attitudes up to thrust line level shall be 0.5 Vgp, and shall be
applicatle on sod as well as hard surface runways.

This requiremsnt is met.

o 3.3.12 Control in catapult take-off:- This is not arrlicable.

3.2.13 Control forces in take-off:- With trim optional tut constant,

the elevator control forces required throughout the take-offs described
in paragraphs 3.3.11 and 3.3 12 and durlng the ensuing acceleration to

a speed of 1.3 Vg 0 (flaps, gear, and power held constant) shall be withe.
in the following imits.

Class III 30 1b pull to 10 1b push

These requirements shall apply alsc in rccket-assisted or other power-
augriented take-offs, and shall include consideration of assist cessation.

The recommended take-off technique requires that the nose

te raised at a speed 10 knots below the recommended take-
off speed shown on Fig. (19) (20). By examining Fig. (21)
and (22) it can be seen that the elevator angle to raise

the nose will not be more than 10° up resulting in stick
force not exceeding 16 1lb, with neutral trim setting. Stick
forces just after take-off will be of the order of 5 - 10 1lb,

3.2,14 Control effectiveness in landinz:- At the forward critical loading,
with the airplane trimmed for 1.2 Vsp in configuration PA;, longitudinal control

- shall be sufficiently effective, in order that in configuration L, Vg or the
ruaranteed landinz speed, if such a guaranty is included in the contract, can
be obtained in close proxinmity to the ground,
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2.3.14 Control effectiveness in landingz:- (Continued)

The veariation of elevustor anglz to trim with speed for various
power settings is shown in fig. (22). The effect of the
proximity of the ground is shown in fig. (7).

It is evident that this requirement is met.

2.3.15 Control force in landings~ It shall be possible to meet the
requirement of paragraph 2.3.14 with an elevator pull force not exceeding
35 1t for classes I, II.C, and III airplanes, or 50 lb for class II-L
airplanes.

The requirement for the Arrow 1 is that the elevator pull force shall
not exceed 35 lb.

The maximum elevator angle to trim in landing is required at low
speed, with the most forward c.g. position and with maximum ground
effect. Fiz. (7) indicates that at a speed of 150 knots, 9.5 dezrees
of elevator angle are required. This represents a stick force of
approximately 15 1b whicn is well within the requirement.
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2.2.16 Control forces in dives:- With the airplane trimmed for level flight

&t Vg, the elevator control forces required in dives to any attainable sceed

within the operztional flight envelope shall not exceed 50-1b, push or pull
in class III airplanes, or 75 1lb, in class II zirplanes, In similar dives,
but with trim optional following the dive entry, it shall be possible with
normal piloting technique to maintain the forces within the limits of 10-=1lb,
push or pull in class III airplanes, or 20-lb, push or pull in class II
airplanes, The forces required for recovery from these dives shall be in
accordance with paragraph 3.3.9,

(a) Normal flight control mode

In this mode the required stick force is proportional to the

normel acceleration, In a dive, the change in normal acceleration
will always be less than 1 ‘g', therefore, the change in stick force
will be less than 6 1b, which is the stick force per 'g' gradient,

The demper will function so that a constant stick force is required
for a constant angle of dive,

(b) Emergency flight control mode

& graph showing the maximum speed in level flight with augmented
power, V., is presented in figure (24), If we consider the change
in trim from level flight at 900 knots (Mach 1,57) and 50,000 feet
to s vertical dive at a Mach number of 2,12 at 30,000 feet, the
approximate change in elevator angle to trim is from -,2 degrees
to +6,2 degrees,

The control surface deflections, control forces, breakout forces
and trim ranges for the emergency mode are shown in figure (25),
If the aircraft is initially in trimmed flight, a push force of
11 1b, is required for this dive, If the trim can be varied this
force can be reduced to zero, The forces required for recovery
from these dives are in accordance with paragraph 3,3.9.

3,3.16,1 with the airplane trimmed initially in level flight at Vy» but with
trim optional in the dive, it shall be possible to muaintain the elevator
control forces within the limits of 50-1b. push or 35-1b, pull in dives to

any attainsble speed within the maximum permissible speed envelope, The forces
required for recovery from these dives (see paragraph 3,1.4) shall not exceed
120 1b, Trim, deceleration devices, etc, may be used to assist in recovery
provided that no unusual pilot technique is required,

The maximum permissible speed envelope represents the same maximum speed
boundzry as the operztional flight envelope for the Arrow 1, Therefore, the

- first part of this requirement has already been discussed and has been shown
to be satisfied,
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The limiting values for the control forces during recovery from the dives are
as follows:=

(a) Normal flight control mode

The maximum load factor obtainable in this mode is 5,5 "g" with
approximately 30 1b, force,

To obtain a higher normal load factor it is necessary to either:

(1) Overpower the parasllel servo which requires additional 50 to
80 1b, force at the stick,

(2) Trip the "g" limiter which will cause automatic change over
to emergency mode,

In practice condition (1) will not occur frequently since only a
slight increase of the load factor over 5,5 "g" will cause the
g limiter action,

Both conditions meet the above requirements,

i (b) Emergency flight control mode

Maximum elevator control forces are less than 75 1lb, This also
is well within the allowable 120 1b,

3.3.17 Auxiljary dive recovery device:- Operation of an auxiliary device

for dive recovery at any speed shall always produce a positive increment of
normal acceleration, but the total normal load factor shall never be greater
than 0,8ny,, controls free, at the most aft critical loading,

No auxiliary dive recovery device is fitted, The speed brakes may be used
to assist in recovery from a dive (see paragraph 3.3.18).

3.3.18 Effects of drag devices:-= Operation of the speed brakes or other

drag devices provided for decelerstion, dive-speed limitation, glide-path control,
etc, shall not produce objectionzble buffet or other undesirable flight
characteristics, This requirement shall apply to partial as well as full opera-
tion, Drag devices intended for employment in the landing approach shall not
produce an objectionable nose-down trim change when operated during the

approach, &additional requirements for trim change caused by drag devices are
included in paragraph 3.3.19,

Incremental changes in normal accelerztion due to operating the speed
brakes are shown in figure (5),

7 (a) Normal flight control mode.

In this mode the change in normal acceleration is automatically
trimmed out and will not be apparent to the pilot,
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(b) Emergency flight control mode

The change in trim produced is always nose-up and the maximum
increment in normal acceleration is about 1,8 "g" at Mach 2,0 and
40,000 feet, This should not prove objectionable,

Speed brake operation is not expected to produce objectionable
buffeting, but this must be proved by flight test,

3.3.19 Longitudinal trim changes:= The longitudinal trim changes caused by

changes in power, flap setting, gear operation, deceleration devices, etc. shall
not be so large that peak longitudinal control forces in excess of 10 1lb, for
classes I and III, or 20 1b, for class II, are required when such configuration
changes are made in flight under conditions representative of operational
procedure, Generally, the conditions listed in table IV will suffice for

/-~ determination of compliance with this requirement, With the airplane trimmed
for each specified initial condition, the peak force required to maintain the
specified constant parameter following the specified configuration change
shall not exceed 10-1b, push or pull for classes I and III airplanes, or 20-lb,
push or pull for class II airplanes, This requirement shall apply to a time
interval of at least 5 seconds following the completion of the pilot action
initiating the configuration change, The magnitude and rate of trim change
subsequent to this time period shall be such that the forces are easily
trimmable by use of the normal trimming devices,
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TaBLE IV

LONGITUDINAL TRIM CHaNGm CONDITIONS

2/ Class III only,

Condi- Configura=- karameter
tion Altitude Initial Trim Condition tion to be held
No, Speed Gear ; Flaps Power change constant
1 Low I,NVSG Up Up PLF Gear down |jsiltitude
2 Low l,hVSG Down | Up PLF Flaps " Altitude
3 Low l.MVsL Down | Down PLF Idle Power [Speed
i Low 1/ Down | Down PLF Take-off  [Altitude
1.15Vsy, Power
5 Low l,BVSTO Down | Take~off | Take=off | Gear up Rate of
-~ .l climb
. 6 Low 1°5VSTO Up Take-off | Take-off | Flaps up Rate of
climb
7 Medium, | Level Up Up MRP Idle Altitude
high flight power
8 Medium, | Level Up Up MRP Actuate
2/ high flight decelera- |lAltitude
tion
device
9 Low Speed for | Up Up PLF Actuate :
medium best range decelera- jAltitude
tion
device
10 Low 1.15VSL Down| Down PLF Extend
approach Speed
drag device
11 Medium Level Up Up MRP Augmented [Altitude
3/ high pover
Footnotes to Table IV:
1/ Normal approach speed, if lower than 1,15 Vs .
7

If power reduction is permitted in meeting
the deceleration requirements established for the mission,
actuation of the deceleration device shall be accompanied

by the allowable power reduction,
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F.otnotes to Table IV: Cont'd,

3/ Class III only,

(2) Normal flight control mode

In the normal flight control mode, gesr up, the change in trim
due to these configuration changes will be automatically trimmed
out and no sticx force will be required,

In the gear down mode, the forces required to trim for the new
configurstion will be the same as in the emergency flight control
mode,

(b) Emergency flight control mode

In this mode, the requirement is met in all cases except for case 8,
At 50,000 feet and Mach 1,57 a push force of 13 1lb, is required

to maintain the point of aim when the speed brakes are extended,
This represents an extreme case and in general the required push
force will be within the allowade limit of 10 1b,

3,3,20 Longitudinal trim change caused by sideslip:= With the airplane
trimmed for straight flight in each of the configurations and at the trim
speeds specified in table II, the longitudinal control force required to
maintain constant speed in sideslips shall not exceed numerically the lowest
force which in the same configuration would produce a normal acceleration
change of 1,0 g in the accelerated manoceuvres of paragraph 3,3.9. In no event,
however, shall the force exceed 10-lb, pull or 3-1b, push on classes I, III,
and II-C airplanes,.and 15-1b, pull or 1l0-1b, push on all others, The side-
slips considered shzll incluce angles up to the largest obtainable with 50 lb,
rudder pedal force applied in either direction for wings-level trimmed

Tlight, If a variation of longitudinal control force with sideslip does exist,
it is preferred that increasing pull force accompany increasing sideslip, and
that the magnitude and direction of the trim change be similar for right and
left sideslips,

The longitudinal coupling due to sideslip is small and it is expected
that the Arrow 1 will meet this requirement,

3.4 Lateral-directional stability and control:-

3.4.1 Damping of the lateral-directional oscillations:- In the
configurations and over the corresponding speed ranges specified in
table II, the damping of the lateral-directional oscillations, with
controls fixed and with controls free, shall be such that the damping
parameter 1 has a value not less than that required by curve A of

ci
figure 40, ﬁesidual undamped oscillztions may be tolerated only if the
amplitude is sufficiently smsll that the motions are not objectionable,
Generally, the conditions listed in table V will suffice for determina-
tion of compliance withthese requirements, (See paragraph 6,8 for
additional discussion),
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The Arrow 1 employs artificial stabilization devices and
therefore the more stringent requirements of paragraphs 3,4.1,1
and 3.4,1,2 need to be met,

3.4,1,1 For armed airplanes in the firing or bombing configuration
and under the critical flight conditions consistent with the tactical
mission requirements, the damping parameter l__ shall be at least that

Cz
required by curve 4 of figurei0, or at least 1,73, whichever is higher,
Under these conditions, the magnitude of any residual oscillation shall
not be so great as to cause yaw or pitch deviations which adversely
affect bombing or tracking accuracy, (For gunnery or bombing applica-
tions, deviations greater than ¥ 5 mils are ordinarily considered
excessive,) If it can be established to the satisfaction of the procuring
activity that the armament system is such that provision of the degree of
damping specified herein will afford no significant improvement in tactical
effectiveness, this requirement shall be waived and the requirement of
paragraph 3.4.1 shall apply,

The normal mode will easily meet requirements specified by
curve A in all flight conditions, Data will be presented
when available,

3.4.1,2 If an artificial stabilization device is employed, the damping

parameter 1 with the artificial device inoperative, shall be at least
Cz

0.24 in all configurations, In configuration PA this parameter shall,

moreover, have a value at least as high as that required by curve B of

figure 4Q.

Since the Arrow has a duplicated yaw damping system this
paragraph should apply to emergency mode only but in addition
a third mode of control nimely "dampers off" will be considered,

(a) Emergency Mode

This mode will not only meet the required curve B but also the
curve 4 with damping generally somewhat smaller than the normal
mode,

(b)  Damper off mode

Graphs of the variation of the damping parameter 1 with the value
¢k

of |¢ / v |. with altitude as parameter, are shown for level

flight with c,g, position at ,29 ¢ in figure (26), Graphs

showing the periodic time of the Dutch-roll oscillation for the same

conditions are presented in figure (27),
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(b) Damper off mode Cont'd,

Reference to paragraph 6,8 indicates that for very short periods

(i,e., below 1,8 seconds), and for values of I p/ vy l greater

than 1,2 the desired damping mey be considerably greater than that
specified in figure 4Q, For the Arrow 1, the periods are greater
than 1,8 seconds, but values of | § / vel much greater than 1,2 are

obtained, and therefore, in this comparison, curve B will be taken
to be the requirement in 211 configurstions,

The regions within the operztional speed envelope which meet this
modified requirement are shown for the fore and aft c,g, positions
in figures (28), Boundaries are also shown where the oscillation
becomes divergent and where the time to dovble amplitude is less
than 10 seconds,

In general, this requirement is not met at the extremes of high

or low speed, but a large part of the low speed region has lateral
oscillations which are convergent and only at high speeds are there
regions with divergent oscillations with periods less than 10 seconds,

7o In accelerated flight there is a decided improvement in the dutch
roll damping for the dampers off mode, Graphs showing the
variztion of the damping parameter 1  sh the value of |¢ / Vel

C3
with altitude as parameter for the case of 2 "g" flight are shown
in figure (29), The regions within the operational flight envelope
where the specification is met in this case is shown in Figure (30),
The dutch roll is damped in all cases except for flight at high
dynamic pressures, .

3.4,2 Spiral stability:-= Spiral stability is not required, but if the
spiral motion is divergent, the rate of divergence shall not be so great that,
following a small disturbance in bank with controls fixed, the bank angle

is doubled in less than 20 seconds in the PA and CR conditions of table V,

or 4 seconds in any of the other flight conditions of table II,

The roll rate and yaw damping in the normal mode and the yaw damping
alene in the emergency mode will give an improvement of the spiral
stability obtained in the dampers off case, However, investigation

of the damper off case shows that the spiral mode is always convergent.

3.4,3 Steady sideslip conditions:= Requirements for static directe
ional stability, dihedral effect, and side force variation are expressed in
terms of characteristics in steady sideslips, Unless otherwise stated,
such requirements shall apply in straight-path (zero turn rate) sideslips
= up to sideslip angles produced by full rudder deflection or 250 1b, of
rudder force, whichever is reached first, The requirements shall be met at
the lightest normal loading, in the configurations and speed ranges speci-
fied in table II, with the airplane trimmed for wingselevel straight flight,
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34,3 Steady sideslip conditions:- (Continued)

In addition, the requirements shall be met on class III and class II-C airplanes

in configuration WO at all permissible speeds above VSPs, with the airplane
trimmed for wings level straight flight at 1l.15 VSj, in configuration PA. Although-
the requirements apply over the entire specified speed range, investigation at the
trim speeds specified in table II, and at 1.15 VS] in configuration WO, will ordin-
arily suffice for determination of compliance,

The normal flight control mode is designed to minimize sideslip in all flight
conditions with the landing gear retracted, (configurations CR, P, P(Climb)
and CO). The sideslip angles which can be developed using rudder pedal
forces are severely restricted by the damping system and the automatic turm
coordination allows only small sideslip angles to develop during manoeuvres,
Rudder pedals are required only for trimming of asymmetric yawing moments.

Upon selection of "landing gear down", the control system automatically
switches to the normal, gear down, mode, (configurations L, PA and WO).
In this mode positional feel is provided for all axes and provision is
made for the application of large rudder angles and the attainment of
considerable sideslip angles. (e.g. for cross-wind landings).

In both the normal mode and the normal gear down mode, the system automatically
switches to the emergency mode if the sideslip angle exceeds 10°. This limita-
tion is due to the presence of significant non-linearities in the yawing moment
vs sideslip characteristics resulting in control difficulties when 10° of side-
slip are exceeded.

4.4 Static directional stability (rudder position):- The airplane shall

possess rudder-fixed directional stability such that, in the sideslips specified in
paragraph 3.4.3, right rudder pedal deflection from the wings-level position is re-
quired in left sideslips, and left rudder pedal deflection is required in right
sideslips. For angles of sideslip between ¥ l5° from the wings-level condition, the
variation of sideslip angle with rudder pedal deflection shall be essentially linear.
Throughout the remainder of the range of required pedal deflections, an increase in
pedal deflection shall always be required for an increase in sideslip.

(a) No od.

This mode is designed to minimize sideslip angle without the use of pedal
force and this requirement is not really applicable.

(b) Noxmal ‘gear down' mode
In steady sideslips the rudder deflections and forces will be the same as
in the emergency mode.

(c) Emergency mode

= : For all speeds greater than 119 knots, the rudder pedal deflection is in
the conventional sense up to the sideslip angle as limited by aileron
deflection as shown on figure (3la). Within the range of available side-
slip, the variation of rudder pedal deflection with sideslip angle is
essentially linear.
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34,4 Static directional stability (rudder positaon):- Cont'd,

The arrow 1 possesses positive static directionazl stability based

on rudder position for all the casss within boundaries shown

on Figure (31a),
3.4,5 Static directional stzbility (rudder force):- The airplane
shall possess rudder-free stsbility such that, in the sideslips speciw
fied in paragraph 3.4,3, right rudder force is required in left side-
slip and left rudder force is required in right sideslip, For angles
of sideslip between * 15 degrees from the wings-level, straight flight
condition, the variation of sideslip sngle with rudder force shall be
essentially linear, At greater angles of sideslip, a lightening of the
rudder force is acceptable, but the rudder force shall never reduce to
zerc or overbalance,

The rudcer pedal forces zre derived from s spring feel system and
therefore the rudder force, static directional stzbility has the
same characteristics as the rudder position, static directional
stability,

The requirement is met with limitations as stated in paragraph
BOuﬂu.

3,4,6 Dihedral effect (aileron position):= The airplane shall

exhibit positive control-fixed dihedral effect as indicated by the
variation of aileron cockpit control deflection with sideslip in the
sideslips specified in paragraph 3,4,3, Left aileron deflection shall
be required for left sideslip, and right aileron deflection shall be
required for right sideslip,

In steady sideslips, the aileron control forces and deflections
in both the normal and the emergency mode are identical, Separate
consideration is therefore not required,

Throughout the operational speed range and at positive angles of
attack the dihedral effect is in the conventional sense, However,
at negative angles of attack particularly st subsonic speeds the
dihedral effect is reversed,

In both regimes the variation of aileron angle with sideslip is
linear, Figure (31b) shows the linearity at low speeds,

This meets the requirements since sideslips specified in
paragraph 3.4,3 apply only in straight flight which will not
result in negative angle of attack,

3.,4,6,1 Configuration WO may, if necessary, be excepted from the
requirement of paragraph 3,4.6, The aileron cockpit control deflect-
ions required in the sideslips of paragraph 3,4,3, however, shall never
exceed one=half of full deflection in the negative-dihedral direction,

This relaxation is not required,
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3,4,6,2 The positive effective dihedrsl shsll neve: e 50 grewt that
more than 75% of full aileron cockpit control deflsction is reguired
in any of the sideslips specified in paragraph 3,4,11.1,

See paragraph 3,4,11.1,

3.,4,6,3 Throughout rolls similar to those required in paragraph 3.4,16
but performed with rudder free, the rolling velocity shall zlways be in
the correct direction,

(a) Kormal mode

Rolls are performed with "rudder free" e,g, there is no
pilot input but sideslip coordinztion is provided auto-
matically by the damping system which tends to minimize
the sideslip, Therefore, the rolling velocity will
always be in the correct direction,

(b) Emergency mode

Similar to normal mode,

3.4,7 Dihedral effect (aileron force):= The airplane shall exhibit
positive control-free dihedral effect as indicated by the variation of
alleron control force with sideslip in the sideslips specified in
paragraph 3,4,3, Left aileron control force shall be required for

left sideslip, and right aileron control force shzall be required for
right sideslip, The varistion of aileron control force with sideslip
angle shall be essentially linear, and the aileron force required shall
not exceed 15 1lb, for stick-control airplanes or 30 1b, for wheel-control
airplanes,

The aileron control forces are derived from a spring feel system
and therefore the aileron force, dihedrzl effect has the same
characteristics as the aileron position; dihedral effect,
Therefore, statements in paragraph 3,4,6 apply., Requirement met,

3.4,7.1 Configuration WO may, if necessary, be excepted from the
requirements of paragraph 3,4,7, The aileron control forces required
in the sideslips specified in paragraph 3,4.,3, however, shall never
exceed 10 1b, in the negative=dihedral direction,

This relaxation is not required,

3,4.8 Side force in sideslips:- The side force characteristics

shall be such that in the sideslips specified in paragraph 3.4.3, an
increase in right bank angle accompanies an increase in right side=

slip, and an increase in left bank angle accompanies an increase in

left sideslip,

A graph showing the variation in bank angle with sideslip angle
at low speed is presented in Figure (32), It is evident that
the Aarrow 1 meets this requirement,
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3.4.9 Adverse Yaw:- The angle of sideslip developed during a ruddere

pedal fixed abrupt roll out of a trimmed, level, steady 45-degree banked
turn at 1.4 VSCR in configuration CR, and at 1.4 Vsp, in configuration

PA, shall not exceed 15 degrees, The roll shsll continue until a bank
angle of 45 degrees is reached in the opposite direction, The aileron
deflection held during the roll shall be at least that required for
compliance with the lateral control requirements of paragraph 3,4,16,

In similar rolls with partial aileron deflections, the angle of sideslip
shall be proportional to the aileron cockpit control deflection, If an
automatic turn coordination device is employed, the rudder pedals may be
free rather than fixed during the roll,

Simulator studies show that only 3,0 degrees of sideslip are
produced in configuration PA, and 2,0 degrees in configuration CR,
when this manoeuvre is performed in the emergency mode with full
aileron deflection, In the normal mode, the sideslip angle
developed will be of the same order of magnitude,

3.4,10 Asymmetric power (rudder free):- On multiengine airplanes, the
airplane motions following sudden failure of one engine shall be such that
dangerous flight conditions can be avoided by normal pilot corrective
control action, As a measure of compliance with this requirement, the
following conditions shall be fulfilled: In configuration P, with the
most critical engine inoperative (with r.p.m, and pitch simulating the
static condition after an engine has failed in flight with no corrective
action unless automatically provided), and with the other engine or
engines developing normal rated power, it shall be possible at all speeds
above 1,4 Vs,, with rudder free, to maintain steady straight flight by
sideslipping and banking, The weight shall be that corresponding to the
lightest normal service loading, and trim shall be as required for
wings-level straight flight with symmetric power, On airplanes with 2

or more engines connected to 1 propeller system by means of a common drive
mechanism, "engine inoperative" shall connote complete loss of power to
the propeller system,

(a) Normal Mode

It is possible to maintain steady straight flight by side-
slipping and banking with rudder free above 1,4 VsG. At

167 knots (1.4 Vg,) with starboard engine out and the other

giving military rated power the sideslip angle will be
-3.427 bank angle =6.4° and rudder angle as applied by the
damping system 3,45°,

(b) Emergency Mode

Similar conditions will exist in emergency mode,
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3,4,11 Directional control (symmetric power):- For all airplanes
directional control shall be sufficiently effective to maintain wings-
level straight flight in the configurations and speed ranges specified
in table II, with rudder control forces not greater than 180 1lb, when
the airplane is trimmed directionally at the trim speeds specified in
table II, Additional requirements for directional control in dives are
contained in paragraph 3,4,15, For class III and all carrier-based
airplanes in configuration WO at the lightest normal loading, direct-
jonal control shall be sufficiently effective to maintain wings=level
straight flight at all speeds down to VSPA' with rudder control force

bit exceeding 100 1b, when trimmed in configuration PA at 1,15 VSL.

The directional control is sufficiently effective to meet
this requirement,

3.4,11,1 For all airplanes, except land-based airplanes equipped with
crosswind landing gear, directional control shall be sufficient to
pernzit development of at least 10 degrees of steady sideslip in
configuration L at 1,1 VSL’ with rudder control forces not greater

than 180 1b,

Reference to Figure (33) indicates that at a speed of 131 knots
(1,1 VSL) there is sufficient directional control, but the

lateral control is insufficient,

The maximum sideslip angle attained with 75% of the maximum aileron
angle is 6,3 degrees and this is only increased to 8,4 degrees
when using full aileron deflection, Requirements are not met
below 150 knots and met above this speed,

3.4,12 Directional control (asymmetric power):= On all multiengine

airplanes in configuration TO with the most critical outboard engine
inoperative (with r,p,m. and pitch simulating failure in flight with no
corrective action unless automatically provided), it shall be possible,
at the lightest normal take-off loading and with take.off power on the
remaining engine, or engines, to maintain straight flight with a bank
angle not greater than 5 degrees, at all speeds above 1,2 VSTO’

Automatic devices which normally operate in the event of power failure
may be used, With trim settings normally employed in a symmetric power
take-off, the rudder pedal force required to maintain stright flight
with asymmetric power, as defined above, shall not exceed 180 1lb,

The arrow meets the requirement of not exceeding 5° of bank
under conditions stated above as shown on Figure (35),

The rudder required for these conditions is shown on Figure (36),
These rudder deflections may result in pedal forces in excess of
180 1b, at supersonic speeds and full trim may be required to

keep the pedal forces within the 180 1b, However, in estimating
the required rudder deflections the effect of shock movements on
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3.4.,12 Directional control (asymmetric power):= Cont'd,

intake ramps were neglected due to insufficient datz, These effects
relieve the rudder requirement appreciably such that probably the
level of forces will be reduced below 180 1b,

Figure (37) shows the rudder zngle available with 180 1b, foot force,
at low speed and the rudder angle required for this case of engine
failure at take-off,

The proposed feel system provides sufficient directional control
to balance one engine giving augmented military thrust at all speeds
above 107 knots, The requirement is met at 1.2 VS (143 knots)

with the use of 110 1% ft, force,

3.4,13 Directional control during take-off and landing:c The rudder

control, in conjunction with other normal means of control, shall be
adequate to maintain straight paths on the ground during normal take-offs,
and landings, For class I airplanes, this requirement shall apply in
calm zir, and in 90 degree cross-winds of at least 50 percent VSL or

20 knots, whichever is less, For classes II and III airplanes, the
requirement shall apply in calm air, and in 90 degree cross-winds of at
least 30 percent VSL or 40 knots, whichever is less, For water-based

airplanes, the requirement shall apply to straight paths on the water in
calm air and in 90 degree cross-winds of at least 20 percent VSL or

15 knots, whichever is less, This requirement shall be met with not more
than 180 1b, pedal force,

The most critical condition for cross-wind control will exist just
after take-off or just prior to touchdown since on the ground
differential braking and/or steering is available, Therefore,
these conditions will be used to determine the limiting allowable
cross=winds,

The hinge moment limiter tends to restrict the maximum cross-wind
at higher speeds, while the aileron power restricts it at lower
speeds, In addition, the aircraft is limited to 10 degree of
sideslip,

Figure (33) shows the characteristics of the hinge moment limiter
in terms of forward speed and sideslip angle with 180 1b, pedal
force,

Figure (34) shows the resulting limitations of the cross-wind
velocities,
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3.,4,13 Directional control during take-off and landing:= Cont'd,

Since the expected minimum touchdown speed will be zpproximztely
140 knots the cross-wind is restricted to a maximum of 25 knots,
For higher touchdown speeds, e.g., 160 knots it increases to 28
xnots,

The requirement, as based on the arbitrary stalling speed of
119 xnots used in this report, specifies that a 35,7 knot crossewind
component be bzlanced,

The arrow does not meet this requirement,

3,4,13,1 Without the use of wheel brakes, classes II-C and III.C
airplanes shall be capable of maintaining @ straight path on the ground,
at airspeeds of 30 knots znd above, during take-offs, and landings in

a 90 degree cross-wind of at least 10 percent VSL. without exceeding a
ped:l force of 180 1b,

The Arrow 1 is not a carrier based sircraft ond therefore this
specification is not applicable,

3.4,13,2 For airplanes intended to operate under cold weather condite-
ions, the requirements of paragraph 3.4,13 shall be applicable on snowe
packed and ice-covered runways,

It is expected that the braking effect will bz sufficient to give
directional control at low speed under these conditions, but flight
test verification is required,

3.4.14 Directional control to counteract adverse yaw:-= In the rolling

mznoeuvres described in paragraph 3,4,9, but with the rudder employed
for coordination rather than held fixed, directional control effective=
ness shall be adequate to mzintain zero sideslip, with rudder forces
not greaster than 180 1b,

In both the normal and the emergency flight control modes automatic
turn coordination will be employed, and optimum performance will be
obtained when the rudder pedal position remains fixed, This require-
ment is therefore not applicable to the Arrow 1,

3.4,15 Directional control in dives:= Wwhen trimmed directionally at

the service ceiling in configuration P, the rudder control shall be
capable of maintaining zero sideslip throughout the dives and pull-outs
of parzgraph 3,3,16 without exceeding 50 1lb, rudder pedal force for
classes I and III airplanes, or 180 1lb, for class II airplanes,

In both the normal and the emergency modes the yaw damper will
maintain zero sideslip throughout these dives and pull-ocuts, No
rudder pedal force will be required,
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3.4,16 Latersl control:- Lateral control shall be adequate for

compliance with the rolling performance specified in table VI, 1In those
requirements involving mezsurement of time, the time shall be measured
from the instant of initiation of pilot control action, Unless other-
wise estsblished by agreement between the contractor and the procuring
activity on the basis of intended tactical employment limitations, the
altitudes at which the rolling performance requirements are to be met
shall be as specified in table VI, For those requirements which sre
specified in terms of peak pb/2V, the rate of roll need not exceed

220 degree/second, In obtaining the required rolling performance, the
rudder pedals on classes I-L and II-L airplanes mzy be held fixed in

the position required for steady flight prior to the roll, or may be
employed to reduce adverse sideslip (not to pfoduce favourable sideslip),
On class III and all carrier-based airplanes; the rudder pedals shall
remain fixed in the position required for stesdy flight prior to the
roll, sutomatic coordinating devices are permissible, provided that no
objectionable characteristics result, If such a device is employed,

the rudder pedals may be free rather than fixed during the roll,
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TABLE VI

NINIMUM ROLLING PERFORMANCE REQUIREMENTS

Configurztion P, CO Configura= Configuration L
(Speeds up to Vh) tions P, CO 1.1 Vg
(at 0,95 V) L
Lowest alti-
tude at which
Altitude Low, medium, high highest value Low
of Vy (in
terms of Mach
number) may be
attained
 Class I pb = 0,09 «t speed up to |pb = 0,03 pb = 0,09

2V 0,8 Vg 2v 2V

where V; is less than (a) pb = 10 ft.

500 knots: pb = 0,07 at 2V per sec,

2V
, speeds up to 0,8 Vy or
300 knots, whichever is
Class II | lower pb = 0,015 (v) Class II.L:

where V; 1s greater than |3y pb = 0,07

500 knots: o

pb = 0,07 up ro 0,6 Vg 2V

2V Class II-C:

pb = 0,05 at 0,8 Vy Same as

2V : Class III

N .

(a) pb = 0,09 between Average pb = 0,05
2V 1,1 Vg, and Vo
minimam o % t d for first 30 of

nimem comba zpee bank, where cverage

(b) Bank angle= 100~ in one pb is based on an

i second, between mini- jBank angle = 2V

[ Class III mum coxbat speed & V., {509 in 1 sec, average p obtained
(Hin, combat speed = ired to reach 30
VR/Cpoy OF 300 knots of bank
true, whichever is
higher),
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3.4,16 Lateral control:- Cont'd.

The variation of the maximum sttainable steady roll rates with
hach number and altitude is shown in Figure (38), These huve
been obtained assuming that there is no response in sideslip or
yaw during the roll, Because of the presence of the yaw
dampers, this assumption will be very nearly true and therefore
these steady state roll rates will be reasonably accurate for
both flight control mocdes,

In the normal flight control mode the roll rate command is
limited to 120 degrees per second, In the emergency mode the roll
rate limiter is inoperative,

The variation of the maximum attainable wing tip helix angle in
steady rolling flight is shown in Figure (39).

Configurations P, CO (Speeds up to V)

(a) The sreeds 1,1 Vs, @nd the minimum combat speed at each
7= altitude have beerl marked on the graphs in Figure (39).

Normal flight control mode

It is evident that over the greater part of the speed
rznge the helix angle developed by a roll rate of

120 degrees per second is less than the required value
of 0,09,

Emergency flight control mode

Apart from flight at subsonic speed at high sltitudes,
the rolling performance 1s capable of meeting this
requirement, However, it is not expected that the
Arrow 1 will be rolled at these high rates when the
emergency mode is engaged,

(b) To meet this part of the requirement the steady state
roll rate must be at least 100 degrees per second, at
speeds between minimum combat speed and VH. and

altitudes up to 20,000 feet, Figure (38) indicstes that
the requirement is not met at speeds greater than Mach 1,
This is true of both the normal and the emergency modes,
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Configurations P, CO (at .95 VM)

Rate of roll at the highest dynamic pressure in normsl and
emergency modes will be in excess of values shown on
Figure 47 since favourable sideslip is built up automatic-
ally to increase the aveilable rate of roll,

The lowest altitude ¢t which the highest vzlues of V.. ( in
terms of Mach nurber) may be attained is 31,300 feetMat
lach number of 2,00, At a Mach number of 1,90 (.95 V..),

the maximum steady roll rcte is 40 degrees per second’, A&
valae of =zt least 50 degrees per second is reqﬁired and
therefore this requirement is not met, This applies to both
the normal and the emergency mode,

Configuration L (1,1 VSL)

Simulator studies h:ave shown that in the emergency control
mode this requirement is met with a helix angle of ,058,
The response in the normal mode will be of the same order
of nmagnitude,

3.4,16,1 On class III airplanes:= The lateral control requirements
relative to configurstions P and CO shall apply under all conditions of
spanwise weight distribution which may be encountered in combzt, On
classes III and II-C zirplanes in configuration L, the requirements
shall apply to all normal take-off and landing loadings, except that
fuel tanks mounted externally at the wing tips or at outboard wing
stations may be empty, Wwhen these tanks are full, a value of 0,03 may
be substituted for 0,05 as the required average pb Vvalue,

2V

There will be no large change in laterzl centre of gravity move-
ment in any flight role, Fuel sequencing will be employed to
prevent a large out of balance rolling moment and the out of
balance moment due to asymmetric storage of missiles is
negligible,

3.4.,16,2 On Class II-L airplanes, the rolling acceleration shall be
such that in the normal loading condition which produces the most
critical rolling moment of inertia (light weight, heavy outboard
concentration of spanwise weight), it is possible to attain the peak
rate of roll, corresponding to the pb/2V vzlues specified in table VI,
in no more than (0.5 + b/100) seconds after initiation of pilot
control action, with peak control forces not greater than 25 1b,
(stick) or 50 1b, (wheel),

This is not applicable to the irrow 1,
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3.4,16,3 The peak lateral control force required to obtain the
rolling performance specified in table VI shall not exceed the
following values:-

Class I - 25 1b, stick force or 50 lb, wheel force
Class II - 25 1b, stick force or 50 lb, wheel force
Class IIT - 20 1b, stick force or 40 1b, wheel force
Classes II-C and III.C in 20 1b, stick or wheel force

For the Arrow 1, the peak lateral control force should be 20 1lb,
(a) Normal mode

In the normal mode, a force of 20 1lb, is required to command
the maximum attainable roll rate of 120 degrees per second,

An unconventional device called an "a_ fader" is used in

- the aileron circuit to prevent prohibitive build up of
transverse acceleration due to cross-coupling effects,
Its effect is particularly noticeable at angles of roll
greater than 180 degrees at high dynamic pressures, The
"ay fader" effectively increases the stick force per unit

rate of roll whenever transverse acceleration approaches

0.4 'g' as measured 40 feet ahead of the aircraft c.g.

The total stick force, however, is not increased, this in
effect limits the roll rate available to the pilot, To over =
power this action in case of malfunction an additional stick
force of 40 1b, is required,

The requirement is met,

(b) Emergency mode

At maximum control deflection from neutral trim in the
emergency mode, the aileron control force is 22 1b,

The requirement is exceeded by 2 1b,
3.4,16,4 For all airplanes with wheel-type controls, the wheel throw
necessary to meet the lateral control requirements shall not exceed

90 degrees in each direction,

- The Arrow 1 has a control stick and therefore this requirement
does not apply.
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3,4,16,5 Lateral control shall be sufficiently effective to balance
the airplane laterally under the conditions specified in paragraphs
3.4,10, 3.4,11, 3,4,11.1, 3.4,12, and 3,4,13, with aileron contrc.
forces not exceeding those specified in paragraph 3.4,16.3,

Because, at full aileron control deflection, the stick force is
only 20 1b, the specification in paragraph 3.4,16,3 cannot
be exceeded,

Lateral control effectiveness has been considered in the
investigations for these paragraphs and has been found to meet
the requirements with the exception of paragraph 3,4,11,1
(requirements met only above 150 knots) and paragraph 3,4,13
(not met),

The following additional remarks apply to conditions of
paragraph 3.,4,13:=

In cross-winds up to speeds of 25 knots, while the nose wheel
is on the ground there is no possibility of the aircraft over-
turning and no aileron deflection is required, With the nose
o~ wheel off the ground to give an incidence of 10 degrees, a
' small amount of aileron is required to balance, the overturning
moment at a forward speed of 150 knots,

3.4,16,6 When trimmed laterally at the service ceiling in configuration
P, lateral control effectiveness shall be adequate to maintain the
wings level throughout the dives and pullouts of paragraph 3,3,16,

with aileron control forces not exceeding 10 1lb, for stick control or
20 1b, for wheel control,

(a) Normal flight control mode

Damping is present in all three axes and no aileron control
forces will be required throughout the dives and pullouts
of paragraph 3,3,.16,

(v) Emergency flight control mode

In this mode only the yaw axis has artificial damping,
However, this will effectively dampen the Dutch roll mode
and reduce the inertia coupling in pullouts, so that
aileron control forces in excess of 10 1lb, will not be
exceeded,

3.4,16,7 Although table VI contains no requirement for speeds in
-~ excess of 0,95 Vy, It is required that lateral control in the correct
direction exist at all permissible speeds,

The aileron reversal speeds are in excess of all maximum per-
missible speeds and therefore this requirement is met,
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3.5 General control and trimmability requirements

3.5.1 Control for spin recovery:= In configurations G and L, the

normal controls on classes I and III airplanes shall be adequate to
provide consistent prompt recoveries from fully developed erect and
inverted spins, Recovery shall require no abnormal effort on the
part of the pilot, and recovery control forces shall not exceed

250 1b, (rudder), 75 lb, (elevator), or 35 1lb, (aileron). Spin
recovery characteristics shall be adequate to permit spin demonstra-
tion as required by the procuring activity,

A number of tests has been carried out in the N.A.E., spinning
tunnel with a 1/24 scale model of the Arrow, These tests
indicate that recoveries from established spins are possible

in the conditions tested, A further, more extensive program

is necessary to establish the validity of this statement for all
conditions of weight, configuration and altitude,

An additional program to evaluate incipient spins or so called
post-stall gyrations will also be required, Since some full
scale configurations flight tests do not agree very well with
spin tunnel predictions it is not possible at this time to make
any further statements on spin recoveries,

3.5,2 Control for taxiing:= It shall be possible to perform all
normal taxiing operations without undue pilot effort or inconvenience,

Normal taxiing operations have been performed and this require-
ment is met,

3.5.3 Control surface oscillations:= All control surfaces, and
surfaces such as flaps, slats, and speed brakes, shall be free of

any tendency toward undamped oscillations apparent to the pilot under
the flight conditions specified in table II, at all permissible speeds,

In both the normal and the emergency mode the control system is
irreversible, so this requirement will be satisfied,

3.5.4 Primary flight control trimmability:= The trimming devices

shall be capable of reducing the elevator, rudder, and aileron
control forces to zero, at all speeds between the minimum trim speeds
specified in table VII and the upper limits of the speed ranges
specified in table II, In addition, the rate of operation and the
effectiveness of the longitudinal trim device shall be such that the
elevator control force can be maintained within 10 1b, push or pull

N (20 1b, for class II airplanes) throughout the dives specified in

' paragraph 3.3,.16,
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TABLE VII

Conditions for trimming to zero control forces

Minimum
Condition Class Trim Speed
Configuration P, at forward
1 and aft critical loading ALl 1+2 Vscp
Configuration L, at forward
2 and aft critical loading All 1ok Vsp

Configuration PA, at forward Carrier- 1/1.15 Vgy,

3 and aft eritical loading ) based |
All others| 1.4 Vgp

L Configuration CR, with up to All Speed for
two most critical engines on Multi- maximum -
one side inoperative, wings, engine range

e level.

zaar

1/ Or normal approach speed, whichever is lower.
(a) No flight control mod.

Elevator trim is provided for normal acceleration
between the limits <=1.43 'g' to 4.3 'g'.

Aileron trim is in terms of roll rate and is used
essentially to obtain zero roll rate. The trim
limits vary between 45 degrees per second at low
dynamic pressure and 81l degrees per second at
high dynamic pressure.

Rudder trim is provided for T2 degrees at low speed
reducing to approximately t 3 degrees at dynamic
pressures at and above 1400 p.s.f.

These trimming ranges meet this requirement.

In the normal, gear down, mode the trim ranges are the
same as in the emergency mode.

(b) i tro

The trim ranges are shown in figure (25). These are '
sufficient to meet this requirement.
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3.,5.5 Irreversibility of trim controls:= All trimming devices

shall maintain a given setting indefinitely, unless changed by the
pilot, by a special automatic interconnect, such as to the landing
flaps, or by the operation of an artificial stability device, If
an artificial stability device or automatic interconnect is used in
conjunction with a trim device, provision shall be made to insure
the accurate return of the device to its initial trim position on
completion of each artificial stabilization or automatic inter-
connect operation,

(a) Normal flight control mode

Unconventional trimming devices are used in all three
axes:

Pitch: The trimmer operates on normal load factor
and stick force and will hold a fixed setting of ;
normal load factor indefinitely,

Roll: The trimmer operates on roll rate and stick
force and will hold a fixed setting of roll rate
indefinitely,

Yaw: Trimmer authority is a function of dynamic pressure
and therefore the rudder trim will change with speed and
altitude, The rudder trim does not meet the requirement
of this specification, The variable trim was introduced
as a safety precaution to prevent excessive fin loadings
when aircraft is accelerated from a low speed condition
requiring a substantial rudder angle out of neutral,

For trimmer behaviour when switching from normal to
emergency see paragraph 3,7.3.

(b) Emergency flight control mode

Elevators and ailerons have conventional trimming
devices which meet the requirement,

Rudder trim is the same as in normal mode,
3.5.6 Trim system failure:-= Failure of a power-actuated trim
system (including sticking or runaway in either direction) shall not
result in an unsafe flight condition, Following such failure, it
shall be possible to cruise for extended periods and to make a safe
landing (including carrier landing for carrier-based aircraft),
The use of override provisions or alternate trim mechanisms normally
available to the pilot shall be permissible, This requirement shall
apply to both aerodynamic and feel-system trim devices,
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305.6 Trim system failure:- (Continued)

Consideration is being given to install an emergency release
mechanism in the elevator trim and feel unit which may be
actuated by the pilot.

Safety devices are incorporated which will cause reversion
to the emergency mode if the roll rate, normal acceleration,
or acceleration in pitch or yaw become excessive.

3.6 Stall Characteristics

30641 Required flight conditions:- The requirements for stall
characteristics shall apply at all permissible c.g. positions, for
configurations G, CR, L, and PA in straight unaccelerated flight,
and with normal acceleration up to the limits of the operational
flight envelopes. Unless otherwise specified by the procuring
activity, all stall characteristics requirements apply for normal
symmetric external store installations throughout the entire range .
of store loadings, as well as for the clean airplane if such stores
are not installed for some training or tactical missions.

30602 Definition of stalli Vo:~ The stalling speed, Vs,

is defined as the minimum speed attainable in flight, and is normally
associated with the breakdown of airflow over the wing immediately
after attaining the maximum overall trimmed 1ift coefficient of the
airplane. In order to minimize dynamic 1lift effects, the rate of
reduction of speed during an approach to the stall should be not
greater than 1 knot per second. The complete stall is generally
characterized by uncontrollable pitching or rolling, or by a decrease
in normal acceleration in turning flight.

The definition is not applicable because there is no breakdown
of the flow over the Arrow 1 wing near the incidence for maximum
1ift, See paragraph 3.6.2.2.

3.6.2.1 For some airplanes, the technique of paragraph 3.6.2 will not
result in a true aerodynamic wing stall because of insufficient longi-
tudinal control. Such airplanes, at a given weight, will have varying
minimum speeds depending upon the c.g. position. For purposes of this
specification, the stalling speed, Vg, for such an airplane shall be def-
ined as the minimum speed attainable in the applicable configuration with
the airplane loaded at its aft critical loading.

This definition is not applicable because the wing incidence is not
limited by insufficient longitudinal control,
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3.6.2,2 In the event that considerations other than wing maximum
1lift or available longitudinal control determine the minimum usable
flying speed in any configuration (e,g, ability to perform altitude
corrections, ability to take wave off, visibility, etc.) the
stalling speed VS for that configuration shall, for the purpose

of this specification, be defined as the minimum usable flying speed
as agreed upon between the contractor and the procuring activity,
provided, however, that such definition is consistent with the
definition of stalling speed as employed in structural design
considerations, performance guarantees, etc,

For the Arrow 1, Vg represents a minimum usable flying speed,

The maximum usable 1ift coefficient has been chosen by considera-
tion of the ability to perform altitude corrections to be 0,8,

For an all-up-weight of 47,000 1b, this gives Vg = 119 knots and
this value for Vg applies to all the conditions of paragraph 3,6,1,

It should be noted that an accurate estimation of the minimum
usable flying speed is not possible, and in flight the speed Vg
should be approached with caution, Flight test may show that
this minimum usable speed is in excess of the 119 knots as quoted
here,

3.6.,3 Stall-warning requirements:-= The approach to the complete

stall shall be accompanied by an easily perceptible stall warning which
occurs between 1,05 and 1,15 times the stalling speed in configuration
G, L, and CR, and between 1.05 and 1,10 times the stalling speed in
configuration PA, Acceptable stall warning shall consist of shaking

of the cockpit controls, buffeting, or both, or shaking of the airplane,
or both, .

Flight tests on similar aircraft suggest that buffeting will
occur at incidences slightly above 16 degrees at low speeds,
Stalling characteristics, however, must be determined by
flight tests,

3.,6.3.1 Artificial stall warning closely simulating the warning
required in paragraph 3.6,3 shall be permitted only if it can be
shown that it is not feasible to provide aerodynamic etall warning,
and if the artificial device is approved by the procuring activity.

It is thought that no artificial stall warning device will
be required, See paragraph 3.6,.3,

3.,6.,3.,2 For airplanes with limiting elevators described in
paragraph 3,6,3.1 no stall warning is required provided a true
aerodynamic stall cannot be obtained while loaded at the aft

) critical loading, and provided no dangerous flight characteristics
or motions occur at the minimum attainable speed,

This paragraph is not applicable,
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3.6.4 Requirements for acceptable stzlling cheracteristics:-

Although it is desired that no nose-up pitch occurs at the stall, a
mild nose-up pitch may be accepted, provided that no dangerous or
seriously objectionable flight conditions result, The stall shall
be considered unacceptable if the airplane exhibits uncontrollable
rolling or downward pitching at the stall in excess of 20 degrees
from level for classes I and II airplanes, or 30 degrees from level
for class III airplanes, These requirements shall apply not only
to airplanes with conventional (maximum 1ift) stalling speeds, but
also to complete stalls when attainable by any means on airplanes
with stalling speeds as defined in paragraphs 3,6,2,1 or 3.6,2,2,

Incipient spin tests which are scheduled for the near future
will help to define the stall characteristics, Further informa-
tion will have to be obtained by flight testing,

3.,6,4,1 It shall be possible to prevent the complete stall by normal
use of the controls at the onset of the stall warning, In the event
of a complete stall, it shall be possible to recover by normal use

of the controls with reasonable control forces, and without excessive
loss of altitude or build-up of speed,

The remarks for the above paragraph apply here also,

Requirements for power-and boost-control systems:-

3.7.1 Normal control system operation:= The control system shall

satisfy the applicable mechanical design requirements of the procuring
activity, as well as the requirements of this specification, The
system shall be capable of providing rapid repeated control movements
as might be required in very rough air operation,

Mechanical design was to the applicable specifications, There
is ample power for all probable turbulent flight conditions,

3.7.2 Power or boost failure:- All airplane employing power -
or boost-control systems shall be provided with suitable means for
control following complete loss of power or boost, The means for
control following such failure (e,g,, independent boost, direct
mechanical control) is referred to herein as the alternate control
systen,

The hydraulic power is derived from two pumps per engine, with
one pump for each providing fluid under pressure for the ‘A’
system and the other pump supplying the 'B' system, The
hydraulic control surface actuators are of the tandem type,

the 'A' system driving one piston and the 'B° system driving
the other, Both the 'A' and the 'B! systems supply power to
the actuators in the normal and in the emergency control modes,
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3.7.2 Power or boost failure:= Cont'd,

Engine failure does not cause loss of control power, Failure of
one engine will result in reduced rates of control application,
but will not affect the steady state hinge moments, In the
event of both engines failing at high speeds, the pumps will be
driven by the windmilling engines and for low speed applications
consideration is being given to installing a ram air turbine to
produce the required power,

Loss of hydraulic pressure in the 'B' system will cause automatic
switching to the emergency control mode, In this case, only the
'A' system will be supplying the power for jack actuation and the
maximum jack force will be halved, This will be referred to in
the following paragraphs as the 'alternate emergency control
mode?

3,73 Transfer to alternate control system = Trim change:= The

trim change associated with transfer to the alternate control system,
when such transfer is either caused by control power failure or

o~ performed intentionally in accordance with routine procedure, shall
never be such as to bring about dangerous flight conditions, This
shall apply not only in trimmed level flight, but also in dives to YM
with elevator control force, prior to transfer, out of trim by as
much as + 5 1b, If dual independent control systems are used, a
transfer at cruising altitude in trimmed level flight in configuration
P shall cause no perceptible trim change, If the alternate system is
not an independent power system, the out-of-trim conditions resulting
from a transfer at cruising altitude in trimmed level flight in
configuration P shall be within the following limits:

(a) Pitech - with control free, the change in normal
acceleration shall not exceed + 0,5 g,

(b) Roll - with controls free, the resulting rate of
roll in either direction shall not exceed 5°
per second or 10% of the rate corresponding to
the requirement of table VI, whichever is less,

(¢) Yaw - the rudder control force required to maintain
zero sideslip shall not exceed 100 1b,

Transfer to the emergency control mode or to the alternate
emergency control mode will possess the same characteristics
as follows:

A (a) Pitch - Automatic trimming is provided for the elevator
control to give desirable feel effects at
transfer, It operates as follows:

(1) With pilot exerting force on the stick,
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3,73 I rt co tem - Tri nge:- (Continued)
(1) With pilot exerting force on the stick (Continued)

Trim motor is actuated by a pressure picksup in the
parallel servo transmitting the servo load to the
feel spring in such a manner that there is no
appreciable change in stick force level upon disen-
gagement tc emergency control mode.

(2) With no force on the stick

Trim motor is actuated in the same manner as above but

stops whenever an incremental .5 'g' is exceeded in any
direction., Thus on disengagement the aircraft returns

to within 1/2 ®g?!, of level flight. The requirement

is therefore satisfied.

(b) Roll - No automatic trimming is provided for the ailerons,
however, the manual, electrical trimming in the
normal mode will be small and it is not expected
that the conventional aileron trim in the emergency
mode will be far from neutral when the emergency mode
is engaged.

The requirement is met when the aircraft is initially
trimmed in level flight. If the aircraft is rolling
when the transfer takes place there wlll be a small
bump in the aileron control force,

(¢) Yaw = The same rudder trim unit is used in the emergency
mode as in the normal mode and therefore this
requirement is met.

367.301 Upon transfer to the alternate control system in configuration
PA at 1,15 vSL’ with trim set for zero control forces prior to transfer,

it shall be possible on all airplanes to maintain the airplane attitude
with elevator control forces not exceeding 20 1b. for all classes of
airplanes, aileron control forces not exceeding 10 1lb. for all classes
of airplanes, and rudder control forces not exceeding 50 1b. for classes
I, II-C, and III airplanes, and 100 lb. for class II.L airplanes.,

This requirement is met. With trim set for straight level flight
prior to transfer there will be no change in the control forces.
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3.7.3.2 On airplanes intended for tactical employment at low altitude,
it shall be possible upon transfer to the alternate control system

at sea level in configuration P, to maintain straight level flight,

at 1.4 VSL and at Vy, with control forces not exceeding 20 1b,

elevator, 10 1b, aileron, and 50 1b, rudder (100 1lb, rudder on
class II-L airplanes), The longitudinal trim change under these
conditions shall never be nose down,

It is possible to trim the control forces to zero in these
conditions,

3.7.4 Longitudinal control on alternate system:- At maximum level

flight speed at sea level, it shall be possible, with the primary
control system, inoperative, to obtain at least 3g on class III air-
planes, and at least 1,5g or 0,6nL, whichever is less, on all other
airplanes, Elevator control force in this manoeuvre, with the air-
plane trimmed for lg flight, shall not exceed 75 1b, for class I
airplanes, 150 1b, for class II airplanes, and 120 1b, for class III
airplanes, This requirement shall be met with the most forward Befo
location corresponding to a combat loading,

The control feel forces are the same in the alternate emergency
mode as in the emergency mode, but the maximum available eleva-
tor hinge moment will be halved, At maximum level flight speed
at sea level the maximum operational normal acceleration is
attainable in the emergency mode, and a normal acceleration in
excess of 3 'g' will be attainable in the alternate emergency
mode, In both cases, the elevator stick forces will be less than
50 1b,

3.7.4.1 It is desired that longitudinal control on the alternate
system be adequate to permit recovery from any dive condition
normally attained in service operation, As a minimum required, it
shall be possible on class III airplane to recover from a dive of at
least 50 degrees (or dive angle resulting in VD’ whichever is less)

initiated from service ceiling and maximum level flight speed, with

the primary control power system rendered inoperative at 20,000 feet,
With the elevator control force trimmed within 10 1b, push or pull
prior to the simulated failure, and with pilot trim setting operae
tional during recovery, the elevator control force in the recovery shall
not exceed 120 1b, The use of any auxiliary dive-recovery or decelera-
tion device having an independent power supply and readily available

to the pilot is permissible during the recovery,

This requirement is met for both the emergency and the
N alternate emergency control modes,
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3e7e4e2  With the primary control power or hoost systea inoverstive
and tre elevator contrcl force trimmed to within 5 lb. at 1.4 Vsp

(115 Vgp, for carrier-based airplanes) in configuration Pa, it shall
be possible to execute a safe landing with elevator control forces

not exceeding 35 1lb. for classes I, II-C, and III airplanes, and 50 lb.
stick force or 80 lb. wheel force for class II-L, airplanes, when
loaded at the most forward c.g. location corresponding to a normal
service loading.

This requirement is met for both the emergency and the alternate
energency control modes.

3e7e5 Latergl control on alternate system:- With the primary

control gower or boost system inoperative, it shall be possible to
obtain a peak steady rolling velocity of 15 degrees per second or 50%

of the pertinent requirement of table VI, whichever is less, with
aileron control forces not exceeding 30 lb. stick force or 60 lb. whzel
force. In addition, on class II-C and class III airplanes in configura-
tion L, at 1.1 Vg, the average helix angle obtainable over the first

30 degrees of bank, as defined in table VI under class III configuration
L, shall be at least pb/2V (average) = 0,02, with aileron control force
not exceeding 20 1lt. stick or wheel force. . During these rolls, the
aileron trim shall remain fixed in the wings-level setting, and require-
ments regarding use of the rudder shall be as specified in paragraph
3.4.16, except that on class III-L airplanes, the rudder requirements
shall be as specified for class II.L airplanes in paragraph 3.4.16,

The steady state rolling velocity in the alternate emergency mode
is approximately 50% of that shown in Figure (38) at supersonic
speeds and 75% of that shown at subsonic speeds. It can be seen
that this requirement for a steady roll rate of 15 degrees per
second is met throughout the operational flight envelope, except
at speeds near to Vp at altitudes from sea level to 30,000 feet,

The requirement for a helix angle of .2 is less than half the
requirement met in the normal and emergency modes (see paragraph
3.4.16). At this low speed the reduction in available hinge
moment will not limit the available aileron angle, and in the
alternate emergency control mode the rate of control application
is still high and therefore this requirement will also be met.

2746 Directional control on alternate system:- With the primary

control power or boost system inoperative, it shall be possible to
perform the landing of parasraph 3.7.4.2 in a cross-wind of 50% of the
value specified in paragraph 3.4.13, with rudder control forces not
exceeding 180 lb.

The emergency and alternate emergency modes will be exactly the
same as normal mode in this respect as stated in paragraph 3.4.13.
Therefore this requirement will be met.
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3.7.7  Ability to trim on alternate system:= With the airplane

operating on the alternate control system, it shall be possible to
trim the elevator, aileron, and rudder control forces to zero at all
level=flight speeds above the minimum speeds specified in table VII,

The trim range available in the alternate emergency control mode
is identical with that in the emergency mode and therefore this
requirement is met (see paragraph 3,5.4),

3,7.8 Feel system failure:= Failure of an artificial feel system

shall not result in unsafe flight conditions, and shall not impair the
ability to effect a satisfactory landing (including carrier landing
for carrier-based aircraft), This requirement may be waived only if it
is established to the satisfaction of the procuring activity that the
possibility of feel system failure is extremely remote,

In the normal flight control mode, the feel system is an inherent
part of the control system and is rendered inoperative by any
failure of the system, In such a case, control is transferred
to the emergency system,

In the emergency flight mode, feel is provided by a simple,
rugged, spring system which is not likely to fail,

Failure of both systems is extremely unlikely, but upon this
happening it should still be possible to perform a satisfactory
landing,

QUALITY ASSURANCE PROVISIONS

L,1 Quality assurance provisions shall be as specified by the
procuring activity,

PREPARATION FOR DELIVERY

5.1 Not applicable to this specification,
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Y 22t
My
AR
'S TANe |
-
S
h

L SOSARRE Page 55
P/4D/89
February 1958

6.1 Intended use:-~ This specification contains the flying quality
requirements for priloted airplanes and shall form one of the bases for
determination, by the procuring activity, of the airplane accertability.
The specification shall serve as design requirements, and as criteris
for use in stability and control calculations, analysis of wind tunnel
test results, and flight testing and evaluation.

6,2 Definitions:- Terms and symbols used throughout this speci-
fication are defined as follows:
VR/C - Speed for maximum rate of climb with normal rated power
Vs - See paragraph 3.6.2. The subscripts, e.g., G,L, etc.

refer to the airplane configurations described in
paragraph 3.1.9.

Vg - High speed, level flizht, augmented power.

VNRP - High speed, level flight, normal rated power.

Vp - Maximum permissible speed as defined by the maximum
permissible speed envelope of paragraph 3.1l.4,

Hp - Maximum permissible lach number (associated with Vp)

Vi - Maximum operational speed as defined by the maximum

operational sveed envelope of parzgraprh 3.1.3.

pb - The helix angle, in radians, described by a wingtip

2V during a rolling manoeuvre: p is the rate of roll
about the body axis in radians per second, b is the
wingspan in feet, and V is the true airspeed in feet
per second.

n - Normal load factor, in g units, normal to body axis.

np - Limit load factor for a given loading based on
structural considerations.

c1/2 - Number of cycles for the lateral oscillations to damp
’ to half amplitude.

- Bank angle, degrees.

- Sideslip angle, degrees.

ole ™ -

- Ratio of amplitudes of bank and sideslip angles in
oscillatory mode.
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6.2 Definitions:- (Continued)

¢ - Rolling parameter, degrees/feet per second.
Ve | 2 = 973 « |@]| where Vg is equivalent
Ve Ve B
airspeed in feet per second.

MRP - Military rated power, which is the maximum power
(not including augmentation) at which the engine
can be operated for a specified period,

NRP - Normal rated power, which is the maximum power at
which the engine can be operated continuously.

PLF - Power for level flight at the specified condition.

Augmented power - Military rated power plus augmentation e.g.,

iana jato, afterburner.

Power and thrust - For reaction-type engines, the word "power®
shall be replaced by the word "thrust"
throughout the specification.

Control surface - An external surface or device which is posi-
tioned by a cockpit control, and which
produces aerodynamic or jet-reaction type
forces in such manner as to control the
attitude of the airplane. As used in this
specification, the elevator, ailerons, and
rudder are the control surfaces or devices
which are controlled by the stick (or wheel)
and rudder pedals to provide longitudinal,
lateral, and directional control, resrtectively.

Control-fixed - A condition, where the pilot's cockpit control
is held firmly at a given position. Elevator-
fixed, rudder-fixed, and aileron-fixed refer
to the condition of the individual cockpit
control.

Control-free - A condition where the cockpit control is unre-

strained by the pilot. Elevator-free, rudder-

v free, and aileron.free refer to the condition
= of the individual cockpit control.
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6.2 Definitions:- (Continued)

Elevator-fixed neutral point The c.g. position for zero elevator
cockpit control travel with chsnge
in speed, in straight flight at
constant throttle,

The ce.gs position for zero elevator
control force with change of speed
for trim, in straight flizht at
constant throttle,

Elevator-free neutral point

ElevatorsControl force -~ Component of applied force, exerted
by the pilot on the cockpit control,
in or parallel to the plane of
symmetry , acting at the center of
the stick grip or wheel in a direc-
tion perpendicular tc a line between
the center of the stick grip or
wheel and the stick or control column
pivot.

Rudder-Control force - Difference of push-force components,
of the forces exerted by the pilot
on the rudder pedals, lying in planes
parallel to the plane of symmetry,
measured along lines connecting the
foremost point of the seat (at mid-
adjustment) and the normal points of
application of the pilot's instep on
the respective rudder pedals.

Aileron control force - For a stick control, the component
of control force exerted by the pilot
in a plane perpendicular to the plane
of symmetry, acting at the center of
the stick grip in a direction perpen-
dicular to a line between the center
of the stick grip and the stick pivot.
For a wheel control, the total moment
applied by the pilot about the wheel
axis in the plane of the wheel,
divided by the average radius of the
pilot's grip.

Aft critical loading - The normal service loading which
- results in a combination of weight
’ and c.g. position producing minimum
stability. (Ordinarily the lightest
gross weight at which the most aft
Ceg. position can be obtained in a
given configuration at a normal
service loading,.)
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Definitions;- (Continued)

Forward critical loading: -

Sideslip angle: -

Power Off: w

Hu\; ey

.\ :‘..'.”‘ E ,":t

Ordinarily, the heaviest gross
weight at which the most forward
c.g. position can be obtained in
a given configuration at a normal
service loading,

Angle between the undisturbed flow
and plane of symmetry of the air-
plane, measured in a plane parallel
to the relative wind and perpendicu-
lar to the plane of symmetry. Plus,
or right sideslip, corresponds to
incident flow approaching from the
right side of the plane of symmetry.

Reciprocating engine: Throttle closed,
propeller windmilling; for configura-
tion L, propeller pitch control in
"low pitch" setting or in setting
normally used in landing approach;

for cenfiguration G, propeller control
setting optional.

Jet engines: Idling thrust.

Turboprop engines: Flight idle setting;
for configuration L, propeller control
setting as normally employed in landing
approach; for configuration G, propeller
control setting optional.

Rocket engines: Thrust condition
normally used in landing touchdown.

The following additional definitions have been used in the interpreta-
tion of these requirements to apply for the Arrow:-

Normal mode: -

Emergency mode: -

This sytem of control will normally be
used. Stability augmentation about all
three axes, electric, stick steering and
automatic trimming about the pitch axis
is provided.

In this mode, stability augmentation is
provided for the yaw axis only and pro-
portional feel is provided for all three
controls. This mode can be selected by
the pilot or it may be selected automat-
ically upon system mal-function in the
normal mode.
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6.2 Definitions:- (Continued)

Alternate emergency mode: - Pressure failure in the hydraulic
system for the normal mode will
cause automatic selection of this
mode. It differs from the emergency
mode in having reduced available
control hinge moments,

Dampers off mode: -~ This mode cannot be selected by the
pilot, nor can it be selected auto-
matically by any set of circumstances.
It defines the theoretical mode ob-
tained when all artificial stabiliza-
tion is assumed to be zero and no
restriction is imposed upon any of
the degrees of freedom.

Control column free:

(a) Nornal mode:

Although the controls are irreversible the term stick
free is not strictly the same as stick fixed. Some
small stick movements will be present in stick free
condition due to air gustiness, change of speed etc.

(b)  Emergency modes

In this case the controls are still irreversible and
the stick free position will remain fixed. In this
case the terms stick fixed and stick free are synonymous,

Rudder free: —~ The rudder is irreversible and auto-
matic yaw damping is incorporated
into the control system in both normal
and emergency modes. Both rudder
pedal fixed and rudder pedal free
cases give the same rudder free steady
trim conditions,

o3 Intervretation of qualitative requirements:. In several instances

throughout the specification requirements, qualitative terms, such as
"objectionable flight characteristics," "unacceptable flight conditions,"
"Unusual pilot technique," etc, have been employed as a means of permitting
latitude where absolute quantitative criteria might be unduly restrictive.

2 Final determination of compliance with requirements so worded will be made
bty the procuring activity.
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6.4 Rates of operation of auxzliary sercdynamic devices:- Although it has
not been considered feasible tc include in this specification quantitative re-
quirements for rates of operation of trim tabs, trimmable stabilizers, artifi-
cial feel trimmers, etc, or for rates of extension and retracticn of fiaps,
speed brakes, etc, the influence of such rates on the flying qualities may be
appreciable and is treated qualitatively in paragraph 3.2.3. In general,
trim devices should be operable rapidly enough to enable the pilat to maintain
trim under changing conditions as ncrmally encouniered in functisnal and
tactical employment of the airplane, and yet must not be so rap.d in operation
as to induce over-sensitivity or trim precision difficulties under any fiight
condition. Flaps and other high 1lift devices should operate at a rate suffi-
cient to permit transition into the high lift configuration wi*hout undue
delay, and yet must nct operate so rapidly as to cause sudden or erratic trim
or lift changes. This limitation on rate of operation applies also to speed
brakes, which, nevertheless, must function at a rate sufficient to meet the
tactical and operational needs.

The effect of the rates of movement of the controls on the flying
characteristics of the Arrow 1 have been investigated using the
flight simulator. Satisfactory characteristics have been obtained.

In the normal control mode, retrimming action for change of speed,
operation of dive brakes etc. is automatic and can be applied at

the maximum rate of which the control surfaces are capable. Trimming
into manceuvres is at compromise fixed rate. e.g. In pitch a fixed
rate of 0,1 'g' per second is available at all speeds and altitudes,
In roll, 3 degrees per second of roll rate per second are available
to the pilot at low dynamic pressure; this rate of trim increasing

to 5.4 degrees per second at high dynamic pressure. The rudder is
trimmed conventionally with rates varying with dynamic pressure,

In the emergency control mode, the rates of trim are a compromise
between high and low speed requirements and are expected to fulfili
all operational requirements.

6.5 Co bt rdination:- The control forces required tc perferm
manoeuvres which are normal for the airplane should have magnitudes which are
related to the pilot's capability to produce such forces. As a tentative
guide on this subject, it is desired that the relative magnitudes of contrecl
forces in coordinated manoeuvres should be approximately in the ratio of 50,
175, and 25 pounds (or 2:7:1) for elevator, rudder and aileron force, respec
tively, for a stick-control airplane. For a wheel-control airplane, the
elevator and aileron control forces may be increased by 50 percent. These
ratios refer to the peak forces obtained when starting from level flight irn
configuration P at medium altitude, a rolling pullout manoeuvre is performe
in which approximately 2/3 of the available rolling velocity is obtained
simultaneously with a normal load factor of approximately 1 + 2/3 (np - 1),
maintaining zero sideslip with the rudder.

In both the normal and the emergency mode, cocordinated manoeuvres
will normally be performed without application of rudder force.
The relative magnitudes of the elevator and aileron forces for
coordinated turns will be approximately in the ratio of 2:1 as
required, for both modes of control.
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6,6 Artificial stability devices:- In general, the use of artificial

devices, such as rate dampers or static-stability augmenters, should be
considered only when provision of the required degree of stability by
serodynamic or simple mechanical means, such as bob weights, down springs,
spring tabs, etc, is shown to be impossible or impracticable, When
artificlal devices are employed, it is ordinarily desired that, subject

to reasonable limitations on weight and complexity, the improvement in the
affected flight characteristics be such that an appreciable margin is
provided beyond the pertinent minimum requirements, When extensive
automatic provisions are incorporated (e.g. automatic pilot with controle
stick steering), the requirements of this specification will ordinarily be
‘augmented by specifications governing the procurement of the specialized
equipment,

Becauss the Arrow 1 is to operate over a wide range of speeds and
heights, (Mach numbers up to 2 and heights up to 60,000 feet)
extensive automatic provisions have been incorporated, These provis-
ions include automatic trimming about the pitch axis, stick steering
and artificial damping in roll, pitch and yaw, The yaw damper, but
none of the other automatic provisions, is retained in the emergency
control mode, For this reason the aircraft behaviour in the emergency
Fama control mode as well as in the normal control mode has been quoted
throughout,

In addition to this equipment an automatic pilot and an automatic
fire control system are incorporated,

6.7 Effects of aeroelasticity, control equipment, structural dynamics, etc:e

Since the effects of aeroelasticity, control equipment, and structural
dynamics may exert an important influence on the airplane flying qualities,
such effects should not be over-looked in calculations or analysis
directed toward investigation of compliance with the requirements of this
specification,

Aeroelastic effects have been included wherever practicable in the
investigation,

6.8 Lateral oscillations:= The inclusion of the roll parameter in the

lateral-dynamic stability requirements of paragraph 3.4.1 is based on
partial results of several research programs still in progress, Evidence
indicates that for, very short periods (i,e, below 1.8 seconds) and for
values of | § / v I greater than 1,2, the desired damping may be consider-
a2bly greater than that specified in Figure 40 Pending the incorporation
of later research results in the requirements, periods and rolling
parameters in these areas should be treated with cautiom, with the values
PN shown in Figure 40 employed as minimums,

See Section 3,4.1,2,
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6.9 Control position measurement:- In this specification, requirements

involving control position have generally been written in terms of
cockpit control rather than surface deflection because of the more
direct influence of cockpit controls on pilot impressions, Because
of the more basic engineering significance of, and need for, surface
deflection data, proof of compliance with such requirements will
ordinarily be accepted in terms of surface deflections unless linkage
peculiarities, stretch, deformation, etc, appear to render such proof
invalid,

Because of the artificial damping system, the assumption that the
terms cockpit control fixed and control surface fixed are
synonymous is not always valid, The assumption is true for the
elevator and aileron controls in the emergency mode and for the
three controls in both modes in steady state conditions, When
the control surface deflections are not influenced by the

damper, the variation of cockpit control position with control
surface deflection is essentially linear,

FORM 1749 A
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