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1. 

AUTOMATIC STABILITY AND CO~ITROL SYSTEM FOR CF-1O5 

SUMMARY 

This report reviews briefly the reasons which lead to the automatic 
stability and control equipment development in the form in which it is 
proposed for the CF-1O5 aircraft. Progress up to date is described in 
the analysis of the problems involved and solutions obtained and their 
translation into the hardware design. 

Further planning of development program and time schedule is given. 
It is expected that the ground tests of damping system hardware will 
begin at Avro in September 1956 and first developmental systems for 
flight testing will be delivered to Avro in May 1957. Flight test will 
start in July 1957. Development program should be completed by May 1958. 

INTRODUCTION 

The general survey of the problems of aerodynamic stability of clean 
airframe was given in Avro report P/Stability/92. The necessity of 
automatic improvement of flight characteristics of CF-1O5 was clearly 
indicated. To recapitulate here briefly: early in the preliminary 
design phase of CF-1O5 it was concluded that it is not possible to 
provide adequate damping for an aircr&ft so that it would be a satis­
factory armament launching platform at supersonic speeds and heights of 
60,000 ft. and over and at the same time maintain reasonable performance. 
This view is generally recognized at present and considered to be fairly 
independent of any particular design configuration. In this situation 
it is evident that the aircraft will not be operational in case of failure 
of electronic damping system equipment. Exploiting this fact fully it 
was decided to increase the functional scope of the "black boxes", forming 
the damping system, to include also automatic stability augmentation thus 
permitting marginal aerodynamic stability design. Such increase in scope 
calls naturally for much more extensive analytical work and more sophisti­
cated net-work design but has practically no effect on "black boxes" wei~ht 
or reliability as the basic computing elements and sensors are already 
there to provide automatic damping. It does not involve any changes to the 
basic aircraft control system. However, on the other side of the balance 
sheet, that is dispensing with adequate directional stability by purely 
aerodynamic means, there are first order effects produced as far as weight 
and operational manoeuvrability is concerned. This argument is fully 
presented in the above quoted Avro report and so shall not be repeated here. 

Such then is the historical background of CF-1O5 nblack boxes" design 
philosophy. It has not resulted - as was suggested in some quarters -
from wind tunnel test indication of inadequate static directional stability. 
In fact the fin effectiveness obtained during tests in Cornell P.eronautical 
Lhboratories is very close to the theoretically exp~cted. 
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2. INTRODUCTION (Continued) 

In view of all that was said above it will be readily appreciated 
that the term "damping system" is something of u misnomer as the syBtem 
also provides automatic stability augmentation and, as will be described 
later, incorporates several safety features and completely novel elec­
trical feel system for the manual mode, 

J. DYNAMIC STABILITY OF CLEAN AIRFRAME 

Since the report P/Stability/92 was written considerable more work 
was done both analytically and on the analogue computer and therefore 
some statements concerning the dynamic stability must be brought up to 
date. 

The region considered as manually unflyable without automatic 
stabilization and damping has decreased in level fli ght to an area shown 
on Fig. 1. A similar area expected previously at transonic speeds at low 
altitudes has disappeared all together. The unflyable area is now defined 
as one in which the amplitude of any disturbance is doubled in less than 
3 seconds. The "Dutch Roll" mode damping characteristics are given on Fig. 
2 for level flight and on Fig, 3 for 4 1g 1 flight. It is very interesting 
to note that at 4 1g 1 the aircraft is stable without automatic means 
throughout the flight envelope in spite of the fact that static directional 
stability decreases with 'g' and is definitely negative around Mach No. 2 
and medium altitudes. Because of this decrease in static stability with 
1g1 it was previously expected that the unflyable area will enlarge with 
normal load factor, - as it happens it is non-existent at 4'g 1 • This 
fact illustrates very well how unreliable and useless it is to base 
speculations concerning dynamic stability of supersonic aircraft of modern 
layout on one or two static derivatives. 

From Fig, 4 & 5 it can be seen that considerable region of flight 
envelope lies in satisfactory region for manual handlinr, as defined by 
u.s.A.F. Spee. 1815B, 

Realizing that the definition of unflyable area as given above is 
somewhat arbitrary it is intended to actually "fly" on the computer many 
points within the flight envelope to determine experimentally how realistic 
it is, So far a few points were "flown" with satisfactory results. The 
flying is performed through a stick which is provided with correct spring 
feel as per CF-1O5 design of the purely mechanical manual mode. The 
display is in the form of horizontal bar on the cathode ray tube represent­
ing aircraft wings and able to roll, sideslip and pitch. Record of such a 
flight in lateral degrees of freedom is shown on Figure~. The flight 
condition is 20,000 ft. and Mach No. 1,5, - as can be seen from Fig. 1 it 
is very close to the unflyable houndary. It was quite easy after a few 
seconds of initial learning to keep the s ideslip to less than 1/2°. 
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DYNMv'IIC STABILITY OF CLEA1 AIRFRAME (Continued) 

The flying on the simulator in pitch degrees of freedom, as was 
expected, is quite safe in all conditions of flipht, there alwEqs 
being adequate dynamic stability. Damping is poor at altitudes of 
over 40,OOO ft. and thererore a practic&l pilot techni que is to move 
stick slowly and not to try and cor.?pensate for poorly damped oscill­
ations as the period is too short for human response characteristics. 

DAMPING SYSTEM FUNCTIONAL OBJECTIVES 

As was already mentioned earlier under the currently used term 
"damping system" many other functions are included which are in no 
wey related to damping. A very complete description of the functions 
to be provided by the damping system and its p~rformance is given in 
the "Requirements for CF-1O5 Damping System and Associated &tuipment" 
Issue I. dated November 7th, 1955, See Appendix L 
This document forms the basis of a contractual agreement between Avro 
and Hu,hes Aircraft Company for the desi~n and development of the 
damping system. 

SYSTE.\1 STUDY 

The study of the overall system stability and component require­
ments began in September 1953. In November 1953 first two units o~ 
Boeing Electronic Analogue Computer were installed and from that date 
the study was greatly accelerated by the extensive use of this facility. 

As a result of this early phase of analytical and simul ation work 
all essential characteristics of the electro-hydraulic and hydraulic 
components of the control system were specified to the Design Office 
before t,he actual design stated. These included maximum effort, 
maximum rate and fr~quency response. /Is design proceeded and various 
components were manufactured, they were tested in the Structural Test 
Dept., and tests results analyzed in the Aerodynamics Dept. Servo 
units tested were developed to the point of meeting frequency response 
requirements. Main elevator hydraulic jack phase lag is better than 
specified. Hydraulic jacks for ailerons and ~udder were not tested s0 
far but being smaller units than the elevator jack no diffi culty in 
rerponse is expe cted. From tests resul ta actual analytical transfer 
functions for various components were obtained and are at present used 
on the computer, A check of the validity of results obtained from 
comput~r was performed rec~ntly, In this test one computation was 
performed using entirely computer simulation of aerodynamics, sensors, 
damping system and controls, Another computation was performed using 
exactly the same computer simulation with the exception of control 
system which was replaced by actual hardware from servos to control 
motion. Figure 7 shows a comparison of relevant variables. In both 
cases the same input of sharp edged gust was used. Figure 8 shows a 
similar comparison for pilot input. It can be seen that the agreement 
is excellent thus establishing confidence in computer results, 



• 

-4-

The block ri:!agram of thP damring system :is givPn b., Figure Q, 

The essential feature of thi.s design is the prov:isi on or t wo inde­
penrient inrut.s hlto thP hydrauJic actua+,or: the para]lel and the 
differential servo,the in-uts ~rom which ern summed at the jeck velve . 
Comwand out!'uts from the piJot. or "rorn thP A,1",':,"., ccriP into the 
rera]Jel se rv0 which mnves at onP end the control surf'pce ar.d at the 
other thP st:I ck. IndepPrvlent ]y d Fferent l!:: l servo is smooth .in!! the 
response of tf'p aircr&ft rPgerd]ess of whPthnr it orieinntr11 from 
intPrtional command er rbndom gust. The pilot at the stick is 
unawarP of the d:!fferential servo rr.ove,;ients (and associated ccntroJ 
movements). As far as he is concerne<l he is flying an aircraft of 
excellent aerodynamic ch~ractrristics wl ich do not deteriorate with 
either spe ed or altitude. 

The signals actuating the differential servos ere dPrived frcm 
berodvnbmic feedbacks (such as angular rates, accelcrBtions etc.) bS 
SPnst d by the sensing elements (gyros etc.) and suitbbly shbped by 
the scheduling and compensating nPtworks (the actual dumrin,; system 
"black boxes"). So far twc distinct feedback systems wPre analyzed 
in fair deti..il: 

(i) purely rate damping system using only gyros as sensing 
elements. 

(:!i) rate and acceleration system us:!ng gyros, accelerometers 
and s:!des]ip ,~eather vane as sensing elements . 

Thii s0cond system is by far superior as far as 1erforriance is 
concer'led ard is the one hP1ng now developn<l. 

Very sreda] feeture of tl- is des:lr,n :Is the reouireMP,,+. (See Apr. 
]. Para, 4,1,5) fer! 50'% change in a'ly Joor g1dn (onP ot a t.imo) 
an<l any th1e constant in cnmppnsating nPt.wnrJrs wit.hour, causing a 
dangerous deterjoratjon jn the a' rcraft resronse . Such wide toleronce 
in damring system rrrameters hrs severe] important advantoRes: 

(i) ovPra]J system perfcr"lbnce •ill not ~e too s ensitivP to 
reasonab]P var{ations in control sys+1ir1 due to "lunufacturing 
ch.sractedstics snd airfrume toler&nces, Thus no indjvidubl 
arlju··tment of darq:in[:; bcx frcm aircraft to aircraft shou]d 
be necessary. 

(ii) scheduling ,,,-;d compensating functions can be comrromised 
without deterioration of overall rerformance. Simrlifyini.; 
these functions &nd limitin._; the number of scheduling 
parameters will result in simpler 1;nd tr,erufore more rue1:;ed 
and reliable system. 

(iii) finally the design will be less affected by any misestilll!ites 
of the aerodynamic coefficients. This h&s obvious udvant&6es 
of safer and shorter flight test development period, 
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DP.IPI'IG SY STi<:M DE.,)IC'.-1 (Continued) 

Many doubts were voiced regarding the feusibility of this 
requirement. llowevP.r, it has been shown recently that with a 
sideslip feedback it can be achieved not only without causing a 
dangerous condition but actually with very little deterioration in 
performance from the optimum. This is illustrated by Fig. 10 for 
Mach. No. 2.0 and altitude 30,000 ft. - a most critical condition 
of the whole flight envelope as can be seen by the extreme rate of 
divergence of clean airframe shown for comparison. 

When on manual mode (with normal damping system in operation) 
pilot flies throuvh control stick steering. This consists of 
electrical signal proportional to the pilot force beinp compared with 
normal acceleration in case of pitch axis and rate of roll in case of 
roll axis. The resultant signal is fed into the parallel servo. Thus 
by closing a feedback loop ar ound the final aerodynamic results of 
pilot action (See Fie, 8) a feel characteristic is produced which 
gives constant stick force per "e" and constant stick force per unit 
rate of roll independP.nt. of flight condition. This is achieved by 
extremely simple means and the actual level of stick for per "g" can 
be altered by mere adjustment of the gain potentiometer. To approach 
such feel characteristics by mechanical means would lead to a very 
complicated design . 

RELIABILITY 

The damping system beine an essential element of the aircraft 
operational capability every effort is made to achieve as high re­
liability as is possible at the present state of the art. Weight and 
expense considerations are to be subordinated to reliability. 

Detail electrical circuitry arrangements to improve reliability 
are not yet know as the system just enters the hardware design stage 
at Hughes Aircraft Co. A general requirement dictated by reliability 
aspects is that only magnetic amplifiers shall be used. 

SflFKfY PROVISIONS 

These are described in detail in Appendix 1, para 3.;, ;.5 and 
;.6. 
In general provisions are made to sa"eeuard agai'lf!t. the m1,lf11n ~tion of 
equipment. There ore no provisions f or preventin~ the pilot from ov~r­
loadinf the airplane in pitch save for high stick forces. In the roll 
axis, however, there is a comfll t>nd signal limiter even on the n,,nual mode. 

The yli.w axis of' t he &irr b ne bei'lg the most crHicbl there is a 
complete dupl,ication of the ya'fl axis of the damping system including 
sensors, computing and hydraulic servos. The duplicate yaw axis is 
called the emergency damping sys'ern. The switch over from normal to 
emerfency in cuse of detected malfunction is aut0mhtic. The sensing 
element used is the sidP.slip vane. It is thP.refore necessary for a 
douhle failure to occur before the pilot is left without any artificial 
dampjng and stability. 
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SAF~.:TY PROVISIONS ' Continued) 

Besides havi ng a switch to switch of f the entire dampine system 
the pi lot can, i n enerfency, override the parallel servo by exerting 
sufficiently high force. 

MAINTENANCE EQUIPMENT 

This equipment is developed concurrently with the damping 
system at H.A.C. and will consist of: 

(1) closed loop overall tester which will by a fast simple 
test either pass or reject the wholP- system. 

(ii) unit testers of simple "go", "no go" variety which will 
be used to test in detail every component. 

DEVELOPMENT AND HARDWARE EVAWATION PROGRAM 

The development and evaluation will be accomplished in several 
distinct phases: 

(i) analytical and computer simulation leading to detail specific­
ations for the design. At present some 50% complP-ted . 

(ii) aerodynamics, sensors, computirlf networks simulated on the 
computer with actual hydraulics of the control system rig 
tied in to the computer. Control surface deflections, rates 
and accelerations fed back to the computer. At present only 
a few preliminary tests of this type were run with satisfac­
tory results, This phase expected to start in July 1956. 

(iii) all elements simulated on the computer with the exception 
of damping system computing and scheduling unit. The 
actual unit as obtained from Hughes will b~ used in this 
phase. Provisions will be made to power this unit from 
the mock-up of the aircraft electrical power supply situated 
in the Production Division. Effect of transients in the 
power supply (e.g. icing loads) will be investigated. This 
phase is expected to start in September, 1956. 

(iv) in this phase fully representative cockpit (near the rig) 
cMbling and hydraulic equipment will be tested together with 
the analogue computer. The only elements left on the computer 
will be aerodynamics and sensors. Pilot display will be 
transmitted to the rig and the pilot will be able to "fly" the 
airplane using all actual control components. The simul8tion 
of both the manual and emergency made will be possible. A 
standard panel of instruments is now developed to respond to 
aircraft variables generated on the computer. New ideas in 
cockpit display such as combining 3 degrees of freedom in 
one instrument will also be evaluated. 
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DEVELOP:'IIENT AND HARDWARE EVALU ITION PROGRAM (Continued) 

In this phase following conditions will be evaluated: 

(a) Simultaneous demands to all controls (any necessity of 
policing -,.,ill be evident). 

(b) Aerodynamic loads simulc.t.ed on all controls, 

(c) Engine r.p.m. for:-

- full power 

• half power 

- idle 

(d) Ono engine out case. 

(e) One hydraulic system out case, 

(f) Ambient temperature variation. 
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11. THl'E SCl!EDUIB FOR DF.VF.LOPMENT OF THE DA~J'H!G SYSTEM 

1 January, 1956 

1 June, 1956 

1 July, 1956 

- Contractual coverage given to Hughes Aircraft 
Compaey - Design work started at full effort. 

- Preliminary installation da t a . 

- Agreed upon equipment specification for 
development systems. 

- Agreed upon characteri~tics of special 
development te s t equipment. 

1 September, 1956 - Delivery of simulu.tion htirdware and opera-
tional characteristics. 

1 December, 1956 - Supplementary installation . data. 

1 May, 1957 - Delivery of first flight te st system. 

1 June, 1957 - Delivery of special development test equipment. 

1 July, 1957 - Delivery of second flight te st system. 

1 August, 1957 

- Start of flight test by Avro with Hughes Aircraft 
engineers participating i n the analysis of test 
results conducted at Avro. 

- Delivery of flight te st ba ck-up system plus 
additional spares. 

1 January, 1958 \greed upon equipment specification arrl design 
freeze for pre-production systems. 

1 April, 1958 - Delivery of pre-production drawings, 

1 1✓.ay, 1958 - Conclusion of damping system developmental 
flight test program. 

1 December, 1958 - Completion of Final Eneineer ing Re port. 
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Issue 4 

AVRO AIRCRAFT LIY.ITED 

REQUIREMENTS FOR CF-105 DAUPING SYSTEM AND ASSOCL\TED EQUIP!/ENT 

November 7th, 1955. 

1. INTRODUCTION 

The damping system, as defined in this statement of requirements, when 
acting in conjunction with certain airframe components, is intended to improve 
the flying qualities of the aircraft to a point where the aircraft is easily 
controllable by the pilot under all conditions of flight, and is to provide 
the means by which the pilot controls the aircraft. The system must be so 
designed as to opera te in conjt:nction with an automatic flight control 
system which is integrated with and essentially part of a Hughes MX-ll 79 
or MA-1 type of inter,rated interceptor electronic system. Sections 1, 
2 and 3 describe functionally the damping system and associated equipment 
covering the whole system, parts of which is AVRO responsibility and 
parts of which is HAG responsibility, Detail responsibilities for the 
various items that integrate into the damping system are defined in 
Section 4 for the HAG and Section 5 for AVRO Aircraft. 

2. DAKPING SYSTEW. CONFIGURATION 

The darr,pi ng system shall be comprised of: 

2.1 Normal damping system 

2.2 Emergency damping system 

2.3 Switching system 

2.4 Electrical control stick steering 

2.5 Safety cut-out devices 

2.6 Roll rate comman:i signal limiter 

3. FUNCTIONAL REQUIRE~m:NTS OF DAI/PING SYSTEM 

3.1 Normal Damping System 

3,1.1 To damp the short period oscillations about all three axes. 
The damping r atios and periods shall meet USAF Spee, 1~15-b. 

3,1.2 To damp the longitudinal long period oscillations, provided 
this can be accomplished without excessive complication, This 
shall be further studied and final deternination shall be 
subject to mutual agreement. 

J.1.J To provide spiral stability such that the spiral mode of the 
augmented airframe shall not diverge at a rate greater than 
double amplitude in ·twenty secorrls. 
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3.1 Normal Dampi ng System (Continued) 

3.1.4 To provide t urn coordination an<l side slip minimization in any 
operational manoeuvres up to -+ 6g in pull-outs and + 4g in turns 
and ne gatively to - 2g, such that: 

3.1.4.1 50% of structural integrity limit on sideslip shall 
not be exceeded (this is a design objective). 

3.1.4.2 The steady state sideslip shall be less than or equal 
to 2.5°. 

3.1.4.3 Fire Control System r equirements shall be met wherever 
more restrictive than 3.1.4.1 and 3.1.4.2. 

3.1.5 Further study may irrlicate that for reasons of compatibility with 
the requirements of 3.5.1 it will be necessary to modify the 
above limits of 3.1.4. To the.extent thnt this is necessary the 
requirements of 3.5.1 as effected by a simple mec hanical "g" 
cut-out (i.e. without anticipation) shall prevail. 

3.1.6 The artificial damping features shall not materially deter i ora te 
the roll response characteristics of the basic a ircraft. 

3.1.7 To provide a means of manual control which is also suitable for 
accepting flight commands from the electrical control stick 
stee~ing and the automatic flight control system • 

3.1.8 To provide for uncoordinated manoeuvres at the opt i on of the 
pilot. This shall be implemented by a coordination cut-out 
switch on the rudder bar. 

3.2 Eme r gency Damping System 

3.2.1 The critical dynamic charact~ristics of the yaw axis of the basic 
airframe make it mandatory tha t there be two indepe ndent damping 
systems on the yaw axi s only; one being the nor mal syst em, and 
the other the emereency system. The se systems shall oo independent 
of one another; i.e., both systems will be provided with separ~te 
transducers, equalization, hydraulic power supply, and el ectrical 
power supply. 

3.2.2 To insure maximum r eliability, the emergency damping system shall 
be operated from the aircraft power supply. 

3.2.3 The emergency damping system shall provide stability and damping 
of the Dt\tch ·Roll mode. 

3.2.4 50% of structural integrity limit on sideslip shall not be exceeded 
in any pull-out or turn 2g manoeuvre. 

3.2.5 To provide for uncoordinated manoeuvres at the option of the pilot. 
This shall be implemented by a coordination cut-out switch on 
the ru:l.der bar. 
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3.J _§witching System 

3.3.1 \Yhen the normal damping system fails to meet the requirement of 
3.1.4.1, the emergency damping system shall be engaged and the 
normal damping system shall be disengaged. This shall be 
implemented by automatic switching to the emerRency mode. See 
3.4,1.2 and 3,2. 

3.3.2 The command signal to actuate the switch described in 3.3.1 shall 
be a combination of signals originating from a sideslip sensor 
arxi other sources as required to provide adequate anticipation, 

3.3.J The automatic switch shall be a fail safe switch. The definition 
of "fail safe" shall be mutually agreed upon by AVRO and HAG 
at a later date. 

3,3,4 The pilot shall have the option of re-engaging the normal 
damping eystem through the emergency and manual mode selector 
switch, see 3,4.J. 

3.4 Electrical Control Stick Steering 

3,4.1 The re shall be two modes of flying through the stick: 

3,4,1.1 lfonual mode in which the inputs into the parallel servos 
shall be sienuls proportional to stick forces and normal 
acceleration and r ate of roll. Normal damping system 
is engaged, 

. J..4.1.2 Emergency mode in which stick motion ie mechanically 
linked to the control valves of the main surface 
actuators, The differential servos of the ailerons 
and elevators shall be centred, and the corresponding 
parallel servos shall be disengaged , In this mode, 
only emergency yaw axis damping is reta ined. 

3.4.2 The stick force transducers shall be of either strain eauge 
or linear differential transforl:lOr type. The damping system 
shall accept signals from a pitch axis stick force transducer 
which shall be located aft of the bobweight in one of the 
control links. The dar.iping system shall also accept signals from 
a roll axis stick force transducer. 

3,4.J There shall be a switch which shall be used to select either the 
emergency mode or the manual mode of control. 

3,5 Safety Cut-Out Devices 

3.5.1 There shall be a mechanical "g" limiting device which will dis­
engage the pitch axis of the normal damping system so that the 
structural integrity limit of+ 7.Jg and - 3,4g on the normal 
load factor shall not be exceeded. This shall be accomplished 
in a fail safe fashion. The definition of "fail safe" shall 
be mutually agref>d upon by AVRO and HAG at a later date. 
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3.5 Safetv Cut-Out Devices (Continued) 

3.5.1.1 The disengagement of the pitch axis shull be implemented 
by the mechanical recentering of the elevator differential 
servos and disengagement of the elevator parallel servo. 
The signal for disengagement shall be an electrical 
signal. ' 

3.5.1.2 Simultaneously with the disengagement of the parallel 
servo the trim feel system shall be engaged. The 
signal for engagement of the trim feel system shall be 
an electrical signal. 

3.5.1.3 The pilot shall have the option of re-engaging the pitch 
axis of the normal damping system. 

3.5.2 Roll Ra.te 

There shall be a mechanical roll rate limiting device which will 
disengage the aileron axis cf the normal damping system so that 
the structural integrity limit on the rate of roll of 200 deg. 
per second shall not be exceeded. This shall be accomplished in 
a fail safe fashion. The definition of "fail safe" shall be 
mutually agreed upon by AVRO and HAC at a later date. 

3.5.2.1 The disengagement of the aileron axis shall be 
implemented by the mechanical recentering of the aileron 
differential servos arrl disengagement of the aileron 
parallel servo. The signal for disengagement and 
recentering shall be an electrical signal. 

3.5.2.2 Simultaneously, with the disengagement of the parallel 
servo the trim feel system shall be engaged. The 
signal for engagement of the trim feel system shall be 
an electrical signal. 

3.5.2.3 The pilot shall have the option ofre-engaging the roll 
axis of the normal damping system. 

3.6 Roll Rate Command Sienal Limiter 

3.6.1 The stick force command signal to the aileron parallel servos 
shall be limited in such a fashion that the pilot may not 
request roll rates in excess of 180°/sec. , 

4. DA!iPING SYSTEM ITEMS WEICH SHALL BE PROVIDED BY HUGHfS AIRCR:J'T COllPANY 

4.1 Amplifiers 

4.1.1 Amplifiers for both differential am parallel servos •. 

4.1.2 Amplifiers for the ct, ~ sensor signal. Pick-offs may be 
required for other sub-systems, which shall be mutually ugreed 
to by AVRO and HAC. 
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4.1 Ar:lplifiers (Continued) 

4.1.3 Amplifiers for air data pressure transducer' signals. Pick-offs 
may be required for other sub-systems, which sh 'lll be mutually 
agreed to by AVRO and HAG. 

4.2 Sensors 

4.2.1 Gyros an:l. accelerometers as required for the damping systeM. 
Pick-offs may be required for other sub-systems, which shall 
be mutually agreed to by AVRO and HAG. 

4.2.2 Pressure transducers for air data source. 

4.3 Computing and Scheduling Circuitry: 

4.3.1 The normal damping systel:l should have separate and self­
contained computing and scheduling circuitry; however, a 
possibility and advantage s , if any, of using facilities of • 
the Integrated Electronic and Control S;rstern shall be studied. 

4.3.l.l If t t is scheduling relies on the f acilities of the 
Inte r rated r:lectronic & Control System then in the 
interi1t period during which the Integrated Electronic 
& Control System is not ava ilable substitute 
scheduling facilities shall be provided. This shall 
functionally approxi1tate the scheduUng of the normal 
damping system. 

4.3.2 Provisions shall be made for accepting flight commands from the 
electric control stick arrl the automatic flight control system. 

4.3.3 The emergency damping systen, shall have separate and self­
contained computing and scheduling circuitry. 

4.3.4 The normal an:l. emergency damping systems shall be so designed 
that when all the deviations due to lll!l.nufacturing tolerances 
of the col"ponents (as defined in Mil E-5400) are considered 
in the most unfavorable combination, the performance require­
reents of Section 3 shall be met. 

4.3.5 The normal and el:lergency damping system shall be so designed 
that a 50% change in any damping system functional gain (and 
time constant as a design objective) from its design value, 
with other parameters at their design value! shall not result 
in an unstable condition (excluding phugoid; of the augmented 
airframe. 

4.4 Power Supplies 

4.4.1 It shall be a design objective that the normal damping system 
shall operate from either the aircraft power supply, or from 
the integrated electronic power supply, except that when 
operating from the aircraft power supply it . shall not be required 
to accept control signals from the automatic flight control 
system. 
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4.4 Power Supplies (Continued) 

4.4.1.1 In, the interim period during which the integrated 
electronic power supply is not available substitute 
units approximating the final unit shall be provided. 

4.4.2 The emergency damping system shall be operated from the aircraft 
power supply. 

4.5 Pilot Operated Switches 

4.6 

4.5.l I.lain standby, operate and "off" switch which energizes the entire 
damping system. 

4.5.2 Fmergency and Manual !lode selector switch (including the 
automatic manual to e□ergency switch provision, See 3.3.1). 

4.5.3 Je-engage switch for pitch axis s .-,fety cut-out. 

4.5.4 P~ngage switch for roll axis safety cut-out. 

Safet;:c Cut-out Devices 
I 

4.6.1 Normal acceleration cut-out device. 

4.6.2 Rate of roll cut-out device. 

4.6.3 The electrical signals to implement hydraulically cut-out action 
as described in 3.5.1.1, 3.5.1.2, 3.5.2.1 and 3.5.2.2. 

4.7 Command Signal Limiter 

4.7.1 Rate of roll co□mand signal limiter. 

4.8 ~witching from Normal to EmPrgency D~m£1ElL 

4.8.1 The electrical signals to implement this switching action as 
descri·oed in 3.4.1.2, 3.3.1 and 4.5.2. 

5. D All.PIN::, SYSTEM AND ASSOC I ATI:D ITEliS SUPPLIF.D BY THE AIRFR A!,'.E 11.,\.NUF ACTURER 
WHICH SHALL NOT BE COVERED BY THE DAliPING SYSTEN CONTRACT 

The detailed specifications of those items affecting damping system per­
formance shall be arrived at by a joint AVRO-RAC effort. 

5.1 ftrdraulic system co□prising pumps, reservoirs, actuators, and control 
valves. 

5.2 Electro-hydraulic servos actuating the main hydraulic valves (both 
differential and parallel servos), including the centering and 
disengaging. 

• 5.3 Control Stick Feel System. 

5.4 Control Stick Trim System. 
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5.5 Air Data Pressure Sources 

5.6 C( , ~ sensor with variable reluctance type linear differential transformer 
output. 

5. 7 f tick force tran s::l. uce r s whi ch shall be of e ithe r stra in gauge t ype or 
differentia l tran sf orrie r t~. 

5.8 Rudder bar coordination cut-out switch. 

5.9 Control surface tra noo.ucers for the da~ping system and ground testing 
equipment • 






