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INTRODUCTION 

This report describes rrow handling and stability chara:::tert'ltics 
as required in para. J.J,2 01 iodel Specificatio~ fer Suver~c 
Aircraft Type CF .. 105 l-ik 1 AAMS ~0;, 11

11 Dated December !9,5l, 
Issue 1 and subsequent. 

To fa cilitate reading, the USAF Militai~v Specifi~ation F 8785, '' 
Flying qualities of piloted Airplanec;" has been r'ewr ... t+,.n 
with paragraphs having a small left hand margin, and l'Ul:" "Ol'1!1lent 
have been written after each requirement w th parag-aphs na11in6 a wider margin. 

I 
The findi~gs in this report are based thetreti al predir.tions 
from the results of model tests and simul& or s1.udfes, "The 
following test facilities were er1p1.oyed • 

N,A , E, 

N.A, C,A. (Langley) 

6 X 10 feet 
16 X JO inch 

15 feet 

3 X 4 fee+ 
10 X 12 fee+ 

8 X 8 feet 

4x4 
4 X 4 

feet 
feet 

Avr o Free Flight Model Testing. 

Avro Arrow Fli ght Simulator, 

k,-, ,,peed .'ind ':'1...~11e 

u1iperso 11.c ·1-./ind }u.nr e 
.Spin Tunnc-

Transonl" ~.1.11d T,mn':.. 
bubsonic 'W Uld 'l'un • 

Tr ansoni" 1:.tnd T• r.r< 

Ur.it.i.~y ~- ,r< T n~-

S1,;pE:-r .. n rt "" "lJI" 
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At pltitudes of 50,000 and 60, 000 feet the graphs given 
in figures J, 6 , 12 , J8, 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 t o the Arrow 1. 
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DFTAILJ<J) ANALYSIS GF THE FLYING ,i,UALITI.t:S .QE-1fil_ A.VRO ARROW l 

~;} REQUIRED BY THE UNI TED STATES hILITARY SPF.CIFICATIJN J·iIL F-8785 (ASG) SECTI--N u. 

1 . SCOPE 

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

1.2 Application: 

1.J 

The flyi.ng qualities for all airplanes I roposed or contrc:.cted for 
shall be in accordance with the provisions of this specification 0 

unless specific deviations are authorized by the procuring activity. 
Additional special requirements for stability and control may be 
specified by the procuring activity . 

Classi fica t ion : 

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

Class I 

Class II 

Class III 

Primary trainer , observation, and other light 
airplanes specificaliy designated by the pro 
curing activity. 

Horizontal bomber , car·~o, transport, glider, 
patrol, antisubnar1ne, early warning 0 mine 
layer, heavy attack, and trainers for class 
II airplanes. 

Fighter, interceptor 0 general purpose attack 0 

and train.-rs for class III airplanes . 

An airplane not listed specifically among these class designations 
shall be cons~dered to be in that class which includes airplanes of 
the most similar type. When peculiarities of intended mission or 
configurat i on so dic tate , 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 cl ass III. 

------------------------------------------9 A 
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l.J.l Land- or carrier -based desi ·nation: - The letter-L following a 
class designation identifies an airplane as land-based , carrier-based 
airplanes are simil arly 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 l and based aircraft , designation L. 

APPLICABLE DOCUJ1MTS 

2.1 Not applicable to this specification . 

ljEQUIREl1ENTS 

Geners1l 

J.1 .1 Airplane loadin~: - Unless otherwise stated, the airplane weight 
for a specified e. g . (center of gravity) position shall be that corresponding 
to the normal service loading in which the specified e.g. is obtained . 
Similarly, normal service loading conditions shall govern the location of the 
e . g. for a specified weight . When not specified, loadings shall be optional . 

In order to f acilitate cal culations in the early design stage, an 
arbitrary but real istic centre of gravity and weight combination 
has been chosen for the Arrow 1 as 47,000 lb for the centre of 
gravit y at JJ.% of mean aerodynamic chord for most of the cal cula­
tions. In addition in some cases data are presented for e.g. 
positions at . 28c, . 29c and for weight cf 56,000 lb. 

J.1.2 Altitudes:- Unless otherwise stated, the requirements shall arply 
at all altitudes at wh ich the airpl ane might be operated in each of the spec ­
ified configurations . In general, compl iance with this stipul ation may be 
deternined by investigation of three significant altit udes consistent with 
th~ airpl ane mission requirements . Unless otherwise established between the 
procuring activit y and the contractor, these altitudes shall be defined as 
follows: 

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

(b) High alt i tude: An altitude not lower than 80 percent of 
the service ceiling. 

(c) Medium altitude: Approximately 50 percent of high altitude, 
or 40,000 f eet, whichever is l ower. (MedJ.um altitude need 
be investi gated only when the service ceiling is 40,000 feet 
or higher) . 

The high and medium altitude condit ions may be excluded in consideration of 
configurations L, PA, WJ, and TO . 
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J .1. 2 Altitude5: (Continued) 

The majority of design calculations 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 r esults of investigations at sea level, J0,000 feet and 
60,000 feet will be presented herein. 

J.l . J Operational flight envelope:- For the three altitudes defined in 
paragraph J, 1. 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 
procuring 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 airpl ane is expected to be operational and 
within which the requirements of thi s specification therefore apply . i'lith-
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 miss i on. The operational fl ight enve 
l ope shall show cut-off points representing t he highest Hach 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 t he requi r ements of this 
spec ificati on, a curve of such cut- off speeds plotted against altitude is 
referred to as the maximum operational speed envel ope . If necesssary for 
adequate definition of this envelope, maximum speed points for various in­
termrdiate altitudes shall be included. 

Three typic8l flight envelopes are given as figs. 1, 2 and J. 
Note that the maximum Mach number is the structural l imit Mach 
Number rather than the maximum obtainable Hach number fro!'l 
t hrust avai lable consider at ions . 

J . l.J.l The operational flight envelopes for an airpl ane intended solely 
for missions at supersonic speeds need not includ e the transonic speed 
range, provided tha t satisfactory transit ion through the transonic speed 
range is as sured. 

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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J.1.4 Ma:ximum permissible speed envelope:- A VD (or MD) al titude envelope 
shall be established in addition to the envelopes specifi ed in paragraph 
J,l.J. This maximum permissible speed envelope shall be derived from con­
sideration of dives entered at VH• Unless limited by structural considera ­
tions, this envelope shall define, at each altitude, the maximum speed f rom 
which a recovery can be made which will resul t in level fli,ght at an altitude 
of not less than 2,000 feet above sea level without encountering intolerabl e 
buffet , loss of control , uncontroll able trim changes, or other dangerous 
airplane behavior during the entire dive or µ.illout . In establ ishing this 
maximum permissible speed, the pullout shall be governed by the requirements 
of paragraph J.J.16.1. 

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

J.1.4.1 The development of any dangerous flight conditions associat ed with 
the dive or pull-out in paragraph J,1.4 shall be sufficiently gradual, in 
order that t he pilot is amply warned. 

(a) Normal mode: 

(b) 

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

Emergency mode : 

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

J.1.5 External Stores: ~ In preparation of the flight envelopes discussed 
in pa ragraph J. 1.J and J .1.4, external stores which are not normal ly dropp­
able in flight, or which are intended to be carried during the primary miss ion, 
shall be considered as integral elements of the airplane configuration. When 
such stores contain expendable loads the requirements shall, unless otherwise 
stated, apply throughout th e ran ge of s tore loadings . For othe r significant 
store instal l ations, revisions to the flight envelopes and deviations from 
the flying qualities requirements shall be established by agr eement between 
the procuring activity and the contractor in accordance with the mission re ­
quirements of the airplane with such stores installed. I n establishing these 
agreements , consideration of reasonable single malfunctions , such as fail ure 
of release mechanism or failure of fuel f eed, as wel l as normal initial 
asymmetric store installations, shall be included, 

The Arrow 1 has no exte rnal stores. 

J,1.6 Effects of armament provisions: - Operation of bomb bay doors, armament 
pods, or other movable protuberances, shal l not cause objectionable buffet, 
trim changes or other characteristics which impair the tactica l effectiveness 
of the airpl ane under any flight condition in which operation of such devices 
may be required in the conduct of the airplane mission. 



3.1.6 Effects of armament provisions (Continued) 

The requireroonts 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 aircraft 
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. 

0 95 Change in - l.5g - .5g - .lg 0 
Normal 

1.20 Accelera- - I - ,7g - .6g - .5g 
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 exte rnal stores. 

The Arrow 2 has on]y 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 Deceleration devices :- Unless specifically exempted by the procuring 
activity, all class II and clas s III airplanes shall be capable of deoele~ati on 
dive-speed limitati on, and constant- speed, glide-path control , to a degree which 
wilLbe 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 
primarily for deceleration and dive speed control. The characteristics 
of this 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 1 gg at M = 2,0 
at heights of 30,000 and 40,000 feet. In the normal mode the change in 
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J.1.8 Deceleration devices (Continued) 

nonnal 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 retrirnming. 

In the emergency mode the change in normal acceleration (Fig. 5) 
which accompanies t his deceleration is reasonable, being always 
positive and reaching a maximum value of about 1.8 1g 1 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 +O.J 1 g 1 in normal acceleration for a maximum dec eleration 
Of 0.1 I g 1 • 

J.1.9 Configurations :- For purposes of this specificati on, 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 
nonnal settings for the particular configuration. 

Configuration CR: 

Configuration D 

Configuration G 

Configuration L 

Configuration P 

Configuration CO: 

Configuration PA: 

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

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. 

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

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

Power on, clean: Nonnal rated power, flaps and 
gear up. 

Combat: Augment ed power , airplane in combat con­
figuration. 

Power Approach: Gear down, flaps, other high 
lift device, canopy, and 
approach brake in normal approach 
position: power for level flight 
at 1.15 VsL or normal approach 
speed, whichever is lower. 
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J .1.9 Configurations:- (Continued) 

Configurati on WO: 

Confi guration TO: 

Wave off: Gear down, flaps or other high 
lift device in landing posit ion, 
take-off power. 

Take-off : Gear down, flaps or other high 
l ift device at t ake- off setting, 
take off power, including assist 
or augmentation used in normal 
take-off. 

3. 2 Mechanical characteris;t:.ics of control system§ 

A 

3. 2.1 Control f r i ct ion and breakout force: ~ Longitudinal, l ateral , and 
directional controls shal l exhibit positive centering in flight at any 
normal trim setting. Although absolute centering is not required, the 
degree of centering shal l be such that the combined effects of cente ring, 
breakout f orce, stability, and force gradient do not produce objectionable 
fli ght charac t eristics, or permit large departures from t rim cond i t ions 
wi t h controls free . Cont ro l - system friction in all airolanes shall be as 
low as possible, and breakout forces , including f rict ion, f eel, preload, etc 0 
shall not exc eed th e values given in t abl e I. These values refer to t he 
pilot control force required to s t art movement of the cont rol su rface , and 
apply in f l i ght at all attainabl e conditions of trimmed ai r speed, altitude, 
temperature, and control defl ect ion . 

TABLE, I 

Maximum all owabl e stick breakout forces (including fric t ion) pounds. 

Control Cla::rnes I, IIC and III 

Elevator 3 
Aileron 2 
Rudder 7 

In t he Arrow 1, the stick i s self centc ring in all control modes , since 
in the automatic mode the parallel servo will al ways return t o its 
central position if the sti ck-input signal falls to zero~ whi l e in the 
emergency manual mode, t he feel syste~ spring will ensure the return of 
the stick to its trimmed position. 
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J.2.1 Control friction and breakout force:- (Continued) 

The breakout fo rces for the aileron and elevator in normal and 
emergency modes with booster units installed in each control 
circuit meet the specified values in Table I. 

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

Therefore the specification is not met for the normal mode but 
the aircraft in this mode is basically a two control aeroplane 
and rudder pedals will onJy be used occasionall y . The emergency 
mode satisfies the specification requirement 91 see para. J. 2.1. 2 . 

J.2.1.1 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 nature 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 pedals increases slightly with 
increase in dynamic pressure and the fieures quoted apply to the 
case of ze r o pressures. 

J.2.1.2 For emergency manual operation upon f ailure 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 ail e ron breakout forces do 
not exceed the forces specified in t able I. The rudder pedal break­
out force is t wice the value stated in table I. 

J.2.2 Adjustable Controls:- When a cockpit control is adjustable for 
pilot 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. 

Only 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 chan ge 
in the requir ed control force. 



J,.2.J Rate of Control Disnlacement:- The ability of the airplane to 
perform the manoeuvres expected of it shall not be limited by the rates 
of control surface deflection or auxiliary control operation, nor shall 
the rates of operation of either primary .controls or auxiliary devices 
result in objectionabl e flieht characteristics, 

Consideration has been given to the available control hinge moment 
and rate of control appl ication where ever necessary. All response 
rates quoted are obtainable with the existing rates of control 
surface deflection. No objectionable flight characteristics are 
obtained due to the r ate of control surface deflection in either 
the normal or the emer gen cy mode . 

J , 2 . 4 Cockpit Control Free Plav:- The free play in each cockpit control, 
i.e. the motion of the cockpit control, from the trim position , which does 
not move the control surface in flight, shall not be excessive. 

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

J.2.5 Artificial stability devices:- Normal operati on of an artific ial 
device for improvement of any characteristic shall not introduce any ob­
jectionable flight or ground handling characteristics. Failure of such a 
device shall not result in a dangerous or intolerable flight condition 
(See paragraphs J.Lr,l.J and 6.6 for additional discussion.) 

No objectionable flight or ground handline 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 paragraph 6, 6). 

J. J Longitudinal Stability and Control 

J.J.l Elevator fixed static stability: - In the flight conditions and 
throughout the speed ranges listed in columns 1 and 2 of Table II, the 
elevator-fixed neutral points shall be aft of the e . g. position in the 
aft critical loading. 
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Configuration 

CR 

p 

P (Climb) 

co 

G 

D 

L 
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Required conditions for longitudinal static stability 

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

1.4 VsG to VNRP Speed for maximum range, 2 
additional trim speeds 

0.75 VNRP to VH VNRP, 1 additi nal trim 
speed 

0.85 VR/C or 1.15 VSG, 
whichever is greater, 

VR/c 

to l.J VR/c 

VNRP to VM VH, 1 or more additional 
trim speeds 

Vs to VH 1.4 VsG, 1 or more addi 
tional trim speeds. 

All speeds normally attain- 1 or more representative 
ed in configuration D dives configurat· on D dive speed~ 

Vs1 to limit structural 
speed in configuration L 

1.4 Vs1 

Vs1 to limit structural 
speed in configuration PA 

1.15 Vs1 

NOTE: For -C airplanes, 
lower speed shall be Vs1 or 
design maximum arresting 
sneP.d whichever is J ower 

1/ Additional "trim speeds" shall be so selected that the trim speeds 
effectively span the specified speed range. 
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The elevator fixed neutral point is defined in paragraph 6.2 as the e.g. 
position for zero 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 e.g. 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 i s directly proportional to 
the steady s t ate elevator deflectlon and therefore t he slope of 
the elevator angle to trim curve against !ach 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) Confivurations CR. P and CO 

The carpet showing the variation of el evator angle to trim 
with Mach number for l evel flight at various altitudes 
presented in figure ( 6 ) covers the specified speed ranges 
and flight conditions corresponding to configuration CR, 
P and CO . It can be seen from the slopes of the curves that 
the Arrow 1 possesses positive el evator fixed static 
stabil ity in these configurations, except for t he 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. 

(J) For M = 1.7 at J0,000 feet. 

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

(b) Configuration L 

Graphs showing the el evator angle to trim for low speed, power 
off flight, but with the l anding gear retracted, are shown in 
figs (7) and (8) for fore and aft centre of gravit y positions . 
The effect of the landing gear on trim is small as can be seen 
by comparing fig. (9) with f ig . ( 2J) . 

I n the configuration L, t he Arrow 1 possesses positive elevator 
f ixed static s t ability and this stability becomes more positive 
as the ground is approached. 
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~leyµtor-fixe-9- static stability:- (Continued) 

(c) Confiruration PA 

(d) 

Increased power has an adverse effect on the elevator fixed 
static stability, as shown in figure (9 ). However, during 
the apv·oach, the power requirement will be of the order of 
;a% 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 f ixed static stability. 

Cli~bin~~ divine confirurations 

The elevator anbles to trim for climbing and divirE cases have 
not been specifically determined, because the elevator angles 
to t rim in these cc1ses are nearly equal to those required in a 
steady push-over at t he same Hach numbE>r and altitude, .-here 
the normal loading is the same i n both cases . Small increients 
to allow for change in thrust moment an:l the moment due to the 
pitch rate in the push-over are required to be added to the 
elevator angle to trim in the equivtlent push over. 

Carpets sho,~ing the vc1riation of elevator angle to trim with 
· ach number for a range of normal acceleration are sl own in 
figs (10) to (12) . At zero 1 g 0 , there i s 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. 

Configuration D 

During a dive, t he variation of the elevator angle to trim with 
speed compar ed with the push over case is stabilising to a s~all 
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 pitchin3 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 except for specific cases in the transonic ran~e. 

I ~ configuration D, dives, the elevator fixed static stability 
will be positive at all speeds except in the transonic range. 
The rel axa tion given in paragraph ; . J .J covers this exception. 
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Elevator- fixed static stability :- (Continued) 

Configurat ion P (Climb) 
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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 i s unchanged. 

The speed for maximum rate of climb at sea level is 527 
knot s , representing a Mach number of .8 and therefore 
the speed range, covered by the requirement is from 
M = .68 t o 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 (lJ). The effect of the speed brakes are also 
shown. 

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

J.J.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 VSL • 

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 lift 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 Cm measured at constant speed. 

dCi 
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 Iore and aft e.g. 
positions. The above quantity is positive or zero at angles of att ack 
less than 16 degrees for the most aft e .g. and less than 20 degrees. 
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J.J.1.1 (Continued) 
!or the most forward e.g. position. 
An incidence greater than 16 degrees is not required in the flight 
conditions of table II and therefore this requirement for elevator 
fixed, static longitudinal stability with respect to angle of attack 
is met. 

J.J.2 Elevator-free static stability: - 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 e.g. position in the aft critical loading. 
In general, this requirement shall be considered satisfied if the requirement 
of paragraph J.J.2.1 is met. For configurations PA and P (climb), this 
requirement may be waived, provided paragraph J.J.2.1 is met. 

The term elevator- free has no meaning when applied to the Arrow 1, 
because the controls are power operated and irreversible. The 
equivalent case to this condition is "control-column-free" and 
this will be assumed to be the meaning of 1 elevator free 9 wherever 
it is included in the specification. 

(a) 

(b) 

Normal flight control mode 

The control system has been designed so that in the normal 
mode, if the control column 0 is left free the aircraft will 
automatically trim itself to within narrow limits at all 
flight speeds and all e.g. positions. This will give the 
pilot the feel of flying an aircraft with its centre of 
gravity at the elevator free neutral point, with respect 
to speed changes. 

~rgency flight control mod~ 

In the emergency mode a spring feel system is employed and 
therefore the control column free stability will be identical 
with the elevator fixed case (Paragraph J.J.l). 

J.J.2.1 In the aft critical loading, with the airplane trimmed at the speeds 
listed in column J 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 J pounds for class II airplanes). 
This requirement applies throughout the speed ranges listed in column 2 of 
table II, but need be considered only at speeds within ± 15 percent ( or ± 50 
knots, whichever is less) of the trim speed, and need not be consider ed a t 
speeds where the control force exceeds 50 lb. 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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J.J.2. 1 

(a) 

(b) 

(Continued) 

Normal flight control mode 

In this mode, variation of elevator control force is on]y 
required to comman:i an increment in normal acceleration . 
No control force is required to t rim 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. 

Emergencv fli~ht control mode 

In this mode , the elevator control force is proportional 
to the change in elevator angle from the trimmed position. 
Therefore, the remarks i n paragraph J.J.l apply equally well 
to this case of control column free static s tabi lity . 

The variation of elevator control force with speed is a smooth 
curve except at transonic speeds (see paragraph J.J.J) an:i in 
general the slope is Etable. In configuration P (Climb) and at 
low speed and low altitude in configur ati ons CR, P and CO the 
control column free static s tability is essentially neutral . 
I n these cases, t he out of trim control forces in t he unstable 
sense will be small. 

In the transonic speed r ange the control column free static 
stability is negative, but this ca s e is covered by the relaxation 
of this requirement giv en in paragraph J.J.J . 

J.J.J Exception in transonic flight: - The requirements of paragraphs 
J.J . l and J.J.2 may be relaxed , i f necessary, i n the transonic - speed r ange, 
provided that any reversals in slope of elevator angle or elevator control 
force with speed are mild and gradual and not seriously objectionable to 
the pilot. Howeverrn on airplanes with cruising speeds or mission r equire­
ments necessitating prolonged operation a t transonic speeds, t he requirements 
of paragraph J.J.2 shall be s at isf ied. For this purpose, the us e of artificial 
means satisfac tory to the procuring ac tivity is permissible. The relaxation of 
paragraph J.J.l is not intended t o include paragraph J.J.1.1, which shall re­
main applicable through out the entire speed range. 

It is intended that the Ar row 1 will cruise at transonic speeds and 
therefore the relaxation to r equirement J.J.2 does not apply to the 
normal f l ight control mode. 

(a) Normal fli~ht control mode 

There is no change in s tick fo r ce to tri m t hroughout the 
transonic range . 
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J .J. J Exception in transonic flight:- (Continued) 

(b) Emergency flight control mode 

Reference to fig . (6) shows tha.t for altitudes above 10 , 000 feet 
the el evator fi xed static stability (and also the control column 
free s t atic stability ) is negative. For altitudes up to 
50,000 f eet the r eversals in slope of elevator angle (and of 
control force ) with speeds are mil d and gradual and therefore 
mdy be excluded from the requirements of J .J.l and J.J.2. At an 
altit ude of 60 , 000 feet the unstable ch~nges of trim in passing 
through the transonic region are large (6 degrees of elevator 
angl e)and occur suddenly. 

The above relaxation does not st rictly apply in this case but 
considering that the elevator angle per "g" in this region is 
of the order of 8 - 10° the resulting disturbance should not 
be objectionable . 

J , J . 4 Stability i n accelerated flivht:- The slope of the curve of elevator 
deflection versus gravity (g) at constant speEd shall be stable (increasing 
up elevat or required for increasing 1 g 1 ) th roughout the range of attainable 
load f actors in all configurations and in all condit ions of flight . 

Reference to f igs (10) (11) and (12) shows that for all speeds and 
altitudes wi thin the flight envelope, f or Mach numbers great er 
than . 5 , this requirement is met . Using the same argument as in 
paragraph J .J.1.1 , the low speed wind tunnel measurements of pitching 
moment fo r va rious angles of attack and elevator angl es, figures (lLJ-), 
(15) show t hat t he low speed stability in accelerated flight is also 
positive, f or angl es of attack less than lf degrees, at the nost aft 
e . g., and to approx. 20° at the fwd. c of g . An incidence of 16 degrees 
approximately represents the buffet boundary at low speed of the opera­
tional flight envel ope and therefore this requirement is met . 

J.J.5 Short-period oscillations: - The dynamic oscillations of nornal accel­
eration, which occur at approxima t ely constant speed and which may be produced 
by abruptl y defl ecting and returning the elevii.tor control to the trimmed 
position, shal l d..:mp to 1/2 amplitude in 1 cycle, and the magnitude of any 
residual oscill at:.ons shall not exceed ::!: 0.02 1 g'. Residual oscillations in 
angular attitude shall not be of ob jectionable magnitude and shall not adver­
sely affect the tactical utility of t he airplane . (For gunnery of bombing 
appl ications, pitch deviations greater than ~ 5 mils are ordinarily considered 
excessive). Any l ongit udinal oscill ations with period less than 6 seconds 
shall be governed by this requirement . 

(a) Normal flight control mode: 

This mode incl udes artificial damping about all axes designed 
t o give appr oximat ely 1dead beat 1 motion t hroughout the flight 
envelope, and therefore meets easily above requirements. 
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J , J , 5 

(b) 

Short-period oscillations:- (Continued) 

b.mergency flkht control mode:-

In this mode the artificial danping about the pitch and roll 
axes is r euoved and the r ef ore the short period oscillations 
in pitch will be those of the basic configur ation, The 
r egion whe r e this requirement is not met is shown on the 
operation speed, altitude envelope in fi gure (16) . Onl y J 
supersonic fli ght at altitudes great er than 50,000 feet has 
unsatisfac t or"J short period damping . 

J , J , 5.1 ~~en the el evator is abruptly deflected and released , t he motion 
of the e levator following the release shall be essentially deadbeat, unless 
tl. r elevator oscillations are o.'" such f requency and amplitude th2t t hey do 
not result in an objectionable oscillation in normal acceler ation, 

In both normal and the emergency fl ight modes, when the elevator is 
abruptly deflected and released i t will return to its original 
position and t he motion is essentially deadbeat . 

J,J . 5. 2 There shall be no tendency for a sustained or uncontrollable oscill -
ation resulting from efforts of the pil ot to ma intain steady flight. 

(a) 

(b ) 

Normal fl ight control mode : -

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

Emergencv fli r;ht control Mode:-

There is no tendFmcy for any sustained or uncontrollabl e oscill­
at ion. 

J . J . 5,J The r equirements of paragraphs J . J , 5, J . J.5.1 and J . J.5.2 shall 
appl y at all pennissibl e airspeeds an:i loadings, both in st r aight flight 
and in t urns . 

The requirement ha s not yet been investigated i n turns. 

J.J . 6 Lon~ period osci llations :- Although there is no specific require. 
ment f or damping of the conventi onal long-peri od, or phugoid oscillation 
which occurs at approxima t el y constant angle of attack , there shall be no 
objec t ionabl e flirht characteristics attributable to apparent poor phugoid 
damping . I n addition, if the pe riod of a l ongitudinal oscillation is l ess 
than 15 seconds, the oscill ation shall be at least neutral l y stabl e . 

( a) Normal mode:-

Final investigation of the long period oscillations is not yet 
compl ete, but pr eliminary wo rk indicates that the phugoid effects 
will be reduced to a negligibl e level. 
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J.J.6 Long period oscillations: - (Continued) 

(b) Emergency mode:-

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

J.J,7 Control effectiveness in unaccelerated flight:- In erect unacceler­
ated flight at any altitude, the attainment of any permiss ible speed above 
the s talling speed Vs, as defined in paragraph J.6.2, shall not be limited 
by the effectiveness of the longitudina l control, or controls. This 
requirement shall apply to all airplane configurat ions and permissible 
loading . 

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

J.J.8 Control effectiveness in accelerated flight:- In the forwar~ critical 
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 lift 
coefficient corresponding to Vs as defined in paragraph J.6.2 or J.6.2.2, or 
a load f actor consistent with the operational flight envelope specified in 
paragraph J . 1.J. 

The operational f l ight envelope presented i n paragraph J .l .J applies ( 
for a centre of gravity position of .Jl c. The elevator l imitations 
will be some what mor e 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. 

J.J.9 Control forces i n steady accelerated flight: - In steady turning 
fli ght and in pullouts, increases in pull force shall be required to produce 
increases in positive normal acceleration throughout the ranee of attainable 
accelerations. The variation of force with normal acceler ation at all points 
beyond the breakout force shal l be approximately linear, except that an 
increase in s lope upward (such as might be introduced by an acceleration re­
strictor) is permissible above 0,85 n1. In general, a departure from linea r­
ity resulting in a local gradient which differs from the average gradient by 
more than 50 pe rcent is consider ed 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 n1• 
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Control force s in steadv ac cele rated flirht :- (Continued ) 

TABLE III 

Elevator control force grad.ie· t l_:,iits, 11 r:cr 1 ~e 

Class haxirnurn Linimu11 

Sc _2J._ 
I , III nL - 1 nL 1 -

II 
120 ___55_ 

nL - 1 nL - 1 

The Arrow 1 is a class III aircraft and the li:nit l oa -· f· ctor is 7 . JJ 
1 e; 1 , therefore it is required trat the average st:'.-ck force cradiont 
shoild be within the ri:!!1ce: 

(a) 

(b) 

Lax 
1in 

Normal flight control mode: -

8.JJ lb/g 
J.JJ lb/r, 

Stick f orce per "g" gradient will re 6 lb. per "g" Ltp to the 
command limite r setting of a pprox . 5. 5 "g 1 s ". Co:,manding 
11 g 0 s 11 in excess of command l imite r setting will generally 
~esult in an aut oITBtic switch over fron nor,~,al to emerr;ency 
mode, through the action of the "g" limiter. Force gr adients 
will then be as in the emergency mode. 

I n normal mode gear do•.-m confirnration proportional feel will 
be -provided :1nd stic~ force per "g" will he identical -.<l.th 
eCTergency mode . 

The stick force per "c" gr adient up to 5. 5 "g 1 s " is well 
. .J· thir, the r equirements . 

Emero-enc:y flie;ht control mode:-

In this mcxl.e proportion;_,l f eel is provided . Varia t ion of s tick 
force per "g" wi th Mach number and altitude is shown on Fi6 • 17 , 
18 . Values shown appl y stric t l ~ on]y to manoeuvres bet ween one 
and 2 "g 1 s 11 since some small non-l inearities exist when higher 
"g 1 s " are reached • 
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Control forces in steady accelerated flight :- (Continued) 

(b) Emergency flight control mode:- (Continued) 

Up to and including J0,000 feet, the requirements are met since 
stick forces per 8 g 1 do not exceed 8.SJ lb and the minimum of 
J.JJ lb can never be reached since the bob-weight of 4.25 lb is 
used. 

For the cases which do not meet this requirement a relaxation 
is given in paragraph J.3.9.3. 

J.J.9.1 In all configurations at all permissible speeds and accelerations , 
the local value of the force gradient shall never be less than J pounds per 
i g ' . 

The minimum stick force per 'g ' is limited by the bob-weight to 4. 25 lb 
per 0 g'. 

J.J.9.2 For configurations P, CO and Don airplanes intended primarily for 
high altitude missions, the maximum allowable force gradients specified i n 
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 
t he maximum values specified in table III. 

(a) Normal mode: - See paragraph J.J.9 (a) 

In the emergency mode for any given Mach number the stick force 
gradient increases with altitude and the l ow altitude gradients 
meet the requirements of paragraph J.J.9. 

J.3.9.3 Under conditions in which maximum attainable normal accelerat i on is 
less than n1 (e.g. limited by stall or control effectiveness), an increase in 
the maximum force gradient, up to a value no higher than 5 0 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 J.J.9, the flight envelopes are limited by 
the maximum control surface deflection. The maximum allowable 
value of stick force per 9 g0 becomes lJ.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 accelerati on is 
of the order of 50 - 60 lb, and this is somewhat less than is 
required to pull the maximum normal accelerati on at the lower 
altitudes. Therefore, although the high gradients obtained. at 
high altitude do not meet the requirement, they wil l not produce 
objectionable handling characteristics. 

( 
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J.J.9.4 For configurations P, CO, and Don class III airplanes with 
e.g. positions in combat loadings which are aft of the e . g. positions 
in other normal service loadings, the maximum allowable forces specified 
in table III shall not apply at e.g. positions forward of the most for­
ward combat position. The maximum forces in any normal service loading, 
however, shall be not more than 50 percent greater than the values 
specified in table III. 

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 therffore not applicable. 

J.J.9 .5 The requirements of paragraph J.J.9 apply to negative as well 
as positive accelerations, except that the maximum force gradients speci­
fied in table III may be exceeded in the negative acceleration range . 
This increase, however, shall not exceed 50 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 
applied t o those cases wrich do not meet the requirement of para­
graph J.J.9, because of the relaxation allowed in paragraph J.J.9.J. 

J.J.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(peak) change in normal acceleration shall never be 
less than the ratio of force to acceleration change obtained in steady 
accelera+ions under the same conditions. In investigating the sudden pull­
up, seve ral rates of cockpit control motion shall be considered, the elapsed 
time from start to return val"Jing, f or example, from 1/2 second to 6 seconds. 

(a) 

(b) 

Normal flight control mode: -

Generally a tail-less aeroplane will not meet this requirement 
due to high lift 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. 

Erne rgencv· mode: -

In the majority of flight conditions this requirement will not 
be met. 
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J . J . l.l Control effectiveness in take-off:- ;:;;1evator effectiveness shall 
not unduly rest rict the take-off performance of t he airpl ane. As · •-aini, 1ur , 
elevator effectiveness shall be adequat e t o permit compliance with t aKe- off 
performance guarantees: , if the t ake-off performance is not specifically 
guaranteed in the airplane contract, it shall be possible, on a hard-surface 
runway at a minimum speed no greater than VSTO • to obtain take-off attitude, 
on nose-wheel air-planes or to maintain any atti tude up to thrust line level 
on tail wheel airolanes. (For propelle r-powered airplanes, VSTO may be 
estimated, with t he concu rrence of the procuring ac tivity, on t he basis of 
stall sreeds deter11ined with va rious amounts of power up to t he highest 
feasible). The requirements shall be met with the airplane loading which 
produces the most critical nose-heavy moment on nose-wheel types and the 
most critical tai l -heavy moment on tail - wheel types. The l oadings consid­
er"'d for this -ruroose shall include all full and partial loads which might 
no""!ally be emriloyed dur ing t rai11ing , as well as operational take-offs . 
For class I tail wheel airplanes, the required minim,1m sreed for maintain 
ing attitudes up to thrust line level shall be 0.5 VsTo and shall be 
a1~plic ble 011 sod as well as hard surface runways. 

This requirement is met . 

J.J .12 Control i n catapult take- off :- This is not arpl icable. 

J . J.1J Control fo rces in take-off:- With trim optional but constant, 
the elevator control forces required t hroughout the take-offs described 
in paraeraphs J.J.11 and J.J.12, and during t he ensuing accel eration to 
a speed of LJ Vsio (fl aps, gear , and power held const ant ) shall be --'th­
in the following imits. 

Nose-wheel and bicyg_le-rear airpLs.ne.:2 

Class III JO lb pull to 10 lb push 

These requirements shall apply also in r ocket-assisted or other power, 
auviented t ake- offs , and shall include consideration of assist cessat_,_on . 

The recommended take-off technique requires that the nose 
be raised at a speed 10 knots below the recommended take, 
off speed shown on Fig. (19 ) (20 ). By examining Fig. (21 ) 
and (22) i t can be seen t hat the elevator angle to raise 
the nose will not be more than 10° up r esulting in stick 
f orce not exceeding 16 lb. with neutral trim setting. Stick 
f orces just after take-off will be of the order of 5 - 10 lb. 

J,J . 14 Contro 7 effectiveness i n l anding:- At the forward critical loading, 
with the airplane trimmed for 1.2 Vs1 in configuration PA, longitudinal control 
shall be suff icientl y effective, in order that in configuration L, v31 or the 
guaranteed l andjn~ speed, i f such a guaranty is i ncluded in the contract, can 
be obtained in close proximity to .the ground . 
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3 .3 . 14 Control effectiveness in landing:- (Continued) 

The variation of elevator angle to trim with speed for various 
power settings is shown in fig. (23) . The effect of the 
proximity of the ground is shown in fig, (7) . 

It is evident that this requirement is met . 

3.3.15 Control force in landin,,-:- It shall be possible to meet the 
requirement of paragraph 3.3 .14 with an elevator pull force not exceeding 
35 lb 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 t rim in landing is required at low 
speed, with the most forward e.g . position and with maximum ground 
effect. Fig , (7) indicates that at a speed of 150 knots, 9 . 5 degrees 
of elevator angle are required. This represents a stick force of 
approxirr.--:i tel y 15 l b which is well within the requirement. 
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:3,3,16 Control forces in dives:- With the airplane trimmed for level flight 
at v8 , the elevator control forces required in dives to any attainable speed 
within the operational flight envelope shall not exceed 50-lb, push or pull 
in class III airplanes, or 75 lb. in class II airplanes, 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-lb, 
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 
normal acceleration, In a dive, the change in normal acceleration 
will a lways be less than 1 °g', therefore, the change in stick force 
will be less than 6 lb, which is the stick force per 0g 1 gradient. 

The damper will function so that a const~nt stick force is required 
for a constant angle of dive. 

(b) Emergency flight control mode 

A graph showing the maximum speed in level flight with augmented 
power, v

8
, is presented in figure (24). If we consider the change 

in trim from level flight a t 900 knots (Mach 1,57) and 50,000 feet 
to a 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 lb. 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 a irplane trimmed initially in level flight at v8 , but with 
trim optional in the dive, it shall be possible to maint ain the el evator 
control forces within the limits of 50- lb, push or 35-lb, pull in dives to 
any attainable speed within the maximum permissible speed envelope, The forces 
required for recovery from these dives (see paragraph 3,1,4) shall not exceed 
120 lb, Trim, deceleration devices, etc. may be used to assist in recovery 
provided that no unusual pilot t echnique is required, 

The maximum permissible speed envelope represent s the same maximum speed 
boundary as the oper ational flight envelope for the Arrow 1. Therefore, the 
first part of this r equirement has already been discussed and has been shown 
to be satisfi ed, 
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The limiting values for the control forces during r ecovery f r om the dives are 
as follows:-

(a) Normal flight control mode 

The maximum load factor obtainable in this mode is 5.5 11g 11 with 
approximately 30 lb, force, 

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

(1) Overpower the parallel servo which requires additional 50 to 
80 lb. force a t the stick. 

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

In practice condition (1) will not occur frequentl y s i nce only a 
slight increase of the load f actor over 5.5 "g" will cause the 
11 g II l imiter action. 

Both conditions me et the above requirements. 

(b) Emergency flight control mode 

Maximum elevator control forc es are less than 75 lb, This al s o 
is well within the allowable 120 lb . 

3.3 .17 Auxil iary dive recovery device:- Operation of an auxiliary device 
for dive r ecovery at any speed shall always produce a positive increment of 
normal acceleration, but the total normal load f actor shall never be great er 
t han 0,8n1• controls free, a t 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 paragra ph 3.3.18). 

3.3.18 Effects of drag devices: = Opera tion of the speed brakes or other 
dr ag devices provided for deceleration, dive-speed limitation, glide-path control, 
etc, shall not produce objectionable buffet or other undesirable f light 
char acteristics. This r equirement shall apply to part ial a s 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, ndditional requirements for trim change caused by drag devices are 
included in paragraph 3 .3 .19. 

Incremental changes in normal acceleration due to operating the speed 
brakes ar e shown in figure (5). 

I A 

(a) Normal flight control mode, 

In this mode the change in normal acceleration is automatically 
trimm•d out and will no t be apparent to the pilot. 



Page 26 
P/A.D/89 

W:------------------------F-e_b_ru_a_ry_,_1_9_5_8_ 

(b) Eme rgency flight control mode 

3,3,19 

The change in tri ~ produced is always nose-up and the maximum l 
increment in normal accelera tion is about 1,8 "g " at :t,,;ach 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 t est . 

Longitudinal trim changes:- The longitudinal trL~ 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 lb, for 
class~s I and III, or 20 lb, 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 
deternination of compliance with this requirement. With the ai rplane trimmed 
for each specified initial condition, the peak force required to maintain the 
specified constant parameter following the specified configuration change 
shall not exceed l0~lb. 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 l east 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 , 

g A 
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TABLE, DI 

LONGITUDINAL TRIM CHANGE CONDITIONS 

- -· 
Condi= Configura-
tion Altitude Initial Trim Condition tion 
No. Speed Gear Flaps Power change 

l Low 1.4VsG Up Up PLF Gear down 

2 Low l.4Vs 
G 

Down Up PLF Flaps " 

3 Low l.4VsL Down Down PLF Idle Power 

---4 Low !I Down Down PLF Take- off 

l.15VsL Power 

5 Low l.'.WsTO Down Take-off Take-off Gear up 

6 Low l.5VsTo Up Take-off Take- off Flaps up 

7 Medium, Level Up Up MRP Idle 
high flight power 

8 Medium, Level Up Up MRP Actuate 
~/ high flight decelera= 

tion 
device 

9 Low Speed for Up Up PLF Actuate 
medium best range decelera-

tion 
device 

10 Low l.15VsL Down Down PLF Extend 
approach 
drag device 

11 Medium Level Up Up MRP Augmented 
Jj high power 

P 0 "' 27 
AD/89 

February, 1958 

~ -
Parameter 
to be held 
constcl!lt 

IAlti tude 

Altitude 

-~ 
Speed 

Altitude 

Rate of 
climb 

Rc1te of 
climb --~ 
Altitude 

Altitude 

Altitude 

-
Speed 

Altitude 

Footnotes to Table DI: 

4 9 A 

1/ Normal approach speed, if lower than 1.15 VsL. 

2/ Class III only. 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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J/ Class III only, 

(a) Normal flight control mode 
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In the normal fli ght control mode, gear up, the change in trim 
due to these configuration changes will be automatically trimmed 
out and no stick force will be required. 

In the gear down mode, the forces required to trim for the new 
configuration will be the same a s 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 i:ach 1.57 a push force of lJ lb. 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 allowaol.e limit of 10 lb . 

J.J.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 
chonge of 1.0 gin the a ccelerated manoeuvres of paragraph J .J.9. In no event, 
however, shall the force exceed 10-lb. pull or J-lb. push on classes I, III, 
and II-C airpl anes, and 15-lb, pull or 10-lb. push on all others. The side­
slips considered shall inch1de angles up to the largest obtainable with 50 lb, 
rudder pedal force applied in either direction for wings- level trimmed 
flight, If a variation of longitudinal control force wit h 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 ;;nd it is expected 
that the Arrow 1 will meet this requirement. 

J,4 Lateral-directional stability and control: -

J.4,1 Damping of the later al-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 
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c1c 

figure 40. ftesidual undamped oscillations may be tolerated only if the 
amplitude is sufficiently small that the motions are not objectionable. 
Generally, the conditions listed in t able 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 paragr aphs J.4.1 .1 
and J.4.1.2 need to be met. 

J ,4,1.1 For armed airplanes in the firing or bombing configuration 
and under tha critical flight conditions consistent with the t actical 
mission requirements, the damping parameter 1 shall be a t leas t that 

c.!. 
2 

required by curve of figure 40, or at least 1, 7J, whichever is higher. 
Under these conditions, the magnitude of any residual oscillation shall 
not be so great as to cause yaw or pitch devia tions which adversely 
affect bombing or tracking accuracy. (For gunnery or bombing applica­
tions, deviations grea ter than± 5 mils ar e ordinarily considered 
exces sive.) I f it can be established to the satisfaction of the procuring 
activity tha t the armament system is such that provision of the degree of 
damping specified herein will afford no significant improvement in t actical 
effectiveness, this requirement shall be waived and the requirement of 
par agr aph J.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. 

J.4.1.2 If an art i f icial stabilization device is employed , the damping 
parameter 1 with the ar tificial devi ce inoperative, shall be at least 

C½ 
0,24 in all configura tions, In configura tion PA this parameter shall, 
moreover, have a value at l east as high as t hat required by curve B of 
figure 4Qo 

Since the Arrow has a duplicated yaw damping sys t em this 
paragraph should appl y to emergency mode only but in addi tion 
a third mode of control nwnely "dampers off " will be considered. 

(a) Emergency :Mode 

(b) 

This mode will not only me et the required curve B but also the 
curve A with damping generally somewhat smaller than the no rmal 
mode, 

Danper off mode 

Graphs of the variation of the damping parameter 1 with the value 
c.!. 

2 

of / p / ve I, with altitude as paramet er, are shown for l evel 
flight with c,g, position at ,29 c 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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J.4.2 

(b) Damper off mode Cont'd. 

Reference to pa ragraph 6, 8 indicates that for very short periods 
(i.e., below 1,8 seconds), and for values of J rp / v

8 
I greater 

than 1.2 the desired damping may be considerably greater than tha t 
specified in figure 40.. For the Arrow 1, t he periods are greater 
than 1,8 seconds, but values of I rp / v

8
I much greater than 1.2 are 

obtained, and therefore, in this comparison, curve B will be t aken 
to be the requirement in all configura tions. 

The regions within the operational speed envelope which mee t this 
modified requirement are sho,m for the fore and aft c, g. positions 
in figures (28). Boundaries are also shown where the oscillation 
becomes divergent and where the t ime to d,n;ble amplitude is less 
than 10 seconds. 

In general , this requirement is not met at the extremes of high 
or low speed, but a l arge part of the low speed region has lateral 
oscilla tions which a re convergent ./and on:i:y-a t high speeds are there 
reg i ons with divergent oscilla tions with periods less than 10 seconds. 

In accelerated flight there is a decided i mprovement in the dut ch 
roll damping for the dampers off mode. Graphs showing the 
varfa tion of the damping parameter ~ with the value of I r/J / v e 

C½ 
with altitude as parameter for the ca se of 2 "g" flight are shown 
in fi gure (29). The regions within the operational flight envelope 
where the specification is met in this case is shown in Figure (JO). 
The dutch rol l is domped in all cases except for flight a t high 
dynami c pressur es. 

Spiral stabili ty:= Spiral stability is not required, but if the 
spir al motion is divergent, the r a te of divergence shall not be so great that, 
following a smi>ll disturbance in bank with controls fixed, the bank angle 
is doubled i n l ess than 20 seconds in the PA and CR conditions of t able V, 
or 4 seconds i n any of the other f light conditions of t able II. 

The roll r a te and yaw damping in the normal mode and the yaw damping 
alone i n the emergency mode will give an improvement of the spiral 
stabi l ity obtai ned in the darrpers off ca se , However, investigation 
of the damper off case shows that the spiral mode is always conv~rgent. 

J.4. J Steady sideslip conditions :- Requirement s for static direct-
ional s t abil ity, dihedr al effect , and side force variation are expressed in 

, terms of char ac teristics in steady sideslips. Unless ot herwise stated, 
such requirements shall apply in straight- path (zero turn rate) sideslips 
up to sideslip angl es produced by full rudder deflection or 250 l b, of 
rudder force, whichever is reached first. The requirement s shall be met a t 
the lightest normal loading, in the configurations and speed r anges speci­
fied in table II, with the a irplane t rimmed for wings-l evel straight flight . 

A 
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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 VSPA, with the airplane 
trimmed for wings level straight flight at 1,15 VS1 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 Vs1 in configuration WJ, 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 turn 
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. 

J,4. 4 Static directional stability (rudder position) :- The airplane shall 
possess rudder- fixed directional stability such that, in the sideslips specified in 
paragraph J,4,J, 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± 15° 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) Normal mode 

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

(b) Normal 0 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 (Jla). Within the range of available side­
slip, the variation of rudder pedal deflection with sideslip angle is 
essentially linear, 
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J .4.4 Static directional stability (rudder posi~ion):- Cont'd. 

The Arrow 1 possesses positive static directional stability based 
on rudder position for all the cases within boundaries shown 
on Figure (Jla). 

J,4.5 Static directional stability (rudder force):- The a irplane 
shall possess rudder-free stability such that, in the sideslips speci­
fied in paragr aph J.4.J, right rudder force is required in l eft 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 varia tion of sideslip angle 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 
zero or overbalance. 

J .4.6 

The rudC:er pedal forces are derived from a spring feel system &nd 
therefore the rudder force, static direc tional stability has the 
same characteristics as the rudder position, static directional 
stability. 

The requirement is met with limitations as sta ted in paragr aph 
J.4.4. 

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 J.4.J. Left aileron deflection shall 
be required for left sideslip, and right aileron deflection shall be 
required for right sideslip. 

In steady sideslips, the a ileron control forces and deflectiJns 
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 at subsonic speeds the 
dihedral effect is reversed. 

In both reg imes the variation of aileron angle with sideslip is 
linear . Figure (Jlb) shows the linearity at low speeds. 

This meets the requirements since sideslips specified in 
paragraph J.4.J apply only in straight flight which will not 
result in negat ive angle of attack. 

J . 4 .6.1 Configuration WO may, if necessary, be excepted from the 
requirement of paragraph J,4.6. The aileron cockpit control deflect­
ions required in the sideslips of paragraph J,4 .J, however, shall never 
exceed one- half of full deflection in the negative=dihedral direction. 

This relaxation is not required. 
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J . 4.6 .2 The positive effective dihedr al shall never ,e so great th~t 
more than 75% of ful l aileron cockpit control deflection is required 
in any of the sideslips specified in paragraph J.4.ll.l. 

See paragraph J.4.11.1. 

J.4.6 . J Throughout rolls similar to those required in paragraph J.4.16 
but performed with rudder free, the rolling velocity shall al ways be in 
t he correct direction. 

(a) 'ormal mode 

Rolls are performed with "rudder free" e.g. there is no 
pilot input but sideslip coordination is provided auto­
matically by the damping system which tends to minimize 
the sideslip. Therefore, the rolling velocity .~11 
always be in the correct direction. 

(b) hmergency mode 

Similar to normal mode . 

J.4.7 Dihedral effect (aileron force) :- The airplane shall exhibit 
positive control-free dihedral effect as indicated by the vari~tion of 
aileron control force with sideslip in the sideslips specified in 
paragr aph J.4.J. Left ail eron control force shall be required for 
left sideslip, and right aileron control force shall be required for 
right sideslip. The variation of aileron control force with sideslip 
angle shall be essentially linear, and the aileron force required shall 
not exceed 15 lb . for stick- control airpl anes or JO lb, for wheel- control 
airplanes . 

The aileron control forces are derived from a spru1g f eel system 
and t herefore the aileron force, dihedral effect has the same 
characteristics as the aileron position; dihedral effect, 
Therefore, statements in paragraph J.4.6 apply. Requirement met. 

J.4.7 .1 Configuration WO may, if necessary, be excepted from the 
requirements of paragraph J.4 . 7 . The aileron control forces required 
in the sidesli ps specified in paragraph J.4.J, however, shall never 
exceed 1 0 lb. in the negative-dihedral direction. 

This relaxation is not required. 

J.4 . 8 Side force in sideslips :- The side force characteristics 

shall be such that in the sidesli ps specified in parlgraph J.4.J, an 
increase in right bank angl e 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 i s presented in Figure (32). I t is evident that 
the Arrow 1 meets this requirement, 
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J,4,9 Adverse Yaw:- The angle of sideslip developed during a rudder­
pedal fixed abrupt roll out of a trimmed, level, steady 45-degree banked 
turn at 1,4 VsCR in configuration CR, and a t 1,4 VsPA in configuration 

PA, shall not exceed 15 degrees , The roll shall continue until a bank 
angle of 45 degrees is reached in the opposite direction, The a ileron 
deflection held during the roll shall be at least that required for 
compliance wi th 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 r ather than fixed during the roll. 

Simula tor stu<lies show that only 3.0 degree s of sideslip a re 
produced in configuration PA , and 2,0 degrees in configuration CR, 
when t his manoeuvre is performed in the emergency mode with full 
aileron deflection. In the no rmal mode, the sideslip mgle 
developed will be of the same order of magnitude, 

3.4.10 Asymmetric power (rudder free):- On multiengine airpl anes, the 
airplane ~otions 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 f ailed in flight with no corrective 
a.c tion unles s automatically provided) , and with the other engine or 
engines developing normal r a ted power, it shall be possible a t all speeds 
above 1,4 Vs0 , with rudder free, to maint ain steady stra ight 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-l evel 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 inoperc1 tive 11 shall connote complete loss of power to 
the propeller system. 

(a) Normal Mode 

It is poss ible to maintain steady s t raight flight by side­
slipping and banki ng with rudder free above 1, 4 Vs0 . At 
167 knots (1,4 v80 ) with starboard engine out and the other 

givin§ military r a t ed gower the sideslip angle will be 
- 3.42 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 lb, when 
the airpl ane 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 cl ass III and all carrier-based 
airplanes in configuration WO at the lightest normal loading, direct­
ional control shall be sufficiently effective to maintain wings-level 
straight flight at all speeds down to v5 , with rudder control force 

PA 
bit exceeding 100 lb, when trimmed in configuration PA at 1.15 v5L, 

The directional control is sufficiently effective to meet 
t his requirement. 

3.4.11.l For all airplanes, except land-based airplanes equipped with 
crosswind landing gear, directional control shall be sufficient to 
per ~it developmen t of at least 10 degrees of steady sideslip in 
configuration Lat 1,1 VsL ' with rudder control forces not greater 
than 180 lb, 

Reference to Figure (.3.3) indica tes that a t a speed of 1.31 knots 
(1 ,1 v5 ) there is sufficient directional control, but the 

L 
lateral control is insufficient. 

The maximum sideslip angle attained with 75% of the maximum a ileron 
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 (asyinmetric 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 unles s automatically provided), it shall be possible, 
at the lightest normal take-off loading and with take-off power on the 
remain1.ng engine, or engines, to maintain straight flight with a bank 
angle not great er than 5 degrees, at all speeds above 1,2 VsTo' 

Automa t ic devices which normally operate in the event of power failure 
may be used, Wit h trim set tings normally employed in a syinmetric power 
take-off, the rudder pedal force required to maintain stright flight 
with asyinmetric power, as defined above , shall not exceed 180 lb, 

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

The rudder required for thes e conditions is shown on Figure (.36). 
These rudder deflections may result in pedal forc es in excess of 
180 lb, at supersonic speeds and full trim may be required to 
keep the pedal forces within the 180 lb. However, i n estimating 
the required rudder deflections the effect of shock movements on 
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J.4.12 Directional control (a symmetric power): - Cont'd. 

int ake r amps were neglected due t o insufficient dat&., These effects 
relieve the rudder requirement appreciably such that probably t he 
level of forces will be reduced below 180 lb, 

Figure (37) shows the rudder angle avail able with 180 lb. foot force, 
a t low speed and the rudder angle required for this case of engine 
failure a t 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 VsTO (14J knots) 
wit h the use of 110 l b .ft. force. 

J,4,lJ Directional control during take-off and landing: - The rudder 

control, in conjunction with other normal means of control, shall be 
adequate t o maintain straight paths on the ground during normal take- offs, 
and landi ngs . For class I airplanes, this requirement shall apply in 
cal m a ir , and in 90 degree cross-winds of at leas t 50 perc ent Vs

1 
or 

20 knots, whichever i s less. For classe s II and III airpl anes, the 
requirement shall apply in calm air, and in 90 degree cross-winds of at 
least JO percent v5 or 40 knots , whichever is less, For wa ter-based 

L 
airplanes, the requirement shall apply to 5traight p2ths on the water in 
cal m air a nd in 90 degree cross-winds of at l east 20 percent V5

1 
or 

15 knots, whichever is less. This r equirement shall be met with not more 
than 180 lb, pedal force, 

The most criti cal condition for cross-wind control will exist just 
after t ake-off or just prior to touchdown since on the ground 
differential braking and/ or steering i s ava i l able. Therefore, 
these conditions will be used to determine the l imiting allowable 
cross-winds , 

The hing,e moment limiter tends t o restr ict the mcDCimum cross-wind 
a t higher speeds, while the aileron power restri cts it at lower 
speeds, In addi tion, the aircraft is limited to 10 degree of 
s ide slip. 

Figure (JJ) shows the char acteris tic s of the hinge moment l imiter 
in term s of forward speed and sideslip angl e with 180 lb, pedal 
force . 

Figur e (J4) shows the r esulting l imita tions of the cross- wind 
velocities, 
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J . 4.lJ Directional control during take-off and lanuing: - Cont'd . 

Since the expected minimum touchdown speed will be approximately 
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 
knots . 

The rec1uiremen t, as based on the arbitrary stalling speed of 
119 knots used in this report, specifies that a 35. 7 knot cross-wind 
component be bal anced . 

The .... rrow does not meet this requirement . I 
J.4.lJ . l Without the use of wheel brakes, classes II-C and III-C 
airplanes shall be capable of maintaining a straight path on the ground, 
at airspeeds of JO knots and above, during take-offs, and landings in 
a 90 degree cross-wind of at least 10 percent Vs , without exceeding a 
pedul force of 180 lb. L 

The Arrow 1 is not a carrier based aircraft and therefore this 
specification is not applicable. 

J,4 ,lJ.2 For airplanes intended to operate under cold weather condit­
ions , the requirements of pa r agra.ph J,4.lJ shall be applicable on snow= 
packed and ice-covered runways. 

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

J . 4.14 Directional control to counteract adverse yaw:= In the rolling 
manoeuvres described in paragraph J.4.9, but with the rudder employed 
for coordination r ather t han held fixed, directional control effective­
ness shall be adequate to maintain zero sideslip, with rudder forces 
not greater than 180 lb. 

In both the normal and the emergency flight control modes automatic 
turn coordination ,:ill 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. 

J.4.15 Direc tional control in ciives:- When trillll'l,ed 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 paragraph J .J.16 without exceeding 50 lb, rudder pedal force for 
cl&.sses I and III airplanes, or 180 lb, for class II airplanes . 

In both the normal and the emergency modes the yaw damper will 
maintain zero sideslip throughout these dives and pull-outs. No 
rudder pedal force will be required . 
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J . 4.16 La teral control:- Lateral control shall be adequate for 

compliance with the rolling performance specified in table VI. In those 
requirements involving mea surement of time, the time shall be measured 
from t he instant of initia tion of p ilot control ac tion. Unless other ­
wise es t ablished by agreement between the contrac tor and the procuring 
activity on the ba sis of int ended t actical employment limitations, the 
altitudes at which the rolling performance requirements are to be met 
shall be a s specified in t able VI. For those requirements which are 
specified in te rms of peak pb/2V, the r a t e of roll need not exceed 
220 degree/second. In obtaining the required rolling performance, the 
rudder pedals on classes I - L and II- L a irplanes may be held fixed in 
the posj_tion required for steady flight prior to the roll, or may be 
employed to reduce adverse sideslip (not to produce f avourable sideslip). 
On class III and all carrier-based a irplanes; the rudder pedals shall 
remain fixed in the posit ion required for steady flight prior to the 
roll. hutom~tic coordinating devi ces are permi ssible, provided tha t no 
objectionable char acteris tics r esult. I f such a device is empl oyed, 
the rudder pedals may be free r ather than fixed during the roll. 
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Altitude 

TABLE VI 

MINillUM ROLLING PERFORMANCE REQUIREMENTS 

Configuration P, CO 
(Speeds up to VH) 

Configura­
tions P, CO 
(at 0.95 VM) 

Lowest alti­
tude at which 

Configuration L 
1,1 Vs 

L 

Low, medium, high highest value Low 
of VM ( in 
terms of Mach 
number) may be 
a tta ined ___ _..., _____________________________ _ 

Class I 

Cl.s.ss II 

Class III 

pb = 0 , 09 a t speed up t o 

2V 0,8 VH 

~here VH is less than 

500 knots : pb = 0,07 at 

2V 
speeds up to o,8 VH or 

JOO knots, whichever is 
lower 

N'here v
8 

i s greater than 
500 knots : 
pb = 0,07 up ro o.6 VH 

2V 
, pb = 0,05 a t 0,8 VH 

2V 

(a) pb == 0,09 between -
2V 1,1 VsG and 
mini mum combat speed 

(b) Bank angle== 100° in one 

pb = 0 0 0J 

2V 

pb == 0,015 

2V 

second, between mini- Bank angle== 
mum coTbat speed & VH, 50° in 1 sec , 
up to 20,000 9 altituae 
(Min, combat speed= 
VR/C or JOO knots max 
true , whichever is 
higher), 

pb == 0,09 

2V 

(a) pb == 10 ft. -
2V per sec. 

(b) Class II- L: 

pb == 0,07 -2V 

Class II-C: 
Same as 
Class III 

Average pb = 0,05 
2V 

for first 30° of 
bank, where average 
pb is based on an 
2V 
average p obtained 
from the time regu­
ired to reach JO 
of bank 
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J . 4.16 Later al control:- Cont'd. 

The variation of the maximum a ttainable steady roll rates with 
Hach number and altitude is shown in Figure (J8). These have 
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 modes. 

In the normal fligh t control mode the roll rate command is 
limited to 120 degrees per s econd. In the emergency mode the roll 
rate limit er is inoperative. 

The vari ation of the maximum attainable wing tip helix angl e in 
steady rolling flight i s shown in Figure (J9). 

Configur ations P, CO (Speed s up to VH) 

(a) The speeds 1.1 Vs
0 

and the minimum combat speed a t each 
altitude hdve been marked on the graphs in Figure (39). 

Nor mal flight control mode 

It is evident that over the greater part of the speed 
range the helix angle developed by a roll rate of 
120 degrees jper second is less th8n tpe required _yf lue 
of 0.09. I r.x 

Emergency flight control mode 

Apart from flight at subsonic speed a t high al titudes , 
the rolling performance is capable of meeting this 
requiremen t . However, it is not expected that the 
,,rrow 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 r a te must be at least 100 degrees per second, a t 
speeds between minimum combat speed and VH' and 

altitudes up t o 20,000 feet. Figure (J8) indicates tha t 
the re1uirement is not met at speeds greater than Mach 1. 
This is true of both the normal and the emer gency modes . 

<.. 

\ 
I-
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Configurat ion s P, CO (~t .95 VM) 

Rate of roll a t the highest dynamic pressure in normal and 
emergency modes will be in excess of values shown on 
Figure 47 since favour able sideslip is built up auto□atic­
ally to increase the available rate of rol l. 

The lowest altitude at which the hi ·hest values of V ( in 
terms of Mach numbe r ) :nay be attain;d is 31,300 feetHat 
Mach number of 2. 00 . At a Mach number of 1.90 ( . 95 VJ.,,), 
the maximum s t eady roll rate is 40 degrees per second; A 
vc1lue of c.t least 50 degrees per second is required and 
therefore this requir ement is not met. This applies to both 
the normal and t he emergency mode. 

Configuration L (l . l Vs L) 

Simulator studies have shown that in the emergency control 
mode this requir ement is met wi th a helix angle of .058 . 
The response in t he normal mode will be of the same order 
of magnitude . 

3.4.16 .1 On clas s III ai rplanes :- The lat eral control requirements 
r elative to configurations P and CO shall apply under all conditions of 
spanwise weight dist ribution which may be encountered in combat . On 
classes I II and II-C ai rplanes in configuration L, the requirements 
sh<lll apply to all normal take-off and landing loadings, except that 
fiel t anks mount ed externally at the wing tips or at outboard wing 
stations may be empty . ~'hen these tanks are full, a value of 0.03 may 
be substit uted for 0.05 as the required average pb value. 

2V 

There wi ll be no l ar 6e change in lateral 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 airpl anes , t he rolling acceleration shall be 
such that in the normal loading condit ion which produces the most 
critical rolling moment of inertia (light weight, heayY outboard 
concentration of spanwise weight) , it is possible to attain the peak 
rate of rol l , corresponding to the pb/2V values specified in table VI , 
in no more t han (0.5 + b/100) seconds after initiation of pilot 
control action , with peak control f orces not greater than 25 lb. 
(stick) or 50 l b . (wheel) . 

This is not applicable to the Arrow 1 . 
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3.4.16.3 The peak lateral control force required to 
rolling performance specified in table VI shall not 
following values: -

obtain the 
exceed the 

Class I - 25 lb. stick force or 50 lb. wheel force 

Class II - 25 lb. stick force or 50 lb. wheel force 

Class III - 20 lb. stick force or 40 lb. wheel force 

Classes II- C and III- C in 20 lb. stick or wheel force 

For the Arrow 1, the peak lateral control force should be 20 lb. 

(a) Normal mode 

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

An unconventional device called an "ay 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 
"a fader" effectively increases the stick force per unit y 
rate of roll whenever transverse accelerati on approaches 
o.4 9 g 1 as measured 40 feet ahead of the aircraft e.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 lb. 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 lb. 

The requirement is exceeded by 2 lb. 

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. 



A 

----
Page 4J 
P/AD/89 

February, 1958 . 

3,4.16.5 La teral control shall be suff i ciently effect ive to balance 
the airplane laterally under the conditi ons specified in paragr aphs 
3.4.10, 3.4.11, 3.4.11.1, 3.4.12, and 3.4.13, with ai leron control 
forces not exceeding those specified in paragraph 3.4.16.3. 

Because, at full aileron control deflection, the stick force is 
only 20 lb. the specification in paragraph 3.4.16.3 cannot 
be exceeded. 

Lateral control effectiveness has been considered in the 
i nvestigations for these paragraphB 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 
i s on the ground there is no pos sibility of the aircraft over­
turning and no aileron deflection is required. With the nose 
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 effectivenes s shall be adequate to maintai n the 
wings level throughout the dives and pullouts of pa ragraph 3.3 .16 , 
with aileron control forces not exceeding 10 lb. for stick control or 
20 lb. for wheel control. 

(a) Normal flight control mode 

Damping is present in all three axes and no aileron control 
forces will be required throughout t he dives and pullouts 
of paragraph 3.3.16. 

(b) 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 lb. will not be 
exceeded. 

3.4.16.7 lthough table VI contains no requi rement fo r speeds in 
excess of 0.95 VM• It is required that lateral control in t he 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. 



Page 44 
P/AD/89 

-~ ---------------------F-eb_ru_a_r_y_,_1_9_5_8 ______ _ 

19 A 

J.5 General control and trimmability requi rements 

J.5.1 Control for spin recovery :- In confi gur ations G and L, the 
normal controls on classes I and III airplanes shall be adequate to 
provide consistent prompt recoveries from fully developed erec t and 
inverted spins. Recovery shall require no abnormal eff ort on the 
part of the pilot, and recovery control forces shall not exceed 
250 lb, (rudder), 75 lb. (elevator), or 35 lb, (aileron). Spin 
recovery characteristics shall be adequate to permit spin demonstra= 
tion as required by the procuring activity. 

J.5.2 

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 
i s 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 t o make 
any further sta tements on spin recover ies. 

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

3.5.J 

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

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. 

J.5.4 

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

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 r a t e of operation and the 
effectiveness of the longitudinal trim device shal l be such that the 
elevator control force can be maintained wit hin 10 lb. push or pull 
(20 lb. for class II airplanes) throughout the dives specified i n 
paragraph J.J.16. 
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TABLE VII 

Conditions for trimming to zero control forces 

Minimum 
Condition Class Trim Speed 

1 Configuration P, at forward All 1.2 VsCR and aft critical loading 

Configuration L, at forward 
2 arrl aft critical l oading All 1.4 Vs1 

J 
Configuration PA , at forward Carrier- !/1.15 Vs1 
and aft critical loading h~corl 

All others 1.4 Vs1 

4 
Configuration CR, with up to All Speed for 
t wo most critical engines on Multi- maximum 
one s ide inoperative, wings, engine range 
l evel. 

1/ Or normal approach speed , whichever i s l ower. 

(a) 

(b) 

Normal flight control mode 

Elevator trim is provided for normal acceleration 
between t he limits - 1 . 43 1 g 1 to 4.J 1 g 1

• 

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

Rudder trim is provided for~ 20 degrees at low speed 
reducing to approximately:!: J degrees at dynamic 
pres sures at and above 140'0 p.s.f. 

These trimming ranges meet this r equirement. 

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

Eme r~ency flight control mode 

The trim ranges are shown in figure (25). These are 
suffi cient to meet t his requirement. 
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J.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 J.7.J. 

(b) Emergency flight control mode 

Eleva tors and ailerons have conventional trimming 
devices which meet the requirement. 

Rudder trim is the same as in normal mode. 

J.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 
l anding (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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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. 

J.6 Stall Characteristics 

J.6.1 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 limit s of the operational 
flight envelopes, Unless otherwise specified by the procu ring 
activity, all stall characteristics requirements apply for nonnaL 
symmetric external store installations t hroughout the entire range . 
of store loadings , as well as fo r the clean airplane if such stores 
are not installed for some training or tactical missions. 

J.6.2 Definition of stalling speed, Vs :- 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 l ift coefficient of the 
airplane. In order to minimiz e dynamic lift effects, the rate of 
reducti on of speed during an approach to the stall should be not 
greater than 1 knot pe r second. The complete stall is generally 
characterized by uncontrollable pitching or rolling, or by a decrease 
in normal acceleration in turnin~ flight. 

The definition is not applicable because t here is no breakdown 
of the flow over the Arrow 1 wing near the incidence for maximum 
lift. See paragraph J.6.2.2. 

J.6.2. l For some airplanes, the technique of paragraph J.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 e.g. position. For purposes of this 
s pecification , the stalling speed, Vs, 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. 



Page 48 
P/AD/ 89 

February, 1958 

~-------

I A 

J.6.2.2 In the event that considerati ons other t han wing maximum 
lift 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, performan~e guarantees, etc. 

For the Arrow 1, VS represents a minimum usable fly:ing speed. 
The maximum usable lift 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 lb. this gives Vs = 119 knots and 
this value for Vs applies to all the conditions of paragraph J.6.1 . 

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

J.6.J 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 cons ist 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. 

J.6.J.l Artificial stall warning closely simulating the warning 
required in paragraph J.6.J shall be permitted only li it can be 
shown that it is not feasible to provide aerodynamic stall 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 J.6.J. 

J.6.J.2 For airplanes with limiting elevators described in 
paragraph J.6.J.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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J 0 6,4 Requirements for acceptable stalli.ng ch2.racteristics -

Although it is desired tha t 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 JO degrees from level 
for class III airplanes, These requirements shall apply not only 
to airplanes with conventional (maximum lift) stalling speeds , but 
also to complete stalls when attainable by any means on airplanes 
with stalling speeds as defined in paragraphs J 0 6,2

0
l or J.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. 

J,6,4,l 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, 

J.7 Requirements for power- and boost- control systems : 

J.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 con~rol 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. 

J.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 
system, 

The hydraulic power is derived from two pumps per engine, with 
one pump for each providing fluid under pressure for the 9A1 

system and the other pump supplying the 1B0 system. The 
hydraulic control surface actuators are of the tandem type, 
the 1A9 system driving one piston and the 0B1 system driving 
the other. Both the 0A9 and the 1B0 systems supply power to 
the actuators in the normal and in the emergency control modes. 
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Power or boost failure: - Cont ' d 0 

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

0 
In the 

event of both engines f ailing 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 0 

Loss of hydraulic pressure in the 'B' system will cause automatic 
switching to the emergency control mode 0 In this case, only the 
'A' system will be supplying the power for jack actuation and the 
maximum jack force will be halved 0 This will be referred to in 
the following paragraphs as the 8alternate emergency control 
mode ' o 

Transfer to alternate control system - Trim change:- The 
trim change associated with transfer t o the alternate control system, 
when such transfer is either caused by control power failure or 
performed intentionally in accordance with routine procedure, shall 
never be such as to bring about dangerous flight conditions 0 This 
shall apply not only in trimmed level flight, but also in dives to VM 
with elevator control force, prior to transfer, out of trim by as 
much as±. 5 lb 0 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 0 If the alternate system is 
not an independent power system, the out- of- trim conditi ons resulting 
from a transfer at cruising altitude in trimmed level flight in 
configuration P shall be within the foll owing l imits: 

(a) Pitch 

(b) Roll 

(c) Yaw 

- with control free, the change in normal 
acceleration shall not exceed±. 0 0 5 g 0 

- with controls free, the resulting rate of 
roll in either direction shall not exceed 5° 
per second or lo% of the rate corresponding t o 
the requirement of table VI, whichever is l esso 

the I'l.\dder control force required to maintain 
zero sideslip shall not exceed 100 lbo 

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

(a) Pitch - Automatic trimming is provided for t he elevator 
control to give desirable feel effects at 
transfer 0 It operates as follows : 

(1) ~ith pilot exerting force on the stick o 



Page 51 

..E&::-----------------F~e~b~~=!~~~

8
~i9~5~8 _____ _ 

A 

Transfer to alternate control system - Trim cha™:- (Continued) 

(1) With pilot exerting force on the stick (Continued) 

Trim motor is actuated by a pressure pick-up 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 to emergency control mode . 

(2) With no force on the stick 

( b) Roll 

(c) Yaw 

Trim motor is actuat ed in the same manner as above but 
stops whenever an incremental .5 °g 0 is exceeded in any 
directiono Thus on disengagement the aircraft returns 
to within 1/2 °g 0 , of level flight. The requirement 
is therefore satisfied. 

No automatic trimming is provided for the ai lerons , 
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 neu~ral 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 the re will be a small 
bump in the aileron control forceo 

~ The same rudder trim unit is used in t he emergency 
mode as i n the normal mode and therefore this 
requirement is met. 

J.7.J.l Upon tran.sfer to the alternate control system in configuration 
PA at 1.15 Vs

1
, 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 lb. for all classes of 
airplanes , aileron control forces no~ exceeding 10 lb. for all classes 
of airplanes , and rudder control forces not exceeding 50 lb, for classes 
I , II- C, and +II 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 tacti cal 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 VH , with control forces not exceeding 20 lb, 

elevator , 10 lb, ail eron, and 50 lb, rudder (100 lb, 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, 

J.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 Jg 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 l g flight , shall not exceed 75 lb, for class I 
airplanes , 150 l b, for class II airplanes , and 120 lb. for class III 
airplanes. This requirement shall be met with the most forward p.g. 
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 J 9 g 1 will be attainable in the alternate emergency 
mode , In both cases, the elevator stick forces will be less than 
50 lb. 

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 lb, push or pull 
prior to the simulated failure , and with pilot trim setting opera-
tional during recovery, the elevator control force in the recovery shall 
not exceed 120 lb. 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 
al ternate emergency control modes, 
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J . 7 . 4 . 2 Wi t h t he primary control power or boost systel'l inoperative 
and tbe elevator control force trimmed to with ... n 5 lb. at 1.4 Vs1 
(1.15 Vs1 for carrie r -based airplanes) in configuration PA, it shall 
be possible to execute a safe landinp with elevator control forces 
not exceedi ng J5 lb . f or clas se s I, II -C, and III airplanes, and 50 lb. 
stick forc e or 80 lb. wheel force fo r class II-1, airpl anes, when 
loaded at the most f orward e.g. locat ion corresponding to a normal 
servi ce l oading . 

This r equirement is me t for bot h the emergency and the alternate 
emergency control modes. 

J . 7. 5 Lateral control on alternate systeJ!l:- With the primary 
contr ol power or boost syst em i noperative, it shall be possible to 
obt ai n a peak steady rolling vel ocity of 15 degrees per second or 5a% 
of the pertinent r equirement of table VI, whichever i.s less, with 
ail eron cont r ol forces not exceeding JO lb . stick force or 60 lb. wheel 
fo r ce. In addition , on class II -C and cl ass III airplanes in configura­
tion L, at 1.1 Vs1, the average helix angle obtainable over the first 
JO deg r ees of bank , as def i ned in table VI un:ier class III configuration 
L, shall be a t least pb/2V (average ) = 0. 02, with aileron control force 
not exceeding 20 l b . st i ck or wheel force . During these rolls, the 
aileron trim shall r emai n f ixed in the wings- level setting, and require­
ments regarding use of the rudder shal l be as specified in paragraph 
J.4. 16 , except t hat on clas s III - 1 a i rplanes , the rudder requirements 
shall be a s specified f or class II-1 airplanes in paragraph J . 4 . 16. 

The steady stat e roll ing vel ocity i n the alternate emergency mode 
i s approximately 50% of t hat shown in Figure (J8) at supersonic 
speeds and 75% of t hat shown a t subsonic speeds. It can be seen 
that t his requir ement fo r a steady roll rate of 15 degrees per 
second is met through out the operational flight envel ope, except 
at speeds near t o VD at alti t udes from sea levei to J0,000 feet . 

The requ irement f or a hel i x angle of .2 is less than half the 
requirement met i n t he normal and emergency modes ( see paragraph 
J .4.16 ). At t his l ow speed the reduction i n avai lable hinge 
moment wi l l not l imit the avai l able aileron angle, and in the 
alternate emer gency control mode the rate of control application 
is sti ll high and t herefo r e t his requirement will also be met. 

3 . 7. 6 Directional cont r ol on alternate system: ~ With the primary 
control power or boost system inoperative, it shall be possible to 
perform the l andi ng of paracr aph 3 . 7 . 4.2 in a cros s-wind of 50% of the 
val ue speci fied in pa r agraph 3 . 4.lJ, with rudder control forces not 
exceeding 180 lb. 

The emergency and al te rnat e emergency modes will be exactly the 
same as normal mode i n this respect as stated in paragraph 3.4.lJ. 
The refore this r equirement will be met. 
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3,7.7 Ability to trim on alternate system:= With the airplan·e 

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) 0 

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, 

4, C.UALITY ASSURANCE PROVISIONS 

4.1 Quality assurance provisions shall be as specified by the 
procuring activity. 

5. PREPARATION FOR DELIVERY 

5.1 Not applicable to this specification, 

I A 
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6.1 I nt ended u se :- This specification contains the f l ying quality 
requirements f or pil oted airpl anes and shall form one of the bases for 
determinat i on, by the procuring activity, of the airplane acceptabil ity. 
The speci fication shall se rve as design requir ements, and as criteria 
for use in stabil ity and control calcul ations, anal ysis of wind tunnel 
test results , and fli ght t e sting and evaluation . 

6 . 2 Def i nitions :- Terms and symbol s used throughout this speci= 
ficati on a re defi ned as f ollows : 

V 

QQ 
2V 

n 

C 1/2 

s 

Speed for maximum rate of climb with normal rated power 

See paragraph 3 . 6 . 2. The subscripts, e.g . G~L 1 etc. 
r efer to the airplane configurations described in 
paragraph 3.1. 9 . 

High speed, level flight, augmented power. 

High speed, level flight, normal rated power. 

Maximum permissible speed as defined by the maximum 
permissible speed envelope of i:aragraph 3 . 1 . 4. 

Maximum permissibl e Hach number (associated with VD) 

Maximum operational speed as defined by the maximum 
operational speed envelope of par~graph 3 . 1 . 3 . 

The helix angl e, in radians, described by a wingtip 
during a rolling manoeuvre: p is tre ro.te of roll 
about the body axis in radians per second , bis the 
wingspan i n feet, and Vis the true airspeed in feet 
per second . 

Normal load fac t or, i n g units, normal to body axis . 

Limit l oad fac t or for a given loading based on 
structura l consi derations . 

Number of cycles for t he late ral oscillations to damp 
t o half amplit ude . 

Bank angle , degrees. 

Sidesl ip an gl e , degrees . 

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

IV: I 

MRP 

NRP 

PLF 

Rolling parameter, degrees/f eet per second . 

/ t /• where Ve is equivalent 

airspeed in feet per second. 

ilitary rated power, which is the maximum power 
(not including augmentation) at which t he engine 
can be operated for a specified period . 

Norma l rated power , wh ich is the maximum power at 
wh i ch t he engine can be operated continuously . 

Power f or l evel flight at the spec ified condition. 

Augmented power Military rated power pl us augmentatlon e . g. • 
jato, afterburner. 

Power and thrust 

Control surf ace 

Control -fixed 

Control - free 

For reaction- t ype engines, t he word "power" 
shall be replaced by the word "thrust" 
throughout t he specification . 

An external surface or device which is posi­
ti oned by a cockpit control , and which 
produces aerodynamic or jet-reaction type 
forc es in such manner as to control the 
attitude of the a irplane. As used i n this 
spec ificat ion , t he elevator, ailerons, and 
rudder are the cont rol surfaces or devices 
which are controlled by t he stick (or ~neel) 
and rudder pedals to provide long itudinal, 
l ateral, and directional control , respectively. 

A condition, where the pilot 1 s cockpit control 
is held firmly at a given position. Elevator­
fixed, ruddt r-fixed, and aileron-fixed refer 
to the condit ion of the individual cockpit 
control. 

A condition where the cockpit control is unre­
strained by the pil ot . Elevator - free , rudder­
free, and aileron-free refer to the condition 
of the i ndividual cockpit cont rol . 
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6. 2 Definitions:- (Continued) 

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

Elevator-free neutral point - The e.g. position for zero elevator 
control force with change of speed 
for trim, in straight flight at 
constant throttle. 

Elevator-Control force - Component of applied force, exerted 

Rudder-Control force 

Aileron control force 

Aft critical loading 

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 to a line between 
the center of th e stick grip or 
wheel and the stick or control colum.,'1 
pivot . 

- Difference of push-force components, 
of t te forces exerted by the pilot 
on t he 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 0 s instep on 
the respective rudder pedals. 

- 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 t he wheel, 
divided by the average radius of the 
pilot 0 s grip. 

_ The normal service loading which 
results in a combination of weight 
and e.g. position producing minimum 
stability. ( Ordinarily the lightest 
gross weight at which the most aft 
e.g. position can be obtained in a 
given configuration at a normal 
service loading .) 
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6.2 

18 A 

Definitions ; - (Continued) 

Forward critical loading: 

Side sl ip angle : 

Power Off : 

- Ordinarily , the heaviest gross 
weight at which the most forward 
e.g. position can be obtained in 
a gi ven conf i gurat ion at a normal 
service loading. 

- Angle between the undi sturbed flow 
and plane of symmetry of the air­
plane, measured in a pl ane 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 cl osed, 
propeller windmilling ; for configura­
tion L, propell er pitch control in 
"l ow pitch" setting or in setting 
normally used in landing approach ; 
for configuration G, propeller control 
setting optional . 

Jet engines : Idling thrust. 

Turboprop engines: Flight idl e setting; 
for configurati on 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 requ i rements 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 
aut oma ic trimming about the pitch axis 
is provided. 

- In this mode, stability augmentation i s 
provided f or 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, 



Page 59 
~ P/AD/89 

_ ~-- - - -------------------=F.::.e..::.b:..:ru::a::_-ry:.._:l'.:.'.9'...:'.5'.'.:'.8 _____ _ 

6. 2 Definitions:- (Continued) 

Alternate emergency mode: - Pressure f ail ure in the hydraulic 
system for the normal mode will 
cause automatic s election of this 
mode. I t differs from the emer gency 
mode in having reduced availabl e 
control hinge moments. 

Dampers off mode: = This mode cannot be selected by the 
pilot, nor can it be sel ected 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) 

(b) 

Nor.~l mode. 

Although the controls are irreversible t he term stick 
free i s not strict ly the same as stick fixed. Some 
small stick movements will be present in stick free 
condition due to air gustiness, change of speed etc. 

Emergency mod~ : 

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 rudde r 
pedal fixed and rudder pedal f r ee 
cases give the same rudder f ree steady 
trim conditions. 

~.J Interpretation of qualitative reouirements:- In several instances 
throughout the specification requirements, qualitative terms, such as 
"obJect ionable flight characteristics, 11 "unacceptable !light conditions," 
"Unusual oilot technique ," etc, have been employed as a means of permitting 
latitude ~ere absolute quantitative criteria might be unduly restrictive. 
Final determination of compliance with requireme~ts so worded will be made 
by the procuring activity. 



6.4 Rates Qf, operatio11_Qf auxi.U,ary a.~£.QQ.;Wa~~~S? Although it has 
not been considered feasible to include in this specification quantitative re 
quirements for rates of operation of trim tabs, trimrnable stabilizers, artifi~ 
cial feel trimmers , etc~ or for rates of extension and retraction of flaps , 
speed brakes, etc, the influence of such rates on the flying qual. ties may be 
appreciable and is treated q ual..itatively in paragraph J .2. J. In general, 
trim devices should be operable rapidly enough to enable the pilot to maintain 
trim under changing conditions as normally encountered in functional and 
tactical employment of the airplane, and yet must not be so rapid in operation 
as to induce over~sensitivity or trim precision difficulties under any fJ.igh+ 
condition. Flaps and other high l ift devices should operate at a ~~+e suffi 
cient to pennit transition into t he high lift configuration wi~hout undue 
delay, and yet must not operate so rapidiy 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 t he controls on the flying 
characteristics of the Arrow 1 have been i nvestigated using the 
flight simulator. Satisfactory characteristics have been obtained. 

In the normal control mode, retrimrning acti.on for change of speed, 
operation of dive brakes etc . is automatic and can be appl ed at 
the maximum rate of which the control surfaces are capable. Trimrninr, 
into manoeuvres is at compromise f ixed rate. e.g" In pitch a fixed 
rate of 0.1 1g 1 per second is available at all speeds and alti,udes. 
In roll, J degrees per second of roll rate per second are av 0 ilable 
to the pilot at low dynamic pressure ; this rate ~f t-im ,~cr:a~ing 
to 5.4 degrees per second at high dynamic pressure. The rudder ~.; 
trimmed conventionall y with rates varying with dynar•i~ pressu~e. 

In the emergency control mode, the rates of t·+m are a ~omp~oml~E 
bet ween high and low speed requirements and are •xpe ted tofu'~ " 
all operational requirements. 

6. 5 Cont rol force coordi,w.u,.cm : - The control fo~ces requ1 rec. t-c prrf ll1 

manoeuvres which are normal for the airplane should navt. rnagni~1:,je, win.er c1r 
related to the pilot 0s capabilit y to produce such force~. As a en+a+ive 
guide on this subject, it is desired that the relat ve magrihde of 0r 
forces in coordinated manoeuvres should be approxiIT~tely in the ratio 0+ ~O, 
175, and 25 pounds (or 2 :7:1 ) for elevator, rudder and aileron fore, re~1 
tively, for a stick-control airplane. For a wheel control airplane, the 
elevator and aileron control forces may be increased by 50 percent. The 
ratios refer to the peak forces obtained when s1- arting from level flight 1r 

configuration Pat medium altitude , a rolling pu. lout manoeuvre J~S perfori 
in which approximatezy 2/J of the available rolling velocity is obta1ned 
simultaneously with a normal load factor of appro:ximately 1 + 2/3 (n1 1). 
maintaining zero sideslip with the rudder. 

In both the normal and the emergency mode, coordinated manoeuvres 
will nonnalzy be performed without application of rudder force. 
The relative magnitudes of the elevator and aileron forces for 
coordinated turns will be appr oximately in the ra iO of 2.J. as 
required , for both modes of control . 



---
Page 61 
P/AD/89 

_)iti( ______________________ F_e_b_ru_a_r_y_,_1_9_5_8 ________ _ 

19 A 

6,6 Artificial stability devices: - In general , the use of artificial 
devices , such as r ate dampers or static- stability augmenters, should be 
considered only when provision of the required degree of stability by 
aerodynamic or simple mechanical means, such as bob weights , down springs, 
spring tabs, etc. is shown to be impossible or impracticable. When 
artificial 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 control­
stick steering), the requirements of this specification will ordinarily be 

•augmented by specifications governing the procurement of the specialized 
equipment. 

Because the Arrow 1 is to operate over a wide range of speeds and 
heights, ~ ach 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 t he other automatic provisions , is retained in the emergency 
control mode. For this reason the aircraft behaviour in the emergency 
control mode a s 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 aeroelas ticity , control equipment , structural dynamics, etc:­
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. 

Aeroelasti c 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 J.4.1 is based on 
partial r esults of several research programs still in progress. Evidence 
indicates that for very short periods (i.e. below 1.8 seconds) and for 
values ofl ~ / v I greater than 1,2 , the desired damping may be consider­
ably greater th~ 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 caution, with the values 
shown in Figure 40 employed as minimums. 

See Section J.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 0 
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AT ~Ow' I (EMER_GENCY MODE) FIG. 25 
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