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1. INTRODUCTION

1.1 A fully powered flying control system has been selected for

the CF105 becauses

1.1.1 It appears to be the only practical solution to the opera-
tion of such large chord, highly loaded, control
surfaces as are employed on the alrplane,
Any other non irreversible type of system would require
that the control surfaces be mass balanced, and 1in
view of the large chord surfaces used thils would
invelve a prohibltive welght penalty.
Any type of aerodynamically assisted control system

employing geared tabs, etc., 1s ruled out because of

the unpredictable and variable nature of supersonic

airflow as far aft on the wing chord.

Having chosen a fully powered control system 1t is nec-
essary that a standard of reliabllity comparable to a
mechanical manual system be achlieved. To this end, a
system employing a minimum number of reliable actuators has
been selected, and complete duplication of power systems

has been provided for,

An hydraulic power system has been selected because of its
reliablility, actuator compactness, system response, and
performance under extreme environmental pressure and
temperature conditions. (Ref Brochure H-1, Description of

Flying Control Hydraulic System).




INTRODUCTION (Continued )

1.4 Because of the large power requirements for control of the
aircraft the hydraulic power 1s derived from engine driven
pumps;, one half of each flying control hydraulic system

belng driven from each engine,

This arrangement provides for full control forces at half

max. rate during single engine operation, and thereby

permits complete control during the most extreme asymmetric

" thrust conditions,

There are three modes of control of the aircraft, namely g

1355

1 The manual mode- This primary mode of operation
uses signals from pilot input force tranducers to
control, through magnetic amplifier circuits, eleva-
tor and aileron command 8ervos. These electro-
hydraulic servos then operate the actuator cylinder
control valves through short mechanical linkage

systems,

During the command servo operation turn co-ordination
1s provided by the aircraft damping system and the

associated electronic’ coupling networks.

Pilot "feel® during this mode may be produced in any
form found desirable, as it is compare tively simple
to design a network Wwhich will produce as elaborate
a feel system aa may be desired, taking into acecount
8tick force/g, dynamic pressure on the_cont:ol

surfaces, stick position, stick rate, etc,
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INTRODUCTION (Continued)

105

(Cantinwwab

152 The automatie “light mode: 1In this mode Slgnals are
received from eithez ground control guidance statlons
or the airecraft fire control system, and are fed by
the automati flight control system as signals to the
command servos, to be transformed as in 1.5.1 to
control =urface movements,
The emergency mode This mode is provided for
use in the event of failure of the Primary stick
force mode, and involves a conventional cable and
mechanical linkage system to directly control the
surface actuator valves, To provide the pilot
with adequate control System "feel® during thisg mode,
stieck forces ar Produced by positional feel springs
and an elevator stick force per "g" bob-weight,
Rudder pedal forces are developed through a similar
positional feel 8pring, the effective 8pring constant
of which 1s variable with q,.. This latter feature is
a requirement to prevent the pilot from inadvertently
applying high side loads to the fin during supersonic

flight,

Artificial damping systems Artificial damping is provided
about all three axis by a rate gyro System, feeding through
a scheduling network to differential servos which supply

8ignals to the a tuator control valves by differential
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1.6

INTRODUCTION (Continued)

(Continued)
movement of the pilots input linkage., This
tive only during the two normal modes 1.5.1
therefore there is ne force feedback to the 8tick to make
the pilot aware of the damping system operation. In the

event of system fallure both automatic and manual means of

shutting the system off are provided.

Speed Brakes are supplied for subsonic use and are controlled
manually by a selecteor swltch and operated by two hydraulilc
Jacks as shown in Fig. 17. In the interest of rellability
of the Flying Control System, the brakes are powered by the

Utility Hydraulic System (Ref Brochure H-2).

BROCHURE LAYOUT
The flying contreols are subsequently described in greater
detail under the following headingss-

Design Objectives

Mdez of Control and Auto Stabilizer

Detalled Description of System

Appendix

Maintenance Requirements




DESION OBJECTIVES

2.1

GENERAL

2olci

fully power operated flying control out-
the operation of the primary control
surfaces onsisting of elevator, aileron and rudder,
To provide a fully power operated output control system,
utilizing power from the Utilities Hydraulic System,
for the operation of the speedbrakes.
To provide a primary system of controlling the
actuators which will take full advantage of
flight control system
to produce the most desirable pilot feel and response
characteristic such a system is to sense input
stick forces and transmit the signals vlia magnetic
amplifier networks to the command Servos, thereby
ensuring high response and permitting the simulation
of the most elaborate feel requirements,
To provide a standby system of controlling the surface
actuators by utilizing a conventional mechanical input
3ystem and a simple artificial feel installation,
which 18 to provide adequate stick force per unit
s8tick displacement and st orce per "g" relation-
ships.
To achieve a very high degree of reliability of the
primary flying control system by utilizing a complete-
ly independent, duplicated hydraullc power system,
and by duplicating the input system as outlined in

2.1,3 and 2.1.4,




2. DESIGN OBJECTIV

2.1 QEEEBA} (Continu

2:1.6 provide a control system which will give full rate

ioaked temperature of O°PF and 1imited

“F. The system 1s to be capable'of

y warmed up from ‘6SQF to cperating temp-

pilot®s input to the control system with

33 for graph of time

nominal operating temperature to a max-

F, and local hot-spots to EZEGF, by the use
"8 1n the hydraulic circuits (Ref
permit the use of proven sealing

and materials in the construction of the

system tension regulation, by the
21 tension regulators, to compensate

f temperature cnanges and structural

primary flying control system capable of
ommand signals from an electronic fire
from other electronic navigation
ol aids,
a primary flying control system capable of
slgnals from an electronic damping system

operate the control surfaces differentially

t's and command input system,




2. DESIGN OBJECTIVES (Continued)

2.1 GENERAL (Continued)

2,1.11 To provide, in the case of the standby rudder input
System, a feel system which will prevent the pilot
from inadvertently applying large rudder deflections
at high equivalent air speeds,

To provide a system which w 11 produce adegquate control
during an asymmetric flyilng case, resulting from
failure of an engine at any : or altitude condi-
tlon within the flight envelope.,

To provide a mechanical 8ystem of adequate stiffness,
free from structural feedback, and effectively mass
balanced, to preclude the possibllity of spurious
8lgnals being transmitted to the control valves.

To provide a system which will meet the requirements
of’z
(a) AIR 7-4 Specification for Prototype Supersonic
All-weather Interceptor Aircraft, Type
CF-105,
Alrcraft Design Requirements for the
Royal Canadian Air Force,
ARDCM 80-1 Handbook of Instructions for Air-
raft Designers.
Publications and 8pecifications referred to by

the above publications (Ref. Appendix 1).




DESIGN OBJECTIVES (Continued)

2.2 EIEVATOR SYSTEM
2.2.1 To provide an elevator movement of 30° up and 20°
down at a max. rate of 109/562 at a max. hinge
moment of 60,000 ft. 1lbs. per surface.
To provide the elevator pitch dampers movement

authority of t6© for any position of the elevator

Wwithin the limits allowed by full travel,

AILERON SYSTEM

2.3.1 To provide an aileron movement of 19° up and 19° down
at a max. rate of 35°/sec at a max., hinge moment of
25,000 ft., 1lbs. per surface,
To provide the ailleron roll dampers movement

authority of 4 5° for any position of the aileron

within the limits allowed by full travel,

RUDDER SYSTEM
2atp sl provide rudder movement of §30° at a max., rate
40°/sec at a max, hinge moment of 12,000 ft, 1bs.,
20492, 0 provide the rudder movement yaw damper authority
£10°, for any position of the rudder, within the
limits allowed by full travel,
To achleve the yaw damping requirement of para,
2.4.2 by the use of a duplicated signalling and
bower system, with automatic and instantaneous
"switch over" from the normal to the emergency =

in the event of a system fallure,




DESIGN OBJECTIVES (Continued)

2.5 SPEED BRAKES - SYSTEM
2.5.1 To exten tract, or hold the speed brakes at any

position by hydraulic actuation at alrspeeds up to
Mach,

To provide a throttle mounted speed brake control
switch which will:

1 brakes upon being moved
load to the SPEED BRAKE
until airloads balance

raulic input force, or until the Selector
>ver 18 released,
the speed brakes in any position on
released from SPEED BRAKES EXTEND to
HOID positiocn, providing that the airloads

on the speed brakes are not increased.

To provide overspeed relief within the speed brake
selector valve, so that increasing airloads will
cause extended speed brakes to "blow in" until a
Nnew pressure-airload equilibrium is reached,

To provide a control which prevents operation of

the speed brakes at speeds 1in excess of Mach, Tl




MODES OF CONTROL

3.1 MANUAL MODE (OR STICE

3.1.1 GENERAL
This mode of operating the flying control surfaces
utilizes the same amplifiers as the automatic flight
control system as a means of tranamitting pilot input
s8lgnals at the stick to the slide valves controlling
the surface hydraulic servo actuators, Such a system
readily allows for pilot "feel" and system response
characteriatics to be scheduled with altitude,

acceleration, and Mach No, as may be desirable,

Because of the irreversibility of the command
(parallel) servos, which transmit the stick electrical
8ignals as motion to the main control valves, force
feedback from the action of the differential servos

of the artificiszl damping system ig not transmitted

to the stick, and the plilot is therefore completely

unaware of their operstion.

OPERATION (Ref Figs., 1 & 2)

To describe the principle of operation of this mode

of slgnalling the surface actuator control valves,

the elevator system will be first considered Separately.
The stick, on being moved by the pilot, will be loaded
through the cable System by the parallel Servo, see

fig. 2, the hydraulic resistance of which the pilot

is attempting to overcome. .This force on the stick

will induce deflections in the linkage, which are
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2) (Continued)

2lectrica

transducer

are then transmitteqd to the

"Vo magnetic amplifiers, from

e -
are sent to the @leffrcwbydrauljc

©8 To energize them 1in a

them to Ve
1 TO move in 2 direction

the pilots e
pllots stick,

the

input signal
the main control
8ystem; by the
and in doing so

required

ensure that the




MODES OF CONTROL (Continued)

3.1 MANUAL MODE (Continued)

3.1.2 OPERATION (Ref Figs. 1 & 2) (Continued)
system, the cluteh of the trim brake of the spring
feel system is energized to allow it to free wheel,
and thereby ensure that the springs are always un-
loaded. On failure of the normal system, the trim
brake clutch is released and tne pllots feel system

i1s automatically trimmed as of the instant of failure.

The operation of the alleron system is similar to the

elevator system.

There is no similar system in the rudder circuit
because the function of the rudder 1s turn co-ordina-
tion, and this is handled by the damper differential
8eérvos on signals from both the A.F.C.S. and the

manual mode.

Intentional yawing of the aircraft is achieved by
pushing the rudder with sufficient force to overcome
a force switech, which will disengage the turn co-
ordination circuilt and allow the mechanical input

system to displace the surface,

3.2 AUTOMATIC FLIGHT MODE

3:2.1 The automatic light mode substitutes signals from

ground and airborne navigation aids; or the fire




3.

CONFRINTIAL
MODES OF CONTROL (Continued) QSQ\

3.2 AUTOMATIC FLIGHT MODE (Continued)

321

control system for stick force signals. These are
transmitted to the A.F.C.S., and the same clrcuits
as outlined in 3.1.2 are then employed to cause the
parallel servos to produce movement of the control
surfaces. Pilot over-ride is achleved by imposing
forces at the stick which will overpower the relief

setting of the parallel servo. (Ref. para. 4.13).

3.3 EMERGENCY CONTROL MODE

351

30302

30303

The mechanical manual control mode is considered to
be the standby one for use on fallure of the electro-
hydraulic normal mode described in 3.1 Reversion

to 1t is automatic on faillure of the normal mode

and it 1s inferilor to the normal mode to the extent
of 1ts less elaborate feel system and its emergency
damping system which 1s restricted to the yaw axis
only.

The mechanlcal manual control mode operates through
cables and mechanical linkages to convey pilot
movement of control column and rudder bar to the
appropriate control surface actuator valves.
Identical tension regulator quadrants for each control
run; situated under the cockplt floor, are driven by

control column and rudder pedal movement and convey
this movement by cable to an elevator quadrant and
alleron quadrant situated in the rear fuselage, and

to a rudder guadrant situated in the fin.




MODES OF CONTROL (Continued)

3.3 EMERGENCY CONTROL MODE (Continmed)

3.3.4 16 position for the introduction of the elevator and

(parallel) servos into the mechanical

at the rear fuselage quadrants as mentioned

11., and from this point onwards all move-

ment is mechanical and util s the appropriate auto-
matic damping servo rod ends as fulcrum points for

final movement © the servo control valves.

The rear fuselage elevator quadrant is connected,

below the bottom surface of the wing, by push rods to
the bell cranks at the elevator jack pilvot points. The
other arm of each bell crank, which is inside the wing,
is connected to the centre of the main levelr of the
elevator jack follow-up mechanism and the valve 1is
operated through this mechanism as described in

section 3.3.8.

The rear fuselage aileron quadrant 1s connected, below
the bottom su c f the wing, by push rods to the
inner wing tension regulator quadrant levers. Move-
ment is then conveyed from Ehis‘quaCWari by cables,
along the rear face of the rear spar and close to the
neutral axis;, to the quadrant at the aileron jack.

pivot peint. The quadrant at the aileron jack pivot

point is also connected by push rod to the centre .of

the main lever of the aileron jack follow-up mechanism

in the same manner as for the elevator.




3.

MODES OF CONTROL (Continued)

3.3

(Continued )
drant in the fin 1s connected by push

bell crank at the rudder Jjack pivof poilnt,
and the other arm of the bell crank is connected by
push rod to the centre of the main lever of the rudder
Jack follow-up mechanism in the same manner as for
elevator and aileron
The follow up mechanism 1s similar for elevator,
aileron and rudder Jacks and primary movement of the
main leve is 'fected by movement of the push rods
connected at its centre as described in previous
paragraphs, main lever pivots about an inboard
extenslion of the jack piston rod so that actuation
of the Jack induces the follow-up motion. The other
end of the main lever is connected by push rod to
the valve operating lever which plvots about an end
fitting on the differential servo pis rod and is
connected at its other end to the end of the valve
spool. Primary movement of the main lever therefore
effects movement of the valve operating lever and so
displaces the valve spool. The Jack is displaced
accordingly until the follow-up process induced by
secondary movement of the main follow-up lever closes
the valve again at the requlred control surface
deflection, By pivoting the valve-operating lever

on the end of the differential servo piston rod the
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3. MODES OF CONTROL (Continued) \3\\\«

3.3 EMBRGBNCY CONTROL MODE (Continued)
3.3.8 (Continued)

valve position may be modified by differential movement
from the damping servo during the electrical modes to
achieve the required artificial damping .
Displacement of the Jack 18 conveyed from the outboard
end of the piston rod by a bell crank and push rod
system described in ssction 4.17 to the control surfaces,
Artificial feel for the emergency mode 1s built into
each system by the use of 8pring-loadsd feel units,
The ailleron unit 1is situated at the quadrant under the
cockpit floor, the elevator unit 1s at the rear fuselage
quadrant, and the rudder unit is at the quadrant in the
fin. The rudde: quadrant feel unit also supplies hinge

moment limitation.

The artificial feel unite are described in seetion 4,12,

AUTO STABILIZER (See Figs. 2 & 3)

3.4.1 A1 modes of control are affected by the artificial
damping system,

3.4.2 These gignals are transmitted to the differential servos
situated at sacgh Jack,
As the differential servo pilstons act as the Plvets for
the levers connected to the actuator valves, as mentioned
in 3.3.8, in response to these continuous damping
8lgnals the actuator valves, and consequently the actua-
tors and contrel surfaces, are continuously ad justed

to Buit the airersft stabllity requiremsnts.
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DETAILED DESCRIPTION (Continued)

%.1 HYDRAULICS (Continued)

k.1.9 (Continued)
The system may be warmed up to these operating con-
ditions by manual movements of the cockpit flying
controls during engine running within the times

shown on figure 33.
CONTROL COLUMN (See Fig. 8)

4,2.1 The control column which is located at station
155.26, 1 f the conventional stick type, and
operates the tension regulator quadrants under the

cockpit floor througha lever system.

Max. Stick Travel at grip for Elevator movement

= 11.0 ins.
Max. Stick Travel at grip for Aileron movement

= 10.0 ins.
Pllot Limit Load at grip for Elevator movement

= 200 1lbs.
Pilot Limit Load at grip for Aileron movement

= 100 1bs.

Trim control of the artificial stick force is by
means of a thumb button control on the grip, which
electrically releases the earthing point of the

spring and allows it to unload.




4. DETAILED DESCRIPTION (Continued)

%.3 RUDDER PEDALS (Ses Fig. 9)

4.3.1 The rudder pedals are suspended from an overhead
hinge point at station 134.25 and are connected by
push rods to the rudder bar which pivots about a
torque tube pasging through the cockpit floor. The
torque tube is ccocnnected at its other end to the

rudder tension regulator quadrant.

Total Rudder Pedal Travel = 6.65 ins.

Pilot Limit Load = 300 1bs.

4.4 TENSION REGULATORS UNDER COCKPIT FLOOR (See Fig. 22 & 10

4.4.1 The cable tension regulators used for each control
axis cable system in their run aft to the rear
fuselage quadrants and fin quadrant, are identical,
and are located under the cockpit floor as shown
in Fig. 1 & 10. For information on the cable run

cension regulators see section 4.10.

Tension Regulator Diameter (to cable centres)
2, 12.0 dns.
Range of compensation 2% ins per cable

Rig lcad variation for full range ( 40 1bs. min.

of compensation § 60 1bs. max.




ON (continued)

%. DETAILED DESCRIPT

REGULATOR QUADRANT (Se

rizontal axirs

the R.H.

drant supported by mounting brackets
red by elght bolts to two short fore and aft
the cockpit floor and is mounted on a
14 3/4" below the fuselage datum. The
1 by a 3.50 ins. lever mounted or
of the torque tube and connected

crank on the control column.

ight is also supported from this
torque tube on a 7.0 ins lever arm as described in
4.6. The elevator stick force transducer is

located on the torque tube between the bob weight

quadrant as described in 4.7

of elevator quadrant

A

60" total

cable movement

TENSION REGULATOR QUADRANT (S

d on a vertical ax1s8, slituated at station
to the left of the A/c centre-line
below the aircrarft datum, by a

integrally with the cont:




DETAILED DESCRIPTION (Continued)

4.y TENSION REGULATORS R_COCKPIT FLOOR Continued

by 4

The quadrant is supported at the lowez:
torque shaft

The upper

ins. lever which is connected by a

(total push rod

shaft
is located

The ailleron sSpring

TOR_QUADRANT (See

ltuated at
and supported on the rudder pedestal

the fuselage datum.

This quadrant incorporates the pedal
the Urn ¢ ainatox ver-r

in




4. DETAILED DESCRIPTION
b4

Angular

Total

wing cable run

station 692.79

total movement of 3.26 ins

‘uselage system to the wing cables by

passing through the bottom surface
lower end of the shaft is connected

push rod to the rear fuselage quadrant.

Tension regulator diameter = 5.65 ins.

Range of compensation 20 ins.

Rig load variation for full ( 40 1bs. min.

1o - - - { 50 o
of compensatior 60 1lbs. max.

The purpose of the bob velght mentioned in 4.4 .3
supplement the feel

proportional to "g" in the pltching plane. The effect,
of aircraft normal acceleration on it, is to produce an
opposing force at +i stick grip of 3 1bs/Mg" which
when added t the positior feel c the spring sy:

develops a ta >ilot feel lbs /g




DETATLED DESCRIPTI(

4.7 ELEVA
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DETATLED DESCRIPTION (Continued)

4.10 CABLE SYSTEM (Continued)

4.,10.3 (Continued)

i % TOTAL LENGTH|
L = - TOTAL M
AL CABLE TENSION
CABLE ENGT : ALUMINUM |y corvpyny | REGULATOR

o CLAD Y e~ |COMPENSATION

%
INS.

Elevator O47.6 2l . C T € 6.283 2.5

Aileron %
(Fuselage)

Aileron
(Wing)

Rudder 1301.2

Overall hos8 , ol

4.,10.4 All cable end fittings are swaged ball ends which
fit into sockets at the end of the cable groove on
the quadrants. The ball ends are locked in the
sockets by means of cotter pins fitted to the

sockets.

Adjustment of all cables is provided for by the

use of turnbuckles which; in the case of the main
cable runs, are located in the armament bay area
between station 285 and station 485. A minimum of
1/4% inch longitudinal clearance is provided between
turnbuckle ends.

The main cable run is carried between guadrants by

a total of 32 pulleys and these are distributed as

follows:




4. DETAILED DESCRIPTION (Conhtinued)
4.10 CABLE SYSTEM (Continued)

4.10.6 (Continued)

OF PULLEYS & LOCATI
| AILERON

0

—

SC——

tension regulator quadrants is as follows:
From the tension regulator quadrants to stations

228 the cables run close under the cockpit floor.

Rising between station 228 and 281 they then run

close under the armament bay roof to station 485.
Rising again between station 485 and 520 they run
aft close under the lower wing surface. The rudder
cables change direction at station 588 and run up
into the fin through 4 ins. dia tubes to the rudder
feel unit and hinge moment limitation quadrant.

The elevator and aileron cables continue on under
the lower wing surface to attach to the rear fuse-

lage quadrants.




%. DETAILED DESCRI PTTON (Continued)

¥.10 CABIE system

4.10.7 CABLE RUN

ble run between the wing

and aileron Jack quadrant is carried
leys positioned along the art face

f* each wing. They are distrib

follows:

Lth R/S datum
inboard or T.-E. Rib #5

Intersection with R/S datum

inboard of 7.1, Rib, #54

Intersection with R/S datum




DETAILED DESCRIPTION (Continued)

4,11

REAR FUSEIAGE QUADRANTS (See Figs. 4 & 5)

The rear fuselage quadrants transfer elevator and ail

cable movement from the main run in the fuselage (

section 4,10) out to the control surface actuator

in the wing

4.o11.1

. BLEVATOR REAR FUSELAGE QUADRANT (See Fig, 11)

pported on a horizontal torque tube at station

19,58 ins, above aircraft datum

A push rod connects the quadrant with the R.H,

elevator jack pivot point bell- crank.

A similar push rod connects the L.H. elevator
Jack pivot point bell-crank with a lever on the

opposite end of the torque shaft,

This quadrant is the position at which both the
elevator command (parallel) servo see 4.,13.2 and
and the elevator feel unit see 4,12.2 are

intreduced to the elevator system.

The total angular movement of the quandrant is 60°
and with a diameter of 10.70 ins. (ecable centre)

this caters for a total cable movement of 6,283 ins,
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DETAILED DESCRIPTION (Continued)

4.11 REAR FUSELAGE QUADRANTS (See Figs. 4 & 5)

(=i SN

4.11.2 THE AILERON REAR FUSELAGE QUADRANT (See

This 18 situated on the centre lin at
682,85 close under the bottom surface of the wing

and on an axis normal to e

Push rods between levers connect the quadrant with

the alleron tension regulators in the wing.

Thls quadrant is the poslition at which the

}

command (parallel servo) is attached see &4, 13

The total angular movement of the quadrant is 6Q°
and with a diameter of 9.129 ins. (cable centres)

this caters for a total cable movement of 4.95 ins,

FEEL AND TR

M _UNITS (See Figs. 4 & 5)
The feel units of the elevator, aileron and rudder systems
are essentially positional Springs of a suitable

8pring constant earthed to the fixed structure through

an electrical trimming device In addition, the rudder
System employs a mechanical system to vary the bungee
effective Spring constant with Q¢ 1n order to restrict the
Pilot?ts input as a function of the compressible dynamic

Pressure.,
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DETAILED DESCRIPTION (Continued)

FEEL AND TRIM UNITS (Continued)

The trimming units nel f a small
centrifugal fri .On damper capable of being 1
any positlon by a spring loaded and solenocid

type brake

On energising the trim system the Spring loaded brake is
overpowered by the solenoid permlfting the gear chain to
free-wheel under the low farces from a practically unloaded
feel bungee The rate at which the unit may free-wheel is
controlled by the centrifugal friction damper thereby

preventing a compressed spring from unloading toc rapidly

THE ELEVATOR FEEL UNIT (See Fig, 24)
This is connected to the rear fuselage elevator
quadrant and 18 earthed to the fuselage support
yoke at station 697.38 by the electrical trim unit,
(see fig. 11). The unit has been posit ioned as
near to the elevator actuator control valves as
is practical in order to minimise the effect of
cable elasticity and backlash on system response
when operated on the mechanical mode Experience
fully powered elevator systems has indicated

that this type of arrangement is desirable




DETAILED DESCRIPTION (Continued)

4,12.1

THE ELEVATOR FEEL U
The trim ngse
stick movement and the trim range aft 1s 60%

full aft stick movement.

>

For trim for 3 under non accelerated flight see

system loads column on Fig. 4A,

UNIT (See Fig. 25)
the alleron tension regulator
cockplt floor and 1s

to the bul station 176 by the ¢

FlEsn 1o

a practical compromise between
performance and system welght. It would
to have installed the unit
‘uselage alleron quadrant simi-
ator system installation but such an
arrangement w d have still left a substantial
length of cable between the feel unit and the
valves and would have increased
bility problems in an already congested
area. Experience on fully powered aileron system

installations indicates that this type of installa-
lon will be acceptable for the mechanical mode of

operatior




4%, DETAILED DESCRIPTION
4,12 FEEL AND TRIM UN

THE AILERON FEEL UNIT (Continued)
"i"}'\ e
break-out type g break-out stick f

1bs pale) rim range is 40% of stick move-

ment, symmetrical about the centre

graph in the system loads

& HINGE MOMENT LIMITATION SYSTEM

(See Figs. 26 & 15)

The rudder feel unit and hinge moment
limitation system is installed in the
rudder control system close to the

rudder jack between fin ribs #4 and #5

spars #7 and #9. At this position,

the rudder
of a push
a cable quadrant
crank lever at
pivot point. The rudder system feel and
pilot hinge moment limitation is achieved

by means of the mechanism shown in Fig.15,




4, DETATLED DESCRIPTION

4.12 FEEL AND TRIM

4,12.3 RUDD

mechanlsm belng

actuator acting

movement

ovement

ondltions displacement

system 1s

maximum,




4, DETAILED DESCRIPTION (Continued)

4,12 FEEL AND TRIM UNITS

4.12.3 RUDDER FEEL |

4,12
jack val
positioning the
high defle

unlt and idder pedals

by unrestricted ruddezx

4.13 PARALLEL SERVOS

4.13.,1 GENERAL
electro-hydraulic actuator
of moving

gystem

11lie ram, a contr valve,
engage and dlsengage valve and solenoid, trim

switches, force-limiting valves and overpower valves.




DETAILED DESCRIPTION (Continued)

4,13 PARALLEL SERVOS (Continued)

4.13.1

GENERAL (Continued)
The parallel servos are powered by the "B" hydraulic
system and control the main elevators and aileron
control valves through the mechanical control link-
age 1n parallel with the pillot's mechanical system,
They may be overpowered by the application of a
predetermined force on the control stick. They

can also be disengaged automatical y or manually

by electrically de-energizing the solenoids and
upon disengagement the spring feel system is auto-

matically left in trim.

THE EIEVATOR PARALLEL SERVO (See Fig. 11)
This 1s attached by 1its piston rod to the bottom
part oif the rear fuselage elevator quadrant. The

pivot point is mounted forward of the quadrant on

a bracket supported from the lower wlng surface.

limited to 150 1bs., and at an
erts a max., moment of 450 1bs. ins
on the quadrant which may be overpowered by 60 1bs,

at the stick grip.,

THE AI;ERQQ_EA@QQ;@;Q§§RVO (See Fig., 10)
This 1s attached by its piston rod to a lever on

the rear fuselage alleron quadrant The pivot




4, DETAILED DESCRIPTION (Continueq)

(Continued)

 PARALLEL SERVO (Continued )
polnt 13 mounted aft of the quadrant on the b3

lage support yoke at station 697,38,

The servo 1s force limited to 75 1bs, and at an
arm of 3 ins. exerts a max. hinge moment of 225
ins. on the quadrant, which may be overpowered by

30 1bs. applied at the gtiek grilp,

h.14 DIFFERENTIAL SERVOS (See R4 28, 4 & 5)

The differential sep 8 a high response electro-hydraulic
actuator which performs the function of differentially
actuating the main control valve to apply artifical damp-
ing control, It consists of an hydraulic ram and an electric
torque motor type contro valve, a solenoid disengage valve

and a shaft lock and self centering spring, as requireqd,
g

In the case of the elevator and aileron installations
units receive hydraylie power from the "% hydraulic
system through internal connections to the main contrel

valve on which they are mounted directly,

Because of the critical nature of the rudder System 1ts
Servo valve ig 2 Licated unit receiving hydraulic powex
from both the “A" sng "B" hydraulic Bystems by similar

internal connections to its main control valve, In the




DETAILED DESCRIPTION (Continued)

4.14 DIFFERENTIAL SERVOS (Continued)

non duplicated elevator and aileron units provision is made
for spring self centering and shaft locking on shut-down of

the servo electrical or hydraulic supply.

These units (for elevator and aileron) are ldentical, hav-
1ng an output force of 300 1bs. and a stroke of 20.6 ins,
The rudder unit, having a duplicated electrical and hydrau-

lic system is not provided with the shaft-lock provision.

The standby electrical system 1s continuously in operation,
and on faillure of either the normal electrical or hydraulic
power source the solenoid by-pass valve admits fluid to the

standby side and by passes the normal side.

This servo has a 300 1b. output force and a stroke of 20.5

ins,

ACTUATOR VALVES (See Figs. 12, 14 & 16)

The actuator valves are of the double tandem type employ-~
ing a common spool and two sSeparate sets of pressure and
return ports, one set each for the "A"™ and "B" hydraulic
systems. They are mounted directly on the actuators with
internally connected hydraulic systems between valve and
actuator and provision is made for internal hydraulic
connection between them and the differential servos which

are mounted directly to them as outlined in U 14,




4. DETAILED DESCRIPTION (Continued)

4.15 ACTUATOR VALVES (Contim

Interchanges

and valves and

ST

Control of the

Aileron

Rudder

CONTROL SURFACE ACTUATORS (See Fig

4.16.1 GENERAL
The hydraulic control surface actuators are of
tandem dual piston and ¢ylinder type with each

pisten supplied by a separate hydraulic system,

The use of high temperature flexible hose i

avoided by the use of Seml-colled stainless steel
line, which is adequate for the small amount of

Jack movement involved

Flexible hose is used on the return lines of the

elevator and aileron units only

ELEVATOR JACK (See Fig. 18 & 12)
The root end of the Jack pivots about a pre-loaded

ing which is located 12,323 ins




DETAILED DESCRIPTION (Continued)

4,16

4.16.2

CONTROL SURFACE ACTUATORS (Continued)

ELEVAT
outboard
faclilitate removal of the Jack through
the access panel in the wing top skin
thls pivot point bearing is an interchangeable
assembly bolted the jack body. It is mounted
Cing from the fin box structure
wing.
static hinge moment
see PFig, 27,
Static jack load at 4, 28y . = 71,000 1bs,
Cylinder bore (max = 4,19 ins,
Piston rod ¢ D (max. ) 2,50
Working area (2 x 8.88)
Normal operating stroke

Total stroke

AILERON JACK (See Flg. 19 & 14)

The root end of the jack pivots about a universal
Joint which is located 5.5 ins outboard of Rib 18
and 4.60 ins. aft of the centre spar.

universal joint utilizes four needle bearings and
is mounted on a support which i1s attached to the

wing skin and centre spar.




DETAILED T

4.16 CONTROL SURFACE

(Continueqd)

ntinued)

removal of the jack threugh the

ttom skin the universa] int

assembly bolted to the Jack

hinge moment see Fig. 28

Norma
Total
20 & 16)

k pivots about a pre-loaded
which 1s located 10 ins. outboard
2,75 ins. aft of spar #3. The

@ support projecting from Spar #3 and
removable through an acces

288 panel on the

"
fdn,

3tatlc hinge moment see fig.
30,900 1bs,
275 Jdng.
ins.
ins.2

ins.

ins




4. DETAILED DESCRIPTION

‘l‘ T 17 MF:{\HANT/A*{ '.('_’ NNECTT

all three

joilned by

cranka which

by way of a

L8 housed in the fin and wing
which extends from the rear

in the vicinity of the jacks.

ELL-CRANK SYSTEM (See Figs. 1 & 4)

he elevator output system consists of the lateral

push rod and six bell-cranks pe side which are

located aft of the Wwing rear spar between ribs

#4 and #1 [he bell cranks are aluminum alloy
wousing a needle bearing at the

pPivot point and a pre-loaded self-aligning bear

ing at the push rod attachm The master bell-

crank contains an additional pre-loaded self

aligning aring at the jack piston fork-end pick

up




4,

the

ne plece machining with
crank pick-up and

rank attachments,

links between the bell-cranks and
machined steel forgings and

self-aligning bearing at each

TEM (See Figs. 1 & 5)

8tem consists of seven bell-

31de, all located arft of

wing re: par between ribs #17 and #25 and

points by aluminum alloy

uninum alloy
rlng at the pivot
12 bhe:

polnts,




4,

DETAILED DESCRIPTION (Continued)

4,

17

AILERON BELL-CRANK SYSTEM (Continued)

Each push d consists of short lengths of steel
tube flash welded to slotted steel fittings at the
bell-crank pick Up points; and to a steel bearing

housing at the master bell-crank pick~up point,

The connecting 1links between the bell-cranks and the
alleron are machined s eel forgings consisting of a
fork end at the bell-crank pPick-up point and a
preloaded self aligning bearing at the aileron

attachment,

BUDDER BELL-CRANK SYSTEM (See Figs, 1 & 6)

The rudder linkage system is of Similar detail
design to that of the alleron except that it
consists of a 3ingle push rod and only five bell
cranks all located aft of the fin spar #3 and out-

board of rib #4.

The bell-cranks are Supported at the pivot points
by the integrally machined skin of the fin trailing

edge structure.

4.18 CONTROL SURFACES

4.18.1 mHE ELEVATOR

This surface 1is constructed of thin light allo

skin attached to formed light alloy ribs and an




4, DETAILED DESCRIPTION

one half of the

the leading

stiffened by the

from

Elevator
Ela ”a.'. or

levato

E]
Elevator

THE AILERON
d similarly tc elevator but
is formed

up with

root
tip




4. DETAIIED [

4,18 CONIR

ated
at station

the armament bay

supplied by the




4, DETATLED DESCRIPTION

4,19 SPEEDERAKES

4,19.1

thumb butt

11724 o
auring

pltehing moments:

aded three position swltch on the
le control lever which controls
operatlon of the speedbrakes , speeds below
oring loaded from the pen” position
gitlon. It may be moved

et Mo

the bhrakes
existing at
e" position the contr

and hydrauvli

rectlon.
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4., DETAILED DESCRIPTI!

4.19 SPEEDERA

y1linder a

end bearing and




DETAILED DESCRIPTION

4,19 SPEEDBRAKES
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APPENDIX 1

AIR 7-4 (continued)

7.4 AUTOMATIC CONTROL SYSTEM

7 Components of the type E10 autopilot suitably coupled
to accept signals from the fire control system and
navigation system shall be installed. The system
shall provide three axis stabilization and shall
automatically control the aircraft during normal
flight, attack and breakaway.

Manual control shall be possible at the option of the

pPilot during any phase of the flight.

10.2 FIRE CONTROL SYSTEM

The aircraft shall be equlpped with a two man position

Fire Control System.
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IN CAP 479

CHAPTER 21 CONTROLS

SECTION 1 - GENERAL

21,02 CLEARANCE AND EASE OF OPERATION

Controls shall be designed and located so that the opera-
tor can readily move each control throughout 1its entire
range of travel, without moving any other control, while
wearing heavy gloves and flying equipment, and witn

shoulder harness in place, but not necessarily locked.

21.03 DIRECTION OF MOTION

(1) Except for three-position switches, where the centre
position shall be "OFF", all controls shall be so
designed that thelr movement in a predominantly
forward, upward, or clockwise direction shall
result 1n increased performance of the component or
the aircraft, and, conversely, their movement in a
backward, downward, or counter - clockwise direction
shall result in decreased performance of the
component or the aircraft.

All varilable controls operated by a rotary motion
shall move clockwise from the "OFF"™ position through

"LOW" or "DIM" to "HIGH" or “BRIGHT".
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IN CAP 479 (Continued)

21,04

SHAPE AND LOCATION OF CONTROL KNOBS

To assist identification without visual reference, control
knobs shall be of distinctive shape. All controls of a
like function should be grouped together, with normal
operating and emergency controls having a preferred

position.

SECTION 2 - FLIGHT CONTROLS

'zloao_

GENERAL

The control column and the rudder pedals shall be
symmetrical about the plane of symmetry of the pllot's
seat. All parts of the alrcraft structuré, auxiliary
controls, furnishings, instruments etc., shall clear by
at least one inch the control wheel or column and rudder
pedals in all positions as well as the limbs of the
pilot while he is wearing heavy gloves and flying equip-

ment,

RUDDER CONTROLS

Rudder pedals shall be at least six inches wide to
accémmodate heavy flying boots. The rudder pedals shall
be adJustable horizontally through a range of six inches.
The rudder pedal adjustment mechanism shall be conve-
niently located and may be arranged for operation either

by hand or feot., Depending upon the type of mechanism
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21,22

APPENDIX 1

IN CAP 479 (Continued)

RUDDER CONTROLS (Continued )

used, the motlon of the control to move the rudder pedals
forward shall be clockwise, forward, or upward. If the
pedals are locked in position by a catch, the motion to
release the catch should be arranged in the most convenient

manner,

SPEED BRAKE CONTROL

The speed brake control shall be located on the power
control or adjacent to the power quadrant in stick -
controlled aireraft. The control motion shall be aft for
the speed brake operative, and the control shall be marked

"OoUT" and “IN" respectively,

AUTOMATIC PIIOT
In single or tandem pilot. aircraft all automatic pilot
controls, except the emergency electrical release switch,
shall be located on the right hand side of the cockpit
adjacent to the radio controls. The emergency electrical
automatic pilot release switch shall be on the control

column grip,

TEMPERATURE RANGE

(1) A1l aircraft shall be designed so as to ensure
satisfactory operation up to their service celling

under the ICAQ Standard Atmosphere Conditions and




APPENDIX 1
IN CAP 479 (Continued)

24,01 TEMPERATURE RANGE (Continued )
at ground level under atmospheric conditions asso-
clated with temperatures ranging from -65OF to +100°F,
All accessories and items of equlpment however shall
be designed for satisfactory operation over a temp-
erature range of -65°F to +160°F, and when not in
operation to withstand without damage temperatures
up to +180°F,
The aircraft, its accessories and equipment shall
not be adversley affected by other climatic condi-
tions incident to the temperature ranges specified
in paragraph (1) and shall be capable of being
transferred from one climate to another without the

necessity of extensive modification or adjustment,

24.30 ALLOWANCE FOR WINTER CILOTHING

Aircraft operating in the Arctie normally have to be

maintained in the open by personnel clad in heavy and
bulky Arctic clothing. Provision shall be made in the
design for ease of maintenance under such conditions., ..
All controls and switches shall be large enough and so
placed that they can be operated by personnel wearing

heavy mitts and flying boots,
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2, IN CAP 479 (Continued)

24,31 CONTROL SYSTEMS

Suitable precautions shall be taken to prevent slackening
of control cables caused by differential contraction of
cables and airframe in low temperatures. Control cables
shall be fitted with automatic tensloning devices where

necessary, to prevent excessive slackening.

SNOW_GUARDS

The use of snow guards is8 recommended to exclude blowing
snow from airframe components such as wings, stabllizers,
control surfaces, etc, It is particularly important that
openings near control surface hinges be effectively
sealed against the entry of blowling snow and rain, since
the formation of 1ce on control surface hinges might lead

to loss of control in flight.

SEALS

Particular attention should be glven to the selection of
materlals and design of seals for shock absorbers,
hydraulic jacks and valves which must be able to withstand
operation and to remain leakproof after prolonged

exposure to extremes of temperature.
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2. IN CAP 479 (Continued)

24,35 PIPE JOINTS
Joints in pipe lines must remain leakproof throughout
the temperature range specified in article 24,01,

CHAPTER 50 GENERAL REQTS

STANDARDS AND SPECIFICATIONS

SEE_CAP 479
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3. IN ARDCM 80-1

4,11 CONTROL SURFACE LIFT REVERSAL

4,111 MEASURES GENERALLY USED FOR PREVENTION
The parameter most important for avoiding control
surface 1lift reversal is a high torsiocnal rigidity

of the fixed surface supporting the control surface ---.
PP g

DETAIL REQUIREMENTS FOR PREVENTION
The requirements for the prevention of control
surface 1lift reversal are contained in Specification

1817.

PRIMARY CONTROLS
The size, proportions, location and motions of the primary
control surfaces shall be such as to give performance 1in

accordance with AF Specification R,1815 =-=ewe-,
6.A.11 FLIGHT CONTROLS

6.A.110 GENERAL
The primary flight controls shall be located
and have the motions as indicated in drawings
AD.1 and AD.2 The primary flight controls
shall clear all aircraft structures, auxiliary
eontrolss furnishings, instruments, instrument
panel, pilot's actuating members, etc,, by at

least 1% inches in all control positions =—----




APPENDIX 1

3. IN ARDCM 80-1 (Continued)

6.A.11 FLIGHT CONTROLS (Continued)

6.A.116 SPEED BRAKE CONTROL
The speed brake control shall be located on the
throttle in stick controlled aircraft. The
control motion shall be forward for "in™
(speed brake inoperative) and aft for "out™

(speed brake operative).

BEARINGS, UNIVERSAL JOINTS, PULLEYS AND HINGES
MIL., JAN and AN Standard bearings, pulleys and unilversal
Joints shall be used wherever possible .. ©00000006600000

See Chapter 8. Detaill Design ARDCM 80-1,

DESIGN FOR MAINTENANCE
Control surfaces shall be capable of replacement without

disturbing rigging.

FLIGHT CONTROLS

Flight controls include primary flight controls - allerons,
rudder, elevators «+.o and flight path angle and speed
controls ......... These devices shall be operable from

the cockpit either through direct or servo means.




3. IN ARDCM 80-1

9.10 EXTREME TEMPERATURE OPERATION

Flight control systems shall be deslgned for operation at
temperatures between +160°F (+70°C) and -65°%F (-54°¢).

The systems shall be designed to permit take-off of the
ailrcraft within 5 minutes from the starting of the engilne
after the alrcraft has remained idle for 72 hours at either
the highest or the lowest temperature indicated above.
After the initlal breakaway, the increase in force required
to operate the control system at -65°F (=54°C) shall not

exceed 150% of the force required at +70°F (+21°C).

CABLE CONTROL SYSTEMS

The rellability, strength and simplicity of the system

shall be the paramount considerations. Routing shall be
as straight as possible and the number of bends kept to
a minimum. Cable control systems shall conform to para.

10,41 Cable Actuated System,

PUSH-PULL TUBE CONTROL SYSTEMS

Wherever push-pull tube systems are used in flight
controls, they shall be 8o arranged that all the tubes

are in tension for the greater load for which the system
1s designed. Push-pull tube control systems shall conform

to para, 10.42., Tube Actuated System.
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IN ARDCM 80-1 (Continued)

9,13 SHIEIDING
Wherever possible, advantage shall be taken of the shield-
ing afforded by heavy structural members or exlisting plate
installations for cable protection, such armour plate to be
extended where necessary to protect vital places in the
systems such as poilnts of cable convergence, horns,vbell—

cranks, mailn sheaves and walking beams.

PRIMARY FLIGHT CONTROL SYSTEMS

GENERAL REQUIREMENTS

Control mechanisms and systems shall be as simple and

direct as possible and shall be adequate for their loads

and functlons. Early and careful consideration shall be
given in new designs to the arrangement of cables and other
connecting elements that extendlfrom the cockpit to the
control surfaces 80 as to effect the most direct routing

possible,

The number of bends or changes in direction shall be held

to a minimum.

All practical compromises in the installation of equipment
shall be made to favour the most direct control system
peBsibl e R T A power control system shall be used....
sos0. Where the magnitudes of the hinge moments are too

high for the pilot to handle through a mechanical control

- B9 -
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3, IN ARDCM 80-1 (Continued)

9.20 GENERAL REQUIREMENTS (Continued)

system. In order to reduce pilot effort and fatigue, the
degree of mechanical efficiency shall be such that require-
ments of Specification 1815 will be met for the frictional
forces developed in the control system. For this purpose,
antifriction bearings shall be used throughout the control
system. Reference para. 8.31, Antifriction Bearings. The
mechanism and controls shall be located 80 as to permit

convenient, rapid and frequent Iinspection.

9.200 CONTROL SYSTEM DEVICES

Control system devices such as bob weights ---- spring
bungees for trim tension regulators etc., shall
be submitted in drawing form with other data to the
procuring agency for necessary approval. Considera-
tion shall be given 1n the detail design of the
control system and component parts so that their
fallure will not cause discontinuity of the control
system, large changes in trim, or any other

momentary flight hazard.

DIFFERENTIAL CONTROLS

Differential controls may be used either to secure
better aerodynamic efficiency or to provide higher

sensitivity in a portion of the range of movement
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- 3, IN ARDCM 80-1 (Continued)

9.201 DIFFERENTIAL CONTROLS (Continued)

of a control.

Control systems in which differential motlon 1is
obtained by an arrangement of cranks shall incor-
porate stops to prevent the cranks from reaching

the dead-centre position

Toggle motions, which may go by dead-centre when
the system 1s sprung, forced, or maladjusted, shall

not be used.

Stops shall be incorporated to prevent approach

to critical positions.

FOOL-~PROOFNESS

Control systems shall be so designed that incorrect
assembly and reversed operation of controls will be
impossible. This can be accomplished by so arrang-
ing turnbuckle ends, cable lengths, and Joints
that the assembly will not function in case of

error.,

FOULING PREVENTION

All control elements, mechanisms and cables shall
be suitably protected or covered in cockpit ---- to
prevent their belng fouled by the dropping of

articles, such as microphone, gloves etc.
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(Continued)

9,204

INREVERSIBIE & DAMPING FEATURES

Inreversible and damping features will greatly
inhibit the development of control surface flutter,
but such damping should never be attained by the
increase of friction which would reduce the effic-
lency of control. These features should be such

as to oppose rapid motions energetically, but not
interefere with slow motions of the controls., Fluid

damping 18 sultable for the purpose.

In the design of inreversible or damping control
systems, particular attention should be paid to
avoiding the use of any device in which play or back-
lash might develop and eliminate the irreversible

or damping properties of the system, thus encour-
aging flutter of the control surfaces. In designs
where play or backlash might develop, the irrever-
sible or damping features of the system will not

be accepted as valld reasons for waving the usual
dynamic balance requirements for the control surfaces

involved.,

POWER CONTROL SYSTEMS

Where power control systems are employed, an
emergency manual or power means shall be provided

and the system shall be designed to meet the

requirements of Spec. 1815,
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RIQIDITY OF CONTROLS

The design of the control system and 1ts structural
supports shall be based on rigidity and the
elimination of deflection, as well as upon the
ultimate strength requirement of Specification c-1803;

superseded by MIL-S-5707.

Provisions shall be made to compensate for slack
and lost motion due to the effect of temperature
changes. Only approved typesof mechanical tension

regulators are permissible and 1f used, shall maint-

tain rigging tensions over the full rénge of

temperatures specified 1in para. 9,10, Extreme
Temperature Operation, and shall compensate for

any change in tenslon that may develop in the
control system due to loads applied thereto.
Consideration shall be given to the effect of heat
from local areas such as engine nacelles, cabins,
heat deicers, etc., which may cause temperature
rises in an adjacent portion of a control system
while the aireraft structure proper remains at the
amblent air temperature. The deslgner shall
determine proper rigging tensions in control cables
and shall specify them in erectioni: and maintenance

instruction., It may be found desirable or
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9.206

RIGIDITY OF CONTROLS (continued)

necessary to revise the originally specified ten-
gions after fllght and other tests have been
completed. In the interest of reducing control
system friction, initlal tensions should be held

to the lowest practical values that provide safe
and satisfactory operation considering probable
application of 1imit loads to the system and the
effect of temperature changes. As a general rule,
the minimum initial tension 1n a main or counter
cable is either 2% of the pbreaking strength of the
cable, or high enough to keep the system 8snug,
prevent cables from Jjumping off pulleys and avoid
glapping of ad jacent portions of the ailrcraft by
the cables, whichever is the greater. As a general
rule, initial tengsion for main cables in normal
fighter types should be not less than 35 1bs. to

50 1bs, When pOwWer control systems are uged, the
rigidity and balance of the control surfaces
involved shall be such as to preclude flutter or
undesirable oscillations if the actuator or any one
of the actuatorsused is disconnected for any reason

including battle damage.




3. 1IN ARDCM 80-1

APFENDIX 1 %%QWER—“M

9,207 SPACING

Cables to any one control surface shall be separated

by at least 3 inches, preferably more. Ad jacent

controlhorns, or bellcranks, shall be separated by

the maximum distance possible consistent with desilgn.,

9.21 DUPLICATE CONTROLS

9,210 AIRCRAFT OTHER THAN BOMBANDMENT

(a)

ELEVATOR: Elevators shall be rigidly 1nter-

connected or consist of a contlnuous structure.
eeew=-== in alrcraft of more than 7,500 1bs.
gross weight the direct operation system shall
be duplicated from the base of the stick or

control column to the elevator 8parsS cccocose

RUDDER: Where cables are used for the rudder

control on aircraft equipped with a single rudder,
duplicate cables shall be provided from each

pedal to the rudder mast

AIIERON: Aileron systems shall be so deslgned

that, from the cockplt outboard, any or all
elements leading to one alleron may be
destroyed without interference with the opera-

tion of the other alleron,
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9.212 VULNERABILITY
Power Control Systems - Power Control systems sha 1]
be equal to, or better than mechanical systems from

the standpoint of resistance to battle damage.

STOPS

Ad justable stops shall be provided to 1limit the

coekplt control items to the desired motion ranges.
The stops shall be located as near these items as
possible, tops shall malntain the clearances

specified in para. 6.A.110, Flight Control, General.

MECHANICAL SYSTEM

GENERAL
Clearances in all the primary parts of mechanisms shall
be kepf to a minimum 80 that lost motion or play will be

practically eliminated

e

10.400 BEARINGS
All moving Jjoints between push-pull rod, levers,
and brackets shall have anti-frictlon bearings in

accordance with para. 8.31.

HORNS AND BRACKETS

Horns and brackets used in alr control systems

shall be forgings, or high grade castings of
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10.401 HORNS AND BRACKETS (Continued)

aluminum alloy, magnesium alloy, bronze or steel,
Welding shall not be used - Horng may be
fastened to torque tubes with rivets or taper pins,
In the latter case, taper pins shall be safetied

by a2 nut and cotter pin at the small end.

Attachment of control brackets shall be made with
alreraft bolts and castellated or self locking nuts
of approved type. Rivets may be used provided that

none are in ftension.

10.41 CABLE ACTUATED SYSTEM

The kinematic relation of the cables shall be such as to
prevent an objectionable amount of change 1n cable tension

throughout their flight and ground operational range.

10,410 CABIES

Control cables shall conform to Specification
MIL-C-1511 or MIL-C-5424, Continuous or
Intermittent loaded cables shall not be subjected
to critical bends at the junction with cable
terminals or other attaching points such as

drums, horns, etc.
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{Continued)

PULLEYS

Pulleys shall be of adequate capacity and diameter
for cables used. They shall conform to and meet
the requirements of paragraph 8.315, Aircraft

Control Pulleys.

FAIRLEADS

Fairleads shall be used wherever necessary to keep
cables from chafing and slapping against parts of
the alrcraft in flight or in taxiing. FPFairleads
may be used to deflect cables through angles of
not more than 2 degrees 1f the initial tension in
the cable is less than 50 1bs, and through angles
of not more than one degree, if the initial ten-
sion is between 51 1bs, and 150 1bs.

shall be of non-hydroscoplie, non-abrasive material,

and split to permit easy removal.

TERMINALS

Terminals shall be of the swaged, wrapped, or
spliced type. Swaged terminals shall be used
wherever possible, Swaged terminals

shall conform to Specification JAN-T-781. Type II

(i.e. AN 663 and AN 664) swaged terminals shall

not be used in primary control systems except for
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10,413 TERMINALS (Continued)
attaching primary control cables to bellcranks
and quadrants where standard fork and eye fittings

AN 667 and AN 668 are not adaptable.

10,414 TURNBUCKLES
Turnbuckle terminals shall have not more than
three threads exposed at either end, All turn-
buckle assemblies shall be safetied as specified

in para. 8.25, Safety Wiring.

10.415 MAINTENANCE
Adequate provisions shall be made for rapid
inspection of all components of cable actuated
systems, and for convenlent use of a tensiometer

ad jacent to the point of cable tension adjustment,

10.42 TUBE ACTUATED SYSTEM

10.420 UNIVERSAL JOINT

Universal joints shall conform to and meet the

requirements of paragraph 8,314 Universal Joints,.
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3. MECHANICAL CHARACTERISTICS: OF CONTROL SYSTEMS

3.1 CONTROL SYSTEM FRICTION

For all airplanes, the'control system friction for all
three controls shall be as low as possible, énd shall
not exceed the values given beloﬁ throughout the
defléction range. The friction, measured on the ground
at a temperature betweén 40° and 80°F, shall be that
required to start the movement of the cbntrolsQ

Elevator Friction Limit 4 1bs.

Aileron Friction Limit 5 Lhak

Rudder Friction Limit 102 1bs.

DIRECTIONAL TRIMMING DEVICES

5.6.1 All prototype airplaﬁes-shall have provisions

for maintaining directional trim in flight.

The rudder trimming device shall maintain a
given setting indefinitely unless changed

intentionally.

5.6.3 The directional trimming device shall be capable

of reducing the pedal force to zero

LATERAL TRIMMING DEVICES

6.6.3 The lateral trimming device shall be capable of

reducing the aileron controcl force to zero ----
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8.1 MECHANICAL DESIGN

g1l

The control system should be capable of moving

) o
the control surfaces at rates up to 50 /éec under

any hinge moments encountered.

When the cockpit control is moved at its maximum
rate to a given deflection, the control surface
shall reach its corresponding deflection with a

time by not greater than 0.05 sSecs.

The dead spots in the controls should not exceed
plus or minus 0.1l inches motion of the pilots
cockpit controls. The dead spots are defined as
the motions of the pilot's cockpit controls

which produce no motions of the control surfaces.
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The following is a 1list of the points in which detail design

from the requirements 1laid down in the terms of reference in

Appendix 1.

1. In AIR 7-4

All requirements satisfie o

In CAP 479

All requirements satisfieqd.

In ARDCM 80-1

Eiol

Paragraph 9.10 states that the flight control System shall
be designed for operation at temperatures between - 160°F

and - 65°F,

This requirement is exceeded because 1t is necessary to

cater for temperatures as high as 4 250° produced during

Supersonic flight,

Paragraph 9.206 states that rigidity and balance of the
control surfaces shall be sufficient to prevent flutter irf

the actuator is disconnected,

This requirement is not compatible with the design aims of
a fully bowered, irreversible flying control System and,
1f met, would involve prohibitive welght penalties. There
18 no more chance of the actuators being disconnected than
the pilot's input control system, and the consequences of

the latter would be equally, if not more, catastrophic.
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3.3 Paragraph 9.207 states that cables to any one control
surface shall be separated by at least 3 inches. This
requirement has not been met because of space restric-
tions. The worst situation for each pair of cables is as
follows:

2% inch spacing for elevator cables
1 7/8 inch spacing for aileron cables

5/8 inch spacing for rudder cables

The elevator and aileron cable minimum Spacing occurs at
a point Just forward of the rear fuselage quadrants and
reasonable assurance of non-fouling of these cables is
provided by properly Spaced fairleads. The rudder cable
minimum spacing occurs at the pulleys which change the
direction of the cable run along the fuselage up into the

fin. The clearance of the cables 1s assured by running

them through %4 inch dia. tubes.

Paragraph 9.210a. states that elevators shall be rigidly

interconnected or consist of a continuous structure:

This requirement is not met because of the difficulty of
achieving complete Synchronization between two Jacks on a
single surface, and also because of the severe weight
benalty which would be paid for such an installation on

an ailrcraft of the C.105 plan form.
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3.4

(Continued)
There do not appear to be any real advantages to the

interconnection of the surfaces on this design.

In paragraph 9.31.a,b & ¢, it is required that the con-

trol surface Operating systems be duplicated:

This requirement is not met because of complexity and
Space reasons, and it is believed that this deviastion is
Very common on ‘many acceptable new designs, including

the ¢.F.100.

Paragraph 10.411 refers to paragraph 8.315 in which 1t is
stated that all bulleys and quadrants shall be provided
with stationary guards fitting close to the point of

tangency of the control cables.

In most cases this requirement has been met, but the front
fuselage tension regulator quadrants and the rear fuselage
elevator quadrant are €quipped with cable guards attached
to the quadrants themselves. These guards, which move
with the quadrants, are much lighter and very simple com-
Pared to fixed guards, and provide ample protection

against cables Jumping the Quadrant grooves,

Paragraph 10.413 states that Type 11 (ball end) swaged
terminals shall not be used in primary control systems
€xcept for attachment to bell cranks and quadrants where

Standard fork and eye fittings are not adaptable.
SR
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ST (Continued)

In the CF 105 control system, although it is possible to
adapt fork and eye fittings for attachment to the quad-
rants, the use of tension regulator quadrants will take
up any slack produced by the untwisting of loaded cable

strands allowed by ball end type terminals.

The use of ball end type terminals results in a weight
saving and a neat installation when compared with the
result produced by the use of standard fork and eye

fittings.

Paragraph 10.415 states that provision must be made for
the use of a tensiometer adjacent to the point of cable

tension adjustment.

This requirement is not met because it is made unnec-
essary by the employment of calibrated tension regulator

quadrants.
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4.2 Paragraph 8.1.1.states that the control system should be
capable of moving the control surfaces at

50° /sec .

This requirement is not met. Dynamic analysis of the
aircraft indicates that such high rates are not required,
and the system has therefore not been penalized by an

oversized hydraulic system
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AVRO
PART NO,

QUANTITY

7-0115-15

7-0115-84

7-0115-83
7-3283-6
7-3283-8

7-1956-15/16

T-1956-13
7-3262-11

7-0115-85

7-3283-7

T=0115=95

T7-0115-1

T-1552-0017

7-1552-006

7-1552-0117

T-0115-124

DESCRIPTION

MANUFACTURER
& PART NO,
(WHERE APPLICABLE)

Blevator Jack Valve

Alleron Jack

Alleron Jack Valve

Rudder Jack
Rudder Jack Valve
Speed Brake Jack

i Brake Selector Valve

{El@’s’"o
& Aileron)

*allel Servo -

Servo (Elev.,
& Aileron)

Double Differential Servo
v

Rudde:

Tenglion R lator Quadrant

t Fuselage

Alleron Tension Regulator
Quadrant Inner Wing

Magnetic Brake Trim Unit

Spring Feel Unit - Elevatar
Spring Feel Unlit - Alleron

= Rudder

Spring Feel Unit
c

ontrol Column

Rudder Pedals

Jarry Hydraulics

#1013

Jarry Hydraulics
#P.128

Pacific Scientifilc
XR,86-5001-50-00

Pacific Scientific
XR.,75-9006-50-00

Alrborne Accessories
Corp. #OR.460,M4
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