EAE vosdvancing oviny AEROSPACE
INTERNATIONAL® INFORMATION
400 Commonwealth Drive, Warrendale, PA 15096-0001 R Epo RT Issued 1990-05

SAE AIR4094

Submitted for recognition as an American National Standard

AIRCRAFT FLIGHT CONTROL SYSTEMS DESCRIPTIONS

TABLE OF CONTENTS
1. SCOPE o ittt it e 2
2. PURPDSE .ot e e 2
3. GENERAL ..ot i i et e M et e e 2
3.1 Fairchild Republic A-10 Thunderbolt*Fl .................|...... 2
3.2 Fairchild Republic T-46 ....... @i .o, 9
3.3 General Dynamics F=111 ... . . ettt iiiiiienennnnn 14
3.4 General Dynamics F-16 Falcon .........c.ccoiiiiiiinnidinnnn. 19
3.5 Grumman A-6E Intruder .o ... .. i 23
3.6 Grumman F-14 Tomcate.v....oovvvnon... PO 30
3.7 Grumman X-29A .. i e 35
3.8 McDohnel1-Douglas AV-8 Harrier II ............... o iiivnnn. 40
3.9 McDohnell-Douglas F-15 Eagle ...........cciiieevnninnnn. 45
3.10 McDopneld<Douglas F/A-18 Hornet .......... ... .ot 51

SAE Technical Board Rules provide that: “This rep‘éh is published by SAE to advance the state of technical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
written comments and suggestions.

Copyright 1990 Society of Automotive Engineers, Inc.
All rights reserved. Printed in U.S..A.


https://saenorm.com/api/?name=64c42609d2d4d9aa4d211b94a1ce7a68

= AIR4094

3.1

3.1

3.1

SCOPE:

This Aerospace Information Report (AIR) supplies information on the flight
control systems incorporated on various aircraft. A brief description of the
aircraft is followed by a description of the flight control system, some
specific components, drawings of the internal arrangement, block diagrams,
and schematics. System operation redundancy management is also presented.

PURPOSE :

The purpose of this document is to provide system description information on
various air i S.

GENERAL:

A

2

Fairchild |Republic A-10 Thunderbolt II:

The Fairchild Republic A-10 Thunderbolt II (Figure<d}) is a twim engine close
air supporft attack aircraft. The surfaces used to)effect pitch,

yaw are the traditional elevators, ailerons, and<rudders which|are
controlled by a mechanical primary flight control system (Figure 2).

roll, and

System Description: The flight control:System is a type III|irreversible
power cgntrol which reverts to type I .(reversible mechanical|control
system) [with the loss of both hydrau¥ic systems. Loss of either hydraulic
system will still retain full powered control response. Los$ of both
systems [automatically engages the-manual reversion mode that|has
performdnce for moderate maneuvers and safe landings. The 1jnkages
consist [of push-pull rods, cables and cranks configured for straight
parallel paths with low friction and minimum connections (Figure 2).
Artificial feel is prowided by redundant spring/cam devices Jocated at
each suifface actuator! ) Redundant stability augmentation systems (SAS) are
provided to enhance tracking and minimize trim transients fof speed brake
deploymgnt in pitéh, and to reduce sideslip in yaw during abyupt roll
maneuvens. The~roll axis does not employ a SAS. Redundant pilot control
capability is—provided through separate transmission paths for the pitch,
roll, and yaw - commands. In addition, the elevators and rudders have dual
control [surnfaces and actuators while the ailerons are equipp¢d with tandem
hydraul te—setuators-

System Mechanization: The pitch control is effected with two independent
elevators. Pitch linkage separates into extreme left and right
parallelogram cable and linkage transmission paths (Figure 3). Each
system drives independent hydraulic actuators attached to the left and
right elevators. A torque shaft cross connection between the two
elevators for uniform displacement is provided with prescribed torsional
stiffness and 12 blind rivets which fail in the event of a jam of one of
the elevators. Electrically operated pitch control disconnectors, which
normally function as bellcranks, release if a jam is encountered in either
the left or right control run that reaches a magnitude of 40 to 65 1b at
the stick grip. A bobweight and balance spring under the cockpit floor
provides incremental normal "g" force feel at the stick in addition to the
artificial feel provided by the spring/cam devices located by the actuator.

-2 -
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3.1.2

(Conti

nued):

Redundant SAS signals are integrally summed with stick signals at each

contro

pitch damping and speed brake cross feed and are dual redundant.

1 surface actuator. The SAS signals are summed from

two sources,
Signals

to the left and right simplex elevator actuators are fully independent.
When the two LVDTs differ beyond specified thresholds, both SAS systems

are au
indivi

tomatically shut down.
dually re-engaged at the pilot's discretion.

Left and right SAS systems can be

Roll control is effected by two ailerons each powered by tandem hydraulic

servoa
signal
parall
paths
proteq
syste
subseg
left
hydrau

Loss df both hydraulic power supplies automatically engages

revers
servo
heavil

Yaw coO
into 1
indivi
stabil
SAS si
yaw ra
added
pitch
systen
indica
fins f

ly damped and requires no stability augmentation syste

s are transmitted from the armored cockpit area viani
elogram cables separated into extreme left and right
at the aft end of the roll stick output pushrod|(see
tion similar to that in pitch is afforded for both rg
s. Fail operative capability with 50% roll-rate cont
uent to a jam. The aileron actuators are/dual tanden
nd right hydraulic circuits fully indepéndent. Loss
1ic power supply has no discernible effect on aileror

ion mode in which pilot control is, transferred to op¢
tabs to move the ailerons for rol¥ control. The roll

ntrol is effected through_dual rudders with the cable
eft and right lTinkages in-the extreme aft fuselage tg
dual simplex rudder actuators (Figure 5). The yaw ax
ity augmentation systems similar to the pitch system|
gnais to the actuator are summed from roll attitude,
te gyro, and angle of attack times roll rate. These

to the pedal commands to effect total command signalyg.

SAS when two“SAS LVDTs differ beyond a specified thrg
s automatically shut down. At aircraft speed above 2
ted, a MQ" sensing switch Timits rudder travel to +8°¢
rom extessive air loads.

Lateral stick
ndependent
transmission
Figure 4).
11 control
rol is retained
units with the
of one
response.
the manual
rate aileron
axis is
m.

Jam

run separating
drive

is has dual

Electrical

rudder trim,
signals are
As in the
shold, both SAS
40 knots

to protect
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3.2

3.2.1

3.2.2

Fairchild Republic T-46:

The Fairchild Republic T-46 (Figure 6) is a two place twin engine jet
trainer. Aircraft control is effected by two elevators, two ailerons, and
two rudders. The pitch and roll controls are fully manual while the rudder
is serviced by a hydraulic actuator for yaw control.

System Description: The flight control system is a type I for pitch and

roll and a type III for yaw which supports stability augme
fully manual reversion capability. The control runs have
redundancy while the hydraulic rudder actuator has the cap
retai 5 j i

downsjtream of the rudder actuator. The actuator can overy
Timitling springs in the cable system leading to the jammed
transmit pilot's command to the operable rudder surface.

ontrol is effected throughispring tabs on the ailerg
and pushrod system transmits control stick motion tg
cement (Figure 8). A.pivoted conical mechanism gene
° TED aileron displacement for equal input cable trg
1 aileron travels henefit proverse yaw. The aileron
ed while the aileron tabs are 100% mass balanced.

w control system is a type III, in which a single ca
ends pedalt.commands to an irreversible hydraulic 1in
e 9). The actuator positions two rudder surfaces th
ndent.sets of control cables. Spring force limiters
s and. travels to operational requirements regardless
tions. A spring/cam centering device in the actuatog

ige9'a pedal force gradient peaking at 45 1b.

The yaw controls incorporate a SAS to augment dutch roll d
minimize aircraft heading oscillations. Rate gyros sense

about yaw and output electrical signals to the actuator wh
provides position feedback information to the hydraulic ac

ntation and a

no mechanical

ability to

r rudder surface
jde cable force
side and

11y transmitted
ndependently
pring balanced
haracteristic,
alance. The

ed on the

ns. A manual
aileron

rates 24° TEU

vels. The

s are 70% mass

ble transmission
ear actuator
rough

1imit rudder

of full pedal
r assembly

amping and
rotational rates
jle a LVDT
tuator.
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+30°

Pedal Stops

FIGURE 9 - Fairchild Republic T-46, Yaw Control Schematic
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3.3 General Dynamics F-111:

3.3.1

3.3.2

F-111 Flight Control System Description: The primary flight control
system provides control of the aircraft by movement of a rudder, a pair of
spoilers on each wing and a pair of movable horizontal stabilizers. Pitch
attitude of the aircraft is controlled by symmetrical deflection of the
horizontal stabilizer surfaces. Roll attitude is controlled by
asymmetrical deflection of the horizontal stabilizer surfaces; and when
the wing sweep angle is less than 45°, roll control is aided by action of
two spoilers on top of each wing. Yaw control is accomplished by
deflection of a rudder surface located on the trailing edge of the
vertical duce control
surface

A system|of push-pull tubes, bellcranks, cables, and pulkleys are used to
connect the cockpit controls with the rudder and horizontal stabilizer
hydrauliq actuators. The linkage connections are secured wit
self-retdining bolts, which use self-locking cotter keyed nuts.

The stability augmentation system employs redundant sensors, electronic
circuitry and electrohydraulic dampers. The three damper actgators, the
horizontdl stabilizer actuators, and the rudder actuator are $upplied by
both primary and utility hydraulic systems and can operate on|either
system should one system fail.

Pitch Chdnnel (Figure 10): The sabient features of the pitch|channel are
summarizgd below:

- Direct |mechanical linkage ‘from the control sticks to the left and right
horizontal tail actuators

- Parallgl trim actuator for pilot trim
- Series |trim actUator provides the elevator required to trim|(Auto Trim)

- Pitch Qamper System

- Operdtes in either the TAKEOFF (T.0.) and LAND mode or NORMAL mode,
dependent upon the slat position and the control system switch position

- Automatically provides the required gain by a self adaptive gain
changer system

- Provides a nearly constant stick force per "g"

- Has electronic and hydraulic redundancy features

- 14 -
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3.3.3

3.3.4

Rol11l Channel (Figure 11): The following salient features of the roll axis
are summarized below:

- Direct mechanical linkage from control sticks to the left and right
horizontal tail actuators

- Additional roll control is provided by inboard and outboard spoilers on
each wing when wing sweep is equal to or less than 45° (by electrical
command signals to the spoiler actuator)

~ Rol1 Damper System

- Provides stability augmentation using roll rate feedback
- Accepts stick command signals from a stick position tifansducer

~ Hrovides automatic gain control by means of @ self-adaptive gain
dhanger system

- Provides for manual roll trim inputs
- Provides for pilot assist functions’ through the navigation system

- Has electronic and hydraulic. redundancy features 1like [those in the
pitch channel

Yaw (Ghannel (Figure 12): The yaw channel system features|are summarized
below:

- Rudder pedals are connected to the rudder actuator by a|system of
cablles, push-pull tubes, and bellcranks

- Pedal authority 'may be limited, or full
- Yaw trim actuator is provided for pilot trim

- Yaw damper system

- Uses fixed gains for each of two configurations

- Provides stability augmentation, using washed out yaw rate and
lateral acceleration signals during the normal configuration

- Provides adverse yaw compensation (AYC) signals when in the T.0. and
LAND configuration

- Has electronic and hydraulic redundancy features similar to those in the
pitch channel

- 15 -
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3.4 General Dynamics F-16 Falcon:

3.4.1

General Description of the F-16 Flight Control System:

The F-16

fly-by-wire Flight Control System (FLCS) consists of many interacting

components, as illustrated in Figure 13.

Pilot commands to the FLCS are

generated by a sidestick controller, rudder pedals, and switches in the

flight control panels.

The electrical commands from these cockpit

components are fed to the Flight Control Computer (FLCC), which can be

viewed as the "heart" of the FLCS.

The FLCC also receives aircraft

inertial motion inputs from pitch, roll, and yaw gyros and from normal and

lateral accelerometers.

to th
angle
elect
condi
combi
contr
throu
defin
rudde
indig

The H
leadi
power
altit
maneu

Prote
Figun
FLCS.
sense
valid

The F
with

is t
func

-of-attack (AOA) probes; conversion of pneumatic pres
rical signals by the Pneumatic Sensor Assembly (PSA)
tioning by the Electronic Component Assembly CECA).

nes these inputs through appropriate control Taws to
ol-surface commands that position five primary contrg
gh Integrated Servoactuators (ISAs). Primary control
ed as two flapereons, two all-moveablechorizontal taj
r. The FLCS provides information back“*to the pilot {
ator, caution, and warning lights located in the cock

-16 also incorporates several secondary control surfa
ng-edge flap and speed brakes.i* The leading-edge flap

drive unit that is programmed by the ECA as a functi
ude, and Mach number to provide optimum wing contour
vering. The two speed. brakes are directly controlled

ction against failure is achieved by redundancy as sh
e 14. Critical functions are replicated up to four f
In the event-of consecutive component failures, thg
the error by comparison of redundant branches and th
output command by a selection process.

-16 FLCS)also employs built-in self test to protect 3
failure. Inherent in the design of the redundancy ma
e assumption that it is working properly. One of the

ions of built-in self test is to check the capability

Additionally, air data information is transmitted

essure, and
sure to

and signal
The FLCC
produce

1 surfaces
surfaces are
1s, and a
hrough various
pit.

ces - the

is driven by a
on of AOA,
during

by the pilot.

own by

imes in the
system can

en provide a

gainst operation
nagement system
primary

of the

redundancy management system to detect and correct failures.

Figure 15 is a schematic of the F-16 pitch axis, which shows the system

redun

because of the longitudinal static instability of the aircraft.

dancy levels.

The pitch axis is the most critical on the F-16

This

figure shows two of the most critical parts of the redundancy management

syste

m of the F-16 FLCS.

The first is the signal "selector".

This device

selects a good electronic channel even after two consecutive electronic

branc

criti

h failures.

cal part of the redundancy management system is the

The evolution of the selector design was a significant
part of the development of the F-16 analog fly-by-wire FLCS.

The second

electrical-to-mechanical interface provided by the servoamplifier monitor
system and the self-contained hydromechanical failure detection and

corre

ction logic in the ISA.
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3.5

3.5.1

3.5.2

Grumman A-6E Intruder:

The A-6 is a medium-size, all weather, low altitude, two place attack
aircraft (Figure 16) capable of high performance and broad mission
versatility including tanker capability. The aircraft utilizes a mechanical
primary flight control system. An automatic flight control system is
integrated with the overall primary control system so as to provide pilot
selectable airframe stability augmentation, automatic attitude heading,
altitude or mach hold control and automatic carrier landing.

System Description: The primary controls are type III, a power-operated
irreve hle contro em,wherein the pilo hrough a set of mechanical
linkages, provides inputs to actuate power control servoacftuators which in
turn actuate the main control surfaces of the aircrafts 2 The power control
servoactuators are designed for either manual or automatic| inputs.
Aircraft control is effected by moving flaperons for>Tlaterpl control, a
ruddey for directional control and an all moveable. stabiliger for
Tongitudinal control.

The a¢tuators are serviced by two separate. hydraulic systems, each powered
by two pumps. One system, designated the flight hydraulic|system, is
devoted completely to the primary flight control actuators| The other
system, designated the combined system, services everything including the
primary flight control actuators. _Failure of either systepm has no effect
on the primary flight controls. Iwm the event of a dual engine failure,
the windmilling engines will provide sufficient power for the control
actuators to effect a safe descent and emergency landing.

System Mechanization: The,»longitudinal control system (Figure 17) is
designed to provide nonlinear stabilizer motions for aircraft up and away
flight and powered approach (P/A) configurations with the gtabilizer
gearinpg and full throw positions shifted as a function of ywing flap
defle¢tion. Position signals are conveyed through a mechapical 1inkage
consigting entirely of pushrods and bellcranks. Artificial feel is
accomplished through the use of bobweights, a spring bunge¢, and a
sprashpot. «The bobweights generate forces proportional to|aircraft normal
and pjtching accelerations, while the spring bungee forces|are
propoftional to control st1ck dlsplacement The sprashpot generates
damp i rg—Forees—prope S orrtro em velocity to
minimize the effects of coupl1ng between control system and airplane
natural frequencies. The pitch actuator is a dual tandem arrangement with
a manual input and a series electrohydraulic servovalve with mechanical
feedback. The actuator is capable of three modes of operation, manual,
series, and parallel. In the manual mode, pilot inputs alone control the
power valve. In the series mode, upon engagement of the series mode
solenoid, electrical signals from the Automatic Flight Control System
(AFCS) drive the electrohydraulic servo ram in series with the pilot
inputs. Series input signals are limited to +1.2° of surface motion
(Figure 18).
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3.5.2

(Continued):

The Tateral control system (Figure 19) is designed to provide near linear
flaperon surface upward motion to an effective surface position of 49.5°
for 4.5 in of control stick motion to each side of neutral. Control
motions are transmitted through a series of pushrods and bellcranks to
secondary electrohydraulic actuator. Control surface motion is effected
by a power actuator located in each wing. The secondary actuator may
operate in either a manual or series mode. In the manual mode, the
actuator acts as a rigid link, directly transmitted control stick motions
to the output lever and onto the surface power actuators. In the series
mode, th i i i i i 1s with
mechanical control stick signals. The output divides into the left and
right wing to the flaperon power control actuators which drive both the
inboard and outboard flaperon. Artificial feel consistspof afspring
bungee t¢ provide forces proportional to displacement @nd an eddy-current
damper tp minimize coupled aircraft motion and pilot=induced pscillations.

Directiompal control of the aircraft is effected dhrough a single rudder.
Rudder control is effected by a single power actuator located|at the
rudder si@rface. Pilot input to the rudder is-via mechanical |inkages.
Rudder displacement is limited as a function of flap position| The power
actuator|operates in manual and series modes with surface authority
Timited |n series (Figure 20).
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FIGURE 16 - Grumman A-6E Intruder

- 25 _



https://saenorm.com/api/?name=64c42609d2d4d9aa4d211b94a1ce7a68

AIR4094

dijewayds |euipniibuo pat4iduts
- Wa3SAS |043u0) Aaewiad ‘J4d8pnAIuUT I9-y uewwnay - /| JYNOIL

umoQ 37 4¥2- 0L dN 37 'qeIS oR/i-L +
umo@g 37 4#2- 0L AN 37 QRIS GP/i-L +
umoQ 31 40L-'aL dN 37 QRIS /L L +

Suonopy Jeziiqels

ezYqelS ¢4

10Ald J8Z1IQRIS

Jojenoy
wepue) paeibeiu; B

GA[BA j05U0D -
wey ones »

Jojlenoy 1nox207 P

S

|
p (perenOY o S
‘KD 1en0%8Y -~
c_awwna sde|4
umoqQ sdej4
sepuljhn Lisnodey
dn sdeij uids oynesphH
®1aeD WS ) \ jp—
dois 18ppny-e— — 6updg
WbBiemqog eAnebenN : - .sum ey
wbiem souejeg &
\ N3
] -l n
T b
; —u

J010/ 8AlQ del4

5

(uowsod dn)
sde|4

v Wiy

\.owmczm 1884

wsiueyosiy yiys
buuesy saziqels

> (uonoejoig buibbiy 104)
\ . poiysngd 8dA} eabung

aabung jeiay peon

b6undg eoueje

Jadweq
weuny App3

siybiamqog’ eAnigod

tema-.v ‘Yv ..8°L - 19ney)

ONS 1023u0D.

- 26 -



https://saenorm.com/api/?name=64c42609d2d4d9aa4d211b94a1ce7a68

uotLjesad) SponW SaL4dS wa3sAsS
[O43U0) |eulpn}ibuo] ‘48pnajul 39-y ueuwwnuy - g JYNOI4

AIR4094

- 27 -

solweuAg
P yeony
abexyun
)oeqpea
1 ————=7 1
| uojsid enys ebexyun indu) .
ieziqes T ooy €1 enep _ lonuog [€=1 oy [E=
| _
! 1
I 7
_ JOWIOjSUR))
> fenuaiejiq
_ seeury
_
_
_ M
I
_ wey OAleA OAJeS | ¢
| =1 onleg Gy pAH-on08(3 L__llﬁ Jaljiidwy i 8J0sueg
_ | S04V
- — |Ellll|llllll”"'nl—|

10jenidy JBaMod



https://saenorm.com/api/?name=64c42609d2d4d9aa4d211b94a1ce7a68

AIR4094

Wa3sSAS |04JUO) [ReUBIRT ‘UBPNAIUT J9-V Uewwnisd - 61 JUNOI4

Buim

obesurT o
plo4 lo1enyoy
Buimm  uosadelq  se|qed JeAQ-SS0ID

uosede|4 pseoqinQ Y8 =

uosadei4 pie
aabung 6u

bqu| Yo
AaljeY peo

¥oNsg [0Au0)

aoy
Buip Jadweq
wbiy jusuny
wsiusyoey dn-dog 10/enjoy App3
pue Bupeen uosede| uosade|4
Og [eas
SATEA

dn-dog \ Buuds

uosade4 abexu aouejeg

jonuo) uosade|4 Jlels

wsiveyosy _
O0I8}U| YaUMS Hoopeu)

plo4 Buip uosede|4 pjo4 Buip

- 28 -


https://saenorm.com/api/?name=64c42609d2d4d9aa4d211b94a1ce7a68

AIR4094

J1)ewayds waysAs [043u0)
[eUOL3d84LQ “48pNAIUT I9-y uewwnuy - 0z JYN9I4

JNIOA SIHL TV QAANNOMD T16/0 JAW TIIA L4VHOHI¥ XTHVE

(nwroms (440 FPNEEIUL

NOLLISOd RMOQ 84VIA) orm BLIA
WSIRVAOEN LAINS QNS0 TV 8 NY0)
ONTUVID HEZITIGV1S OIFARI'TRO 34INO

»
NOWL INSNT ARA\ BRany  XHVITIXNY
(@uoviray’ mrons) Q
WO 1IAD. LS1 88V

ZMAAOOTY K148 &—3/ . “.
=7

—l.a»ugaao

'34V °NI 69°2 ‘*am ‘NI 6g°2
- TIAVML

*50d ¥IQAA0Y . <T FIVENL dgeand
2B EL T ETRE)

Yo
aN-oIv3 XOVI8 aNY WHS CIAD O
ANTT UVIRS 4018 HVD WH5 “TAJ "IN N8x8 U
N Mgy aYD 3344
ﬁ\ 5% 30 S17v3 133
MINLIY ONIRAA S

nvy onrzs P

IATVA U000 P

HOLVILIY
|H
gﬁw ‘\

)

¢G € FAND No
oSET Agouﬂnm 1148) VID
SZEV/A
oNF VIR
POLLOTUA] wxaan

- 29 -



https://saenorm.com/api/?name=64c42609d2d4d9aa4d211b94a1ce7a68

SAE  AIR4094

3.6

3.6.1

3.6.2

Grumman F-14 Tomcat:

The Grumman F-14 Tomcat is a variable sweep air superiority fighter
utilizing a type III mechanical-power augmented flight control system with
integral stability and command augmentation (SAS & CAS). A dual-channel,
fail-safe stability augmentation system (SAS) is employed in pitch and roll
and a three channel fail-operational SAS in yaw. The control system allows
for operation at subsonic and supersonic flight while providing performance
and agility characteristics necessary for close in air combat superiority.

System Description: The F-14 control system encompasses the use of
automati i i i udders and
all movedble horizontal stabilizers for pitch and roll contrel and wing
spoilers |for low speed roll performance enhancement. Wing-Vedding and
trailing |edge flaps are automatically programmed for maneuver [enhancement
and automatic scheduling of the wing is programmed as & function of speed
and altitjude. This Mach Sweep Programmer allows utikization of all the
inherent |advantages of a variable sweep rather than Timiting qombat
operations to a fixed wing sweep position.

ical tail is toed-in 1° and has a 30% chord full span rudder.
flection is limited thru an infinitely varible devicd which is
controllgd as a function of aircraft speed and altitude. The|all-moveable
horizontgl stabilizer can be deflected.symmetrically between 10° TED and
33° TEU flor pitch control and differentially +12° for roll control.
Maximum deflections are limited to-15° TED and 35° TEU. Additional roll
control i|s provided by four wing spoilers for wing sweep anglgds less than
57°.

Each ver
Rudder d

Stability augmentation and other automatic functions to the primary
control sjurfaces are processed through the Automatic Flight Cgntrol system
(AFCS). |[These functions’/are roll command augmentation (CAS), |pitch, roll
and yaw sftability augmentation, automatic rudder interconnect |[(ARI),
pitch/rolfl autopilot; Mach trim control, spoiler control, rol] and yaw
authorityl controls-and built-in test (BIT). The system consiqts of: dual
roll and jpitch<rate gyros, three yaw rate gyros, three lateral
acceleroqgters, three AFCS computers (pitch, yaw, roll), and gne AFCS

control nel.

F-14 Flight Control Systems Mechanizations: Control stick motion is
transmitted to the hydraulic power actuator via a completely mechanical
linkage arrangement (see Figure 21) consisting solely of pushrods and
bellcranks to the pitch roll/mixer where it branches to the port and
starboard stabilizer actuators. The longitudinal control system is
designed to provide nonlinear stick to stabilizer relationship so that
stick sensitivity levels provide acceptable aircraft handling qualities.
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3.6.2

(Con

tinued):

Artificial feel is provided to the pilot through a spring-loaded cam and

roll

er assembly, fore and aft bobweights and a sprashpot.

The assembly is

designed to provide distinct breakout force plus two force gradients over

the
the

range of control stick displacement.
pilct with normal acceleration force cues.

The bobweight function provides
The sprashpot (eddy

current damper) augments control system damping by generating forces
proportional to the control stick velocity.

Lateral control (Figure 22) of the aircraft is effected by differential
displacement of all the moveable horizontal stabilizer where full stick

disp
prov
spof
posi
glid
by p
chan
gene

symm

A me

commgnds, and a lateral authority control device restrict

commgnds to the stabilizer as a.function of dynamic pressgyre.

Full
rudd
asse
feel
with
high
the

atta

acement provides +7° differential horizontal stabili
des an additional +5° differential via the AFCS._Cko
ers, commanded differentially, assist in roll contro
fons of less than 57°. During power approach_ (flaps
path correction (Direct Lift Control) can be“made (
oportional symmetric displacement of all_ the spoiler
ing angle of attack or engine power settings. Pitch
ated by symmetrical spoiler deflection/are compensat
trical horizontal stabilizer deflection.

¢hanical pitch/roll mixer assembly~algebraically sums

rudder pedal correspondsi‘to proportional full deflec

rs.
ibly is mechanically-similar to the longitudinal feel
spring force gradient is nonlinear with the force ra
increasing pedalidisplacement.
frequency, low amplitude oscillations via a sk:ker m;
eft rudder pedal is installed to warn the pilot of e
¢k during approach. Infinitely variable rudder stops

A rudder pedal shakey

ver. The SAS/CAS
ir sets of

| for wing sweep

down), vertical

nt pilot option)

5 without

ng moments

pd by coupled

pitch and roll
5 differential

tion of the dual

The artificial feel system mechanized by a spring roller-cam

system. The

e decreasing
motor emitting
pss imbalance to
cessive angle of
restrict the

rudder pedal-travel as a function of dynamic pressure (Figure 23).
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3.6.2

3.7

3.7.1

(Continued):

The Stability Augmentation System (SAS) assists the natural damping of the

aircraft.

The pitch SAS augments the basic airframe characteristics by

providing proportional, closed loop, position control of dual

electrohydraulic series servoactuators.

The demodulated phase sensitive

dc signal of the gyro proportional to pitch rate is fed to a high pass

washout filter.
representing pitch rate.
pitch rates with the SAS damping higher perturbations.
cross—channel monitoring and in-line
to SA he 1o Drovide 0

commgnd roll rate is compared to the
is amplified and applied to the roll

A
A

oMmMmand Jdudinen
sensed roll rate and
series servoactuator

Grumman X-29A:

The Fornward Swept Wing (FSW) X-29A (Figure 24) aircraft is g
demonsfirator incorporating the latest technology in several
design,
FSW/all-moveable canard combination on a fuselage that utilf
forward module and a new design for the gngine ducts and thg
fuselade. This arrangement allows the;all-moveable canard {
the fonward swept wing to minimize tximmed drag over the f1]
and reqults in a configuration withChighly relaxed static sf
unstable) for the wing-body-canard*configuration at subsonic
positive static stability at supersonic speeds.

Systdm Description: The~flight control system (FCS) is rg
stabillize, as well as control the X-29A aircraft. The FC§
fly-Qy-wire (FBW) with-all commands processed through a ty
digital computer with an additional analog backup (see Fig
commgnd functions‘consist of pitch and roll commands with
and Maw commandithrough two pedals. Sensors for the primg
catedorized as either vital or nonvital (see Figure 26).

inclyde piteh, roll, and yaw gyros, the stick/pedal input
(LVDT|s) _and the dynamic pressure sensors, since these seng

servo monitors are used.
ation (CAS).

The filter prevents the passage of steady state signals
This permits the pilot to command steady state
Dual channels with

In addition
The
their difference

L technology
aspects of its

The aircraft has been configured by arranging an optimized

zes an F-5A
mid/aft

o interact with
ght Mach range,
ability (35%
speeds and

quired to

is entirely
iple redundant
ure 25). Analog
the center stick
ry FCS are
Vital sensors
command sensors
ors are required
nsors include

for tthe \FCS reversion operational mode. Other nonvital s¢g
acce] ” a) a i alla a a 0N a

sensors,
transducers.

throttlé cénfrol éénsors,
A1l sensor data is processed through three i

s, air data

and control surface position

dentical flight

control computers (FCC) interconnected to provide triply redundant flight

control system operation. The FCCs provide command signal

s to the control

surface integrated servoactuators; canard, flaperons, rudder, and strake

flaps.
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FUNCTION

Rates

Acceleration

Attitude

Stick/Pedal

Position

Air Data

Actuator
Position

Weight on
Wheels

FCC_SENSORS

REDUNDANCY

SENSOR TYPE VITAL NONVITAL
Pitch Rate Gyro Rate Gyro X
Ro11 Rate Gyro Rate Gyro X
Yaw Rate Gyro Rate Gyro X
Accel X
ateral Accelerometer Accel. X
ongitudinal Accelerometer Accel. X
itch Attitude AHRS X
oll Attitude AHRS X
eading Attitude AHRS X
itch Position Command LVDT X
oll Position Command LVDT X
aw Position Command LVDT X
otal Temperature Transducer X
tatic Pressure (Ps) Transducer X
mpact Pressure (qc) Transducer X
ngle of Attack Vane X
ideslip Vane X
anard Actuator Position LVDT X
laperon Inboard Actuator  LVDT X
Position
laperon Outboard Actuator LVDT X
Position
udder—AcCtuator Position LVDT X
trake~Flap Actuator LVDT X
Position
LC ALtUGtUI ?Ub.lt.lUll RIP X
Landing Gear Switches SWITCH X
FIGURE 26

Dual Triplex
Dual Triplex
Dual Triplex

Triplex
Triplex
Triplex

Single
Single
Single

Triplex
Triplex
Triplex

Triplex
Triplex
Triplex

Triplex
Single

Triplex
Triplex

Triplex

Triplex
Triplex

Single
Dual Triplex
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3.7.2 X-29A Flight Control System Mechanization: Longitudinal control stick
movement, -4 in forward +6 in aft, is transmitted to a triply redundant
LVDT as is lateral and rudder pedal displacement, to produce an electrical

signal for the FCC.
number to be proportional to commanded G's. The artificial
and damper produces a linear force gradient of 4.6 1b/in.

The pitch stick command varies with altitude and Mach

feel spring

Lateral control

stick movement of +3.2 in is nonlinear with roll rate command and a

function of several variables including altitude,
rudder pedal displacement.
a force gradient of 2.5 1b/in.
+3.2 in with a linear force gradient of 23.6 1b/in.

Mach number,
The artificial feel spring and damper produces
Rudder pedals displace a maximum of

Alpha, and

Rate amd acceleration sensors send electronic signals to th
rate sensor and accelerometer package utilizes three identi
provide triply redundant acceleration and rate sensinglSi
packagés are used, two for each pitch, roll, and yaw;\ Thre
packag¢s are used. Attitude and heading referencelsignals

inertial sensor mechanisms supply pitch and rol}, attitude i
synchr¢ format, and heading information to the{ FCC.

Air data inputs to the FCC supplied from air data sensors i
pressure (Ps), Total pressure (Pt), Impact pressure (Qc),
(=), Sldeslip angle (B), and total temperature (Tt). In ad
triplex-redundant LVDT position transducers supply the FCCs
positigns of the primary flight control surfaces (see Figurg

A11 the data is processed through three identical FCCs and
the capability to transmit data between the other FCCs. Th
digital control law computations, air data computations, I/

b FCCs. Each
ral sensors to
K rate sensor

p accelerometer
produced from
pputs, in

hclude: Static

Angle of attack

jition,
with the
b 26) .

pach FCC has
b FCCs provide
D control,

redund3ancy management, analog reversion circuitry, reversiop logic and

Each control surface and engine power
The in

self test functions.
driven|by a servoact@iator through an FCC interface.
servoa
mechanical feedback. Three, dual-coil electrohydraulic ser
control the main valve operation. The FCCs provide failure
allow g¢ontroliof the actuator in three operational modes.

sensor |monitor detects EHV failures, the FCCs provide approj

Tever is
fegrated

tuators (ISA) are a three-stage tandem design that ipcorporates

ovalves (EHV)
monitoring to
\ differential
priate signals
pairs. In the

to a Snlenoid in each sect]on for ON/OFF control of the EHV

standby th-pa1r for actuator contro1 in thevstandby modev
failure in the standby section shall de-activate the solenoids control and
place the actuator in the safe mode.

ctivate the

Subsequent EHV
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3.8 McDonnell

AV-8B Aircraft Flight Control Systems:

Douglas AV-8 Harrier II:
The AV-8B Harrier II

is a V/STOL

attack aircraft with a conventional mechanical primary flight control
An advanced digital electronic flight control system provides the

stability augmentation and autopilot functions.

The AV-8B d

igital flight

control system is called the Stability Augmentation and Attitude Hold

System (SAAHS).

extensive self-monitoring for fail off operation.

3.8.1
system.
3.8.1.1
fligh
hold
name
and Y

with

provi
the c(
The r¢
enging
tip.

aerody

3.8.2 AV-8B F

longitudinal,

27, 28,

System Description:

This concept prov
The design approach was tou
V-8B mechanical control system to the maximum e¥tent
-8B has two basic control systems to maintainpcontro

lTong with stability augmentation.
or the control system.

ft throughout the flight regime. The conventional a
is consist of an all moveable horizontal{stabilator,
er. These control surfaces are powered. by hydraulic
ors. The SAAHS stability augmentationiseries servos
he power control actuators. A V/SJOL reaction contr
es control during the jetborne flight phase (hover)
nventional control surfaces during the transition fl
paction control valves, which emit high pressure air
b, are located in the forward<and aft fuselage and on
The reaction control valves are mechanically linked
namic control surfaces.

ight Control System Mechanization:
lateral and-directional control systems are sh
and 29. The power control actuators are operated ei

by the mechanical control system or by movement of the serie

are inté
system

surface§.

control

servoact

bgral with the’power control actuators. The reaction
Theforward longitudinal RCS valve is linked to t
stick—and a forward pitch reaction control valve (RC
uator  provides the SAAHS inputs.

} +ha 3l +henpnbh Ay,

Schematics of the

RCS) valwvershutters are mechanically linked to the c{

This system is a single channel configuration with

The or1ginal approach for the AV-8B automatic
11 attitude

ides the SAAHS
5e the AV-8A
practicable.
| of the
prodynami ¢
ailerons and
power control
are integral
b1 system

and augments
ight phase.
From the

each wing

to the

p

bwn in Figures
ther manually
5 servos which
control
bntrol

he pilot's

/)

Artific

double-act

‘h

P-N 3c jdad +o
T S p|uvuucu coO— T

ng spring cartridges.

- + +h £13
™ IJI I\JL LITrvuyrnivuti LIIC LI Iy

ht regime by

Dynamic pressure (Q) feel actuators

supply add1t1onal artificial feel based on signals from the air data

computer.

Electrically operated trim actuators are provided

Tongitudinal and lateral systems.

in the

SAAHS is implemented in a single channel architecture and uses automatic

reversion to the mechanical control system upon failure.

A block diagram

of the SAAHS in Figure 30 depicts the interface with other AV-8B avionics

systems,

as well as sensors and actuators in the aircraft.
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