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ANI ASA-32 Flight Control System Produced in quantity for the McDonnell F-4 
Phantom 1/, the AN I ASA-32 automatic flight 
control system is now in service around the 
world. Accorded a high degree of pilot accept­
ance, the AN I ASA-32 system has proved its per­
f ormance, reliability, and ease of maintenance 
under operational conditions. 

The entire ANI ASA-32 system weighs only 
4S pounds. The sensing elements are the same 
as those used in the AF I A42G-8 flight control 
system aboard the F-lOS aircraft. The control 
amplifier consists of fully-transistorized, plug-in 
modules for ease of maintenance and adaptation. 
Automatic test equipment has been developed 
f or the system. 

Data sheets describing the individual 
AN I ASA-32 system components are available 
upon request. 
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Syste m F eatu res 

+ Three-axis stahility augmentation 
+ Pilot relief modes which maintain: 

Attitude, 
Heading, 
~Altitude or Mach numher 

+ Vectoring, traffic control, and auto­
matic carrier landing capahility in 
conjunction with the General Electric 
data link coupler 

+ Proportional-force pitch maneuvering 
+ Automatic pitch trim cutout and accel­

eration limiting 
+ Automatic sideslip control and turn 

coordination 
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ACTUATOR 

+ CENTRAL AIR-DATA COMPUTER 

In the stability augm entation 
mode of operation, the fli ght con­
trol system detects aircraft oscil­
lation s about the pitch, roll and 
yaw axes and deflects the control 
surf aces to counteract the oscil­
lations. These control surface move­
ments are not felt b y the pilot. The 
stability augmentation mode also 
provides automatic turn coordina­
tion or sideslip control during 
luaneuvers. 

In addition to the stability 
augmentation nlode, the pilot can 
select several relief modes of oper­
ation: the automatic fli ght con­
trol, altitude-hold, and Mach-hold 
modes. When the automatic flight 
control mode i s engaged, the sys­
tem maintains aircraft attitude and 
heading within ±O.S degree of 
the reference established at the 
nlOment of engagement. In the 
altitude-hold mode, the system 
maintains altitude withill ±SO feet 
of the reference altitude. In the 
1I1ach-hold mode, the system main­
tains Mach number within -+-0.03 
percent of reference. The pilot can 
select any of these flight aids from 
the engaging controller in his cock­
pit, except that the system cannot 
be operated in both altitude- and 
Mach-hold modes at the same time. 

In conjunction with the Gen­
eral Electric data link coupler, 
three additional modes of system 
operation are available. In the vec­
toring and traffic control modes, 
aircraft heading is commanded by 
an external source through the data 
link coupler. In the automatic car­
rier landing mode, pitch and roll 
attitude (within prescribed limits) 
are commanded through the data 
link by an automatic carrier-based 
landing system. 

SYSTEM FUNCTIONS 
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SYSTEM OPERATION 
I n the stability augm entation mode, system 

operation is basically similar in the pitch , roll and 

y aw channels. Rate gyroscopes, aligned to the pri­

nwry aircraft axes, produce signals proportional 

to the rate of aircraft ,notion in pitch, roll and 

yaw . The gyro signals are amplified by the control 

amplifier and applied to the h ydraulic servo­

actuators which deflect the control surfaces to 

damp the oscillations. 
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Pitch Channel 
In the stability au gm enta ti o n mode, the pitch ra te gyro 
signal is sch eduled thro ugh an ai r-pressure potentiom e te r 
in the aircr a ft 's a i r-d a ta computer . The potentiom ete r 
m odifi es the m agnitud e of the sign al t o yield constant 
control respon se indep endent o f a irsp eed and altitude. 

T h e signal the n is a pplied to a can cell er-am plifie r 
which blocks low-frequen cy signals produced b y norm al 
airplane m a neu vers. 

In altitude- an d :lVIa ch -hold modes of oper ati on , error 
signals from the central air-d a ta computer are p assed 
throu gh an adder-atte nu a tor m od ule in the control a m pli­
fi er. T h e adder- a ttenua tor fades sign als in and out wh en 
the relief m ode is en gaged to prevent tran sients. 
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P ilot inputs, proportional to the for ce a pplied to the 
motional pickup transducer mounted on the control col­
unm, are sch eduled through the central air -da ta computer 
to the syn chronizing drive. The synchronizing d r ive inte­
grates th e pilot's steering commands into the servo loop. 

The synchronizing drive also keep s the e rror outputs 
from the ve rtical and directional gyroscopes a t null until 
the automa tic fli gh t control mode is en gaged , p reventing 
en gagem ent tran sients. A fter modifi cation b y the pressure 
potentiomete r, the automatic fl ight control m ode error sig­
n als are applied through t h e servoamplifier to the servo­
actua tors. 

Pitch force switch es deactivate the r elie f modes when 
the p ilo t m an euvers th e a ircraft. When the force applied 
b y the pilot drops b elow the switch closing limits, the auto­
m atic fli ght control modes a re reactivated , and the prevail-
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STABILITY AUGMENTATION MODE 

m g aircraft attitude b ecomes the referen ce attitud e for 
automa tic op eration. 

A follow-up signal, proportional to control surface dis­
placem ent, is fed b ack directly to the servoamp lif-i er to ' 
prevent control " overshoot." A follow-up signal also is 
sent through the follow-up syn chronizing circui t to make 
pitch t r im adjustme nts as the aircr aft cente r o f gr avity 
ch an ges during the mission. 

An important sa fe ty fea tu re is provided by th e 
g-lim iting and trim-cutout accelerom e te rs. T h e g-limit in :.; 
accelerome te r deactiva tes the automa ti c fli ght contro l m od e 
if it senses acceler a tions in excess of + 4 g or - I g. T h e 
t r im-cutout accele rome te r disconnec ts the pitch trim s ~ - s t em 

if its +3 to Og limits are exceeded . In addition, the p ilo t 
can disconnect th e entire fli ght cont rol functio n fr om a 
switch on his motional pickup transducer. 
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In the stability augm entation mode, roll 
operation is similar to the pitch ch annel, 
except that roll rate signals are fed directly 
into the adder -attenuator since air-d ata gain 
sch eduling is not r equired. 

In the automatic fli ght control mode, two 
error signals, from the vertical and directional 
gyroscopes, are required. These error signals 
are k ept a t null b y the roll and course syn­
chronizing drives until the automatic fli ght 
control mode is en gaged. One or the other 
syn chronizing drive output is applied to the 
servoamplifier with the stability augm entation 
signals from the roll rate gyroscope. 

Unlike the pitch channel , pilot roll in­
puts are applied directly through the control 
column and m echanical linkages to the con­
trol surfaces. Roll force switches deactivate 
the automatic fli ght control mode when the 
pilot maneuvers the aircraft. If the bank 
angle after comple tion of the maneu ver is 
greater than 5 degrees, the system maintains 
the angle prevailing a t the moment of auto­
matic reen gagem ent. If the bank angle is less 
than 5 degrees, the system r eturns the aircraft 
to wings-level attitude. 
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In the st ability au gm entation mode, yaw 
channel operation is identical to the pitch 
channel. 

In both stability augm entation and the 
automatic fli ght control modes, a linear accel­
erome ter m easures lateral accelerations. The 
acceleromete r signal is sch eduled through the 
air-pressure potentiometer and applied to the 
actuator through the yaw ser voamplifier to 
counteract sideslip . 

The AN / A SA-32 sys tem operates in con­
junction with the aircraft aileron-rudder 
interconnect function to provide automatic 
turn coordination. In the stability augm enta­
t ion mode, with aircraft sp eed below 225 
k nots, aileron deflec tion can cause a propor­
tionate rudder deflection up to 15 degrees. 
T he rudder command i s introduced into the 
system through the yaw servoamplifier. 
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DATA LINK COUPLER FAILURE-CORRECTING ACTUATOR 

Data Link Operation 

An advanced AN I ASA-32 system, currently 

being fli ght tested, gives the aircraft automatic 

vectoring, traffic control and au tomatic carrier 

landing capability. A special coup ler permits 

the Bight control to receive commands from the 

ANI ASW-21 data link. 

In the vectoring mode, the data link fur­

nishes heading signals to direct the aircraft to 

a target. In the traffic control mode, the data link 

guides the r e turning aircraft into a predeter­

mined traffic pattern near the carrier. In the 

antomatic carrier landing mode, pitch and roll 

commands from the AN ISPN-IO landing sys tem 

011 the carrier are coupled to the flight control. 

The pilot can land the aircraft manually from 

attitude displays commanded by the data link 

if he wishes. In the event he receives a "wave 

off" from the carrier, the coupler and fli ght con­

trol disengage automatically. 

NEW DEVELOPMENTS 
General Electric is conducting many de­

velopment programs to improve flight control 

system performance and reliability . Of particu­

lar interest are the following. 

Failure-Correcting, Self­
Adaptive Flight Control 

Under development for the US Bureau of 

Naval Weapons is a flight control system which 

provides these features: 

+ Self-adaptive gain control without external in-

puts 

+ Hybrid digital-analog pulse-time computation 

+ Redundant channels with majority-logic voting 

+ Failure-correcting h ydraulic servoactuators 

+ Microelectronic circuit construction 

Self-adaptive stability augmentation IS 

afforded in all three aircraft axes without use 

of an air-data computer. The General Electric 

self-adaptive method employs a damping sen sor 

which measnres aircraft response to normal gust 

disturbances. Control system gain is adjusted 

to keep 8ystem response invariant regardless of 

changes in the flight environment and aircraft 

characteristics. 

The h ybrid computation technique permits 

a completely solid-state computer mechanization. 

Analog quantities are re presented by pulse-width 

modulated signals. Thus, arithmetical operations 

can be performed without the use of electro­

mechanical devices. 

The system employs three identical control 

channels for each aircraft axis. Majority-logic 

voters compare pulse-width signals at selected 

points in the identical control channels. Any 

significant difference between signals is detected, 

and the erroneous signal is blocked b y the Yoter. 

Thus, the system operates properly even after 

a failure in one of the channels. 

All of these features have been flight tested 

ill an F-4 aircraft. In addition , the new system 

has dual hydraulic servoactuators, which operate 

properly in spite of a failure. Furthermore, 

about 60 p ercent of the control computer I S 

built of microelectronic integrated circuits. 

F-lll Automatic Flight 
Control System 

General Electric also i s designing a fli ght 

control syst em for the F-Ill aircraft. This sys­

tem incorporates many new features and is the 

nlOst advanced aircraft control system under de­

velopment toda y. 

Terrain Following 
FI ight Control 

Advances which permit self-adaptive op er­

ation, vastly increased reliability and micro­

electronic circuit packaging portend a control 

system having superior terrain following capabil­

it y. Under US Air Force sponsorship, General 

Electric is investigating the application of pre­

dictive path computation and d ynamic control 

optimization to snch a system. 
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For additional information 
about a General Electric 
flight control for YOllr appli­
cation, please contact: 

Sa les Manager-Flight 
Control Programs 
General Electric Company 
600 Main Street 
Johnson City, New York, 

US.A. 

General Electric Technical Services Company, Inc. 
Aerospace and Defense Overseas Operations 
777 14th Street, N.W. 
Washington, D. c., US.A. 

General Electric T echnical Services Company, Inc. 
Aerospace and Defense Overseas Operations 
Franzstrasse 45/49 
Bonn, West Germany 

International General Electric Company of New York, Ltd. 
Boulton Road 
Reading, Berkshire 
England 
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