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1. IITRQPUQTIQ.1 

The neceasit.7 ot automatic improvement of flight 
characteristics of the C-105 was cl•arq indicat,d 
by early estimates and Wind Tunnel Teats camed 
out in September 195:3. 1>ue to a largf range of 
speed and altitudes it has been found iapossible 
to~ onq on natural damping of the airplane 
to provide an adequate weapon launching platform, 
at high altitudes (60000 tt) and at the same time 
maintain reaaonable pertormanoe. In this situa­
tion it is evident that the aircratt will not be 
operational in case of failure of the electronic 
damping syat• equipment. In particular, a 
deticienc;r in weathercock stability and yaw is 
usual.17 experienced in supersonic designs, since 
it is verr difficult to make the vertical fin 
sutticien~ large and effective. Because or this, 
the decision was made 1n the early· stage ot design 
to increase the scope of electronic equipment to 
include stability aupentation, thus permitting 
marginal aerodynamic design. 
Reliability is achieved by' complete duplication of 

• vital parts ot the damping system. The scope ot 
the damping system was extend.eel turther to include 
desired f'eel characteristics through the adoption 
of control stick • steering 971t.em. In such a system 
teel is controlled electronic~ and cumbersome 
artitio1.al feel dfficea are not needed. Such a 
system is also particular~ well auited tor inte­
gration with automatic modes (tim control, automatic 
navigation). 

Under theae broad outlines the work started in.1954 
and two propo1als trom M-11 and Hughes Aircraft Co. 
were auba1tted. nuelys 

a. •Honeywell' a E-10 integrated f'light control 
syat• tor the A.v. Roe canada C-lOS -
8th, September 1954.11 
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b. Hughes Aircraft • An ·Bl.ectronic Sy-atea tor 
the C-10S Interceptor" - 23. December 1954. 

At Avro main etforta during l954were expended in 
finalizing ..,the aircraft cont1gu~tion and testing and 
estimating the aerodlnamio properties required tor 
the deaign ot the clamping system. F.lying control 
qstm waa laid out and speoit1cat1ons tor hardware 
items were prepared. ilso an analog computer was 
ordered and received in part and a lia1tecl amount ot 
work in the dynamic anal.7118 field was carried. out. 
The Hughes Aircraft Co. received a letter ot intent 
to proceed with the development ot the manual mode 
damping qatem on lovember 29, 1954 to the extent 
ot - 30000. Consequentl3' a proposal was submitted 
1n FebNa.17. 1955. A series ot negotiations followed 
and ana],ytical work was carried out on both sides 
resulting in NYised requirement. nbllittecl to Hughes 
in November 19SSo More analog equiJIIEmt was acquired 
by Avro permitting more extensive ~sia and the 
writing ot apecit1cationa tor some tqing control 
hardware. The progress ot wrk was bupered by the 
lack ot final ae~c supersonic data and changes 
introduced due to configuration aoclit~cat1ona. , 
Farthermore the analog equipaent was still inadequate 
to carrr out tt1ll s11lulati9n and Hughes were prooeed­
ing rather slowly due to some contractua1· problems. 
Final.17 in April 19.56 upon being intonaecl tbat they 
were not to undertake the development ot the weapon 
syst8ll the Hughes Airoratt Co. stopped work on 
damping syatea by mutual agreement. The final report 
was issued in September 1956. In the meantime work 
has been transtered. to Minneapolis-Honeywell in June 
19.56. The system proposed by Bugbee was transmitted 
to M-H but. untortunateq the results could not be 
applied direct~ to M-H work. The Hughes proposal 
included circuitry and mechanisation techniques not 
compatible with M-1 experience 1n this tield, and 
substantial changes were requ.ired. rurt.hermore aa 
work progressed the anticipated aerodjnamic coupling 
problems came to light through an advanced tiTe degree 
or treedom simulation using supersonic wind tunnel data 
obtained at Langley Field 1n September 1956. hrtber 

cQngea ot damper configuration and hardware components 
had to be made. 
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Important consideration during this period was low 
speed damper configuration . At first the idea ot 
a separate low speed mode was tollowed., but a 
complicated system resulted. Eventually the normal 
damper vas modified in order to cover low speed 
range. The system was finalized in a ser1,s or 
meetings during January 1957. At these meetings an 
iaportant change was introduced regarding the basic 

. sensor ror stability augmentation. The resul ta ot 
the development·ot the CX- 9 vane indicated that to 
achieve satistactor., results a further developaent 
program would be necessary. A '8uitable accelerometer 
however was availablp. Contrlbutinl factor was 
inabiliv to sense total preanre with required 
accuracy troa location other than nose boom which 
was not poasible in conjunction with d.- S vane. 
A further ditticulty •• the veatner-cooking of a 
·vane into a crosswind on the groum and at low air 
speeds. Thie prevented the vane being used in the 
low speed contiguration. 
Accordingly the use ot a yaw Tane vae abandoned 1n 
tayor ot side acceleroaeters 1ii both the normal 
and emergency yaw qateu. 

There remains a fair amount ot detail work to be 
done e1peciall1' in the field ot ~c an~sia 
in conjunction JU.1nl1' with 

a. •x:1.mum rates ot roll aTailable 

b. g limiting 

c • rudder monitor (arrangement) 

The scheduling functions have to be finally' approved 
and mechanised and the whole qstem should be 
simulated and checked under ditte"nt night condi­
tions. To achieve thi_s a rather extensive analog 
coaputer set-up is· required tor which equipment was 
ordered but not yet delivered. A five and six degree 
ot treeclom simulation is necessary with as much as 
possible or real baidware £ed. to the comP1ter. The 
following facilities will be used. 
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•• Analog Computer 

Delive17 of the bulk or ordered equipment 
is expected during Hq 19S7 • 

b. Cockpit Big 

This Rig should be delivered to the Stability 
and Control Section during March 19S? tor 
prelillinar., testing. Further rig improvements 
will be neceasar., to complete the program and 
it is estimated that tbis work will be completed 

;at\ by December 1957. 

c. Damping System Simulator 

To be delivered 1n March 19S? by Hinneapolia­
Honeywll. 

de B-1 Rig 

Flying controls or all three axes will be 
available tor testing in Nov. - Dec. 1957. 
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2. GDimAL REOUlR»mfZ§ 
, 

2.1 fteml PMPin« SJ:stam . 
2.1.1 To damp short. period oscillations about 

all three axes. To meet U.S.A.F. Spee. 
MIL 8?8S. 

2.1.2 To damp longitudinal long period oacill-
ations. 

2_.1.:3 To provide spiral stability, such that 
rate ot divergence 1s less than double 

\ amplitude in twenty seconds. 
. 

~ 2.1.4 To provide stability augmentation in 
• yav·such that sc,/, ot the tin l.illit.load .. is not ,peeecled. ., 

~ 2.1.5 To provide a means of manual emergency ... 
control compatible with the normal system 
in wbioh fiight commands are obtained 
trom an electrical control stick or 

·. automatic modeso 
\ , 2.1.6 To provide response to ooaamands compatible 

with requirements ot tire control. .. 

2.1.7 To ~rovide acceptable feel characteristics 
reAlting in stick f'orce per • g' and stick I 
toroe per unit ot rate ot roll essentially 
constant within the•apeecl and altitude 
range, w1 th exception ot low speed • . 

2.1.8 To provide positional teel in all three 
axes 1n landing and take-oft con£1guration • ., .. 

2.1.9 To provide acceptable triaing characteristics. 

2.1.10 To satepard the aeroplane against manoeuvres 
resulting in prohibitive load factors. 

~ 
(normal acceleration, transverse acceleration, 
rate of roll). 

~ 

I 

l 
C ! f. 
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2.1.ll To minimize sidealip in manoeuvres 
(tum co-ordination). 

2.1.12 To provide tor uncoordinated manoeuvres 
at low speed (e.g. landing with sideslip). 

6 

2.1.13 To provide satistactor,y feel characteristics 
-pt the yaw axis during sidealip at low speed. 

2.2 &wunv Mode 
2.2.1 &lergency mode to be complete duplication· 

• ot the part ot the normal system 
providing stabilit.y augment~tion ¥1 yaw. 

2.2.2 &aergency mode to provide items described. 
under 2ol.4, 2.1.10, 2.1.11, 2.1.12. 

2.2., Switching 

2.2o4 Switching trom one mode of operation to 
another should not results in sudden 
changes in the level of control forces 1n 
any axiso 

2.2.5 Provisions to be made for automatic change­
over from normal to emergency mode in C$.Se 
of failure of 8.01' component causing 
dangerous.build-up ot load £actors • ., 

f 
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J• FQHQTIQN,L DF§CRIPI'IQH - !JOBML DAMPER 

:3.1 fiteh Ax\@ 

3.1.1 The block diagram ot pitch axis is 
shown on Figure 1. 

;ol.2 There are three basic inputs in the 
pitch axis, nameJ.Tt (stick f'orce) 
(electrical outpit ot the stick force 
transducer). normal acceleration. 
(trom accelerometer located 22 tt. 
forward ot Cog.) and pitch rate 
(trom pitch rate IJTO)• Principle 
ot operation is as tollowas 
Stick force is coaparecl with normal 
acceleration and the error s5:gnal 
drivea parallel seno until both 
signals are equalized. This results 

~- in eaaentiall1' constant stick force 
per '1' • Pitch rate provides short 
period damping and normalr acceleration .. , ,_,,. phugoid damping. Suitable triandng 
units, nitches and faders for low 
speed operation are provided. Alao 
a 1g' liaiter is included. 

:3.1.:3 Pitch Rate 

Pitch rate has a gain schedule •baaed 
on compressible dJnamic pressure (qc) 
and is fed into the difterential 
senos through a high paas filter while 
effective proportional signal is fed 
into the parallel se"o• such an 
arrangement avoids dif'f'erential servo \ 
saturation under high ateadl' state nomal 
load factors, tbua proper damping is 
assured under all conditions • . 

:3.1.4 Ronaal acceleration and stick force error signal 

This error signal is feel through a 4c gain 
1checlule into the differential servo and 
also through another gain schedule ( Qc and 

~ 
altitude) into the integrator in f'ron~·ot 
the parallel servo. This arrangement ._., minimizes undesirable stick shaking in 

6 gusty air associated with nonaal acceleration 
teed.back, while providing phugoid damping. 
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3 .1 • 5 Trimming Manual 

With this arrangement, no trimming is 
necessary tor level flight apart from 
minor corrections due to interference, 
stray voltages etc. To trim into a 
manoeuvre pilot's button operates a 
motor which introduces a signal into 
the comparator, and thus trills into 
any- desired load factor. 

3.1.6 Trimming - Automatic 

In order to provide desirable reel 
effects in cases of failure of the 
normal damper the automatic trim is 
added. It operates as follows: 

a. With pilot exerting force at the stick 

Trim motor is actuated by the pressure pick­
up in the parallel servo in such a manner 
that servo load is transmitted fully to the 
feel spring. Thus on disengagement of the 
parallel servo there is no change in s.:.ick 
force level. If stick force is released, 
aircraft will be out of trim and has to be 
retri.mmed manually. This an-angement has 
an advantage in the fact that servo operates 
with small loads thus permitting optimum 
performance and also in case of main 
control valve tending to jam the trimmer 
spring helps to overpower the increased 
forces • 

.An interrupter is provided in the trimmer 
motor circuit to adapt it for continuous 
operations. 

b. With no force on the sticks 

Trill motor is actuated in the same manner 
as above but stops whenever an incremental 
.5 'g' is exceeded in any direction. Thus 
on disengagement aircraft returns to 
within 1/2 'g' of level flight. A separate 
accelerometer is utilized for this purpose. 

8 
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• For up to date 
description 
see Page 18c 

3ole7 Pressure Tr.1.a 

.3.1.a 

Pressure trim is provided in the parallel 
servo to avoid engagement when pressures 
1n the servo are not equalized. • This 
assures smooth engagement tree or undesir­
able stick movements • 

Command Limi.ts 

The output of the stick torce transducer 
is limited to a value adjustable between 
4 and 6 •g•. It will be a fixed value on 
production aircraft. Also provisions were 
made to vary stick force per 's' tor ' 
development purpose•• 

3.1.9 • a• Limitinc * 
I 

A •1• limiter ia prorlcled to disengage the 
systems 1n case ot malfunction ot u,y of 
the components. It operate• fl'Oll two • 
normal accelerometers (one torward and one 
~ t of the e.g. ot the aircraft)and 
elevator position pick-of't. It 1s neceeaa17 
to ooabine theae aignals in an uplltier 
rather than use a aiaple nitch arrangement 
to obtain enough anticipation and assure 
proper functioning ot the limiter under all 
tligbt conditions. This type ot •c• llaiter 
was dnloped bJ" K-B for another aeroplane 
and is be1nc tailored to our speoiticationa. 
Radder monitor signal is .also connected to 
the • g' limiter to disengage the normal aode 
whenever rudder axis fails. • 

\ 

The cfi.sengageaent is obtained by a contact 
on the parallel servo which releases the 
pressure and another contact which recenters 
the differential seno. The differential 
ael'V'o baa an additional sensor which permits­
iuediate recentering only it it is goin1 
to reduce the resulting load taotor, other­
wise tbe ditterential servo is centered by 
normal damper action and th~n·disengag~o 

DATE 
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FUNc:J:IONAL DFSCRIPI'ION - NORMAL DAM~lt (Continudd.) 

3.1.10 Low Speed Operation 

It is undesirable to maintain the constant 
stiok toroe per 1 g1 obaracteristics at 
approach speed since this wUl result in 
over-sensitive control. A desired teature 
is a proportional teel. This 1a achieved 
by an arrangement ot switches and tader9 
which operate automatically with under­
carriage selector switch. ;Jben under­
carriage down is selected the qstell operates 
as follows: 

lomal acceleration input into the differen­
tial servo is faded out and pitch rate 
proportional signal introduced through 
bypassing the high-pass filter. This 
prorides good abort. period damping. Normal 
.inputs into the parallel seno are cut,..ott 
and the proportional signal introduced into 
the junction box ot the parallel aeno by 
running up the fader 1n that ·11ne. Trillller 
button 1s oonneoted directly to the integra-
tor ( see block diagram). • 

Upon selection ot undercarriage up, the 
system reverts to normal • 
. 

).l.ll Pre-engage Switchel 

Pre-engage circuits are provided to energise 
the components and assure aootb engagement. 

• 
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FUNCTIONAL DF.SCRIPTION - HORJiAL DAMPER ( Continued) 

3. 2 Roll Axis 

3.2.1 Roll axis diagram is shown on Figure 2. 

• 3.2.2 There a• two basic inputs in the roll 
axis: stick rorce ( electrical outpu.t of , • 
the stick force transducer) and roll 
rate (gyro OUtPl.\t). Principle of 
operation is similar to pitch axis. 
Stick force ii compared to roll rate 
and the error signal drives the se"os. 

" This results in essentially constant 
stick force per unit of rate ot ro~. • 
Suitable tri mni1 ng units and a1d. tchei 
tor low,speed operation are included as 
well as a rate of roll limiter. In 
addition, tor safety reasons, a coJIJll8nd 
limiter scheduled on transverse 
acceleration is included. 

:3.2.3 Roll Rate and Stick Force Error Signal 

This error signal is fed through a <lo 
gain sohedule into l;,oth parallel. and 
differential aervos. This results in 
optimum conditions trom the point ot 
view of response to command signals 
a,nd damping of the "dutch roll• mode • 
.. 

3.2.4 Trimming - Manual 

Manual trim is provided in tbe form ot 
electrical input into the comparator, 
through a motor operated by the pilot's 
button. 

Automatic.trim is not included in the 
roll a.xiso .. 

Pressure Tri.a 

Pressure tria is provided - see 3.1.7. 
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3.2.6 CoJl\lR8ncl Limits 

Command liaiter is provided in the atiok 
force transducer at 120°/sec. of roll 
rate. In additfon, a limiter scheduled. 
with transverse acceleration is present. 
Thia liaits the command at some 
conditions to a value (below 120° /aec.) 
which vil1 not result in excessive tin ' 
loads. It specitically applies at high 
dynOd.c pressures and at low supersonic 
speed.a at high altitudes. At the latter 
conditions the 11miter action will be 
noticed in rolls exceeding approx. 180° 
ot roll angle, lfflile up to tbie angle 
mu1awa mes ot roll can be realised. 
Stick force per unit rate ot roll 1a 
essentially constant so tbat max1lma 
rate ot. roll (120°/aec.) corresponds 
to tu1l aileron force ( 20 lb.). 

3.2.7 Boll Rate Limiter 

Provides protection against syatea 
mal.f'Unct1on. Operates trom wing tip 
mounteo. accelerometer, and baa an 
input troa rudder monitor to disengage 
normal mode 11ben a failure ooouno , 
Disengagement is achieTecl by disoonneot­
ing plrallel seno and recente:ting ot . 
ditterential servos. 

3.2.8 Low Speed Operation 

In order to obtain proportional feel 
at low speed a set of switches 1a 
incorporated operating automatically 
with undercarriage selector awitcb. 
When undercarriage down is selected, 
the system operates aa tollovas 

A proportional signal with constant 
gain K0 is introduced into the 
parallel serYo and the integrator is 
disconnected. Error signal remains 
in t~e differential servos providing 
~ or the "dutch roll" mode. 

12 
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3.2.9 Provisions tor symmetrical de1'lections of 
ailerons:. Pertoimanee analysis shows that 
a considerable reduction 1n trim drag can 
be achieved by symmetrical deflection of 
ailerons at altitudes in excess or 45,000 tt. 
at supersonic speedao This is·achievecl bJ' 
splitting the quadrant through which commands 
are delivered to each aileron. The relation­
ship or the two halves to the command system 
are then govemed by a jack which 1a controlled 
by an altitude switch. This changes the 
neutral setting of the ailerons by the desired 
amount. 

...J 
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3.3 Yaw Axis 

3.3.l The block diagram or normal yaw axis is shown 
•in the upper half of Figure 3. 

).3.2 There are four basic inputs in the normal yaw 
axis, namelys transverse acceleration (from 
accelerometer located approx. 13 rt. forward 
of aircraft e.g.) yaw rate (gyro output), 
aileron position (rrom aileron position pick­
ott) and the product of pitch rate and aileron 
position. The principle or operation is as 
follows:-

Transverse acceleration provides stability 
augmentation, yaw rate assists in damping or 
the dutch roll, high-passed aileron position 
controls sideslip in rolls entered from level 
fiight, while the product ot pitch rate~ 
ail;,,eron position of'tsets inerti~ cross­
coupling effects in rolling pull-outs. With 
such a system, uncoordinated manoeuvres ai,, 
possible to a rather limited extent and, 
therefore, a switch was added to provide for 
intentional sideslipping at low speed. Rudder 
monitor provides automatic switch over to 
emergency loop in case ot malfunction. 

:3.).) Yaw Rate 

Yaw_rAte has a qc gain schedule and is fed 
into the differential servo through a high 
pass !'11 ter. It contributes to damping 
especially at high altitudes by causing the 
rudder to oppose yaw rates. 

3.J.4 Aileron Posit.ton 

Aileron position has a qc schedule and is !eel 
into the ditf'erential servo through the same 
high pass filter, thus steady state aileron 
will not produce a signal in this channelo This 
is important since steady state aileron ma7 be 
required in level flight to balance asymmetric 
moments. • 
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J.3.5 Transverse Acceleration 
.,J 

Accelerometer output has a q0 schedule and 
is ted directly into the summing point in 
front ot the differential servo. Its 
effect is s1mil.ar to that or a sideslip 
angle feedback in this that it will tend 
to minillize sideslip under all conditions. 
This can '9-sily be demonstrated since the 
accelerometer registers total aeroclynamic 
force acting on the airframe rather than 
acceleration. The main component or this 
force is aideforce due to sideslip angle. 
Therefore, sideslip minimization will be 
provided also under steady state conditions 
where transve~ae acceleration of the air­
frame is not presento 

3.3.6 Product of pitch rate and aileron position. 

IS 

The product ot these two variables is 
obtained 1n the damper and ted through a <le 
acbedule into the Ndder ditterential servo. 

. 
Tbe inertial croas-ooupling effects on low 
aspect ratio airplanes are such that 
weathercock stability in yaw is ettectively 
reduced in_ proportion to the product ot 

1 pitch and 'roll rates causing excessive build.!' 
up ot sideslip 1n rolling pull-outs~ To ott­
set this ettect the product ot pitch rate and 
aileron angle was introduced. Aileron angle • 
is used instead ot the roll rate since more 
anticipation is obtained in this manner and 
it is more convenient tor scheduling. 

).).? Trimlling 

Since there is no parallel servo 1n the ru.dder 
axis electrical tr1mJldng within the circuit is 
not required. Conventional trim provisions 
are incorporated within rudder teel unit • 

•• 
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3 .3 .8 Rudder Monitor t 

This unit provides protection against malfunction 
of the sy-stem by switching over to emergency 
whenner tranavers.e acceleration or sidesllp 
approaches structural integrity limits. This 
switching mechania operates on all three 
axes, e.g. whenever normal mode in the rudder 
axis ·fails, the monitor will switch not onl.J' 
rudder axis to emergency but the remaining two 
as well. It has -twa inputs, namely: transverse 
acceleration and sideslip angle. When 
acceleration at the sensor approaches .4g 
(transverse), switching occurs. At low speeds, 
however, a small acceleration .may correspond 
to a rather high sideslip angle. Since the 
.aircraft has undesirable characteristics above 
angle or sideslip ot approximately 12° - 14°, 
switching is provided whenever angle ot sideslip 
exceeds 10°. 

At present difficulties arise in finalizing 
the rudder monitor configuration, since all 
conditions will not be met by system described 
.above. Certain modifications may be reqqired. 

3.3.9 Low Speed Operation 

A switch operated by the undercarriage dow 
selector introduces a configuration change 
which allows the pilot to sideslip 'intention­
ally, e.g. for crosswind landing. This is 
ac~eved by high-passing most ot the transverse 
acceleration signal while a small part is fed 
directJ.y. Such configuration results in well 
damped "dutch roll" mode while rudder moves 
in natural direction at high sideslip 411gles 
at low speed 0 Clean configuration exhibits a 
tendency for ver,, small or opposite rudder angl.es 
required for landing in high crosswinds, . 
producing a rather "wmatural 11 feel tor the 
pilot. This condition is known to exist in 
similar configurations and did.result in 
llmi ta tions or the landing speeds. lhe system 
described above produces an acceptable 
characteristic or rudder to sideslip angle ratio 
at low speads 0 
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4. FUNCTIONAL D~CRIPl'ION - llmRGENCY MODE 

4.l Pitch Axis 

All servos and stick force transducer are disconnected 
hence there are no electrical signals with exception 
or trim unit. Mechanical co.nnectiona are provided 
to the main control valves. Proportional feel is 
provided. together with conventional·~ria unit. , 
Command. and g limiters are of course inoperative 
and therefore, responsibility for not exceeding· 
structural integrity limits in normal load factors 
rests with the pilot. In some conditions the 
aircraft is protected, however, by virtue of hinge 
moment and elevator deflection limitations. 

4.2 Roll Axis 

All servos and stick force transducers are disconnected. 
Mechanical coMections are provided to main control 
valves. Proportional feel is provided together with 
conventional trim unit. LiJDiters are inoperative 
and pilot is responsible for not exceeding structural 
1ntegri ty lim1 ts in rate or roll. Since transverse 
acceleration fader is not operating in emergency 
mode the pilot should restrict his roll rate commands, 
especially in rolls entered at high normal accelerations. 

• 4.3 Yaw Axis - Emergency 

4.3.l The block di~gram of emergency- mode is shown in 
the lower half' of Figure:,. 

4.3.2 There are three basic inputs into the emergency 
1110de namel:y: transverse acce1erati.on. yaw 
rate and aileron position. For simplicity­
reasons the product of pitch rate and aileron 
position is not incl.udecl. This restricts 
somewhat the rates of roll that can be applied 
in pull-outs. 

4.3.3 Inputs into the emergency mode operate on the 
same principle as these in the normal mode. 
For reliabiliey reasons separate sensors are 
usedo 
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4.j.4 Rudder Feel and Trim Unit 

Pedal force per unit rudder deflection is 
scheduled vs qc in order to restrict the 
rudder application by the pil~t. At high 
speeds a small Neider deflection may cause 
a prohibitive vert,ical tin load• theretore 

\ high pedal toroea are associated. with small 
. deflections, in high speed regime • Pilot 

authority as limited by his max1mum pedal 
• force (asnmed at lSO lb.) corresponds to . ~ approximate~ one fifth t.o one third ot 

the total jack out.put at high apeeda. and .. to full rudder deflection at low speeds • 

Trim authority is proportional to and 
somewhat higher than pilots authority at 
high speed.a. while tull rlldder can be 

I trimmed at low speeds. This arrangement I r permits un-coordination of sideslip to a 
rather limited extent at high speeds and 
is autticient to cope with aaaymetric .. 
power and other moments throughout the 

- speed range. ; 
! 

4.3.5 Low Speed Operation I 
. Operation identical with normal mode, see 

3.3.9. 

-

. 
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).).8 Rudder Monitor 

This unit provides prgtection against malfunction' 
_of the system by switching over to emergency when- , • ever transverse acceleration or sideslip approaches 
stru.ctural integrity limits. This switching mech­
anismn operates on all three axes e.g. whenever 
normal mode in the rudder axis tails the monit'or 
will switch not only rudder axis to emergency but 
the remaining two as well. 

I 

The rudder monitor operation is based on two 
transverse accelerometers and a sideslip switch. 
The accelerometers are located at 13 ft. fwd from 
e.g. and 40 ft. fwd. from e.g. and set to open at 
.25 1g1 and .40 1g1 respectively. The circuit 
connections are as shown. ~ I 

a Switch A40 

f t t 
Opens 8.) 10° Opens G" .4 Opens Q~ -.4 

A13 Opens 

• g ~ .2.5 
Opens 

o~ ·•?S 
-

-
Signal 

To 
Engage 
Normal 

Mode 

\ 

. 
Switching to emergency will occur only when ·both 
accelerometers register accelerations larger or 
equal to values shown above providing that both • 
act in the same 'direction. Such combination of 
accelerations is possible onq in_ case of :rudder 
runaway. because in co-ordinated rolling 
manoeuvres accelerations will have opposite signs. 
In tact A.13 detects·direction o! sideslip while 
Azw proVides an indication of yawir\g acceleration. 
If yawing acceleration is such that it helps to 
reduce sideslip the cut-out will occur at relatively 
large values ot acaeleratidn (about .6 -.?11 g1s" at 
c.go), but when it acta in the opposite sense the 
cut-ou.t will occur at relative:cy- low values (.2 
-•J "gfsn at e.g.) - This complicated monitor 
configuration results from crosscoupliiig consider­
ations. In co-ordinated manoeuvres relatively 
large values ot transverse and yawing accelerations 
are needed and the system. must be able to pass the~e 
and cut-out only when !ailures occur. 

I 
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Accelerometers alone will not prccluce desired 
functions at low speeds since a small accel­
eration Jbq correspond to a rather high sideslip 
angle. Since the aircraft has undesirable 
characteristics above angle of sideal1p ot approx. 
12-14° additional switch is provided. whenever 
angle ot sideslip exceeds 10°. 

•. 
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A "g" limiter is provided to disengage the 
sy,tem 1n case of malfunction ot 8D1 ot 
the components. It operates ·:rrom two 
accelerometers (one forward and ontt af't ~rom 
the e.g. or the aircraft) and two servo 
positions p1ck-otts(parallel and ditterential)o 
It 1s necessar., to combine these signals in an 
amplifier through filtering networks to obtain 
enough anticipation and assure proper function­
ing of the limiter under all flight conditions. 
A differential servo pick-ott was added to 
provide protection against ditterential servo 
failure which may produce unstable oscillations 
under some flight conditions. A separate pick­
off is provided on each ditterential servo • 
Parallel servo pick-off protects against servo 
ntnaway type or failure. • 
The "g" limiter will automatically disengage 
the normal pitch axis at such level of normal· 

• acceleration that resulting overshoot will not 
exceed structural limits ot the aircraft in all 
fiight conditions. Rudder monitor signal is· also 
connected to the "g" limiter to disengage the 
nonnal mode whenever rudder axis tail. 

Tbe disengagement 1s obtained by a contact on the 
parallel servQ which releases the pressure and 
another contact which reoenters the differential 
servo. The differential servo will recenter 
immediately only it this action is going t.o reduce 
the resulting load fact.or, otherwise the d1£teren­
tial servo is centered by normal damper action and 
then disengaged.. 

When the disengage111ent is completed the aircraft 
will~ 1n the•emergenay mode or control and then 
the pilot is responsible tor not exceeding 
structural limits o; the air.frame. 
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5. STATUS OF WORK AS OF MARCH 1st 1957 

5.l Block Diagrams 

System block diagrams are firmly established as 
described in Sections) & 4 with possible exception 
or rudder monitor. 

5.2 Gain Schedules 

S.3 

Gain schedules will be finalized by end ot March, 
1957. M-B proposal on these was just received and 
generally approved. but some minor"'points have yet 
to be mutually agreed upon. 

Rudder Monitor 

A modification 11181' be, necessary butcontiguration 
described herein could be used. This problem should 
tinally be resolved. by' the end o! March 1957 • 

5.4 Dznamic AnM,Ysis 

5.4.1 High Speed 

The system was finalized in accordance With 
accepted practice by simulation or pitch axis 
in ite two and three degrees or freedom, and 
combined roll and yaw axis in its three degrees 
of freedom. Spot checks only were carried out 
with combined. (coupled) f'ive degrees of 
freedom equations and only a limted number of 
non-linearities was introduced due to limitations 
of present analog equipment. It will therefore, 
be necessary to systematically r•-evaluate 
fin~lized system performance using full coupled 
equations with al1 non-linear terms at least 
with !i ve deas-ees of freedom with spot checks \ 
with six (forward speed) and seven (altitude). 

46 night conditions were selected t.o cover 
£light envelopes .. and all will have to be checked. 
Such simulation will yield numerical data or 
system performance, limitations, restrictions 
(1£ any) etc. In addition effects ot' asymmetric 
power, wing twist I open canopy etc. will be 
evaluated accurately. This simulation will iil~ 
elude certain new inputs, e.g. recently modified 
servo performance characteristics (not yet 
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5.4.l delivered by K-H), aerocvnamic derivative 
changes obtained from Free Flight Models 
{ana:qsis not completed yet) etc. Data 
obtained in this manner could later be used 
as a basis or comparison with fiight test 
results and will speed up fiight test analysis 
if a sufficiently large number of night 
conditions is anal.1'zed now. 

This program-is being held up at the moment 
by late delivery or additional analog equip­
ment (first batch should have been delivered 

March 19.57 
DATE 

on January 15th). This is a major program \ 
and will be carried out intenaittent~ up to 
flight test time. , 

5.4.2 Low Speed 

A separate low speed £ull simulation is required 
in order to establish handling characteristics. 
Cockp1 t rig will be util1$ed tor this purpose. 
This program will start as soon as cockpit rig 
is delivered (March 1957). 
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STATUS OF WORK AS OF JUNE 25th 1957 

5.1 Blogk Diagn,ms 

All System block diagrams are firmly established, 
including modifications to the "g11 limiter described 
on page 18c. 

5.2 0a1n Schedules 
All gain schedules are finalized and agreed upon. 

;.3 Rudder Monitor 
A new configuration has been agreed upon. 
Detail description is shown on pages 18a and 18b. 

5-4 PYnarn1c Analysis 
5.4.l High Speed 

Preparations are being made for all-speed 
and all altitude simulator program. 
Additional analog equipment has been 
delivered. other equipment has been 
ordered and should be delivered in time 
for the program to start at the end of 
September 19570 

5.4.2 Low Speed 
• Low speed simulation is completed and will 

be reported separatelyo 

s.s Damping stewa Simulator 
Phase I completed in part.. 
Further modifications are necessary to bring up to 
date the simulator configuration, to be compatible 
with the finalized version ot the damper. 
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6. TEST PROGRAM 

The test program will involve:-

6.l Cockpit Rig 

To provide answers to problems connected with f'eel 
and handling characteristics. 

To familiarize the test pilots with the behaviour 
ot the airplane. 

To establish tl.yability regions under emergency 
conditions (clean airframe). 

To develop instrumentation £or production airplanes. 

Development or full instrumentation to be incorporated 
in the cockpit rig will take approx. 6 months. Parallel 
servos have to be installed (not available yet), and 
hydraulic power source has to be provided. Installation 
of the rig tor preliminary testing is held up because 
new laboratory area is not readyo 

6.2 Damping System Simulator 

To be delivered b., K-H in March 1957 • The rig is 
1n tact a damper which is not flight worthl' on which 
development work can be carried out in conjunction 
with analog colllputer, cockpit rig and B-1 rig. Since 
the design or this item had to be rrozen some time 
before the damping system was finalized; it will 
require some modif'ications to bring it up to dateo 
These tests will be mainly concerned with assessment 
ot elect:rical hardware 1n the damping systemo Per­
formance characteristics or each item will be evaluated 
and its effect on the whole system and eventual 
modification suggested. Finally this simulator will 

• be integrated with the cockpit rig and the B-1 rig_ in 
order to functionally prove the behaviour or the whole 
damping system including servos, control surfaces etc. 
Program or tests is described in Appendix A and B. 
At present a difficulty is experienced in providing on 
time a sufficient number or demodulation channel.a. 
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. 6.2 Dampint System Simulator Cont'd. 

• 

Servo monitor equipment ot the type required ··only 
i:ecently appeared on the market and earlier delivery 
could not be obtainede Therefore, only a limited 
amount of testing can be carried out prior to 
May 1st, 1957. 

6.J B-1 Rig 

B-1 Rig shall be required tor tests ot the damping 
\ system subject to other programs that are being 

carried out on it. It will be necessary to make runs 
1n each ot the three axis separately as soon as they 
become available 0 The combined three axis runs should 
be made during November - Dttcember 1957. The type 
ot test required is described in Appendix c.· • 

6.4 night Test 

Flight test program and associated ground tests are 
under discussions now and will be issued in due course. 

DATE 

March 1957 
-DATE 

I 

. I 



AIRCRAFT= 

»< AVRO AIRCRAFT LIMITFO 
MAI.TON • ONTARIO 

REPORT No_P_/_s_ta_b_i_l_it_;:,_/_1_37 __ _ 

TECHNICAL DEPARTMENT 

7o' ASSOCIATED PROO~ 

7.l A1roratt 18107 

SHEET No 
PREPAREO BY 

s. Kwiatkowski 
CHECK E O ,.BY 

Developaent ot the fully powered control systs 
on CF-10O aircraft was undertaken in order to obtain 
practical experience of this type ot system. First 
part ot the program consisted of development or 
control valves with suitable force characteristics. 
Difticulties were experienced in minimizing the 
forces appearing at the main control "valve. Event­
ually a suitable configuration was developed, this 
was an important contribution to the development or 
the C-105 emergency mode. 

Second part or the program consisted or development 
of a control stick steering mode utilizing the 
principle or no~ ac~eleration feedback, similar 
to the C-1O5 system. Practical experience of such 
systems is necessary to obtain information on system 
behaviour from the point ot view or trimming 
characteristics, threshold of components, dynamic 
performance etc. The system bas been designed and 
manufactured and a. series or tests remains to be 
done prior to flight test expected to take place 
in April 1957 

Design difficulties experienced up to date were:-

a) demodulator equipment 
b) lead lag networlc 
c) noise in electronic cb;cui ts 

7.2 Autopilot 

Although responsibility tar autopilot design rests 
entirely with M-H, some work will be required at A'fro 

, to establish compatibility with the damping system. 
The autopilot system should be simulated and checked 

• tor stability and pertormanc~ in order to assure 
tµl utilization of airframe ·capabilities. At 

23 

present not enough intormation is available to proceed 
with this program. 

•• 

CATE 

March 1957 
DATE 



AIRCRAFT: 

ES::: Al/RO AIRCRAFT UM/TEO 
MALTON • ONTARIO 

REPORT No. __ P-'--/s_t_a_b_il_i_ty..,..-./_13_7 __ _ 

TECHNICAL DEPARTMEN1 
SHEET No. ________ 2 __ 4 _____ _ 

C-105 

PREPARED BY 

s. Kwiotkowski . 
CHECKED BY 

7.3 Fire Control System 
.. 

As in the case or autopilot compatibility with damping 
system has to be established. Studies or tactical 
manoeuvres will indicate the best methods ot attack 
and break-away to achieve the best possible use or 
the airframe. On this baeis fire control systetn can 
be mechanized. Additional studies ot weapons a9tailable 
will be necessary. 

A limited amount of tactical studies have been made 
up to date. This is a long range program and has to 
be carried out in parallel with R.C.A. work in thie 
field. The scope ot the program will be expanded 
when more information is available. 
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Reference Nwriber: 5702/02E/J 

Sul"ject DA~·ft·IB SIMUU\Ton ?ROGRAM 

The following is a general lay-out of test program for damper 
simulator. Details of each phase will be specified by Stobility 
and Control Section at a later date. 

Phase I - Functional Check 

To assess the operation and performance characteristics of 
damper alone. 

Procedure: D.C. inputs to be introduced into converter 
SE:!rvos in each channel atd inputs into the servo amplifiers 
recorded. Frequency response to be measured where required. 
If in any channel significant perfor~nance deterioration 
appears each component in turn will have to be examined for 
frequency response, threshold, hysteresis etc. Perfornance 
of convertors and demodulators to be ch~cked. 

Simulator to be modified to conform with final block diagram 
of the damping system. 

Phase II - Integration with Ana.log Computer 

Damper Simulator to be connected to the analog computer 
representing five degree or freedom of the aircraft. 
Outputs of the damper siznulator are to be demodulated and 
fed into the simulated servos on the computers. Performance 
at several flight· conditions to be checked against previously 
obtained results. 

Phase III - Tests with Cockpit Rig 

The command signals into the damper simul~tor to be obtained 
from stick force transducers in the cockpit rig. Pa'rallel 
servos in the cockpit to be driven by the da,iper simulator. 

·Differential servos and five degree of freedom aerodynamics 
to be simulated by the computer. 
Schematic block diagrams is shown on Fig. 1. 

0 
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Phase IV - Test With E-1 Rie; 

The cont?Janei signals into the damper simulator to be obtained 
from stick force transducer in the cockpit rig. All servos 
on E'-1 to be driven by damper si~nulo.tor. Analog computer to 

·simulate five degree of freedom aerodynamics. 
Schematic arrangement is shown on Fig. 2 •. 

The specific program concerning R-l rig will be established 
by Stability and Control Section at a later date. It will 
he required to run tests with each of the three control 
axes s~parately, as soon as they are available. 

A~,;-£~ -. A • 
~ ~~;ski Y"" ---_) 

Chief of Stability and Control 

c.c. :•lessrs. W. Raymond 
R. ·Carley 
w. Taylor 
J. Fennell 
F. Brame 
C. Mar.shall 
J. Lynch 
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APPF:NDIX C 

r Avro Aircraft Limited 

INT~R-DFPARTm~TAL MEMORANDUM 

Date 21st, February 195? Reference Number: 5?20/02F./J 
To Mro J. A. Chamberlin 

From , S. Kwiatkowski 
Subject lkl,_RIG TF.STS 

To evaluate the damping system perfonnance the following 
tests involving B-1 rig will be required. 

SK/g 

(a) Single and multiple axis tests with analog 
computer driving servos on B-1 rig, Control 
deflections are to be fed into the analog 
computer. In addition it will be necessaey 
to record some outputs at the rig such as 
surface velocities and accelerations. 
other signals such as individual servo out­
puts will have to be fed into the computer 
as required. 

In this type of test some difficulties may 
arise since the rig operates on A.C. powero­
Details of hook-up to be discussed with 
personnel in Stability and Control Section. 

(b) Single and multiple axis tests with damper 
simulator, analog computer and cockpit rig 
(where required). 

These tests constitute the final assessment 
of the damping system and should definitely 
be carried out before flight testing of the 
damper. The proposed arrangement is out­
lined in my memo Ref 5?02/02E/J on the 
Damper Simulator Program. 

~~~· 
'~ S:-r~ski 
Chief of Stability and Control 

cc Messrs W. Raymond 
F. Brame 
Jo Ames· 
J. lqnch 
S. Har.per 
,. ,r.\ _____ .... 
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