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pre portional control systems, the development
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presented at a practical rather than a highly
technical level

The author first gives a brief history of how
radio control systems evolved and developed
He then discusses basic radio facts and
principles and single-c hannel systems before
going on to dese fibke multi-channel systems
and then the modern true proportional
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aircraft controls, aircraft installations and mode
aircraft design; the installation and operational
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(as a guide to choosing the best type and size
for any model—as well as to handling tech-
niques), installation, wiring and workshop
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BN 0 273352313




RADIO CONTROL

FOR MODELS




RADIO CONTROL
FOR MODELS

R H Warring

PITMAN PUBLISHING




First putifsted 1974

SR ISAAG PITMAN AND SONS LT
Pitrman Mouse, Parker Sereet, IKingeway, London WC28 58
PO Box 46038 Randa Street, Nairobi, Kenya

SR ISAAC PITMAN (AUST ) FTY LTD

Fierman House, 158 Bodverle Street Carftcon, Vickoria 3053, Australia

PITMAN PUBLISHING CORPORATION
& East 43rd Streat, New York, NY. 10017, LISA

SR ISAAC PITMAN (CANADA) LTD
495 Wellingtan Street Wesl, Teronto 135, Canada

THE COPF CLARK PUBLISH NG COMPANTY
517 Walllngtaon Street West, Tomnto |35, Canida

SR H Warring, 1574

| GBMN: O

All rlghis rowsved, Noparl of 0 pEbication may be seproduced , stored In 2

retrieval system, or tranedilled, In 2wy farm or by amy medns, siecirmnic

enechanical , pholocapying, rcordang and/or otherwiss, without the pror
alon of Uhe Elasligaer

Computer Typesetiing by Print Doigination, Booile, Lancs, LN EMNE

Prirvto=d | m e tabn By Lhrwain athers Lirmited

The reid, Ohld ‘Wokingl, Srry

the Btagdes Prlnaimg Oroug




CONTENTS

Forewaord

RADIO CONTROL SYSTEMS

BASIC RADIO FACTS

SINGLE-CHAMNNEL TRANSMITTERS
SINGLE-CHANNEL RECEIVERS

TUNED CIRCUITS AND AERIALS
SINGLE-CHANNEL ACTUATORS
SINGLE-CHANNEL OPERATION

AND TROUBLE-SHOOTING
SINGLE-CHANNEL PROPORTIONAL
MULTI-CHANNEL CONTROLS
PROPORTIOMNAL

SINGLE-CHANMNEL AIRCRAFT CONTROLS
MULTI-CHANNEL AIRCRAFT CONTROLS

i PROPORTIOMNAL AIRCRAFT CONTROLS

OPERATING PROPORTIDNAL
AIRCEAFT INSTALLATIONS
R/C ENGINES

7 Rf/C AIRCRAFT DESIGN

RADIO CONTROLLED BOATS
R/C CARS AND VEHICLES
BATTERIES

WORKSHOP NOTES

Index




FOREWORD

The radio control of models has reached near perfection. Modern radio
equipment offers literally anyone the chance to fly an asroplane, drive
a racing car or power boat, or halm 3 Facing vacht with mo peraonal
mazard, and at a fraction of the cost of the ‘real thing®, Even the models
themselves can be bought in easy-to-assemble prefabricated kit form
But that Is anly part of the story, Radio eontral offers the serious
model bullder the ultimate satisfaction of contralling his masterpiece in
operation—whether purcly for pleasure, or in competition with othear
modellers.

Modern radio control equipment is bought, and used, as *black
boxes . Plugged together, it works. If it does not, then only a specialist
electronic engineer can trace the fault and put it right. Fortunately, the
standard of reliability is very high, and troubles experienced with radio
controlled models are usually ‘pilot error® or “driver error’, The human
elerment i the link is far more fallible than the electronle element

This near-perfection of electronic equipment has taken much of the
ramance out of radio contral—and o some extent lessens ithe fec hmnical
achievement of individual modellers. They have countered this to a
large oxte
madels which could hardly be distinguished from the ‘real thing”,

oxcept in size, And aerobatic aircraft with better manoeuvrability than

by bullding even more elaborate models—realistic scale

theoir full size counterparts,

This Book digs more deeply into the story of radio controd. as well as
aiming to be 4 comprehensive guide on all aspecis of the subject. Thus
it deals at some length with simpler systems—single-channel radio which
i now an the way o becoming obsolete: and multi-channe! “reeds”,
which equipment is no longer manuTactured —as well as up-to-date
propartiama systems.

There is a very good reason for this, With these simpler systems it is
easy to learn how radio control works, and how radio control can be
attempied on a low-cost basis, There s nothing much to learn about
modern proportional radio equipment, except how to install and use Jt
But basical v It 15 merely an extension of earlier tyslems, with control
systems developed directly from ‘old-fashioned” multi-channel.
Emowing how these work can help.




Virtwally all modern commencial
conirel sguipment Is ‘propoertional’,
Eiving control movemenis
corresponding to the movements of the
control sticks on the transmitter. The
electromsics are & mysiery o mosi
petneple —the warious units are simply
accepied a5 ‘black boxes' that work,
This is a far ery from the old days of
radio control where only 2 single
on-off switching link was provided by
the Transmitler-recolver combination,
Most early radio comtrol equipment
wis slsa heme-bullt by modellers,
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1.1 In a simple radio control link the

Rtaiver works &5 4 "swilch' worked by

e trarsmdiier siEnsl &nd contralling
e actuator clrcult

1.2 With the Transmitier shignal "CEN'
the feceiver switching action & also
0N,

1.3 With the transmirier sigmal "OF F
the receiver switch action is also "0OFF"
beeaking the actuabor circoil.

S
|

Hadio 15 3 part of everyday life. Everyvone knows how 1o switch on and
tune a4 radio receiver, or a television sel. There 15 nothing mysterious
gboul . The only 'mystery’—to most people—is how radio works.

Radlo control is very much the same. It includes the same basic
elements as ‘ordinary’ radio working: a trensmitter which sends out a
broadeast sdgnal, and a receier which picks up that signal. The main
difference lies in the Tact that thi signal sent by a radio control trans-
mitter is just an electronlc signal. The purpose of the receiver is to pick
up that signal and respond 1o it by working like a switch

One further element s invalved in radio control—an aciuodor, This 15
a device which turns electronic signals into mechanical output (or
"muscle power , in ample language), which can make whatever its
connecled 1o move of work, The relationthip between the recefver and
the aefuafor is basically a very ‘\.illl|:il.' one, Since the receiver acls as a

n response bo 'command

vwitch, it switches the actuator ‘on' or 'off
sipnals sent oul by the trensmitier.

T take a very simple case, suppose Lhe actuator 15 an eleciric motor
used 1o drive something (fgure T. 7). The recener operates as a switch
for this electric motar circuit. A command, signalled by the transmitter,
produces a ‘switch-on' response in the receiver, completing the actuator
circult, The electric motor starts and runs as long as the ariginal signal
continues to be given, Le. the receiver 15 held in a “switch on” responsa
condition as long as the transmitter continuwes to send out its signal. As
soon as the transmititer signal s turmed off, the recelver reverts to a
‘switch off' condition and the electric motar stops, Start and stop
switching of the electric motar is thus pr ovided by remotle control =Lhe
main limitation being the range over which the transmitter-roeceiver link
will function with relatvely sample amnd lovw |'I-:'|'-'.-|.'I'|:|.1 radio circuils.

The basic radio link requirements are quite straightforward. For
simple working the transmitier has only to be capable of sending a
simple radio frequency (RF) signal, which can be switched on and off
at will by the person giving the commands. The receiver can be anothes
simple circuit, capable of being tuned to the transmitter signal fre-
guency and of responding to the difference between "signal on” and
*signal off" in such a manner as o provide a switching action for the
actuatonr circuit.

All of the earlier radio control systems worked on this basis. Pro-
vided the circuits functioned properly, the radio link was established.
The main problem was then to design actuators which did more than
run-and-stop, like the electric motor, but performed definite move
ments which could be coupled by mechanical linkage to work controls
an models. Later an when more experience and knowledge had been
gained of the design and operation of transmitter and receiver clircuits,
the Ivipe of '\,i;.-'_lrl.ll sent became more sophisticated, making It possible o
send 'compound’ signals, and even separale signals simultaneously. This
proved far more satistactory—and workable—than ‘compounding’ the

response to simple on-off switching at the actuator end. At the same
time this greatly increased the complexity, and cost, of the clectronics
invalved, leading to the general classification of radio control systems

£y
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1.4 The Coberer recelver, With no
signal present the iron dust is in
random groups. In tho prétence of a
stgnal the lron particles are magnedised
and join up to form a continwous
poriduciivé path compléting the
ACtudter circull.
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under two distinct types of working: (1) single-channgl {or ‘single
signal’}; (2) multi-channel {or ‘multiple signal’).

Both types of eguipment persist—single-channel because of 115
relative simplicity and much lower cost; multi-<channel because of its

better, and more extensive, control coverage. Bul simple clssification
on this basis 5 no longer valid, Single-channel working kends itsell 10 a
degree of 'compounding’ or signal modulation without necessanily
imvalving complex clectronics, In fact, the original mult-channel
systems were a straightforward extension of single channel "tone’
signalling. These were eventually replaced by fully proportional control
wystems which instead of "on-of* switching at the receiver end provided
actuator movement in exact response Lo movement of a control stick
{or wheel} at the transmitter end. We shall see how these various

sy slems -::In.'l.-::'l.:-|'ll.'|.1.

[he first known examiples of radio control date from the beginning
of this century, In 1905 a Professar Branly demonstrated the remote
operation of machinery by radio link (the first known example of
industrial radio control); and in the early 1920s a demanstration ol
remote control of 4 model airship is reputed to have been given 1n a
London music hall [the first guoted example of model radio control,

I'he equipment wsed was very rude—a Sl k tramsmitter | e h e
mare o less than 2 Morse kev); and a coherer receiver, the latter
consisting of a glass tube partially filled with fine iron Bilings or iron
dust, [Figure 1.4), Anything electrical that produces a spark can cause
interference on radio, as is well known, (It is for this reason that spark
transmitters were long ago made illegal ). Interference is caused by the
fact that a spark gendrates i radio freguency signal, ower a very broad
ramge of frequencies

A coherer recelver works in this way, lron dust is a magnetic
material, Assuming that it is first lving in random fashion in the be
the presence of a strong REF signal will cause cach particles
magnet, These tiny magnets will then immediately link up in the form
af a chain running the length of the wbe. Since iron is also a conductor
al electricity this chain, onee Tormed, can complete an electrical circuit
between contacts inserted in each énd of the twbe. In other words, the
coherer has been transformed 1o an "on® switch for any external circuit
connected Lo the tube contacts, To break the chain, and thus switch
‘off* when the RF signal is removed, it is necessary 1o tap the tube

Interest in model radio control really started in the mid-1930s,
principally in America, To operale any radio transmalter legally 1T was
necessary o hold an amateur radio Hcence and 5o imitial devekoprment
work was largely rostricted to amateur radio enthusiasts, and modellers
whao had also qualified for an amateur transmitbing licence, working on
frequencies allocated for "ham' radio, Acromodellers in particular were
attracted to radio control—the Linited States also being the "home” of
the mass-produced small spark-ignition enging in sizes suitable fior
powering model aircraft, which evalved at this same period. But the

1o become i

fact thiat 1o My a radio contralled model a6 riplane the modeller also had
to be qualified as a radio amatour seriously limited the number of




1.5 Al lcence, msued by the Posd
(MTice, is necessary before operating
any mede] radio controd eguipment
Mo practical test or wiillen
enamination b Involved; just 110 in and
return the Application Foom
ohitabnabde Nigim:

The Minksiry of Posts ahdd
tElecommunications,

Waterloo Bridge House,

Londan SET,

The cost of a Licence is £1.50, this
LOREMME & five-yvear |'\'|'|||:||

LA bowe Fght) Example of valve
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of the type which remained popul &
i Britain up to the early 12 Ts,

Adrcrar were always the most popula
sabject Tor radio coantial. & high wing
Myout was adopted 108 years, bedalse
of ihe pood aitomatlc siabliioy B
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imdividuals contributing 1o these early stages of development, Mever
I|I|.'||."\.'\.I contesis for redio contralled models were Included in [ rE-war
American Mational Championships held at centralised venues.

This licence reguirement, ing rclentally, persisted in Americ until
1952 when the Federal Communlcations Commisslon (FCC) eliminated
the code and written examinations required for licenced operation on
27.255 MHz and 465 MHz; previously most of the work had been done
on the 50-59 MHz amateur band, which required an operating licEnce
[ he position was rather diffterent in Britain, There was virtually no
interest in model radio control untll after the war when the I:|h|'||| GPFD
allocated pwo speciflic frequency bands for model radio contral use, the
necessary licence being abtainable on application, These bands were
26.9% MHzr to 2728 MHz and 464 MH2 1o 465 MHz, The second
(higher ) frequency band presents considerable technical difficulties in
equipment design and construction and has been little wed, either in
America or Britain, The 27 MHz band became the virtual standard for
miodel radio control work all over the world, American modellers
changing over from 54 MHz to 27 MHz with the easing of their licence
requirements
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1.6 Changes in the Hecelver curment
wisan switched on (10p); and when the
Recelver responds 1o a Transmliber
signal [bottom). The Tall in current in
response to signal causes the Relay to
drop out,

1.7 Working the other way round, the
Transmitier signal ls normally "ON" all
the time, holding the receiver In a ‘low
current’ state, Keying the Trammitter
Fwltches the signal "OF F°, caising a
current rise in the Recelver, pulling in
the Relay, Moie difference in Actuator
circuil comnmections o Ehe Rélay,

Al of the earlier model radio control systems employed a simple
ascillator for generating the RF signal at the required freguency, with
of without power amplification (see Chapter 3). These produced a
straightforward carrier wave (CW] which was switched on and off to
transmit commands, The super-regenerative circuit was found best o
receivers (see Chapter 4), responding in the following manner (see
flauire 1.6), With no signal being received from the transmitter a fairly
high standing current is drawn by the receiver, with a steady value. If
the tramsmitter is then switched on, the receiver current falls wo a
substantially lower valug and remains at this lower value as long as the
transmitier signal is present, assuming the recelver is correctly tuned

This current change |s used (o operate a refay connected in the
recelver circult, Thus with high standing current the relay s adjusted to
pull in and remain in this position until receipt of transmitter signal
produces a fall in current causing the relay b drop out. The armature
of the relay thus acts as a swilch, controlling the extermal actuaior
circult connected toal and the relay contacts, as shown,

In practice the switching system was often worked the other way
round (figure T, 7). Normally the receiver will spend mone time idling
than responding to the transmitter signal, To reduce receiver battery
drain, therofore, it s better to have the transmitter signal present all the
time (holding the receiver in [t low current condition). A command is
then initlated by keving the transmitter signal off, which causes the
recerver curment 1o rnse, |:|||I|'|r|3 in the r|.'|.1'3,' and -;h.|:1u|ra-p| over the
switching contacts,

Oine of the main limitations af this system was the relatively small
chanmge in current available from simpie single valve receiver circuits,
This called tor use of a sensitive relay, and very caretul relay
adjustment.

Performance was much improved by the introduction of two-stage
receivers, although this increased the number of components and bulk
and weight of the complete wnit, By using the first stage as a signal
detector and the second as an amplifier it was possible to produce much
larger current changes, making relay operation far more positive and
less critical, At the same time the receiver could now be made to work
with a low idling current falling virtually o zero on receipt of signal,
using this to trigeer off the second stage which could now pass a current
of 3 to 5 milliamps, or even higher when transistors became available
for the amplifier stage(s).

The next hig siEp wias the .'||;.|-|'|[|[i|;:|r'| of a modulated tone :.iH;rl.'lI Father
than a simple carrier wave for transmission. Basically this simply means
superimposing a lower frequency (usually an gudio frequency, and
hence the description fame) on the original carrier. The carrier wave
signal is on all the time and the tone s only keyed 1o modulate the
carrier when a command signal is required (figure 1.8). The receiver
circuit is designed to have a moderate ||J||ng current with no :,i;!}rl..ﬂlr
which falls to a steady low current in the presence of the CW signal,
When the CW signal is modulated with tone this is detected and
expressed in the form of a curment rise to a steady maximum,
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1.E ‘With a Carrier Wave signal the
Keceiver responie is o “current Tall®,
With & Tons Modulaied signal the
Becelver response |y a "curreni riss’.

Line up of models at an sarly radio contred contest |n Britain, Flylng sesslons
dotild be rulned by high winds because of the limited controd available [rudder
anly ],

Today even a midel helicopler cam be Tlown perTactly under rado
ponlrol—iding proporional egulpment, This type of flying model was thooght
“lmprssible” only & few YEATE ARD,



Typkeal example of an eardy
sersilive fElay, 68 Wsed in
recelvers as the swilching element,

Another example of the tvpe of model
which can be Mown salely with madern
proporiongl radio control. Scale
model subpects—even dating back 1o
pre World War I—are extremely

| popalar.

At first sight this may appear a more complicated way of producing
the same results as a CW system, However, there are a number of
advantages. For one thing, 1§ is a simple way of producing a *current
rise” recelver, and of achieving a good current change without resort 1o
i high degree of amplification. There Is also the fact that since the
receiver is ahways Influenced by the CW being present it tends to lock
onto this particular signal, which considerably reduces its susceptibility
b any interference from spuricus signals of adjacent frequency. A
secondary effect of this 'locking on' characteristic is that less radiated
transmitter power is needed—which can be particularly advantageous in
the design of small transistorised transmitters,

Tane receivers were Introduced in the 19508 and have virtually
roplaced CW working for single channel radio controls,

The availability of suitable transistors for complete (all-transistor)
receiver circults led directly o twao further important developments:
the refuyless receiver and the superfel receiver

Receivers so far had utilised an electro-mechanical device, the relay,
as the switching clement for the actuator circult. The 'mechanical’
elements of the relay-—the moving armature and fixed contacts—are
external to the relay circuit and are, in fact, merely a mechanical switch
for the actuator circuit. The amount of current which can be switched
in this manner is then governed only by the limiting current loading for
the relay contacts used. Within this limit, if the actuator needs a higher
voltage {or current) to operate properly, then it s only necessary 1o
increase the size of the actuator batfery,

Transistor circuits made [ possible 1o increase the degree of amplifi-
cation possible within the receiver circail itsell, without unduly




Redayiess all-transistor tane recebver
with maiq hing escapement-1voe
dctuator,

The valve Transmiter continued io be
ursedl for some time after all-transisios
receivers became standard, Eventually
It wan replaced by the zl|-transision
Fansmitter, permitting a sulbstaniial
=ving if battery site and welght—and
operating cout.
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The relayless receiver reduced the sire and weight of 2 single-channel receiver to a
minlmum—Ekess than one sunce in some casss. |t made passible radio controd of
maodels less than 18 inches span

mncreasing the bulk and wekght of the receiver, so that the final current
change could be high enough to operate an actuator direct. Making the
last stage of the receiver a high current switcher circult, therefore,
eliminates the need for a relay at all. The actuator can be connected
directly to this circuit, and draw its current from the same battery as
the receiver,

I'he advantages are obvious: a saving in bulk amd weight for a
complete receiver installation by eliminating both the relay and the
actuator battery; plus the substitution of electronic switching instead o
mechanical switching via relay contacts, eliminating relay adjustment
and contact ‘wear” as possible sources of trouble,

However, this is not a complete answer to simple receiver design, The
swilched current available as direct output from a relayless receiver is
limited by the loading permissible on the final stage transistors. This
means that The actual load—the electrical resistance of the actuator—has
to be matched to the receiver. In practice this means that the choice of
type of actuator is limited, usually to an escapement with a coil
resistance of the arder of 8 ohms,

A secondary disadvantage is that since one battery now supplies both
the recelver and the actuator, the drain on the battery can be quite high
when the actuator s being operated. At the same time since the
actuator itself Is now connected into the receiver circuit, operation of
the actuator can cause interference in the radio circult, The question of
battery drain s not particularly critical as a nickel-cadmium battery can
be used instead of small dry batteries and readily meets the full demand
required. The weight of nickel-cadmium batteries is quite low, their
pertormance under load is more stable tham dry batteries, and they can
be re-charged. They are thus a much better proposition for working
miniature and sub-minfature relayless receivers than pen cells, although
their Initial cost is higher (see Chapter 21).

It is possible to treat this question of battery drain and interference
in another way. The relayless receiver circult can be designed to take
iwo batteries, one for the radio side and another to supply the output
power via the final ‘switching’ circuit. This has the further advantage of

15




Anather example of the cempact
arrangement passible wilh an
all-transisto single-channel tone
neeiwed,

"One 27 MH: transnitier operating
will usually &ITect owy superrcgen re-
celver, wheiher tuned in 1o [hal par
cular transmitter of [ol, O¥Er 3 Tange
which may be several miles or muceh
#58 |depending on the power ol the
transmiller and the spacing of ihe
recelver tuning to the acissl signal
frequency  tranamilled .  Increasing
distanice will reduce, and Tenally
eliminate, interference, beciuse ihe
signabi become so much weaker, For-
tsnately the range of model radic
control transmitters i Nmited, athor-
wise operalion of o iransmitier
couwld wirtually blaa aut whale areas Tor
use bv  other  transemdtier-Heoe el
combinationa!
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making the receiver circuil as independent of interference from the
actuator as a normal relay receiver, A number of commercial relayless
recelvers have been produced on this basis, although the usual form
adopied is a straight single-battery circuit.

Since a relayless receiver requires an actuator matched to its switch-
Ingg output, there is still a demand and need Tor relay receivers
particularly for use with motorised actuators {see Chapter 6}, Modern
circuit designs usually follow the same form as that of a relayless
receiver, only i this case the relay connected in the cutpul circuil
forms the load, instead of the actuator. This means a low resistance
relay can be used [usually with a coil resistance of 30 to 53U ohms), and
because of the high current switched through the relay coil it can be a
simple, non-sensitive type, providing positive and reliable operation,

Most modern single-channel all-transistor receivers, in fact, are
produced in either ‘relayless’ or ‘relay’ form. The two circuits are
identical, In the first case an actuator (escapement) is connected
directly to the receiver output for relayless operation. In the second
case the receiver panel includes a relay mounted on it, and connected to
the switcher circuit, The actual cutput fram the receiver is connected
to the relay contacts, which function as a ‘mechanical® switch

Superiel receivers

The superheterodyne or superhel is a more highly developed type of
receiver circuit with the advantage of providing a far greater degree of
sefectivity. The superregen circuit works well as a receiver, but 11s
tuning ks inevitably broad and even the best of designs does nol have
sufficient selectivity to reject spurious signals several hundred kHz Trom
the true signal to which it is tuned. This means that it is not really
possibile lo operile more than one superregen receiver at a time®™ 0 the
77 MHz band, even if tuned to opposite ends of the band, Also, of
gourse, an individual receiver is suscoptible 1o interference from any
ather sources of RF transmission overlapping the 27 MHz band.

The superhet recaiver tackles this problem by providing tar greater
selectivity to signal frequency, so that spurious signals even as lHitle as 5
kHz away Trom the tuned frequency are rejected. The transmitter)
receiver combination, in fact, tunes and works on & “spot” Irequency,

e superhet receiver circait is distingulshed by 115 ‘cam’ or |F transiormer stages,




and only other tramsmitssions at that particular "spol” Treguency are
likely to interfere with (L Within the permitied tramsm iing frequencies
of 26.96-27 28 MHz it is thus possible Lo select a considerable numbe
of different "spot’ frequencies for working, making i1 possible G

operate that number of receivers simultaneously with no interferanc
from transmitiers working on other *spots’

In practice six standard ‘spot’ freguencles are employed with 50 Hz
spacing. It is possible (o split these Turther, e.g. doubling the number by
wopting 25 kHz spacings: and possibly at some later date 10 EHz
spacings may prove practical

| he miroduciin ol the superfel receiver Solved a major pri hlem t".-

milkl i simuliAneos -['l".:'.i- i of radio controlled models peossibie al a

particular site, Previously other operators had to wait whilst any oné
modeller was operating, and take turns for ‘radio space’. [t also

or recaiver poi minimised the effects of interference generally and made 11 possible 1o

Ewen ihe sll-transt

fuite complicated and hulky when develop more complex radio control systems with an assurance of high

tevoloped lor multi-=channel working

reliability as regards signal selectivity. Otherwise the operating principle
remains the same, Superhet receivers are prodiuced in both relayless and
relay form. They have not replaced the superregen receiver, however,
because their cost |s apprecably higher on account ol the greater
complexity of the circuit and the greater number of components
required. Thus they offer an alternative for the modeller seeking more
troublefree operation on single channel working; but the superhel
receiver is an essential feature of all the more sophisticated proportional
control systems

Multi-channe! working

The :lr:-|_'_|r' chanmel Tone ransmiiie |.-"|. cebgqer combination wses a -.-I'Ii.'il.'
tone signal with a frequency of anything between 200 and 1000 Hz
superimposed on the carrier, The actual frequency is not important,
and receivers designed to match will usually respond to a broad range ol
tones within this range

IT the recelver is made more selective as far as tone Tesponse i
concerned, then there is the poscibility of utilising mose than one tone
signal superimposed on the carrier and thus arrive at a multiple signal
radio link. This Is the principle of mwt-chamme! working, as it originally
e lvod

Baslcally the transmitter is the same as for single-channel, except that
Lher= dafe 4 |||_|rr||_1|,'| -u'i teparale Lone genera o cifciiits |ng for each
tone reguired), any ong of which can be switched on to modulate the
carrier with that particular tone. The recelver [+ tuned 1o the carrier
wive I'||_'-|_'|-,J|:n|;:',,- I:J_E.:llﬁ as wilh ',in;;ll,' channed warking), but must also
hive proviseon Lo respond Lo each individual tone separately, so that
cach individual tone is identified as a separate command signal

This can be done electronically, using tone filters in the circuit. Each
filter ‘passes’ iis particular tone © produce an outpul (&g 4 current
change to operate a relay), but blocks other tone signals. There can thus
be as many switching outputs (e.g. via indadual relays) as there are
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Tone recever with fone-lilker circuli.

1.9 With a set af sensitlve reeds (3
Head Bank), each Reed responds to a
particular Tone signal eguivalent to the
resonant freguency of the meed.

Early valve-transislor retd-ivpe
FECEivDi

filter circuits. In practice the number of such circuits was generally
limited to two or three. Since each output circult controls its own
actuator, this provided two or three channal working, respectively.,

Multi-channe] working using receivers with tone filters was developed
maindy In Germany and America, with up to six channels being made
available on standard commercial equipment. 1t remalned a rival to, but
never achieved the same scope or popularity as, the reed bank system of
tone identification which originated almost simultanecusly in Britain
and the United States but was mainly developed in the latter country,

The main disadvantage of a tone-filter system s that AF Tilters arg
not nearly as selective s reeds and so the channels must be more widely
spaced. Also it is more difficult to filter two tones simultaneously, due
to the presence of harmonics or *mixed” signals, Also AF filter units are
heavier and mone bulky than a reed bank designed to handle the same
number of tones, mainly because the AF tones which can be used
require the use of fairly large capacitors and inductances in the filter
circuit,

A reed bank is rather like a relay but instead of having a single
pivoted armature has a number of fixed reeds or flal metal strips
mounied over the coll. Each reed is a ‘resonator’. Thatl s to say, 1L will
have a natural Trequency of vibration or resomant fregeency, depending
on its length, width and thickness (and the metal from which it is
made). Reed proportions are thus carefully selected so that each reed i
resonant at a particular tone [reguency

Heeds
Responds te Tone 1
[ o —
| — Responds to Tone 2
| 11 1 1
—— Hesponds to Tone 3
L 11 11
| — HResponds to Tone 4
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100 Baslc geomts ¥ of a single nebd 0

i Reed Bank, The vibrating reed
compleles the circult 10 tha Relay
throwgh tho Contacit

LTT This shows the electrical circul
ol a single Reed, The Capaciior acts as
a 'reservolr” 1o supply 3 conlifuouws
turrent to hald the frelay in shen the
reed & wibrating. A Reésistor s included
n the circult 1o limit the peak current

Compaci sl sl
multi-chammél redd superhet recelves
Lot the IF

wiflguratlon
remained a popular favoairine for vears
bt primarily developed n the Unliad

Slates,

cang' ). This

All the reads are mounted over the top of

\Frgiire [ 5

manner 45 a relay. The "tone’ s gndl 15 h TWENET, foud ||'|I|||_||_:.' 1hHi1%
iter detection and amplification as pecessary. Thus the coil is excited
with an alternating current having a frequency corresponding to that of
the tene signal, When this corresponds 1o the

particular reed, the reed will be set in vibration and continue vibrating

a5 long as that tone signal is held,

I I'IL' .I"'.|"||||I'|l\. 0l '-Illl.li"'\l|l (nl{ _'_;|_|‘| reed 1% | |||||:'~| |1lI 9 l\.|_._'.|"l '.}.h|_'h
a0 BETS A% i COontacl ':l'r-,'l.-n'u' F.T0). When the reed b
therefore, touch this contac L'.l.l'l'i.'h part of each cycke ol operation, |
bath reed and contact are connected to a relay circwit, as shown, the

relay coil will be energised (momentarily) once for each cyvcle of reed

vibration

The actual period during which the reed is touch ng the contact wil
probably of the order

e gl e srmal

complele oycle of vibration. However, if a capacitor is included con
necied across the relay coil, this w
when contact is made and then discharpge when the contact is broker
again 1o maintan a flow of current through the relay coil, In this

the relay can be made to pull In and remain pulled in through the whole

of the rocd vibration

fesonant vibration by passage of a particular tone
red tank coll operates a relay o give a switching respanse (via the
fefgy contacks) to control an actisator circuit, This is
wrghe-channel working except that both a reed bank [to respond Lo the
tone signal] amd a relay (to switch the actuator circuit) are

Many reeds can be mounted in a single magnetic circuit
ol different length, each will resonate (vibrate) at a d

trequency. Any particular tone signalled will, therefore, energise its

particular resonant resd

it Lo pull in and il i, compiel ng thie swidtch e on ol an actuator
gircunt corenected i :III.' I|'5,|'I contacts TII'\.' s Tem wil i|_:|“.- &S My
channels {or command signals) as there are indwduil reeds, with each

reed having its own relay (to which can be connected a separate

ictuatbor circuit)

L he main limitition with this svstem is that the tane

WIlREN Gne Dolavi

Wi !"'i.."'il.""lll'l 1
the usual ton

Mm%l |"-|'.|q_:|_"'

0 5y [ Finge il

OCLave, i.e have a

quencies of the indmvidual reeds need 1o b, This places a prembum on

recd design and precision manuf

Iower the contact posibion, (i.e. the more restricted the amplitude of

the vibrating reed), the greater thi

b made viertheless

tone [requencios

whiich is connected in the FECEIVET CIrCLit In thie samse

i1 1 1o 1

cycle, Im other words, excitation of the reed into

whilch will im turn cause the re iy connecied to

; a5 the individual reeds will respond to harmonics as

This oct

250 to G50 |

Mickent sensitivity For independent response within o
arrow band width far re Y RLET L

e, the more sharply poaked the rescnant e

LUrer; am

band widih

1l Is practical Lo |I.|.-I| B

12 individual reeds which perform satisfactorily i.e glving up te

i cotl with a magnetic core

resonmanl freguency of a

15 & ‘reservoir” to charge up

vibrating it will,

L1 par cent af e

W'y

signal throweh the

the Sdime as basic

imvolved.,

|
i 11 each i1s

Ange mst §id

v will also lie within

1z, Each reed, therefor

|"|l PV A LT i

wer which contact will

feed bands weith
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| Z:channel working. Simuwltaneous operation of individual reeds is also
possible, although not wsually on adjacent resds,

Apart from practical factors involved in the design and construction
of the resd bank itself [which is a very critical component), there are
two main disadvantages of the reed system so far described, The first is
the fairly obvious one of bulk and weight. In addition to the reed bank,
itsell Tairky bulky and heavy, each channel needs a relay to complete
the switching function to control the vanous aclualons

) wnlim

1.12 Practical values in a Reed cirouit

commanding & Relay with a 5000 [he wecond |s concerned with current values, The actual curreni
ohms coll resistance and glving a 5 carried by the two contacts in each switching circuil [reed contact and
;r;l:le.l.lmp curment through the relay relay contact) is considerably higher than the nominal operating current
af the relay itself, due o the low-duty cvele imvolved, Thus with a 10
per cent duty cycle, and with the relay drawing 5 milliamps, say, to pull
in, peak current values of up to 10 X § = 50 milliamps may be carried
by the contacts, which can cause pitting and burning and troublesome
el operation, |t is necessary, in fact, (o Include a resisior in series in the
r_. e creuit ta limit the initial or peak current when the circuit is first
2 ma closed 1o an acceptable value. Unfortunately if a high resistor value &
o —— used o produce a low peak current, the current through the relay will
- also suifer, 1t is thus usually necessary to limit the resistor to a relal
1 = vely low value (e.g. typically 47 ohms) in order to obtain the necessary
- !.,I,. current through the relay for satisfactory operation, and Lo avoid
excessive waste of batlery power
1.3 im relayless operation the Reed Considerable improvement is possible with refayless operation, Here
cintc 2 ary  wer GURIL(00. 4 o 0yl handld by he e Sontacs can b Kep it o
Tt A Ttk I 1_.I,..,l,|,r|“ {typically of the order of 0.2 milliamps), which can then be fed to a
tlreuit to provide a high enouwgh current ampliffer In the actuator circull. A series resistor is still needed
!'.Ilrrﬂl'll [ £u] ﬂﬂ.ﬂfilﬂ ?r'. actuwator direct to I|m|1 I.h‘l: ||'|i|_||j| ‘I.-ll.:'ilk Cl I'l:I"'.'tl |:IIJ1. ..I-"El time I['g 'nld'l_li,! AN hl: !’L"I:"“"-':'I'r
Ifsigad of being switchéd by the X
contscts of & relay. high [e.g. typically 470 ohms). Apart from the considerable saving in

bulk and weight, the elimination of the relays also reduces the numbir
of contacts effective in each circuit to two (those on the reed pank).

[Right) With relaey working, each reed channel required
ot relay. This added considerably to the bulk and weight
af the receiver,

|Below)] Tramsistor-amplifier circuits Tor relay bess
aperation of mubti-channel servos. The Lshaped board
wars designed to fit inside the actuator casing.
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1.14 Single-chamnel signalling s either
LY or "UIFFT Al e SCTRERGE CaR
only follow ihis swliching to provide
oniral mavement OM-OFF in
REUERLCD
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1.1% The three conditloms of a
two-chanmel Tone transmiliier are
Carrsed Wave only (sent conlinuoaisly,
i corresponding o 'no |_|J||1|1|m-J':l
Carrser Wave plus FTone 1 [comemand 1
oM’

Carrser Wave plus Tone 2 [command 2
0N

This means that opposite coniral
positions provided by a multi-channel
lualor caim be seleciesd at will. Witk
na gamemangd (CW only ), 1ha actualon
returng to the neutral posgitlon,

Multi-channe! octuoions

Each channel on multi-channel working can be wused to control a
sinigle-channel actuator, This, however, is not the normal mode of
working, except for minor or secondary controls on some applications
Instead fwe channels are used to control ane actuatar, The advantage
of thisis that this provides for sefective operalion, whereas singie
channel working can only be seguential,

This can be demanstrated by a simple example (fgure 1.7 4] Single
channel signalling applied via an actuator to, say, a rudder control, can
anly produce a sequence of movements (sec also Chapler G, vIE:
left rudder—newtral. 1o signal ‘'night
rudder” after the last command had also been "right rudder” would mean
switching through the complete sequence,

The use of two channels controlling the redder aciuator provides
alternative command possibilities, viz: right rudder [one channel); left
rudder [the other channel )—Ffguee .1 5.

The actualor would b desianed o return to neutral on release of
signal. Thus the signal for either ‘right rudder” or 'left nedder’ can be

nmiculral rit'1|11 rudder—mneutra

selected at will; and on cessation of signal, the mudder will return (o
neutral, This is the basis of conventional multi-chinnel working

|Belaw | Propartional servas ane
designed Tor compact, easy mounimng,
preferably on ralls or a board fitied
imsida the model.
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.16 With a true proporisoenal comnirol
svilam the aCtuator |5 under
contlmeous command Tram the
eguilvalent of two stEnal channels
and the coninod Esumes 3 position
cormesponding to the positlan of

the Transmitter Controd Stick.

117 Semfing & pulsed signal is one
1ad of praviding 'multdple’

Imgelligence via a single channel, Ths
can be done by vary|ing the Mark-5pace
ratio of the pulses |the signal
on-shgral-off ratio in a complele pulsej;
or by varyving the actual rate of pu Inirig,
The batiem signal shows variable pulse
rate with a 5050 Mark-Space ratio

'—rl—
|

Froportiona! comtrols

Baoth single-channel and multi-channe!| working have one characteristic
in common, Controd response is aither "on” of "o, This can be allied o
actuators which are self-centring (return to neutral on release of signal)
or pragressive {stop where they are on release of signal )

Self-centring actuators are used on maln contrals; e.g. rudder,
elevators and ailerons on aircraft models. Control response achleved is
thus either full rudder movement [or Tull elevator, or full aileron), o
centralised. This has become known as a “bang-bang’ contral—full
movemeant (o one extreme or the other with no possibility of selecting
intermediate movements.

With progressive response, controls can be ‘inched’ to a particular
position; then inched on a bit farther; and o on, up Lo the limit of
mavement, Further 'inching’ then moves the control in the opposite
direction. This is not suitable for main control services since there s no
means of telling the exact position ol a control at any Ume [except by
judiging the response of the model, which i an unreliable guide because
ol the time lag Imeolved), It is, however, the type of movement required
for a thrattle contral, and some scoondary services,

Propartiomal controls aim at producing a control movement exactly
propartional to the movement of a control lever (typically a “joystick’)
on the transmitter, This demands a more complex method of signalling
since the command must both initiate movement in the re l'|l.Ii"L"L|
direction and &t the same time signal the degree of movement called
for. There must also be some means of ensuring or measuring the
control movement (o check for proportionality.

Proportional contral can be obtained with single-channel signalling
by pufsimg the transmitter signal. Here the tone sigmal is superimposed
on the camier in 4 series of discrele pulses, rather than continuously
with the cpporiunity all virying the wigth of the pulses [or mark-space
ratio), or the rate of pulsing, or both (fgire 1.1 7). Either, or both, can
be utilised to produce a form of proportional response, and various
systems have been devised to operate on this basis. Those employing
single tones are basically still single channel systems and are described
ini detall in Chapter 8. They retain a basic simplicity, but have 3 numbes
of functional d|5a|:|'.,-._ml.jg_-:'h il the least l!'-l.'i|||.'I the inakbility to "sense’
the control movement amd compare it with the l\..ll"i:..::l'l.1| command.
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LIE A circull demonsirating the True propartional systems are based on closed loop serva circuits

wOrklng ol an Anglog Propartional . L s
: : where the output provides some form of feedback which compares the

control, The Feedback Potentiometer s ; i :
diivan By the sctualor mnd BaRACabEs. a0 position of the control with the input signal, Any difference produces

‘efrod signal’ when the

Ll an efrov signal, which is used to reposition the actuator to its true
movemsent hias not exacily followed
the Controd Stick movement, The ) ;
presence of an ‘errod signal’ causes the This can best be demonstrated with a typical analog circuit, as shown
BCTARDOT 10 Coen Tire mMOwing until thi in figuwre 1,18 The actuator in this case is an electric motor, the

stgmal ralks 1o rero

proportional position and render the error signal zero

switching of which is controlled by a relay. The actuator will drive in
cither direction, depending on whether the relay armature is pulled m
or dropped out, With the armature in the mid position the moto
circuit is broken and thus the actuator remains stationary,

Assuming that the relay is adjusted to pull in at a current of a little
over 2 milliamps and drop out at a little under 2 milliamps, a 2
milliamp input signal to the circwit will maintain the relay in a 'nu
conditicn with the armature mid-way betwoen the contacts. this

condition being set up by appropriate adjusiment of the control

potoniicmeter,
If now the control potentiometer is moved to decrease the resistance

in circuit the current will rise, pulling the relay armature In and com
|‘:.l.|!il'u[ the circuit for the motor to run in one direction, Coupbed To the
matar movement s a second potentiometer of simibir value to the Nirst,
but connected the other way round. Thus as the motor drives the
§ Current flow through the Relay potentiomeler in Lhe direction initiated the resistance provided by the
n the analog clrcuit of Fig. 1.18 and socond potentiometer increases. until 4 paint s reached where the

cofresponling re Ay ammalture imcrease in resistance exactly balances the decrease in resistance ghen
positians, contralling the switching of

Hie’ e ot by movement of the control potentiometer. At this point the relay

current will have fallen to 2 millamps again, giving a "null’ conditlon
-k for the relay and switching off the mator,
'n-._ | Basically, therefore, such a circuit is stable (stationary) only with
N null’ conditions for the relay, Any movement of the control potentio-
; meter will induce an “error signal’ due 1o change of resistance in circuit
!. i P causing the motor to drive in one direction or the other, This
T ":_t"' ol movement 15 used to operate the feedback potentiometer, coupled in
e Il = i ?‘ - , c such a way as to compensate for the original change in resistance and
—I e R restore the circuit to its 'null' condition again, Thus the feedback
- | :_"“f_' A control provides proportiamndd movemeant of The actuator relative 1o the
i | ! ) gofuaf change in input signal (or actual movement af the control
i = potentiometer |, The actuator will thea remain at this commanded
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.20 Almost all modern radio conlrol
aysbams ant based on Diginal
Proportional. |ntelligence & encoder at
the Transmitier in the form of pulues
ol varigble width, giving a Modulated
REF Signal of the typical Torm shown
Compare this signal with that of simple
Tome Modulated BF shown in Figs. 2.6
and 3.9,

pasition as long as the control potenticmeter remains in the position it
has been set, Thus any position from newtral to full throw in either
direction can be set up by appropriate movement of the control
polienliometer

All analog systems work on this basic principle of 3 varying
‘command’ resistance (equivalent to an infinitely variable DC voltage
imposed on the circuit by control stick movement |, wilh proporional
mavement of the contral determined by a feedback potentiometer.
Separate transmitter and receiver circuits are, of course, involved rathes
than the simple integral circuit described, with the intelligence encaded
by the transmitter and decoded by the receiver and actuator(s) (see
Chapter 10].

Drigital systems work on a similar basis of closed loop servo circuits
with feedback, but the method of originating the command and
providing feedback differs considerably., Basically the transmitier
encoddies the sinal in terms of pulses of variable width, which are
decoded at the receiver end in terms of “pulse count” {agarn see Chagber
10y

[‘rl_}|_1|_:-| tional control sysiems represent the ultimate in madel radio
conlrol r-,'quirl,-mn;'nl,h Thiew can readily [‘lr'l'u--:di.' for |'||'H|[ip|t‘ controls
[simult@neausly operable as nocessary | and infinitely variable position-
i [with true proportionality of movement ensured ), Multiple controls
are essential for complefe control of many types of models, particularly
aircraft. Proportional control response is also so much more desirable
than bang-bang movements that modern propostional systems have
completely replaced all original multi-channel systems

At one time it was thought that the considerably greater complexity
on the electronics side would inevitably mean that the cost ol propor
tional systems would be several hundreds of pounds, and thus well
outside the means of the average radio control enthuesiasts, However,
intensive development and large scale production (particularly in
Japan], brought prices down 1o be directly comparable with reed and
tone filter multi-channel outhits. The |latier then ceased Lo be
competitive on a price basis, which was their sole hope of survival
against fully proportional systems, and mamubacture of multi-=chanme
eguipment was discontinued. 1t had served (Es purpose of showing Lhe
great value of multiple contrals—which enabled great advances to be
made in the design and performance ol radio controlled models,

The proportional transmitter is usaally distinguished by a control stick capable of
providing proportional conirgl signaly on two channels simulLamsous)y. A separat
i control = Ase provided Tl each chanmnnl —sesn 1o ane side and ander the
wiick,







Mioidel radbko controld glignals have anly
limited range due to the low power
transmiiters used, but this is quils
AL eguale 1o controd medel Alrcralt i
Flight within the range of visiBlity
Moie pennant on transmitier aerial
jdantilving the "ipol” Treguency his
cramsamliTer i operating an. ( Kadio
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2 BASIC RADIO FACTS
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Aree racio contral BanRds

Iwin or multiengine power is
pertectly practical with modern radio
coniral

Radio wawes travel with the speed of light—abowut 186,000 miles per
second or 00000000 metres por second-—and can be generated by any
radio frequency (B F) current (1 i dm o circui. BLF s an alternating,

¥ % The numbser of

sieady current, and Lhe fregu
compliets waves generated by the source in one second, | he correcl

description

cycles/soc was

‘cyCles per second |, Tor which the abbreviation cps or

/ s originally used, This is now replaced by the term Hert
dhbreviated He, meaning “cvcles per second

Radio waves are
about 15 000 Hz

arge numbers of zeros abbreviations are normally used—kilo of k For

generated at very high frequencies, ranging from

up to 100,000,000 He and beyond., To avaid quating

100 and mega or M for 1,000,008, Thus the ranze above wauld be
15 kHz 1o 100 MHz

Ihis spread, or redio frequency spectium

WriiEien
15 roughly divided into ko
requency (long wavelength ), medium frequency |medium wave), hgh
frequency (Sort wave ), very Righ Trequency (WVHF) amd wltra high
frequiency (LIHF]. all of which are wused Tor various broadeast applicad
Lhoes, SpeciiG narrow Trequency ranges of oumgs are allocated Tar

Amateur broadcasting, transmitting an whlch requines an armaleu

cence, gualification For which requires passing both a written examina-

tkon on radio technology and a practical test in Marse code transmission
il located for QEner al use
il modellers in the United Kingdom: the 27 MHz band

hic width from 26,9495 MHz 1o 27255 MHz

and receplion. Cne speciiic band, NoWower, 15

by ot 1R COAmAre

LR T ransmmiission
il freguencies within this band is permitted, for radio control purposes
oy, by holders of a special hcence which can be obtained on applica-

Lion, without @examinalion or any olther type jualification. This radio
control band is further subdivided into intermationally recognised
standard ‘spot’ freguencies, These are the specific reguencies at which
crysial controlled transmitters should work, particularly when rsed

wilh superhct recomvers
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coloured pennant altached to the aerial,
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23 Constant amplitude radio
frequency signal —frequency scale
considerably expanded,

2.4 Radio control signal transmission
& “line-of=sight®,

The term wavelengith has lirgely been abandoned as descriptive of
the position of a particular broadcast frequency in the BF spectrum,
although it is still guoted to some extent in connection with domestic
radio bioadcasts, e.g long wave, medium wave and short wave, 1t is still
of some technical interest, however, particularly in the design of aerials
isee Chapter 5). The relationship batween wavelength (in metres)
and freqguency T {in kiloherz) is quite straightforward:

300,000
wivelength {m) x kHz]
IF s expressed in megaherz,
K
wivelength (m) - fiMHz}
If the wavelength is wanted in feet,
1,000,000
wavelength (i) f{MHz) APProx.
1,000

or fiMHz) approx,

High Trequency thus corresponds to a short wavelength, and vice

Viorsa,

A basic radio transmission consists of a steady BF wave radiated
from the transmitter aerial in all directions. This wave will have a fixed
frequency—e.g. so-many kHz or MHz—and a constant amplitude (figure
2 3). At the frequency of inteérest for radio control work (27 MHz) the
range of transmission will extend on a ‘line of sight’ basis, with the
power of the BF signal decreasing as the square of the distance from
the transmitter.

Even with high power, the ‘line of sight’ characteristic means that
reception at a distance would be cut off by the curvature of the earth,
Also, of course, power drops ofl quite rapidly with distance. Fortu-
nately for model radic control work a long range is not necessary
Models must be operated within “line of sight’ anvway, and even with
madel aircraft a distance of about a mile Is the practical maximum at
which it is possible to cbserve what the model is doing,

28
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Reallsm In minkature -~ thanks o radio
control! This could be a shot of a Tull
side aeroplane approdthing 3 grass
landing MNeld—except that U Tigure 5
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2.5 Characteristic radlation patiern of
a simple trandmiticr aeflal.

"

Fimmd #regpenc ¥
CRTIET

=
Il_lr_ | T EEETRT T T
II'L.-'I IL,||I randulrhed mign

fors migrs

26 A modulated radio Trequency
gignal is made up by combining a 'tone’
signal with a fixed frequency RF
‘carrier' signal

Radio control transmitters can, therefore, work on relatively low
posweEr: and e |||||':.- Nave a Maxumum range of a mile ar 50, In many
applications, ¢.g. control of model boats or cars, only a very short range
is necessary for satisfactory operation, Range is also affected by the
radiation pattern of the aerial. With the type of aerial normally employ-
ed on radio control transmitters, maximum power is radiated in an
outward and upward direction {figure 2.5). This means that the ground-
to-air range is generally appreciably greater than the ground-to-ground
ranjge—-a useful feature again for model aircraft control

[ransmitter input power can range from as high as several watts, (o
as little as 100 milliwatts or less, depending on the design, type and
application invelved. Low powered transmitters, used with suitable
matching receivers, are suitable for all types of model radio control,
provided the transmitter has a reasonably high efficiency. Only a
proportion of the input power is transmitted as RF output power; the
higher the proportion the greater the efficioncy of the transmitter, and
vice versa. This is a matter bath of transmitter circuit design and
‘peaking’ the RF output transmitter by adjustment of the aerial and/os
tuned circuit

A rather better type of signal lor transmitling purposes 15 obtained
by modifying the fixed-frequency constant-amplitude RF signal with a
much lower frequency signal superimposed on it. This combined of
modulated signal takes the form shown in figure 2.6, The original RF
signal has its amplitude modulated at the frequency of the lower
frequency signal. The original RF signal is known as the carrier wave
ICW), and the combined signal as a tone modulated CW or just a Done
signal. The description “tone” is used because the lower frequencies
chosen for applying modulation fall within the range of frequencies
29
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2.7 Basic receiver ooimprises an
serlal, buned circuis; and detecior,

Madel boats are another popular
choice for radio contred. Safler than
madel pircraft, since they are far less
likely to suffer damage from “pllot

ervor’ of malfunctioning of equipment.
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which are audible. They are generally called audio frequencies or AF.
These range from about 30 Hz (a very low, deep note) up to about 16
kHz (a very high pitch whistle). Tone frequencies used for mode! radio
control work usually range between about 350 and 1000 Hz, with 650
Hz being a typical average value,

This principle of tone modulation is, in Fact, exactly the same as that
used in normal broadcasting. Transmission of speech or music is simply
audio tones or AF superimposed on a carrier wave, The tones in this
case are much more complex, however, and there are many more of
them.

For model radio control transmissions, both straightforward CW and
tone modulated transmissions can be used. As will be seen in later
chapters there are advantages in the use of tone signalling for even the
simplest form of radio link. For more complex working further tones
can be used to increase the degree of intelligence or ‘command’ trans-
mitted, and the individual tones themselves further modified, if neces-
sary. Regardless of the type of transmission emploved, however, it is
the carrier wave which sets the transmitting frequency, and Lo which
the receiver has to be tuned. In other words, however a CW signal may
be modulated, it is the carrier which remains at RF and is picked up by
the aerial of the receiver at a distance. Smaller voltages and currents of
exactly the same poffersn as the original signal, but with very much
smiller amplitude, are induced in an aerial system tured to the original
carrier freguency,

A basic receiver consists of an serial, fumed circuft, and a detector
(figure 2 7). The aerial and tuned circuit together comprise a circuit
which will be resonant to a particular frequency, meaning that it will
extract RF signals present at that frequency with maximum response,
and show little or no response to RF signals of other frequencies. In the
case of a radio control link the tramsmitter operates on a single fre-
quency, so the receiver need only be twned to that particular frequency,
The tuned circuit components need only therefore provide suitable
adjustment for the electrical characteristics of the aerial circuil to
produce ‘peak” tuning. Once tuned in this manner it can be left, unless
something happens to the circuit which can cause the wning to 'drift’.




Tuning contrals are thus basically for initial adjustment and setting up
Lo match a particular transmitter

The purpose of the detector is to make use of the signal received by
decoding any inteélligence contained in the signal, and providing some
sort of outpul, The simplest case for radie control purpases is where
the detector merely has to determine whether the signal 1s being
transmitted or not, {(e.g, transmitter signal "on’ cormesponding 1o a
command being given; and transmitter signal "of" corresponding o no
command), The output to correspond to this simple type of command
15 an on-off switching function,

['his can be made guite satisfactorily by employing a transistor (or
vitlwe) In what is known as a :.l,lp-e:'rr{-:.':l."l1|.'l'.ltil.--! circuit which &s set up Lo
near-oscillating conditions, The working point of the transistor (o
vitlve) Is moved in and out of oscillation, depending on the presence or
absence of RF signal in the aerial/tuned circuit, A change of working
point produces a change in current flowing through the circuit, which
current change can be used (o opérate a relay o work as a switching
elerment

Early valve receivers wor ked on nothing more than this sel up, as
single stage superregen receivers responding to CW signals on an "on-off”
basis, The subsequent evolution of single-channel superregen receiver
design can be studied in more detail in Chapter 4. Superheteroayine
[superhet ) recelvers, which provide far greater selectivity, are also
descnibed in Chapter 4. These two receiver types—superregern and
spperhiel—are the standard for model radio control working.
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Road vehicles are less pFopular For racio
CnETol =Bt Can present reméd s
scope. [ Radio Modeller phono)




Examples of modern single-channel
I. all-tramiistor eransmitters, showh with
|' alternative recelvers. Fewer and Tewer
manulaciurers now produce
single.channel equipment,
"propertional” having taken over,
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3 SINGLE- CHANNEL
TRANSMITTERS

] =i

1.1 The basic elemsenls which go 1o

make & Transmitier
x+-"'

i
|| rf

s

3.2 Circui diagrarm ol 4 basic valve
fransmitier. Symbaols used are those
mormally emploved for mode| adio
contiod diagrams and nod the sarme

BS sy rribenl

C2 is capacitor "blocking’ the HT, C3 iy
e griel capaditod, The racdio Trequency
thake (REC) is the anode load for the
valve [V

The basis of any transmitter is a radio frequency [RF ) oscillator. This is
a relatively straightforward circuit involving a suitable valve, or tran
sistor, the object being to generate an RF signal at the required
frequency which can then be radiated from a matching aerial sysiem,
As noted in Chapter 1, such a signal can be used directly for carrier
wave [CW) operaticn of a transmitter-receiver combination, merely by
arranging 1o switch the transmitted RF signal ‘on’ and ‘off’ to produce
CANTES[ -II|.|iII:..: '.'-.'.-ihhil'::.: FESPONSe in the receiver tuned to the o ij_'ill,'||
'|i'|'_'l.':

Early transmitters did, in fact, operate entirely on this basis, using
the type ol circuil shown in fgure 222 The triode valve in this mode of
working acls as an amplitier (o any signals Ted To the arid Bt at the
wume Time the ampliled \-I!_I|II.|| 1% returned (o the L] 1id. Provided the
perating conditions tor the valve are suitable, this will result in
spll-generated and conmtinuous oscilliticns bemn I.|-\.. voloped in fhe vakve
CIFCLIE,

Operating conditions are set by the grid capacitor and the grid
resisiar (grid eak), biasing the vilve o the '.'.|-5L||1:_' oiont where i1 will
oscillate, Component values must thus be chosen 1o sull the valve used.
The freguency of oscillation is then determined by the fumed circidil
lcomprising the tur i'|:.: coil L1 and the Cikp weitor Cl). Ce mpanienl
values, again, aré chosen to provide an oscillation fre guency of 7T MHz

I'he other imporiant components involved in this circuit are tha
radio treguency choke [ RFC) betwern the anode of the valve and the
HT + supply; and the blocking capacitor C2 in the conmection between
the valve anade and the tuned clircail, The BFC choke provides the

mecessary anode foad for the valve { V) 10 work needds 10 be a choke

Ty pical exary |'|l\. ol & hivibrd | valve-transisiod ]| sinle-channel ransmitier. Moie ihe

twor batteries and high voltage HT reguined Tor the valve circuit




The all-transistor ransmitter works olf
a simpgke low valtage batlery and can be
made extremely compacl, |apan was a
profific source of single<channe|
equlpment durkng the latier 1960s,

1.3 Practical walve tramsmitter circull
Cadl L2 and wariable capacitor C1 form
the tuned circult. Typlcal component
vill es;

2 -500pk

CI1-500pk

2 R 1]

RFC =2 millihenries

Vialve | V- 34

L1 is aerial coupling col

rather than a plain resistor to allow DC to pass {from HT+ to the
anode], but to stop the RF signal from passing in to this leg of the
circuit, The blocking capacitor works the other way round by stopping
DC p.n-;ir'lig‘ |H.'-|.'.'_L||d the anode of the valve into the tuned circuit, but at
the same time allows the oscillating RF current te pass into the tuned
Circuit,

To provide ‘on’ and "off” signalling it is only necessary 1o insert a key
in one al the battery leads. The usual place is in the HT + |cad. A
further switch can be inserted in the common negative lead to act as an
ar-att switch tor the batteries. This could, in Tact, alsa serve as a
=iip_|1.|||illg key (dispensing with the other key), but since & more sensi
tive type of switch than a simple on-off switch is required for precise
signalling & separate pricroswiich is invariably wsed For "kKeying' or
signal-switching.

A practical circunt of this type, together with component values, is
shiown in figiire 3.3 1L s simple to construct and can réadily be made 1o
work, but it sutfers trom a number of limitations, particularly as
regards low efficiency (relatively low RF output power in proportion to
the input power supplied by the batteries), and lack of stability
Mevertheless this type of transmitter circuit was popular in this country
right up wntil the mid-1950s, both for amateur and commercial produc
Lions,

Both inherent performance limitations could be overcome Lo some
extent. This instead of using a single valve, the use of two valves
[usually a twin valve in a single envelope) in push-pull oscillator con-
figuration considerably increased the RF power outputl obtalnable, but
at the expense of further increase in battery drain, The basic circuit




1.4 Circul -.||:|;.:_r.|||| of a basic push-
pull valve ransrmditer. The |British)
DOCC%0 or | American) A5 valves were
the wsinal choice

sk
|

3.5 Block diagram of
crystal-=controlled transmitter {the
crystal fixing the frequency of the
oaciflaton|

remalned very much the same (figure 3.4), Lack of stability, or the
iendency for the frequency of the tuned circuit to "drift’, could be
countered by incorporating a crystal in the tuned circuit, the crystal
restricting oscillation to its specific resonant frequency or a harmenic
of that frequency.

Crysial controf

The crystal control of transmitters was, in fact, obligatory in the
United States right from the beginning of radio control development,
Mo such requirement applied in Britain and crystal-controlled valve
transmitters remained comparatively uncommaon right up to the time
they were superseded by transistor circuits. There were a number of
reasons faor this. Originally crystals with a resonant frequency of 27
MHz were virtually unobtainable, necessitating the use of overtone
crystals of an even fraction of 27 MHz. These had to be used in a
doubler or tripler circuit to produce the stabilised transmitter
frequency required, which was not always a satisfactory solution. More
important still, all single-stage transmitters (i.e. straightforward RF
oscillators) operated on a *brute force” basis to achieve required levels
of RF power, which meant that the crystal was driven very hard {and
likely to be subject to drift throwgh heating) and the whole circuit
required very sharp peaking. The slightest change in operating condi-
tions could thus cause oscillation 1o cease.

Single-stage valve transmitters continued in commercial production
until about 1963 in the United States, and later in Britain, despite their
numerous disadvantages. They were also used for tone operation, by
combination with a tone generator circuil, which somewhat extended
their useful life. The real answer, however, lay in the combination of an
RF oscillator with a power amplifier. This means that the osciliator
valve did nol have Lo be driven hard, and so need only draw a relatively




3.6 Block diagram of 2 MOPA
single-channe| tome ramsmitter.

AT An American (CG] single-channel
walve transmiiter, with component
walues, This is falrly typical of the
ultimate development of dmple
transmitber circulis using valves.

36

low current, making the working conditions Far less critical, The output

from the oscillator was then stepped up by a following amplifier circuit,
This combination of master oscillator and power amplifier, or MOPA

circuil, was adopted by virtually all later valve transmitters and was

largely responsible for the high degree of reliability achieved with such
types.
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The general adoption of tone working, rather than CW, brought
further improvements in reliability, largely in the inherent characteristic
of a tone receiver to “lock on' to a tone signal, thus making it less
susceptibie to interference; together with a reduction in RF power
needed to establish a satisfactory radio link over a required or practical
Finge.

The type of circuit shown in figure 3.6 represents about the ultimate
achieved in single channel valve transmitters, although there were many
other ¢ircuits of comparable performance developed differing in detail
design. Two major disudvantages remained with valve transmitiers,




A very successful Brivish design of
dl-transistor fransmitter, intended for
hisme comstruction. Camponents ans
widely spaced on the circuit board for
ey assembly,

however, To accomodate adequate battery sizes they tended to be
bulky and heavy for hand-held units {unless small batteries and short
battery life was accepted). Also valve transmitters need both a high
voltage (high tension) battery and a low voltage {valve heater battery).
Only dry batteries were suitable for the former— providing a relatively
short useful life at fairly high cost. It was inevitable, therefore, that
all-transistor transmitters should eventually replace valve transmitters
for virtually all model radio control applications,

Transictor tromseitiers

Exactly the same operating principles apply in the case of transistor
tramsmitters: a master oscillator generating RF followed by one of more
stages of power amplification, as necessary, plus a tone generator 1o
impose madulation on the basic RF carrier in the case of tone trans-
mitters,

Transistors first appeared on the model radio control scene in the
late 1950s, but originally their cost was high, their performance often
temperamental, and their power ratings (Le. the amount of electrical
energy they could pass) generally low. Initially, therefore, their applica-
tion was to amplifier circuits, first in receivers and then to the amplifier
stage(s) in MOPA, transmitters. As far as transmitter design was con-
cermid this meant a hybrid circuit—a valve osclllator followed by
transistor amplifier stages—which did not offer particular advantages, or
any savings in battery requirements, (Hybrid circuits were a different
slory an receivers where transistor amplifiers reduced the bulk and
weight of the unit, and the number of “delicate’ components susceptible
lo crash damage).
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3.8 Biock diagram of a modem
transistorised single-channel tone
Lransmilter,

Trongd il o | EE Ay iy |

1.9 Basic circuitry of a transistor
oscillatar with crystal control. There
are various other conflgurations which
can be used for oscillaters

Large, heavy model alrcraft were
typical of the early single-channel
eri—when transmiltiers (and receivirs)
were bulky, too, and required high
voltage batberies,
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Increasing the number of amplifier stages to compensate for
deficiencies in outpul of a low power transistor oscillator i5 not a
practical answer for this can produce unwanted side effects. The
practical all-transistor transmitter thus waited on the appearance of
suitable power transistors, with stable characteristics, for the oscillator
circuit, or driver stage as it is sometimes called in America, Actually this
latter description can be misleading as a driver is more correctly the
amplifier stage applied after RF amplication and modulation in a
typical transmitter circuit, as shown in block diagram form in figure
38 It is thus best 1o refer to the RF generator as an oscillator,

Basis of a typical transistor oscillator is shown in figure 39
Mumerous variations are possible in the bias circuit, which can control
the guality of working. Where the oscillations are 1o be modulated, for
example (tone transmitter) it is generally advisable 1o avoid 'bottoming’
of the oscillator as this can result in considerable distortion of the
miodulated signal.
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3.10 The degree of modulation affects
the character of a tone signal

Virually all meedern circuils are
assembled on printed circuit panels
These start out as a drawing,
transferred as a ‘mirror image” to
copper-clad Paxolin or glass fibre
Pargls,

The printed circuit is produced by
etching, which dissolves away
unwanted copper areas and leaves the
copper clrcult,

Degree of modeilsfion

The degree of modulation produced by superimposing an AF (tone)
signal on an RF carrier can vary considerably, which will show up in the
shape of the combined waveform. Basically 100 per cent modulation is
ideal since this provides the maximum amplitude change for detection
it the receiver end. Over 100 per cent modulation will ghe the same
amplitude change, but with ‘gaps”, equivalent to actual breaks in the
transmission. Under-modulation results in reduced amplifude change,
Meither of these conditions is particularly critical for single-channel
superregen working, provided the amount of over- or under-modulation
is not excessive. Under-modulation reduces the amount of signal change
the tone receiver has to detecl, As the distance between transmitter and
receiver increases the signal strength decreases, i.e, the amplitude 1s
reduced. Thus the effect of under-modulation which does net use the
full amplitude change possible to start with is to reduce the range

Under- or over-modulation can have a significant effect on the
performance of a superhet receiver, however.




Simple singhe-channel receiver with
battery box and escapement, all
prewired and "ready-to-go'.




4 SINGLE-CHANNEL
RECEIVERS

N

4.1 Block diapgram of the ultimate
develapment of the simple single-

channel/relayviess recelver s PEETEEER

1.2 Clrouli di@gram of a typica

AMerican single-channd| superregen

receiver Tor relavless wsorkimg.

Single-channel receivers now Invariably employ all-transistor circulitry,
and [normally) printed circuit construction. |n the case of a relayiess
receiver this can resull in an extremely compact, lightweight *solid
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state unit with a high degree of resistance to mechanical shock. In the
case of a relay recelver, the relay is noemally mounted on the printed
circuit panel, although it can be a separate plug-in assembly. Because
the type ol relay used in modern corcuils s a farly rogged, low
BsISENCE I'.;|:-.' WHTH Fuan |_'ili-.._:. .||_||:|-|l1|-_'|:'._ IL Can bie & :||-.'-;] i A CilsE LD
protect the contacts from dirt etc, This may be additional to the
lightweight aluminium case wsually fitted to commercial single-channel
FRCEIVErs

Mosl modern all-transistor superregen receivers are based on the use
il ||i!'_|| perTormance. ||i‘._'_|| s |.-_5-1'.. trafnsistors im fairly conventionl
cifcults. |he usual arrangement following the tuned circuit is a
superregen detector transtormer coupled inbo a two-stage AF amplifier
The cutput from the second stage of AF amplification is then trans
former coupled into a switching stage (figere 4. 7). The design matching
load is normally a 9 ohm coil resistance escapement [relayless receiver);
or 2 3 ohm relay (relay receiver)

Twio examples of superregen circuits are shown in detail in fgures 4.2
prid 4.3 The first is typical of American practice of the era and circuits

of this type were widely copied, with detail madifications.
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4.3 British superregen relayles
recoiver designed for home
construction (courtesy of Radlo
Control Models and Electronics).

cio
Ci1
C1z
Rl
K2
%]
B4
RS
R

Ra
RS
VTS
Tl
L1
L3

Relay :

25 pF electrolytic 6.4v
002 x=F

4 wF electrolytic 10v
22 pF

002 uF

47K pF Disc.

25 pF electrodytic 6.4v
002 pF

2.5 gF electrolytic 4%

10 KEpF [isc,

4 uF ebectrodyilc 10v

22 pF

2.2 Kl

i KL

4.3K0 RID : 1500

S.AEI RIT 3 47080

4.3K11 RFC : XOuH

2.2K11 YTl : OCIT0
1KLL YWI2 @ OC44

2.7K1 YT3 : DCas
SE0K L1 WTd4 1 DLCas
OC83 or MET 218

010071 Ardemie

10 turns 24 swg

IV wurms aerlal wire, Total
lenigth 32 |ns, Cut bottom off
R/S 7 mm former

0% 500

4.4 Component layoul of the recelver
circuit given above, shown actual ske,
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The second is a British circuit design, developed specifically for
amateur construction, The crcuit is non-critical, although satisfactory
performance was depéndent on using the types of transistors specitied,

This, and other similar circuits, were marketed as kits, with ready-
drilled printed circuit panel and all necessary companen (s,
Unfortunately, however, the practicability of 'kit’ designs has become
severely restricted by lack of availability of suitable transistor types
for these earlier circuils.
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4.5 Biock disgram of & single-channel
smperheterody ne receiver,
Superhel recefvers

The superhet receiver is a far more complex type, involving the use of
mare stages and considerably more components, A block diagram of a
typical superhet is shown in flgure 4.5
The basis of superhet operation is that the incoming RF signal is
picked up by the aerial and tuned circuit in the isual way, and fed to a
rrtixer stage. Also coupled to the mixer is a local oscillator clreuit, crystal
controlled to oscillate as a specific Trequency above or below the Ri
sipnal frequency.
The mixer produces as an cutput a signal at the IF or intermediate
Simple printed circulis for switchers frequency. This is then amplified by one or more IF amplifier stages.
lf.nl«l,:.!:.lx.l.l-l .t;lf|!::l.l|lll' b At same suftable point the audio tone present can be detected and the IF
L ; which 1s acting as the carrier discarded. The tone signal can then be
-.uhi;:.:tn:'d o one or more slages af AF .|m|1-li1 ication, as nocessary 10
produce the required curtent to operate an actuator or relay direct,
Detection and audio amplification may be achieved in one stage {e.g. with
a single transistor working both as a detector and amplifier); or by a
diode Tollowed by transistor amiplifier stageis).

Such a circuit cam achieve superior sefectivity of signal ror a numbar
of reasons, The main one 5 that the original RF signal disappears at the
mixer stage, and an IF signal is passed on,

The value of IF adopted 15 normally 4/0 kHz [or 435 KHz in
America), It is usual 1o work the local oscillator at this difference
freguency below the transmitter RF frequency. The mode ol working
can then be followed From this mumerical example.

Earty Thyratron valve receiver with
frapssstor amplificatbon.,
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4.6 |nasuperhet recelver the tuned
circuit (A] accepts the incoming signal
and passes it to the mixer (B). The
bocal oscillator (€} generates a fixed
frequency signal [typically 470 kHz
beiow the incoming RF signal to which
the set |5 tuned). The mixer passes an
the "difference” or |F signal 1o a
detecior ¢ireutt tuned to respand only
to this signal,
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4.7 A different incoming signal
frequency means that the signal passed
to the detector ks different to that 1o
which it is tuned Lo receive. Hence |1
refects this "difference’ sigmal,

Small single-channel receiver takes up
hardly aity froom, even in a small
minidel,
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The transmitter is working on one of the 'spot’ frequencies in the 27
MHz. Suppose the frequency used is the first one available, i.e. 26.995
MHz, The receiver local oscillator frequency will be set at 26,995 minus
470 kHz or 26.525 MHz to produce the design intermediate frequency,
and the mixer will pass on this difference frequency of 470 kHz.

The next ‘spot’ frequency available is 27.045 MHz. IT this is present
{possibly from another transmitter working at the same time) and
picked up, the difference relative to the receiver local oscillator
frequency will be 520 kHz. The IF stages which follow the mixer
are tuned to the IF frequency (470 kHz). The ‘difference frequency’
in this case is 50 kHz above the frequency to which the IF stages are
tuned, or over 10 per cent

Compare this with superregen working, where the receiver tunes
directly to the RF frequency. The difference in this case is only 50 kHz
ibove 26,995 MMz, or less than 0.02 per cent. On this basis, therefore,
the superhet is something like 500 times better off as regards
discriminating between the two signals.

A further advantage is gained from the fact that since a relatively low
frequency is passed to the IF stages, very sharp tuning is possible in
these stages (together with amplification of the IF). This tuning is so
sharp as to make alignment of the IF stages critical, particularly as
selectivity get even sharper with each stage. Once initially aligned,
however, and providing the circuit design is stable, no further adjust-
ment should be required on the receiver, Tuning adjustment (except for
initial trimming which may be necessary) is eliminated by the fact that
both the transmitter and receiver local oscillator are crystal controlled;
the former at the specified 'spot’ frequency for operation, and the
latter at this “spot’ value less the intermediate frequency, Such crystals
are referred to as *matched pairs’, 1t follows that if the transmitter




Commercially produced single-=channel
receivers crowd the componenis on a
nrinted circuil base panel (o save bulk
and welght. Here, for example,
components are mounied vertically.

4.8 Typlcal example of the ultimate
development |n single-channel
receivers, A small, lpht relay less
meceiver prewired to a plug. This
connects either directly to a receiver
wiring harness, incorporating battery
bax, switch, and escapement [vpe
actuaton; or (o & relay pack Tor
connecting 10 4 molorsed actualor,
Wiring harness shown provides lor
SEparale rectiver and ewcapement
Daieries.

‘spot’ frequency is changed (e.g. by changing to a crystal of different
value), the receiver (local oscillator) crystal must also be changed for
the equivalent of the new ‘pair’ in order to preserve the same IF to
which the |F circuits are peak tuned.

A further advantage offered by superhel working is the possibility of
introducing automatic gain control [AGC). The stronger the input
signal the greater the gain in the |F stages. If excessive, this can lead 1o
clipping and distortion of the AF content of the signal to the point
where it may be eliminated entirely

To prevent this happening the [F stages can be made self-limiting in
amplification by rectifying part of the IF signal at the last IF stage and
feeding it back as a DC bias to the input of the first stage. If the
amplification of the IF tends to build up excessively, enough rewverse
bias is applied to the first stage (o reduce its gain, and control overall
response, ie. the overall gain is automatically self limited 1o an accept
able propartion of the Input '\,lgr'..|| -_-.I!u;'r'ng‘.h. This is known as AGLC,

Automatic gain control may or may not be necessary with singhe-
channel receivers, depending mainly on the characteristics of the
transmitier used. Most tone transmitters produce 100 per cent
modulation, when clipping and distortion is not Hkely to be harmiul
AGC may, however, be very necessary where the transmitter signal has
less than 100 per cent modulation, even for single-channe! working.
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Maodern transmitooss invariably have a
telescopic aerlal which shoaild be fully
extended for normal use, (Some
rafsslor cifculls can e damaged by
operating with retracied asrial).

Receiver acrial s usually a 30" lengih
ol wire.




5 TUNED CIRCUITS
AND AERIALS
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5.1 A tuned chrcuil 18 usially heied on
1 coll {with Inductance) and 2
capacitor |Cagiatitance)
parallel. The 'old Tashioned' symibol for
=zl Im moddel rRdio

conbrol didgrams

SGmnEcied in
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5.2 Inductive Temmg with vamable
induciance [coll wound an lormer with
tromn diest core ).

3l
|

5.3 Capacity tuning, using & Dixed
inductance and variable capacitor

Maodel radio control transmitter/receiver combinations are cporated on

a signal frequency of 27 MHz (or more specifically at any e ividual
frequency within the permitted working range of 26,995 1o 27,255
MHz). This means that tuned circuits, employed in both the transmitter
Al recoiver, must bee |J|_'~,|gr:|,|J o have a resonant frequency of this
value,

A tuned circuit comprises, basically, an inductance (coil) and a
capacitor, normally employed in parallel configuration (figure 5.7]. The
relationship between the resonant frequency of such a circuit and the

value of inductance (L) and capacitance (C) is given by the Tormula

1000
somant frequenc MHz =, I
resomant frequency in MH 2 A/LC

where L is the inductance in microhenries {uH)

iq - PR N
L s the capacitance in proctarads (p)

Substituting 27 MHz as the resonant frequency regquired, we get

1,
2] =
2 +/LC
ie o LEC = 3.4 approx
i LC = 35 approx

The latter is a suitable 'working’ formula for circuit design. It means
that to give a resonant frequency of 27 MHz the value of the induc-
tance of the coil used (in microhenrles), multiplied by the value of the
capacitor used (in picofarads) should equal 35, as a close approxi
matiLhin

It is, of course, possible to calculate the exact values of L and C
required to give a specific or 'spot’ frequency in the 27 MHz band. | his,
however, ks not a practical approach. A close match only s required
when, by making one of the components variable, the final circuit can
be tuped to the exacl frequency required. Either the capacitor can ba
the variable component {i.e. emploving a variable capacitor). or the
inductance {e.g. by employing a coil wound on a former with an iron
dust core which can be adjusted to vary the inductance of the coil).
Both methods can be used; and in some cases both components may be
made variable Lo provide even finer adjustment,

The simplest case to work out is that of a fixed inductance wsed with
a variable capacitor (figure 5.2). A typical value for such a capacitor
would be 2 20-60 pF tuning range. Thus taking a ‘centre” value of 30
pF, the required value of inductance required from the working
formiwla 15

Lx30=35
ar L= 35/30 ar a little under 1.2 microhenrios

It now remains to design a suitable size of tuning coil 1o match.

The simplest type of tuning coll is an ‘open’ winding of solid wire, as
shown in figere 5.4, Such a form Is known as an gfr cored coll, The
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inductance can be calculated directly from the radius of the coil {R),
the length (L) and the number of turns, viz:

inductance, in microhenries = '; Hlll:L (R and L are in inches)

La " o There are three variables, so two must be ‘guesstimated’ as being

logical values, and the equation worked out to find the other value.
5.4 Length (L) and Radius [R) are the This is much easier if simple values are selected for the coil geometry.
eritical factors in designing an air-cored For example, suppose a coil length of 1 in. with a diameter of 1 in.

| coil, {radius 0.5 in.) is decided on. The value of inductance required, from

the previous calculation, is 1.2 microhenries {approx). Substituting in

the equation
1.2 m.g'?!:ﬂ'.ﬂnhlj
(9% 0.5} + (10 % 1)
| I whence N* 69
| | | ' thiss M 8.3 turns
l Actually an 8 turn coil, 1 in. diameter and opened up to 1 in. long

| e — —-—1| F-— 1 —--E would be a near enough match, the very small difference in Inductance
: (1.1 microhenries as against 1.2 microhenries originally specified) would
| 5.5 Tumienl srooretcoll Windiie readily fall within the adjustment range of the variable capacitor,

The actual wire diameter does not come into the calculation, This
would be chosen Lo give a nice rigid coll when wound, A typical choice
would be 18 or 16 gauge enamelled copper wire. To make a neat coil 16
should be close wound on a dowel or cylindrical former of suitable
diameter, i.e. of rather less than the final inside coll diameter required
to allow for ‘springback’ when the coil is removed from the former
{figeire 5.4). The coil is then opened up to its design length, for
maunting {usually through holes in a Paxolin panel, as shown).

Air-cored coils can be designed 1o required inductance values using
this formiula with reasonable accuracy, provided the coil dimensions
(diameter and length are reasonably large. For smaller sizes of length o

l"— \ diameter the formula is less accurate as the actual wire diameter then
i el ar e starts to have an effect

3.6 Open-wound {alr-cored) coil mast
be securely and rigldly mounted,

Early tranmmitiers were hased on
valve circuits with open=waund
{abr<ored) tuning codls.

48

R RO OO OO OROERRRRRRmnmmsS=R=Rm=r==_=_=m==mi_



e | i Do

Sl Cali

_—
Foaines — L]

——

3.7 Coll with variable inductance. Wirne
size and numbser of urns reguired to
match a given coill Tormer size ane
determined by practical tesis, or
wound o z given specification,

Photo: Radio Modeller

Iron-cored or ‘tunable’ coils are quite a different matter. These are
normally wound on small [e.g. %in. diameter) coil formers which carry an
iron dust core which can be screwed in or out to adjust the inductance
(Figure 5.7). It is difficult to calculate the required wire size and
number of turns for a given former size. These are best determined on
empirical lines. The table gives some suitable combinations 1o use.

Former-wound tuning coils have the advantage of being compact and
fully supported. They are a logical choice for the tuned circuit of
receivers, where space saving is important, and the whole unit may be
subject to shock loads (which could distort an air-cored coil and change
its inductance). This latter advantage also applies for transmitter coils.
However, aircored coils are still widely used for transmitiers.

The most rigid type of tuning coil of all is that actually incorporated
in the printed circuit panel. This is employed on some commercial
dreuits, both for receivers and transmitters. Being completely “flixed’ in
characteristics, such tuning colls must always be associated with
variable capacitors in the resonant circuit for final adjustment or
trimming of the circuit,




All modem transmiiiies use a
telescopic aerial extending to
approximately 48" lengih,

Aerials

Aecrials are, in effect, another type of tuned circuit. That i to sy their
efficiency, either in radiating the RF signal in the case of a transmitter,
or in the strength of signal picked up and fed to the following circuit in
the case of a receiver, is very much greater if the aerial is of "resonant

| length’. In this case it is the wovelength of the RF signal which is the
parameter, although this is derived directly from the frequency, viz:

wavelength (in metres) = ___ 300

I!L-qu.ﬁi'u:_y in MHz

—

The resonant length for 27 MHz is thus 300/27 = 11.1 metres ar 35
[eet approximately, This is the optimum size for a transmittes [
‘ receiver) aerial working at 27 MHz.

Obviously this is impractical to consider, so an even fractional lergth
can be taken as the next best thing, A quarter-wavelength (D feet)
would be a logical choice and was the typical leneth used on older
it ground-standing transmitters. Since a physical aerial js subject 1o "end
— 4 effect’ which tends to increase its effective length, a true quarter-
| 17 wavelength {or quarter-wave) aerial would be more nearly 8 ft. 6 in.

' long, and 8 ft. a suitable size,

'3 This is still too long for a hand-held transmitter, where the aerial
& Kl length is normally half this size again—4 fi. (nominal). Actually sizes
- of anything between 30 in. and 54 in. appear to be used successfully on
transmitters, but a 48 in. 1o 54 in. vertical aerial remains the best

4 _L practical choice.
| b 1 Fortunately there are methods of recovering some of the loss of

; efficiency resulting from having to use a shorter than aptimum
5.8 Four ‘standard’ or resonant serial : ] ; =
lengths, Only the two smaller are transmitter aerial for reasons of practicality. These invalve ‘loading” the

practical for modet use. aertal, and tuning it for optimum match to the circuit it serves.
al)

e
TH feed
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5.5 (keft) end-loaded aerial. 5.10
Ir':,;ht'l centre=loadod asrial. Inductande
of the tatter Is critical, since it cannol
b adjusted. 1T must be acourately
matelsd 1o the resonant feequency In
the cate of a crystal controlled
tramspitisr

511 Typical azrial coll windings.
Centre-loading coll s usually about 3

rierms, close wound on I*:" ar 4" lormer,

End-loading coll ks typheally 16 turns
mn _}" former, with ron dust core Tor
adjustmen’t,

Usual mounting for the sorial on a
model aircrall & to lead he wire o the
top of the fin

Two alternative positions are possible for a loading coil, bottom
loading being generally preferred since the coil can be mounted inside
the transmitter case, Also it is easier to tune Lo an oplimum match in
the aerial circult, e.g. by incorporating an aerial trimmer control as well
(figure 5.9).

It s possible to get higher efficiencies with a centre loaded aerial
(figure 5.70). This arrangement is mare cumbersome, and also makes
matching of the coil to the acrial more critical,

Typical specifications Tor aerial loading coils are shown in figure
5.17. Air-cored colls are commonly wound from 20 swg enamelled
wire, embracing about 20 turns close wound of approximately ;_:in.
diameter. The actual number of turns (or diameter) will vary with the
length of aerial used, Miniature coils are close wound on lain. diameter
formers, usually comprising 16 turns of 28 swg enamelled wire, The
advantage of this type (for bottom loading) is that the inductance can
be adjusted for optimum match by means of the core slug.

Aerial tuning can be quite critical on orystal controlled transmitters,
This narmally demands the use of a Neld strength meter 1o check the
RF output (or some sets may have an output meter included in the
circult). RF output is 'peaked by adjusting the aerial tuning and/or the
tuned circuit, depending on how many adjustments are provided.

In the case of a centre loaded aerial, the coil must be tuned indivi-
dually to the aerial to match the frequency of the crystal used.
Basically, therefore, a centre-loaded aerial can only be tuned to a
particular spot frequency, which is against this type being used on
transmitters with plug-in crystals which may be changed to work on
different spot frequencies. With a properly matched centre loaded
acrial, however, only the tuned circuit of the transmitter needs to be
peaked for maximum RF outpul.
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5.12 Basic aerial radiation patiern in
side view [top] and plan {below),

End Ioading anrial coil can be seen an
since it [s an open coll [rather than
wound on a formee), and not righdly
suppoTied,

"Although the physical length of &
(mominal) 48 in, aerlal is ore-eighth of
a wavelength, this type is known as a
Quarier-wave dipole since the 48 |n.
physical fengih represenis only one
hall' of the effective length of the
serial, The other half s made up from
4 "mirret bmage" effect due fo close
proximity to the ground, This can, in
fact, result in varlations in radiation
efficlency and  radiation pattern,
depending on the type of ground, how
doss the transmitter s to the ground
and even how a hand-held tramsmitter
is held {the operator's body in this case
providing the ground link). Such
effects are not usually slgnificant when
aperating a transmitter, biil since they
are present it is advantageous, when
initially lwning a transmitter for maxi-
mum RF  pulpul, fo hold  the
Eransmitler in the way it will mormally
be used, with the operator standing on
i ypical ground serface.

a2

Radiation patterns

The ideal radiation pattern of a (nominal) quarter-wave dipole aerial® is
shown in figure 5,12, The actual pattern achioved Is usually distorted,
however, often containing sidelobes and exaggerating the null point
immediately above the aerial, In plan view, the radiation may alsp
depart markedly from a circular pattern, showing preferred directions
for signal strength, although the differences in this configuration are
usually small enough to be quite negligible, even at extreme range,

The main fact that emerges is that maximum signal strength is
radiated substantially at right angles to a rod aerial; and the weakest
point for receiving the signal (it may even be a com plete 'dead” spat} is
directly above the top of the aerial. Iy follows, therefore, that for
maximum range the transmitter should be held 1o pasition the aerial
vertically upright. For close working, e.g. with a model aeroplane
direcily overhead at a good height, it may be necessary to angle the
transmitter to one side to avoid the null spot and avoid contact,
Painting the end of the aerial at the model to be controlied will give the
fowest range of all,




Radio-tontrolled medel helcopler
hovering in flight owver & Tull-€ized
alrcrafi. The helicopler rec&iver

serhal 15 @ wire hanphng daown froem

the Tuselage.

Aerial coupling

Inductive coupling is commonly employved between the aerial and
tuned circuil, Optimum coupling is usually obtained by one complete
turn in the case of transmitters using air-cored coils; and 2 to 25 turns
on transmitters or receivers using close-wound fUnIng ci i5 on lTormiers
In the case of receivers the coupling turns can be made from the aerial
wire itsell, taken around the tuning coil

Alternatively, capacity coupling is commonly employed on receiver
circuits, the aerfal Being connected directly to an appropfiile point on
the circult via a capacitor.

Aerial |_||,,".!i;ll is considered non-critical i Lhe case of receivers. Any
thin flex is suitable (normally insulated), the usual length being 30
inches. On any installation the aeral wire should be laken away Trom
the recelver as directly as possible and stretched out to s full length
(e.g. in the case of aircraft, run through the fuselage 1o the top of the
fin). The ‘run’ of the agrial wire should avoid close proximily Lo othe
circuit wires carrving alternating or Muctuating currents; and ideally
should not [e parallel to current-carrying wires or lengths of metal
linkages, elc,

Whip aerials [of even vertical telescopic aerials) are an alternative
possibility —generally favoured for model boats, for example, where it is
difficult o oblain a lang horizontal run of aenal wire, Length may be

reduced to 24 inches in the case of a whip aerial, il desirable.




Rubber-driven ESCApEmeni-1y pe
actuator instalied in model ghider
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6 SINGLE-CHANNEL. There are two types of actuators or devices which convert electrical
ACTUATORS signals into mechanical output: (1) electro-magnetic devices based on
an electromagnet controlling the movement of a mechanical system; (2)
motorised actuators where the required movements are obtained
directly Trom an electric molor.
The former type are divided into magnelic actuators, and
e escapemenis. A magnetic actualor consists of a permanent magnet
TFRRIng surrounded by a field coil, one part {usually the magnet) being pivolally
| mounted, and spring biased to assume a certain position. If a current is
passed through the field coil this now becomes an electro-magnet,
attracting or repelling the permanent magnet, which rotates against its
g= spring restraint (figure 6 7). This can provide outpul movement by
) virtue of the rotation of the spindle carrying the magnet, with 'power,
or rather torgue, proportional 1o the strength of the magnetic
61 Inthemapptc o s 30 qacton rrepuln,
oiid wiy of the ather under thi Although simple, ard light, magnetic actualors have low powoer
influsnce of a coil, Power oulpul outputs and limited movement capabilities, mormally just rotation in
wvallable ks vory low ane direction, and then back again. They have little or no application
for normal single-channel radio control, although they may be used in
pulse proportional systems {see Chapter 8).
The escaperment can again be made small and light in weight, but its

6.2 The principle parts of an mechanical design can provide a variety of different movements, leading
ST IMIL ERCOTR. to the development of different types of escapements. The basic
operating principle & the same in all cases. An electromagnel is again
employed, in the form of a single coil, which is used Lo work a pivoted
armature with a rocking movement. This movement controls the
position of an arm, to which some sort of external power is applied.
= This is usually a simple rubber-band motor, but can be clockwork. The
mechanical output power available from an escapement is then the
same as the amount of power applied to the arm. The power available
fram a two-strand rubber-band motor is sufficient to operaie a control
surface on a model aeroplane,
Ihe operating principle can be further followed from figure &, 3

ACTUATOR
TERMINALS
=1

MAGHET

MAEnETic AacTURLOr mounied on @ame
panel &5 recelver, Actuator s shown
spparataly 100 right.

WINDINGS

(=)
L=




6.3 Escapament action can be
followed from this dlagram.

6.4 Sequence of escapement |

moveEmeni.

6.5 Escapement movement allied 1o a

movable control surface,

nlg.lul T |

which shows the simplest form of escapement with a single
(doubie-ended) arm. Output motion is derived by cranking the end of
the spindle carrying the arm, to which a mechanical linkage can be
attached. Rotation of the crank will then drive this linkage with a
push-pull action,

In the “idle’ position the armature will be “rocked' away fram the
escapement coll by a spring, the movement being limited as necessary
by a stop. Since power is applied to the spindle of the arm it will be
irying to rotate, but will be held in a certain position by end 1 abutting
against end A of the armature. In practice, both the arm ends and the
armature ends are specially shaped to provide optimum “latching” and
'release’ actions,

If the escapement coil is not energised (i.e. the actuator circuit
completed or switched on, allowing current to flow through the coil),
the armature will pull in and release the arm. The arm now rotates, but
s broughl lo a stop after a quarter-turn by end 2 abutting against
armature end B.

Release of signal will cause the armature to ‘rock’ out again, with-
drawing end B from the end of the arm. The arm will thus make a
further quarter-turn movement until brought to rest again by end 2
abutting against armature end A,

| —
o
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This sequence is shown in figure 6.4, together with the corresponding
crank positions. To understand how this can produce corresponding
movements of a control surface, suppose the escapement is mounted on
its side, with the crank pointing upwards. Simple linkage as shown in
figure 6.5 coupling to a movable contral, such as a rudder, would then
produce the sequence of control positions shown in this diagram,
mamEly:

(1) initial position {or no signal command present)—neutral rudder

Hom
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Typical example of simple magnetic
actuator with cranked arm for deriving
CHElpul Lo

Transmitler, recsiver and escapamant,
sthowing relative sizes, Simphe
pacapements can be buile smaller and
lighter, but need precision
manufaciure

{2} signal on {energising the escapement coil)- full rudder movement to
ione sede

(3) signal off —rudder relurns (o neutral position

{4) signal on-full rudder movement to the other side

(5) signal off—rudder returns to neutral position,

This sequence can then be repeated indefinitely, the three important
factors being as follows,

(a) The control is self neutralising, i.e. always returns to the neutral
position in the absence of a signal

(b} When a command signal is given the control moves Lo its MIAX LTI
position anc: will stay there as long as the signal is held on.

{c) Opposite control movements are only oblained in sequence, with a
‘neutral’ intervening. In other words, 1o repeat a particular control
movement-say ‘right rudder’ after “right rudder’ was the last movement
before the return to neutral—the escapement must be signalled through
the sequence of “left-rudder’ followed by 'neutral” and then ‘right
rudder’,

This type of actuator is self neutralising (known as a 5/N type),
because it returns to neutral on release of signal. The facts that a signal
has 1o be held on to produce a control position, that the movement
involved is a *bang-bang' type, and that control positions can only be
signalled in seguence are all characteristics of simple single-channel

actuators _
In & practical installation the actuator is usually mounted vertically

and thus the crank rotates in a vertical rather than a horizontal plane.
The necessary motion for operating a rudder control can then be
obtained with a rocking arm type linkage, as shown in figure 6.6,
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6.6 Basic practical arrangement of
transferring “rocking arm® movement
derived from escapement crank into
rudder movement.

Typlcal simple single-channel
escapement assembled on Paxalin
panel. This panel serves for mounting
ithe escapement. Note use of single arm
movement,
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There are also alternative ways of coupling up control operating
linkages to a vertically mounted escapement (see Chapler 12).

Because the action of an escapement is rapid—movement from
neutral to a control position, or from a control position to neutral, only
takes a small fraction of a second—it is possible Lo switch through a
complete sequence, if necessary, without the ‘opposite’ contral position
having any effect. Also it is very easy to become thoroughly familiar
with the sequence involved, so that signalling a particular position
becomes instinctive.

If, for example, the direction of rotation of the escapement arm is
such that the first signal gives 'right’ rudder, either control position can
be selected on the basis of operating the transmitter key in the follow-
ing manner,

For right rudder—press and hold
For feft rudder —press-refease-press and hold

IT a sequence is 'lost’—as can happen—it is only necessary to press
and hold the signal and observe the response of the model to establish
the true “last’ position of the escapement.

On some transmitters this type of sequence switching is provided for
automatically, using a joystick control instead of a simple keying switch
{microswitch), Movement of the stick to the right would then give a




single signal, held; and movement of the stick to the left a sequence of
switch on-switch off-wwitch on and held.

Modern simple /M escapements usually employ a cruciform arm
instead of a single arm, one arm being ‘short’ and one ‘long’, The
advantage of this is that it enables the 'stop’ and ‘release’ actions to be
performed by a single detent on the pivoted armature. The actual
sequence of movements is exactly the same. Alternatively the arm
can be replaced by a disc with ‘teeth’ on the periphery, although
this form s normally used with a compound escapemaent.

The compound escapement produces sefeciive action in the design of
the escapement itself, In its simplest form it employs i rotating disc
with two “teeth’ diametrically opposed, with the original type of
Toohed whet s prfed o0 86T ouble-anded armature (ffure 7). Th frst spplication of signal will
cruclfisrm arm. release the disc, causing it to rotate through a quarter-turn (90 degrees)

until it is brought to rest by armature detent B, On release the disc will
rotate through three-quarters of a turn (270 degrees), to return to
neutral, stopped by detent A,
If an ‘opposite hand' signal is given— press-release-press and hold--the
first signal pulse will release the disc, allowing it to rotate. By the time
the first tooth has reached detent B position, however, the armature
will have dropped out due to the release of signal and so rotation will
TR continue, By the time the woth has completed 270 degrees of rotation
Hald the armature will have been pulled in again, so detent B is now in the

way to stop the motion after 270 degrees of rotation. This position is
held as long as the signal is held. On release of signal, the disc rotates a
further 90 degrees to neutral again.

This is the same as the simple 5/M movement, the only difference
being that controtled timing is built into the movement. This is usually
done by adding a ratchet brake to the disc, deliberately slowing its rate
of rotation to match normal ' press-release-press and hold® signalling
times. The advantage over simple S/N working is that there s no need
deliberately 1o stop and release on the ‘opposite’ control position Lo
— ensure that the sequence has been properly selected. Also the actual

6.7 Compound escapement with
selective "hold' posithons 1 and 2

Caofmpound sscapement with auiliary
l-"“i.l'-i'lﬂ. cofitEcts,. Toothed wheel Ig
slwed by a ratchel-type brake.
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6.0 Escapement with auxillary
switching contacts.
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6.9 Wiring to ‘isclate’ the auxiliary
swilching confacts.
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‘timing’ of the press-release-press and hold signal is less critical because
of the slower movement involved.

To produce ratchet braking the disc is normally made in the form of
a gear wheel with fine teeth all around the periphery. Al the top is
mounted a loosely pivoted ‘ratther’ to work as a ratchet. The braking
effect achieved is normally to reduce the rotational speed of the wheel
to the order of one hall to one second per complete revolution. The
‘teeth’ for providing the stop-and-go action for the escapement are in
the form of projections on the face of the wheel, the whale wheel
commaonly being a single moulding in nylon. The use of a metal wheel
with a metal rattler must be avoided to eliminate the possibility of
generating electrical "noise’ which could interfere with the receiver
circuit.

The same principle can be extended to provide a third 'selective’
control position on the compound actuator movement, One basic
method is to include a third tooth on the wheel, quite close to the
neutral position so that when this position is held the main control
linkage connected to rudder movement is not appreciably displaced
(figure 6.8). This third position is then selected by the sequence signal:
press-refease-press-relegse-press and hold,

When this signal is recelved the disc rotates to a position where a set of
auxiliary contacts are closed, these being connected to a secondary
control circuit.

There are, however, limitations to the use of such a third positian for
switching. The switching contacts are, in fact, momentarily closed every
time the disc makes a complete rotation in selecting the main controls.
This means that the secondary actuator will be given an unwanted
momenlary 'trip’ signal with every rotation of the disc, which may or
may not have an unwanted effect. [t could, for instance, cause an
escapement used as the actuator in the secondary circuit to ‘trip’ 1o its
next sequence position each time.

This possibility can be eliminated in the case of a reloy receiver by
using the back contacts of the relay to ‘lsolate’ the auxiliary switching
contacts, as shown in figure 6.9, The secondary circuit is wired through
the ‘unused’ half of the relay contacts (i.e. armature and NC contact),
Unless the third position is deliberately signalled the condition of the
receiver relay when the third-position tooth sweeps past the auxiliary
contacts and closes them is dropped out. Thus the actuator circuit,
taken through the now "open’ relay contacts, remains broken. Only if
the third position is held will the relay be pulled in, and the secondary
actuator circuit fully completed and switched on.

The method of signalling the third position is relatively cumbersome,
however, and is normally replaced by "guick-blip' signalling on modern
compound actuators. The working of this can be explained in conjunc-
tion with figure 6. 10,

A cam, or projection, on the disc is positioned as shown, so that a
pair of contacts are momentarily closed every time there is movement
away from the neutral position and immediately following it. These are
wired through the relay contacts again, to provide 'isolation’ of the




Special type escapemant shawn with
matching receiver, Special escapements
were ofien "tailor made’ 1o malch
different types of receiver swysiems.

auxiliary circuit when a main control pasition Is signalled by ensuring
E g gl Pyl s B '
i D that the auxiliary circuit is completed only when the relay is dropped
Bip” wigrmi

T

o Either of the main control positions required will be signalled by a
’//:_ deliberate press (which may be followed by release and press again).

L} r/“" Owver the initial movement, when the auxiliary contacts are moment-

i s arily closed, the relay will thus be pulled in.

If, however, a very quick signal is given—a quick "blip’ followed by

" . - immediate release—this will be sufficient to release the disc, bul the

F'—l receiver relay will have dropped out by the time the movement has

' I_| closed the auxiliary contacts, thus completing the circuit. This will give

a trip signal in this circuit, sufficient to release a secondary cscapemient

Q to move Lo iis next sequence position, Meantime, of course, since the
ge—

signal is released virtually as soon as it has been given, the main escape-
- ment disc will simply complete a full rotation, returning Lo its neutral
position
Timing of the ‘quick-blip’ is obviously important. If not quick
;__‘“::\ enough (i.e. if held a fraction too long), the relay will remain pulled in

as the auxiliary contacts are closed and the secondary circuit remains
open. This is a ‘safe’ form of failure as nothing will happen on the
secondary service; and a further signal can be attempted with a quicker
*blip' action.

Quick-blip signalling is provided as a separale pressbutton contral on
some transmitters, rendering this signalling independent of operator
error, Pressing this button for any period merely trips a "quick-blip’
signal of the required time interval to suit a matching compound
esCapement.

At one time—particularly before the introduction of the 'quick-blip’
signalling idea—when 3-position and 4-position sequence controls were
widely used with single-channel, mechanical switching devices were
allied to the transmitter to provide the comrect sequence signal from a
single movement of a contral stick. Thus moving the stick to the right
6.10 Working of ‘quick-blip’ signalling would initiate a ‘hold® signal to give right rudder. Moving the stick to
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the left would automatically give a trip signal followed by "hold’, i.e.
equivalent to press-release-press and hold on a conventional single
channel key. Sequence signals for the other position(s) would then be
initiated by up or down movement of the stick, or by pressing separate
signalling buttons,

These devices were known as ‘bleep boxes', In theory, at least, they
simplified sequence operation of single-channel contrals, In practice
they proved generally unreliable because of the consequence of a *lost’
sequence which could be generated accidentally, throwing the whole
sequence out, The principle of ‘direct’ signalling is still applied to some
transmitter designs, but generally restricted to the two main sequence
positions (right or left rudder), with a separate button for ‘quick-blip'.

The third-position signalling facility normally provided on compound
actuators has been related only to relay receivers. It can also be applied
to relayless receivers only in this case the escapement the actuator must
Incorporate both a pair of auxiliary contacts and a second pair of
contacts controlled by "position’ which take the place of the relay ‘back
contacts' and provide the necessary form of isolation,

This is standard practice on most modern compound escapements
since escapements are normally selected for lightweight installations,
where a relayless rather than a relay receiver is the logical choice. Also,
as previously noted, relayless receiver outputs are normally designed 1o
match standard escapement loads as represented by their typical coil
resistance of 8 ohms.

Self neutralising (S/N) escapements have been described first, since
these are the normal choice for main controls-—and essentially so in the
case of aircraft rudder controls. The action of an escapement can,
however, equally well be progressive, or merely move from position to
position in sequence, Progressive escapements are usually described by
the number of definite positions they provide —normally either
2-position (2P) or 4-position (4P) (see figure 6.17).

The other difference is that to change from one position to the next
in the sequence a progressive escapement only needs to be fripped by a
momentary signal, not signalled and hbeld in position. This makes them
suitable for use in secondary services signalled by momentary closure of
auxiliary contacts,

A 2P progressive escapement will provide two definite positions, but
a 4P escapement will only normally provide three. This can be
explained by considering the use of the two types as a throttie control,
as shown In figure 6 712, The two-potition escapsment can be linked to
move the throtile between extreme movements—slow o fast—and will
move from one to the other in sequence. Thus when gnalled as an
auxiliary service It will provide throttle changeover, i.e. from fast 1o
slow, or slow to fast.

The three-position escapement will provide two extreme throltle
movements, with one intermediate position (realised twice in any
complete sequence), The throttle control sequence available is thus:
slow-intermediate-fast-intermediate-slow-etg.



Ml ti-functien single-channegl
picapementl with built-in switching
ackion, specially designed Tor model
boigk conirols,

6.2 Thrattle moavement controlled by
2P and 4P actuators,

Modern molorised actuator. Even Tor
single-channegl warking, motorised
actiiators eventually ook over for
sicapements as being more powerful
and more reliahble

[his has the advantage of providing an additional throttle position, but
no pasitive selection. Thus if the control is in the intermediate position,
the next signal may give either fast or slow. If the response was nol
whatl was required, then fwo Turther signals will have 1o be given to
achieve the reguired control posibon,

Extemion of useé of octugtors

One main escapement or molorised actuator is normally selected to
provide the main control function required. A further switching facility
on this actuator can be used o operate another service, or even services
Ihe extent to which this is reallstic in practice depends mainly on the
application. The scope and extension of actuator services is, therefore,
dealt with in appropriate chapters, for example Chapter 12 describes
single-channel aircraft control sysiems, and Chapter 13 single-channel
boat control systems, These show how single channel actuators may be
further grouped or ‘cascaded’, and how other forms of single channel
actuators, such as sequence switchers, may be suitable for particular
SCIVICeS.




In the case of cascaded actuators (either escapements or motorised
actuators), best results are usually obtained with 'matched’ actuators—
i.e. two (or more) produced by a single manufacturer specifically for use
in cascade. However, the manufacture of cascaded actuators (and single-
channel actuators generally) has tapered off considerably since 1972, and
aich types may be difficult to find.

Motorised actuators

Exactly the same functions can be performed by electric motors
controlled by suitable switching circuits swept by brushes controlled by
the degree of motor movement, Such units are known as molorised
actuators, or single-channel actuators (referring to the electro-magnetic
types as escapements). The advantages are considerably more power
output available; generally greater reliability (mainly because they are
divorced from reliance on mechanical trip movements with their

Photo: Radio Modeller possibility of ‘skipping’ or "binding’; and freedom from the necessity of
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accomodating some ‘external’ form of power (e.g. the rubber motor
normally used o drive an escapement). On the debit side they are
bulkier and heavier, usually considerably more costly type-for-type, and
have a higher electrical input demand, The latter largely excludes their
use for direction connection to relayless receivers.,

Motorised actuators would be & normal choice on all types of models
where heavier control loads are involved, {e.g, larger aircraft and the
operation of boat rudders). Mechanical output is usually presented in
the form of a disc or arm with stop-and-go rotary movements to which
push-pull linkage may be attached directly (figure 6 13). Alternative
coupling positions provide a range of both output movement and force
moament, The thrust output availible can be quite high, even when a
small electric motor is used, because reduction gearing is used between
the motor spindle and the outpul movement Lo provide realistic transit
times. This results in considerable torque multiplication,

Single-channel motorised actimtors—meaning, basically, they provide
bang-bang type control movements, responding to simple on-off signal
inputs—are produced in all the same types as escapemients: simple 5N,
compound 5/M, and 2-position or 4-position progressive. They are also
more readily adaptable than escapements to multi-position [seguence )
progressive actions, if required.

The main difference between a rotary output servo (rotary disc or
rotary arm) and a linear output servo (push-pull action), is that the
movement of the former is non-linear, Both the travel and rate ol
push-pull motion derived in the linkage decreases towards the end of
the first %0 degree movement, and then increases over the second 90
degres or return movement. This is because the driving movement fs
rotary. With a linear output servo the output motion s driven through
rack and pinion gearing, As a consequence the movement has a constant
rate of travel,

In the case of cascaded actuators [either escapements or motorised
actuators), best resulls are vsually obtained with *matched” actuators
i, two (or more) produced by a single manufacturer specifically for use
in cascade. However, the manufacture of cascaded actuators (and
single-channel actuators generally ) has tapered off considerably since
1972, and such types may be difficult to find.
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7  SINGLE - CHANNEL
OPERATION AND
TROUBLE - SHOOTING

It is an inescapable fact that the majority of radio-control *faults’ ocour
because equipment was never thoroughly checked and adjusted, if
necessary, before attempting to fly or operate the model. Particularly in
the case of aircraft—where radio failure can be disastrous—a model
should mever be flown unless all the controls check out as working
satisfactorily and reliably. Symptoms of “skipping’ actuators or some
other incipient fault will not *come right’ in the air. Almost invariably
the reverse is true,

Wiring-up or connection Faults are virtually eliminated with pre-wired
commercial receiver-actuator-wiring harness instillations (the latier
incorporating battery connections or a batiery box), The only likely
fault is installation of the battery cells with wrong polarity in a battery
box. If the installation has been wired up from scratch, however, 1L 15
essential to check the circuit through, wire by wire, before switching on
for the flirst time. Mistakes in wiring up conngclions arg very gasy to
make, and wrong connections could cause damage to the receiver
transistors on swilching an.

Commercial transmitter and superhet receiver combinations are
factory tuned and aligned and need no further adjustment or tuning.
Superregen receivers may also be factory-tuned, but provision is made
for individual tuning, via a funing control, and sometimes also a
separate sensftivity control. Both contrals are in the form of coil shugs,
accessible from the outside of the receiver case, and with a slotted end
which can be turned by a screwdriver. Where two separate conlrols are
provided, adjustment is interdependent to some extent. Thus alteration
of one may affect the response of the other. With most modern
receivers, however, only a single tuning control s used, and tuning is
penerally straightforward. Explicit directions are normally supplied
with the equipmeznt.

The screwdriver used for turning a tuning control or sensitivity
contral must be non-metallic otherwise its proximity fo the component
wodld temporarily affect its behaviour. Alternatively a plastic knitting
needle, a rod of perspex or Paxolin (sharpened to a chisel end), or
indeed any suitable insbrument of insulating materal, may be used as a
tuning tool. Some tuning slugs have a hexagonal hole for the tuning
tool for which plastic tuning wands are available to fit. A metal Allen
key must #of be used in such cases,

Imitial tuning, for convenience, is best done with the tramsmitter and
receiver fairly close together, but not too close as otherwise the signal
may "swamp' the receiver and make it impossible to tune. Transmitter
output, for initial or close-range tuning, is usually reduced by retracting
the aerial. Tuning, basically, then comsists of finding the ramge of
movement of the tuning control over which the receiver responds to the
transmitter signal—ie, from one position to the other where the signal
is “lost’ In each case—and then finally setting the wning adjustment in
the middle of this range as representing the optimum tuning position.

The casiest way to judge whether the receiver is 'working” or not is
simply to connect up the actuator. In fact, with modern tramsistor
receivers Lhis is often the only way. The receiver is obviously "working’
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of ‘on tune' when the actuator responds to a transmitter signal, and so
tuning is adjusted to the middle position of the ‘on tune’ range.

With a single-channel tone receiver tuning may also be done with
headphones. Suitable tapping points for the phones may be indicated
on the circuit diagram or provided for on the cable plug. With the
receiver switched on but transmitter off, a characteristic hiss will be
heard in the phones, indicating that the super-regenerative circuit is
oscillating correctly. With the transmitter signal “on’ the recefver is
tuned until the hiss stops, The tuning control is then turned further one
way until the hissing starts again; then back in the other direction to
the extreme point where hissing is heard again. The middle position
between these two settings establishes the optimum funing point.

A meter can be used instead of phones. The meter will show a
nominal idling current which will drop on receipt of carrier signal, The
receiver is then tuned for minimum idling current with the transmitter
carrier on; and finally it is checked that when the ‘tone’ is keyed the
receiver current rises Lo the specified value.

The use of phones in the circuit, incidentally, can be extended to
listening for ‘noise’ generated by actuator linkage, ete. It is often quite
surprising the amount of ‘scratching' noiss that occurs on operating a
control. If bad, the source should be traced and the cause rectified [see
later).

Tuning must then be re-checked at range, this time with the trans-
mitter aerial fully extended and the transmitter in the normal position
it will assume in use, e.g. held in the hand, or ground-standing. Model
aircraft should also be held about shoulder high. Final tuning for boats
must be done with the boat in water. Tuning procedure is exactly as
before except that this time it will be found that the range of move-
ment of the tuning control to stay ‘in tune’ will be appreciably reduced.
Also the central position may be somewhat different from that found
by initial tuning.

The distance at which the range-check is carried out is largely
arbitrary. A 200-yard range is generally adequate for dircraft, with less
for boats. It is important that a range-check # carried out, howeyer.

A further check must now be undertaken with the engine running, to
see if vibration is upsetting the receiver relay (in the case of a relay
receiver) or the actuator, causing chatter; and that there is no
mechanically generated ‘noise’ which could interfere with the working
of the receiver, Ideally this engine-on check should be carried out at
both short range and long range, but with the high reliability associated
with modern equipment i short range check only is generally sufficient.

Should troubles show up, such as the actuator ‘skipping’, or failing to
respond Lo transmitter signal, possible causes and cures are:

(1} Engine-receiver combination not suitable, i.e. the receiver is
susceptible to vibration in the case of an ijc engine; or ‘noise’ in the
case of an electric motor main engine.

Possible cures for vibration troubles:

{a) Try to reduce propeller vibration in the case of an ifc engine either




by fitting a different propeller, clamping the propeller in a different
position on the shaft, or balancing the propeller.

(b) In the case of a relay receiver, try a more flexible mounting for the
receiver and, or, try the effect of positioning the receiver in a different
way (e.g. at right angles to the first position)

e} Try mounting the receiver in a different part of the model where
yvibration is less pronounced.,

(d} The relay may be critically adjusted, with the possibility that
readjustment will cure the susceptibility to vibration.

Passible cures for electrical interference and 'noise” are:

{a) Adequate suppression of motors or actuators,

(b) Spark suppression of relay contacts,

[c] Bonding or insulation applied 1o metal linkages.

(d) Locating the receiver as far as possible away from electric motors
(e.g. servos or main drive motor(s)). This is no substitute for adequate
mobor sUppression.

{e) Receiver aerial badly located. Reposition run of the aerial clear
from other current-carrying wires, and aveid running paraliel to such
wires, or mechanical linkages.

Just how frequently tuning needs to be checked depends very much
on the stability of the transmitter and receiver, and also whether either
may have received mechanical damage or severe shock. Given good-
guality equipment it is usually satisfactory 1o repeat a brief short-range
check before every outing. If after the initial range check tuning the
extreme range given when the transmitter aerial is retracted is found,
future checks at just short of this range (again with transmitter aerial
retracted) will confirm that tuning is in order. IT this (aerial-retracted)
range is found to be drastically reduced, then re-tuning is probably
called for,

With some all-transistors operating with the aerial retracted or
removed can result in overload and damage to the output transistor,
This will nermally be noted in the instructions for that particular
transmitter, Short-range checks cannot be made in such cases.

A commion cause of lack of range and/of sticky actuator action 1
low battery voltages, particularly when small sizes of dry batterics are
used. In a majority of cases small dry batteries (and particularly those
used as actuator batteries) are subject to current drains far in excess of
their nominal rating. As a result they polarise rapidly and quickly lose
voltage,

All battery voltages must be checked on load, i.e. when in the circuit
and switched on. It is quite pointless 1o measure the voltage of a
battery simply by putting a voltmeter across its terminals. Battery
voltage on load should be measured when the circuit has been switched
on for a minute or o lin the case of receiver and transmilter batteries);
o during the operation of an actuator {in the case of acluator
batteries),

Receiver and transmitter batteries have a nominal end-point voltage
below which satisfactory performance will not be given, This does
fot mean that they can be used right up to this point. Range will
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decrease all the time with falling voltage and when the battery
approaches its nominal end point it will be quite substantially polarised
and likely to suifer a further voltage drop quite rapidly. As a general
rule no dry battery should be used after its ‘on load" voltage has
dropped to 0.8 times the voltage it showed when new and fresh.

Do not overlook the fact that low framsmitier batteries can be just as
much a cause of lack of range as low receiver batteries, Receiver
batteries are normally regarded as the ‘weak lin k,' largely because they
are of the smallest practical size 1o save weight and bulk. The current
drain on hand-held transmitter batteries is quite high, however, and
they need frequent checking,

Battery troubles are largely eliminated by using nickel cadmium
batteries instead of dry cells.

Fault-finding

Fault-finding is not a subject which lends itself readily to general
discussion. Many faults which can develop are characteristic of a
particular receiver or actuator—or even the transmitter. Others may be
specific to installation. The most common ‘electronic’ fault is low
batteries, Tollowed by dirty contacts. Provided the equipment is
correctly set up and adjusted initially, these are the most likely
‘electronic’ troubles—short of mechanical damage following a crash or
companent failure. The latter usually requires expert knowledge to
check and rectify, or the return of commercial equipment to the
manufacturer for service,

Contacts on relays and actuators can get dirty and require cleaning.
A morfe common source of “dirty’ Conlacts, however, is burning or
pitting due to their being called upon to pass too heavy a current. This
can occur if contacts are not fitted with arc suppression, or if the
actuator controlled by the contact is operated on too high a voltage,
deliberately chosen to get a more powerful ‘action’,

Mechanical troubles which may arise are: sticking control linkages,
either due to poor design and installation, or possibly as a result of
crash damage; or excessive vibration or free movement due to wear on
hinges or bellcranks. These, like structural damage, represent normal
'model maintenance’ and should be dealt with as soon ¥ the trouble
shows up. It is more important to keep a radio-controlled model in
first-class condition, regularly serviced, than its free-flight (or free-
running) counterpart. |t carries an ex pensive investment in time and
money In its control gear, In checking the radio side at frequent
intervals it Is equally impaortant 1o appreciate that the mode/ also may
require regular servicing.
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TROUBLE-SHOOTING GLIDE: RECEIVERS

ACtbon

||1| Check batleries.

|..-j'| Check balléry Cconnections
{especially spring pressune i
battery boxes).

{3} Check actual wiring to see if it
agrees with instructions,

{4) Check for broken wires or
poorly soldered joinis.

[5) Check that switch ks working
property and not defective
due to dirt, etc,

Faulty companent,

Check actiual battery wnder load
with suitable woltmeter, prefer-
ablv afver the battery has besn on
fior -3 minulas.

An absolute minlmum  load
wiltage for satisfaclory opoeration
i 0B times the nominal battery
wvoltage (e.g. in the cise of a b voit
batiery, 0.8 x 6 = 4.8 volis as
measured on |oad). Replace bat-
teries If approaching this mini-
muim load voltage figure

Re-tune against transmitter | irans-
mitter on| &t short distance and al
range. Do nol aitempt o tone
near poisible sources of inter:
ference, c_g. &n iron shed or fence,
In the cawe of alrcraft: fune al
faivpe  with the model held ol
shiaulder hetght.

Iy tha case of boats: tune &0 Ffange
with the model in the waler

Im oth cases Uhe C[FEASMICIE
should be wsed In the normal
operating position (eg.  hand
teeldij.

Check that relay & working by
swiitching receiver on and off. If
warking, readjust to circuil speci-
flcathon or manufaciuyrers recam-
mended “pull in' and "drop ool.” 1
ot working, suspect mechanical
Fault In relay,

Transmliter batterles may be
weak or transmitter faulty, trans-
mitler @erial notl connected or
gxtended, or poor connection,

Check relay ad|ustment,
Chieck tuning at range

Re-ILfe 45 above,

Check itransmiiter fTor cosrect
opEratton, €8 from another
Lransmi[Ref.

Heplace with  dmaller  section
motor or reduce number ol urns
supplied,

Immediately apparenl as it occurs
on  winding the escapesmeni
maotor
Paw| of detent not properly raked
or wel.
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TROUBLE-SHOOTING GUIDE: TRANSMITTERS

Fault Cause Action
Control surface Escapement maotor Replace with smaller section
Or actuator 100 strong—locking mator oF se less Burn,
stlcks ‘on' eaCdpment
Escapement mator Ensisgh power for one move
unvgand bt s returm, s
Motorised aciuators:
(1] Mobor faull Possibly dirty or burnt commu-

(2] Switching clrcuit
fault
Escapement fault

Excessive friction

Lator—clean to rectify
Clean contact surfaces,

May be burr on pawl or detent,
Check and adjust for proper
action,

Check linksge for freedom of
FTRBVERTER L,

Control surface of
Achustor sticks
‘ol

Esapement mator
unwound
Escapement motor
100 wedkl
Molorised actuators:
!TI Faulty switching
2} Drisconnected
matar
(3] Motor fault

Weak actuanor
batteries
Excessive friction

Check that It Is rewound the
correct way.
May stick 'on® or "off".

Clean switching cenfacis,
Look for disconnected wire,

Clean commutator andfor replace
bushes il necessary, F
Insufficient to energlse coil,
Replace.

Too much 'binding' for escape-
menl motor to move linkage—sa
free up,

Excassive Lse asrodynamic balance to cure.
aerodynamic ead Note | E:u-uiu asrodynamic
Inad at high speeds may equally
well lock a control positlon “on”
by dl!l!trl'lin! the linkage and caus-
Ing Ieimding.
Controls do not Weak actuator Check vol under load.
operate hatteries o

Controls inter-act

Agtuator circuit
fault

Dirty confacs

Damaged contacts
Mechanical failure
Electrical

interference
Weak batizries

Isolate sctuator circuit and check
aparation independently.

(1) Possible wiring faults or dis

connections.

Fi "Dry' solder jolnts.

3 Actuator coil Taulr

Check and clean as MEECESETY,
Rie-ad|ist contact pressure.
Contacis may be pitted, burmi or
even welded by using excessive
dctuator wollages [this also
includes relay contacis).
Check for binding linkages,
broken or sefred hinges, etc,

Suppression or bonding may be
nesded, If not alresdy used.

Additional load 10 second actua-
o oo  much for  battery
capacity.



Helay ar escape-
ment "chatters’
|Maxtos running)

Lack of range

Fault
Apparently my
wpnal

(Mo reading on
lield strength
meler]

Weak signal or
lack of range
[Low reading on
fleld strength
mieter and shari
rangi. )

Engine/propeller
combinatkon
Receiver mounting

Faulty adjustment

Electrical *nofse’

Faulty adjustments

Critical tuning

Weak batieriea
Change of aorial

Tramseml tied Tault

Canre
Faulty adjustments

Circult
disconnection

Circult Tault

Faulty adjustmenis

Aerial fauls

Weak batterles

Unfavourable
operating conditions

Check propeller balance or change
propeller,
Improve shock-resistant mounting
of recelver or mount in & dillerent
AT,
Relay adjustment may be Tauliy
of weak balleries giving poor
‘hold in.'
Imsailate or bond metallic Binlkages.

Chack relay operating points and

differentlals against rnecom-
mendations, Specifically check
op current at range Ihlllt'ril.'ﬁ

may be weak),
Re-check tuning.

Check receiwer and Lransmilier
batterkes under load,

Check that aerial length is eorreci.

Check tranumimer operation inde-
pendently.

Action

Check agalnst  manufaciurer’s
specillcations.

Check for broken of disconngcted
wiring, fault in keying lead or
switch

Component failure [more difficult
W  trace without specialised
knowledpe, Return transmitter for
check and service If necessary).

Receiver may nol be correctly

tumed Lo Wransmitier.

[1) Check that aerial is proper
leqig th (alse that the loading
coll & Incorporated, where
specified).

[2] Check that aerial i properly
mounted (eg good con-
nection at base).

(3] Check that joints are not oaily

or dirty on ielescopic asrial.

Check that aerfial s #Aol

earthing through Taulty socket

or molsture on sockal

Check batteries under load. Ses

under Receivers.

{1) Transmitter near damp
ground with wariable 'Eround
coupling’ effecl

[2) Output affected by presence
of overhead wires, etc,
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Example of a model designed specially
for single-channel “proportional’
control, Cnly aircraft are sultable Tar
this type of cantrol, Photo Radio
Modeller.




8 SINGLE- CHANNEL
PROPORTIONAL

STRIE O b

B.1 Control suflace cantinually driven
by an eleciric motor acuabor,

|Abowve) Simple pulse actuator with
spring-centied arm and siipping chuich
slded to amal] ebectric motor.

[Hight) Transmltier pulser made as a
sweparate unit and used in conpincoion
with stendard singlechannel
transmitber.

Single-channel proportional systems work on a pulse proportional basis,
meaning that the command signal is sent in the form of pulses, the
larngth of the pulses being varied in response o movement ol a control
stick on the transmitter to bias the actuator to a ‘proportional’
position. To achieve this it is necessary that the control surface involved
oscillates continuously about a neutral position; a condition which may
appear highly undesirable at first sight but, in practice, is quite accep-
table for model aircraft control {and certain other types of model
controls).

The principle of operation is as follows (see also figure & 7). The
acluator is basically a two-position type, so that ‘on’' corresponds 1o
one ex:reme control position and “off' to the other extreme control
position, Sending the full signal will, say, thus give full right rudder;
when switching the signal off completely will give full left rudder.

Instead of the signal being switched on or off as in normal single-
channel working, however, it is transmitted continuously but chopped
up into a series of pulses, The presence of a pulse is Lﬁl.]ui\'dllcr!-'ll_tl_'n- signal
‘on” and the absence of a pulse is equivalent to signal "off". Thisis
referred to as a murk (pulse present)—spoce (pulse absent) form

If the duration of the pulse is the same as that of the space {equal
mark: space ratio) the ‘command’ is divided equally between right and
left rudder. In other words, the rudder will oscillate equally about its
mean position at the pulse rate of the signal. Changing the mark:space
ratio will now produce a bias in one direction or the other. Thus if
there is piore mark than space, there will be more signal time present
moaving the rudder to the right than the left. As a consequence the
rudder will oscillate about a new mean position biased to the right in
proportion to the mark:space ratio present in the command signal.
Similarly, more space than mark will bias the rudder to the left in
corresponding proportion. Since the mark:space ratio can be varied
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from 100:1 (all mark) to zero (all space), this provides an infinitely
10030 whrnmeare  VEriable selection of mean rudder position between these two extremes.
J-E'k::::j Considering this used as a rudder control on a model aircraft the
R O U OPRR S0 S B A, PR B A effect of using a slow pulse rate would be for the model 1o fly an
3 il -’ oscillating path, responding to the rudder wagging from side to side
R continuously. The model would still follow any rudder bigs, induced by
e 100 SAARK- BRALE varying the mark:space ratio. Thus with 50:50 mark:space the model
8.2 ‘Dwell' positions for oscillating woud Ty & siraight conrse, but in-an m:”lam.w BEREIVHE. ' NRE YA i
control surface with different pulse mark:space ratio would make the model turn in the direction of the
mark-space ratlos. rudder bias induced, again oscillating about this course,
However, if the pulse rate is stepped up there will come a point
' where the model has not had time to react to movement of the rudder
| I o one extreme position before the rudder has oscillated to the other
r extreme position, and so on. Thus although the rudder is oscillating

continuously the model itsell will fly without oscillation, and respond
smoothly to any bias of the rudder position commanded by the
% mark:space ratio. Usually a pulse rate of 7 to 10 times a second [or

' higher } will achieve this smooth response in the case of an aircraft
e rudder control. A lower pulse rale could be used on a model boat
E rudder control.

Fligrt paih

B.3 Flight path with waggling rudder.
Pulse transmitters

| Virtually any single channel transmitter can be adapted for pulse
|| proportional control. In theory, at least, pulsing the signal on and off

: could be achleved by manipulating the normal keying switch at the
required speed (1o achieve a suitable pulse rate), and dwelling at ‘on’ ar
‘off' to vary the mark:space ratio. Such a scheme is impractical,
however. A separate pulser unit must be added in, or connected to, the
transmitter circuit to convert to pulse proportional working. It can be
applied to either a CW or tone transmitter. The latter is (almost)
invariably the choice, when pulsing is applied to the tone signal, i.e. the
pulser 15 inserted between the tone generator and modula or section of
the transmitter.

Example of a proprietary pulser, for coupling to a standard single-channe
transmittes.




High wing model alrcraft with a
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B.4 Principle of simple mechanical
pulser,

E.5 Basic eleciionic pulssr clrocult.

Pulsers can be either mechanical or electronic. Since the availability
of commereial pulse proportional transmitters is more limited than
other types, pulse proportional equipment is often home made.
Modellers with limited knowledge or experience of electronics may thus
tend to favour a mechanical pulser for home construction.

One of the early types evolved, which has proved quite successful as
well as being easy to understand s shown in simple diagrammatic form
in figure &4. It consists, basically, of a cylindrical drum of insulating
material driven by a small electric motor at the required pulse rate (e.g.
10 revolutions per second or slightly more), the drum being covered by
a tapering shape in thin copper sheet. Two contacts are arranged to rub
against the drum. One is fixed at the "full copper’ end of the drum. The
other is arranged to slide along the length of drum in resporse 1o the
mavement of a control stick.

Al ane extreme position the sliding contact moves right ofT the
copper area, corresponding to breaking the circuit or ‘all space’. At the
other extreme of its movement it reaches the full copper area, corres-
ponding to direct connection to the fixed brush, or “all mark”. At
intermediate positions the mark:space ratio is determined by the
relatively circumferential length of copper brushed by the sliding
contact at that particular posiiion.,

More compact forms of mechanical switchers can be based on a
rotating disc rather than a drum. Electronic pulsers are, however,
generally to be preferred, based on conventional multivibrator circuits.

One such circuit is shown in fMgure & 5. Transistors T1 and T2 are the
heart of the multivibrator circuit biased by the variable resistor VRI.
This is a potentiometer, adjusted by movement of the control stick.
Component values Tor the circuit can be selected to give a fixed pulse
rate, or a second variable resistor can be introduced to provide for
adjustment of pulse rate. (Proportional systems can also work on
variable pulse rate as well as variable mark:space ratio, as described
later.]
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Recejvers

No special requirement is demanded of the receiver when using variable
mark:space pulse proportional, other than an ability for the switching
section to be able to follow the pulse rate used, However, since the
actuator is usually based on an electric motor (and there are also
advantages o be gained in hay Ing three switching contacts available), a
refay receiver is normally employed (or a relayless receiver coupled to a
refay to provide the switched output),

Actuators for pulse proportional

The simplest type of actuator for use with pulse proportional is an
electric motor. This is l.'-ilu|:1-'l:|i Lo a -\.|_1r|n!_l,-|1|.a-::||.'-u control. as shown in
figure 8.6. Control movement is limited by mechanical stops at each
end of the travel. With the motor switched 'off* {all space}, the contral
5 pulled 1o one extreme position by the spring, With the maoto
switched "on’ {all mark) the motor drives the control to the other
extreme position against the stop. To avoid the molar being stalled at
this control position it must be Titted with a slipping clutch, allowing it
to continue rotation whilst the control has been brought to rest by the
stop

such an elementary type of actuator system has distinct limitations.
It may be used to control a boat rudder, for example, but would not
really be suitable for an aircraft control,

The arrangement shown in figure & 7 is considerabiv better, again
using an electric motor as the actuator, since the motor is driven in
either direction, drive bias being provided by the relative dwell of the
relay armature on the respective contacts, governed by the signal




mark:space ratio. A slipping clutch drive is still necessary, but a self-

g centring action can also be added to the system by spring biasing the
b A /I contral 10 return to its neutral position in the presence of 50:5U
%' mark:space ratio [when the motor is oscillating about its centre
’ position).

In practice speclally designed {or individually constructed) pulse
proportional actuators are used in this mode, These may be of magnetic
type, ar based on electric motors. Magnetic types are simpler, bul
generally suffer from the disadvantage of having a very low mechanical

MI:I: output force 1o operate the control. Their use is therefore limited 1o
— light’ control actions (e.g. rudder control on a small glider). Motorised
= l\ifl actuators are normally used with single-channel pulse proportional
_LI syslems,

The services obtained from pulse proportional actuators can be
extended in a relatively simple manner, by ‘reserving’ part of the
movement for additional switching facilities. Thus if, for example, only
the range between a mark:space ratio of 80:20 and 20:80 is utilised for
driving the control over its required extremes of movement there 1s an
immediate possibility of selecting two further positions at will: all
‘mark’ or all ‘space’ (see figure & 8). These movements could corres-
pond to closure of a switch controlling a separate service, e.g. a
conventional single-channel actuator circult. Selection of either of these
switching positions is also direct and positive.

The one limitation that then arises is that these extreme positions
can onkby be selected and held at the expense of holding the main
control in one or other of the extreme positions, In practice this means
that secondary services switched in this manner need to tripped by a
brief signal, which can then be released, Thus the secondary servicels)
would normally be based on a progressive single-channel actuator|s).
One such service would be quite suitable for operating a throttle
control {in steps) with the main proportional control function being
rudder.

88 Uthisatken of Hmit movement|s)
for operating auxiliary contacts.

Home-maile pulser aitached o a
somrercisl sknple-chanmel transmitter.
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‘Galfoping Ghost'

A rather more sophisticated system has evolved from simple pulse
proportional control in which not only the pulse width but also the
pulse rate s made variable (by the pulser unit applied to the trans-
mitter). Whilst this still results in an oscillating drive to the control
surface(s) this can extend proportionality to two separate functions,
The most practical form of this ‘'double proportional” single-channe
system is known as "Galloping Ghost', or simple-simultaneous
(simple-simul),

A basic form of Galloping Ghost actuator is shown in figure 9. An
electric motor drives a crank throwgh suitable reduction gearing,
Rudder and elevator movements are mechanically linked to this crank
by yokes. Spring tension is provided to ‘centre’ the movement (a rubber
band is shown as the spring in the diagram, with stops also introduced
to limit the crank travel.)

Under the influence of a pulsed signal the electric motor oscillates
about its mean or 'centred” position. The amplitude of these oscillations
will be directly dependent, or proportfonal, to the pulse rafe. At a
particular pulse rate—and bear in mind that the “throw' cach way will
be equal—the mean position of the crank in the horizontal plane and
working in the elevator yoke, will be equivalent to neutral elevator.
fncregsing the pulse rate from this condition will reduce the amplitude
of crank oscillation, the effect being to lower the mean position of the
crank and lower the clevator, Decreasing the pulse rate will increase the
amplitude of crank oscillation, raising the mean position of the crank
and raising the elevator, Thus starting with a pulse rate of, say, b pulses
per second giving newtral elevator position, increasing the pulse rate up
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Lo, say, 8 pulses per second will produce up elevater movement in
proportion to the actual increase in rate (B pulses per second in this
case being the maximum or full "up’ position). Similarly decreasing the
pulse rate progressively down to 2 pulses per second will give corres-
ponding proportional up elevator movement, In other words,
proportional elevator control has been achieved via variable pulse rate
as the command signal,

Considering the crank movement in the vertical plane, this produces
the same effect as previously described, the proportional position being
governed by the mark:space ratio of the signal. Thus a 50:50 mark:
space ratio gives neutral rudder position. Any change in mark:space
ratio will then give a mean rudder position to one side or the other,
depending on whether the signal has more ‘mark’ or more ‘space’. In
both cases the mean position will be proportional to the mark:space
ratio of the signal.,

Both the elevator and rudder controls are, of course, continually
oscillating under the drive of the electric motor, This will have little or
no effect on the Might path of the model provided the minimum pulse
rate used is not less than about 4 pulses per second, Proportional rudder
or proportional elevalor control can this be selected independently,
and simultaneously, simply by manipulating the controls at the trans
mitter end governing mark:space and pulse rate, respectively, Usually a
single joystick type control lever is used, movement o one side or the
other governing the mark:space; and movement up-and-down governing
pulse rate. The stick has a universal movement so that any degree of
mark:space can be selected with any degree of pulse rate.

The system does have certain limitations, particularly as regards the
lack of true proportionality of the selected positions due to both
miechanical and electronic interaction. Down elevator control, too, will
always be more powerful than up elevator, because of the different
amplitude swept by the crank in these two positions. For the same
angle of movement there is more dwell time in ‘down’ than ‘up’. To
compansate for this it is necessary to arrange the mechanical set-up that
the elevator has more up movement than down. Usually a minimum of
iwice as much movement is required, Also the power available Tor
control movement is usually Falrly limited, which restricts the size of
aircraft models o which Galloping Ghost contral can be applied
successfully, The design of the model is also important. It must be
‘tailored’ to sult the type of control provided whilst remaining
insersitive 1o the continually oscillating rudder and elevator mowve-
ments,

Ultimately the success of the system will depend on the performance
and reliability of the actuator used, which must be i special type.
Commerclal actuators are advised rather than home made types,
although their cost can be relatively high.

H.17 [Left) Rudder ‘dwell' posithon is controlled by mark-space ratho.
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‘Galloping Ghost” control linkage, a8
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An outstanding example of a Galloping Ghost actuator is the Rand
LR3 (figure 8.12). The crank-and-yoke motions which form the basis of
the Galloping Ghost movement are accomodated on pivoled plates
mounted on the actuator itself. Thus conventional pushrod linkages can
be taken from the actuator to the rudder and elevators, The unbalanced
elevator power previously mentioned is also mechanically compensated
in the actuator movement itself, the elevator drive plate geometry
providing a linear output response by amplifying the movement in the
‘up' range.

As with the simpler pulse proportional systems, a separate swilching
control can readily be provided on Galloping Ghost actuators; e.g,
limiting the range of mark:space or pulse rate required to produce the
required mechanical movements and using one (or mare) extreme
position(s) 1o operate switching contacts. Only one switching service ks
really necessary, which could then provide (progressive or change-over)
motor speed control using a secondary actuator, together with simul-
taneous proportional rudder and elevator control,

‘Galloping Ghost" fransmitters

A standard single-channel transmitter can be converted to Galloping
Ghost operation by the addition of a pulser providing variation of both
mark:space ratio and pulse rate, The circuil requirements, however, are
rather more demanding than those of simple pulsers, although these
may have provision for varying pulse rate as well as mark:space.

Complete 'Galloping Ghost' system with
‘pulse” transmitter and lay stick control,

B.12 Single-channel motorised actuator linked to battery box, with wiring pluis recebver with decoder circult and Rand
harness incorporating on-off swltch on battery connecior, aciuator mounted on the same panél.
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A typical basic circuit for a pulse-width and pulse-rate pulser is
shown in fgere 8 73 This can be built as a separate unil for connecting
o a conventionil single-channel transmitter of suitable type.

Electronic afds

Pulse proportional systems have so far been described in their ‘minimal’
farm in which they first evolved, restricting the electronics to the signal
coding at the transmitter end and deriving the outpul requirements at
the receiver end by straightforward electro-mechanical and mechanical
solutions. There are, however a number of ways in which electronic
circuits can be used to simplify or improve the working of the system.
Electronic switchers for example, can take the place of the receiver
relay, eliminating the relay contacts which can be a source of trouble or

Special ‘Galleping Glast' or pulse-
proparilonal ransmitier with matching
receivar and aclwator, Photo Radio
Madeller,
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Assembled stick, with potentiometers
which contrad the two different signals
generated by the pulser.

unreliability of action, (Not all relays Titted as standard 1o single-
channel receivers, too, are suitably responsive 1o high rates of pulsing).
Such a switcher, in effect, turns the recelver into a relayless type, with
the switching output designed to match the particular type of pulse
proportional actuator used. Equally, since the output from a relayless
receiver is generally unsuitable for operating any form of molorised
actuator direct, a switcher eliminates the need to employ a slave relay

An example of a switcher circuit is shown in figure 8. 14, matched to
a typical Galloping Ghost actuator. The main problem as regards
‘match’ is in the power rating of the output transistors, which must
stand up to the maximum current likely to be drawn by the actuator.
The types shown in this circuit should have a current rating of 2 amps,
which is likely to cover virtually all pulse proportional actuator
requirements. The switcher circuit is also adaptable to most Lypes of
modern single-channel receivers, with the correct Joad and polarity of
output.

The commercial production of pulse propartional actuators and
- other equipment virtually ceased by 1974 since the cost became
almost the same as that of 1-function true proportional radio control
transmitter-receiver combinations, and associated serva. Single-channel
pulse-proportional, however, remains an attractive fickd for the amateur
radio constructor. The following circuits are of particular interesl,

{ Relay folfowers

Where a relay is used as the switching element, a relay follpwer can be
added to reduce the current carried by the relay contacts and thus
minimise contact wear and arcing.

An example of a relay follower circuit used with a motorised
actuator powered by a centre lapped battery Is shown in figure 873,
ey ) This is a straightforward circuit with the transistors acling as current

B.14 Relayless switcher circuin

&




LT

Iy
L

M

RIS Transisiorised relay follower
circuil

II-'.! ”@ PR

I'.I_-rll

LT II %

B.16 Relay Tollower citcuitl using
single baitery,

&
= $l
8.17 Pulse omission datectior circulL
o 3

T+
sl
o O
= +

H.TE "Mark” detector circaii,

amplifiers. The main requirement is that the current rating of the
transistors used be sultable for the current demand of the motor,

Centre-tapped batteries (equivalent to a two-battery system) have the
inherent disadvantage that if one half of the battery runs down before
the other {e.g. through more use), the 'neutral” position of the actuator
{e.g. signalled by 50:50 mark:space ratio) will drift to one side, This is
more likely to ocour with dry-cell batteries where the voltage ocutput
declines continuously with use,

Another type of relay follower circuit has been developed to over-
come this possibility, combining the amplifier circuit previously
described with a switcher circuit emabling a single battery to be used,
The switcher section then provides the necessary reversal of batiery
polarity to drive the actuator motor in the required direction, A& circuit
of this type is shown in flgure 816,

Puilse ormission gdefectors

The additional switching function made possible by utilising a maxi-
mum actualor movement Lo operate a pair of contacts can also be
performed electronically. This function can be commanded by 'all
mark’, or "all space’, or both. In practice, only one switching facility is
normally needed, and the usual choice is the “all space’ signal condition.
In other words, a signal in which the pulse is omitted entirely.

The omission of a pulse in the signal can be detected by a compara-
tively simple electrenic circuit of the form shown in figure & 77, This is
basically a time delay circuit. Transistor TRI conducts in the presence
of a pulse {"'mark’), discharging capacitor (Cl which effectively holds
TR2 inoperative. During “space’, capacitor Cl is charged, with TRI not
conducting, the rate of charge being set by the value of the variable
resistor WRI, and the pulsing rate. By choosing suitable component
values it is possible to arrange that in the absence of a pulse (all 'space’
signal) Cl charges up fully, allowing TR 2 to conduct and operate the
relay. The contact of this relay provide the switching elements for the
auxiliary service,

The same circuit can equally well be used as an "all mark’ detector,
merely by inversion (e.g. reversing the polarity and the types of transis
tors used). It can also be adapted for relayless operation, Lo work a
secondary escapement, by adding a transistor driver stage, as in figure
&, T8,

A pulse omission detector may also be employed to provide 'fail-safe’
facilities. The secondary service switched by this facility can be a relay,
the normally open (NO) contacts of which pass the common [centre
tap) battery connection to the actuator. In the event of complete loss
of signal there is obviously ‘pulse omission®, so the relay would pull in,
breaking the battery connection to the motor which stops, The spring
centring present would then return the control(s) to the neutral
position [or at least substantially so).

If a further secondary service was also required from the actuator,
then this would have to be derived from an “all mark' signal.

B5




Compact electranic pulser mounted on
small panel of Paxalin.

Example of a transmitter circoit with
special signal cading.

Pulse omission coder

A pulse omission detector at the receiver end is often used with a pulse
omission coder at the transmitter end. This Is to prevent too loRg a
pulse omission period being signalled which could cause certain types of
secondary actuators to override. Such a circuit is designed to give an “all
space’ signal of the same length when a separate control button §s
pressed, regardless of the time the signal is held on, in fact it is the
equivalent of ‘guick-blip® signalling used with simple single-channel
working (and used with secondary actuator types designed to respoend
to quick-blip signalling).

Again this involves the use of a "timer’ circuit, which is shown in its
simplest form in figure 8 .20, This uses a minimum of components, but
siffers from the disadvantage that there is a time delay inherent in the
circuit. Operation of the command switch sets the circuit to the
condition where the capacitor is charged up at a rate determined by the
value of the resistance in circuil. At the same time the pulser output is
turned off, When the capacitor Is Tully charged the transistor is posi-
tively biased to turn off and allow pulsing to resume. Releasing the
command switch puts a short clrcuit across the capacity which thus
discharges,

Chitrer spstems

The systems described by no means exhaust the possibilities of single-
chanmel pulse proportional control, but cover the main pracifcal
systems developed under what is generally called simple proportional or
singie-channel proportional, There are many further possible
variations, particularly if cecoders are added at the receiver end.
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Single-channel pulse=proporthonal
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scale akrcraft like this as It is never
completely positive. Lse true
proportional control instead,

The latter then come under the general description of true
proportional controls (see Chapter 10}, normally used with
proportional actuators.

Mo absolutely clear distinction is possible on this basis, however. For
example, a pulse omission detector is really a decoder; but in the
applications described in this chapter it is specific to simple single-
channel pulse proportional. The type of signal used for Galloping
Ghost, on the other hand, with variable pulse width (mark:space ratio)
plus variable pulse rate, is really a two-channel signalling system and can
be used, with decoders and pulse type actuators, to provide two-
proportional functions.

Direct pulse proportional signalling, applied 1o a progressive type
actuator, is a system which can be used successfully for model boai
controls (e.g. rudder- control), This is not suitable for aircraft rudder
control. Equally, 'Galloping Ghost® is unsuitable for boat controls.
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of two channels

Multi-channel control systems based on the use of separate tone signals
applied to a CW transmission and decoded at the receiver end by a reed
bank or electronic filters are now obselete, A considerable amount of
this equipment remains in use, however and technically the perfor-
mance of such systems s sound and reliable, within the limitations of
"hang-bang” controls.

The transmitter 1s basically the same as that of a single-channiel tone
transmitier, except that the AF tone generalor circuil is extended 1o
provide a number of different tones, selected and applied to the
modulator section by the operation of separate keys (fgure 2.7}, In the
case of reed operation the typical tone range used is 330 Hz 1o 600 Hz
islightly less than one octave), Up to twelve separate tone frequencies
may be generated with this range.

An essential feature is that the audio oscillator s extremely stable,
particularly where a large number of tones are involved, The mast
widely adopied method of stabilisation is the use of a toroid inductor
of 4 to 6 millihenries. The tone generator itself is merely an oscillator
which can be switched to work at each of the AF frequencies required.

A single AF oscillator unit can supply any number of individual
tones, bul only one at a time. To provide for simultaneous operation of
iwo tones a second tone generator is required, The number of tone
signals is then split between the two AF oscillators, when any one from
each set can be operaled simultancously (ffgure 9.2).

I'he receiver can be either a superregen or superhet type, the only
difference {apart from cost) being the greater selectivity offered by the
latter. It is ‘'matched’ 10 a particular transmitter by having a reed bank
designed to be resonant o the tone frequencies generated by the
transmitter. This does not necessarily mean that the reed bank must
have the same number of reeds as the transmitter has tones. Reed banks
are made with three, four, six, eight, ten and twelve reeds. Transmitters
are described by the number of separate tone signals they can produce,
referred to as ‘channels’. Thus a 4 channel tone transmitter would
provide four tones for signalling; a 6-channel transmitter six tones, and
50 on. A 12-channel transmitter could be used with a receiver having 4,
6, B, 10 or 12 reeds, provided in each case the resonant frequencies of
the reeds cormespond to the transmitter tone freguencies available [i.e.
tunable on the tone circuits). Any difference between the number of
transmitter channels and number of reeds in the receiver reed bank
merely means that the transmitter has a surplus (and unusable) signal-
ling capacity with that combination.

The only significance of this is that a single transmitter can be used
with a number of matching receivers installed in different models. For
functional requirements—or economic reasons—the number of working
channels required in a particular model may be limited—say requiring
only 4 channels. Another model may require 10 channels. A single
10-chanmnel transmitter would then serve for both models, using a
4-channel {4 reed) receiver in one and a 10-channel (10 reed) receiver in
the other.

Multi-channel receivers of this type are invariably used with
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motorised actuators, generally called multi-servos to distinguish them
from single-channel actuators. Two signalling channels are required with
cach multi-servo, in order to provide selective response.

The basic principle of servo working is shown in figure 9.3, Each
channel works as a switch or on-off control working the servo
(motar] in one direction or the other. Thus by selecting the appropriate
channel of the pair the servo responds with movement in the required
direction, Two types of movemnent are then possible, depending on the
design of servo, The servo may drive to its extreme position and stop
there as long as the signal is held, theén return to newtral on release of
signal. This is a ‘main control’ or 5/N multi-servo. The alternative mode
of working is for the actuator to drive on signal and stop in the position
it has reached when the signal is removed. It can thus be inched to any
position within the limits of its two extreme movements, This is a
progressive type multi-servo, Generally a S/N multi-servo can be
madified for progressive action by disconnecting the imternal wiring
providing the self-centring action, S/N and progressive multi-servos may
also be produced as separale types.

There is also a distinction between multi-servos designed for use with
relay receivers and those which can be used with relayless receivers. In
the former case the relay contacts produce the switching action control-
ling the servo movement in the type of circuit shown in figure 9.4, One
relay is used in each channel circuit, and each circuit has its own
battery supply with opposite polarity (usually drawn from a centre-
tapped battery). The servo circuit is thus self-contained and merely
controlled by the switching elemenis.

With a relayless receiver cach channel output from the receiver isa
switched current. This current is insufficient to operate the servo motor
direct {or rather the demand of the servo motor would overload the
transistors in the receiver switching stage). Additional current amplifiers
thus have to be added in each side of the servo circuil. For convenience
these are usually incorporated in the servo itself, Ordinary multi-servos
can be converted for refayless operation by the addition of an amplifier
Vigure 9.5],

Wiring up is relatively complicated and reguires careful attention to
detail in order to avoid wrong connections. The majority of multi-
servos used with relay receivers have cight wires emerging from the
servo, (dentified by colour code. The American coding usually adopted




Transistor superhet receiver with reed
bank, The dizgrams can assist in sorting
out the wirlng conmections needed
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lacking the original instructions.
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Earlier type of hybrid {valve-transistor)
recedver wiih 10-channel reed bank,

{but not universally so) is shown in figure 8.6 Five wires go to the two
relays (one being 2 common armature connection);, and three to a
centre-tapped battery which provides power for the servo motor. This
battery is common to all the servos in the complete system: regardiess
of the actual number of servos installed, all would connect to the same
battery.

The wiring-up circuit is slightly modified in the case of servos which
are to have progressive action since the back contacts of the relay
(previously used to switch the self-centring action) are not used, The
necessary modification to the wiring is shown in figure 9.7

Some types of multi-channel servos for use with relay receivers
incorporate spring return for self-centring action, thus dispensing with
the switcher board and rubbing contacts necessary Lo provide efectrical
self-centring. This permits considerable saving in wiring, and the servo
can be operated from a single battery. The basic circuit invalved is
shown in figure 9.8 where only two wires are needed to connect the
servo 1o the relays, and the battery is connected directly to the relay
retwork.

A typical wiring circuit for relayless operation ks shown in figure
9.9, again using the more conventional type of multi-servo with
internal switcher board and electrical self-centring. Six wires emerge
from the servo, three connecting to the reed bank and the other three




| Multi-channe| servo showing wiper
| type switching and printed ciroult
| switch panel.

] to the battery pack. This is a centre-tapped battery as before, but with

— the addition of a further cell to provide a “trigger voltage’ Tor positive
operation of the transistor switching crcuit. This is not the invanable
rule. Some designs of transistor amplifier do nol reguire a trigger
& voltage, when the additional cell and green line connection can be

— omitied.

1 wils For progressive action, some internal modification of the servo

2 o circuit is required and the connection to the reed comb (red) is
S |J.| — omitied,

Again there are simpler types of multi-servos suitable for use with

9.9 Typical B-wire connections and relayless receivers with simplified wiring and a capability of working off
colour coding, a single battery.

e
g

walis

T

Example of a reed bank with staggered
reid |engths,
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More usual form of reed. Thee
different designs shown here, Best type
i one wilh posilive contact adjustment
[centre).
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3.10 Typical reed allocation

"The roed Bank may, in Fach, be
Ehysically separated Into Iwo seclhons
corresponding o such grouping o
IHEle ong groug alectrically Trodm e
other, This can allect the choice of
servod used, Some servos are designed
o operate with split reed banks.
Cthers may not work with split recd
baniks unbess the fwo halves are elec:
trically joined, i.e. making it an imtegral
bank again chectrically.

Atlocation of reeds

Selection of which channel to use for a particular service is largely
arbitrary and there is no overall standard. Logically, and particularly
with a large number of channels available, it would seem sense to
separate 'paired” control signals by as wide a spacing as possible ta avoid
any possibility of interaction between adjacent reeds, Thus, for
example, with a 10-channel, channels 1 and 6 would appear a good
choice for rudder, 2 and 7 for elevator, and 50 on, giving the widest
possible spacing between paired signals (i.e. signals controlling the same
servo, but in opposite directions).

In practice, this is seldom done, One of the main reasons is that with
8-, 18- and 12-channel equipment, simultaneous control is usually made
aviilable in two groups of 4, 5 or 6 signals, respectively.® There is then
a praciical need to have certain controls in one group and certain in the
other—virtually the controls which may meed to be operated simul-
taneously. Since rudder and ailerons have a similar control effect, these
can fall in the same group. Rudder and elevator, however, are the
logical "simultancous’ controls, and so these must e in different
groups. This rather restricts the allocation of any remaining services and
so typical allocation of reeds to the various control services is as shown
in figure 3. 70, OF the alternatives, the simple numerical sequence s
often followed (e.z. 1 and 2 for rudder, rather than 1 and 3, and so on).
Oing particular reason for this is that the most likely point where
‘overlapping’ or interference between adjacent reeds could occur with
simultaneous signalling is usually in the middle reeds of the bank, It is
as well, therefore, to allocate these to control services which would
normally never be operated simultaneously (e.g, engine throttle and
aileran),

There may also be another reason tor a definite pattern of relay
allocation. The transmitter tone signalling on multi-channel work is
normally done with lever-type switches arranged with left-right moye-
ment for turning controls (rudder and ailerons) and up and down
movements for elevation and trim controls (elevators and motor speed)
It does not always Tollow that esch of the circuits wired to the various
switches is tunable over the full range of tones covered by the reed
bank, Thus by disregarding a particular manufacturer's instructions in
allocating the relays it may only be possible to bring in a certain relay
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ll Imiernal components of a

! mulii<channel actualor EhlJ'H'In'E
switchlng brushes and swich panel;
also baullt-in frandistor amplitler for
aperation direct from a relay|ess
recelwer,

tand associated control) in a 'wrong® position as regards keying from |
the tramsmitter.

Servo-allocoiion

9.11 Usual mode of transmitier key S/MN servos are used for main controls, e.g. rudder, elevatar, and allerons

allocation :
on aircraft, The appropriate channels at the transmitter end are then
I A normally keveéd by two-position lever switches, with spring self-
centring. A signal is physically held on against the spring action. On
release the lever automatically returns to its central position, switching
L off the signal and allowing the servo 1o self centre,
{ raki ot Progressive servos are used for controls requiring “inching” move-
- s ments, such as throttle or ‘trim', These are normally operated by lever
‘*"h. F o, switchies with a braked movement (i.e. by a friction brake or ratchet) so
(?) -ﬂ':,.?j- that the lever stays in the position it has been moved to when It is
A released
rTﬂ. g Switch positions can be chosen Tor "natural’ grouping of controls,
b "":E'j" and logical movements, The former is largely a matter of familiarity,
{i{} i vt however. A typical allocation for an aircraft system is shown in figure
o amitzrun 8.1 7. Controls which respond to natural up-and-down movements
\ifj would have switches arranged to work in a vertical plane; and those

£ lwwmtor 4rirr § reicieb rersrr—ed |

with natural side-to-side movements, horizontal switching,
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HKecefver instaffaiion

Receiver mounting follows the same basic requirements as described for
aircratt installation in Chapter 15 except that vertical positioning is
desirable 5o that the reed comb is aligned vertically fore and aft, This is
the position in which the reeds are least likely to be affected by
mechanical vibration from a motor (particularly in aircraft], The same
consideration applies to relays in the case of a relay receiver, Vertical
alignment will be automatic If the relays are incorporated in the
receiver casing as both the reed bank and the relays are normally
mounted in the same plane.

Serva fnstallation

Servos are nofmally mounted in a group, closeé together—the only
q‘.'-.l'.l.'|'|li||!‘| |1|L‘:i|1g the giberon servo in the case of gircraft which is hest
mounbed i the centre section of the wing to simplify the linkage
connections. Resilient mounting is called for, provided either by rubber
prommets at the mounting points, or by using fairly stitf foam rubber
as an isolation mount. In the latter case bonding has proved very
elftective for seouring both the rubber to the main structure and the
seryo bo the rubber base,

Push-pull motions fram the servo output arms are taken by conven-
tiomal linkage to the approgriate controls (see Chapters 15 and 18).
Separate trim controls present rather a different proposition for here
the serva output movement is used to modify the normal movement of
another servo odtput, rather than being taken to the control concerned.

Elevator trim applied to an aircraft control installation s a typical
example. Both the elevator servo and elevator trim servo have thei
aulpul motliens connected toa floating lever (generally called a trim
har), with the pushrod transferring motion to the elevator horn fitted af
an intermediate position. For elevator operation the trim bar pivots
about the elevator trim conpection point, Operation of the elevator
trim servo shifts this pivot point forward or backwards, with the trim
bar effectively pivoting about the elevator servo connecting point. This
has the effect ol shifting the neutral position as far as actual positioning
of the elevator coglrol itself is concerned. Proportions of the trim bar
are designed to provide the extent of movement required in each case,
c.g. normally eguivalent to an elevator movement of about 10 degrees
up and down, bul restricting trim movement (o abowt 2% degrees up
and down about the true neutral

Horantal positioning of the trim bar is necessary if the elevatar and
elevator trim servos are mounted side by side. In this case the ends of
the trim bar can slide in grooves in the fuselage sides for location (figure
9.14).

I the trim servo 15 mounted in line with the elevator servo, then
vertical linkage of the type shown in Figure 875 can be used. In both
ciases the dimensions shown are typical, with alternative positions
provided for the elevator push rod for 'cut and try' adjustment of the
actual movement.
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Tt Multi-channel transmitiers are normally crystal controlled and their
adjustment for maximum RF output is the same as for single-channel

.
iy O H transmitters, with one exception. Adjustment of RF output is always

Iag g: made with a ‘full’ signal applied (i.e. tone-keyed on, not just carrier-
switched an), but with a transmitter providing simultaneous facilities
Fant 1 iarietig one tone should be keyed on from each of the simultaneous groups.
faprsptinia Additicnal tuning controls provided on a multi-channel transmitter
) . are potentiometers for adjusting the specific tone frequencies
i:fﬂﬁ::i ’:r""m': :[:"::fp;:j::: by generated. This is necessary to ensure the best possible match to the
I transmitter wone control specific resonant frequencies of the individual reeds in the receiver reed

patentiometer, bank. Such tuning cannot be present, as it can differ from reed bank to
reed bank of the same design.

Before the tones can be tuned to the reeds, the receiver must first be
tuned to the transmilter, This is basically the same as for single-channel
| receivers, except that it is only necessary to observe (or listen for) a
| read to respond to signal rather than connect up a servo. If no reed
[ responds 1o any of the tone keys over the complete range of receiver
Typical multi-channel transmiteer tuning adjustment, then the receiver should be sot Lo its mean tuning
| {back removed], showing keys, One position and one of the transmitter tone controls adjusted to make 3
key for each channel. Matching 10-reed recd respond. Having “picked up® a reed, the receiver tuning can then be
superhet receiver at bottom of picture. : ' -
adjusted to mid position between the extremes where the reed stops
vibrating.

The transmitter may, however, be provided with two séparate Luning
controls—one for adjusting the RF oscillator output, and the other for
adjusting the final output. To assist in BF tuning an indicator light is
ustially incorporated in the circuit as a visual guide, Alternatively a
meter may be used, plugging into the circuit, and adjustment made 1o
regalise specific working-current figures. The oscillator trimmer normally
requires adjustment for minimum current, shown by the indicator light
going out, or minimum meter reading, and then being advanced a
specified amount. The amplifier trimmer is then adjusted for maximum
output (indicator light thowing peak brightness, or maximum meler
reading).

Oince the receiver is tuned Lo its oplimum point each transmitter
tone is keved in turn, holding the signal on and adjusting the appro-
priate tone control {(usually a potentiometer) for maximum reed "drive’,
i.e. the strongest vibration of the reed. The ransmitier tone key should
then be manipulated on and off a number of times to see if the same
amount of drive is oblained with intermittent keying. If not, readjust
the tone control slightly, as necessary.

Each tone is adjusted in turn in this manner, working alternatively
from one tone in one group to a tone in the other group. When this
second tone has been adjusted, key both tones simultancously. Some
readjustment of the tone(s) may be necessary to achieve maximum
simultaneais drive,

Poor reed drive may be the fault of the relay bank itself rather than
poor tone tuning. |f this is suspected, and the most likely cause, such
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Multi-channel raned aircrafll

perfarmance potentlalities to new
levels. 1t also established the basic
pattern for servos, servo installations
angd control Hnkages. Although
completely replaced by propartional
o aireraft controls, many of the
lechnigues describied in this chapter
still apply,

517 Reed adjusiment measurements.

as weak batteries in the receiver or transmitter is first eliminated,
adjusiment of the reed conlacts may be necessary

Optimum settings are wswally a2s shown in Sguere &7 7, There shiould
be a clearance of about 3/64 in. between the reed and the pole picce
of the coll, no more. Too great a clearance will result in loss of drive,
Too small a clearance will increase the tendency tor the reed to vibrate
in sympathy when an adjacent reed is energised, that is it will increase
the bandwidth of the frequency response, The setting of this clearance
must therefore be a compromise between drive and Halse response.,

For strong drive the tip movement of each reed should be of the
order of 1/16 in, upwards from its unenergised position. Strictly
speaking, the longer the reed the greater the tip movement for oplimum
drive. Thus 1/16 in. tip movement can be taken as a desirable Tigure fior
the shortest reed, increasing to 5/64 in, on the longest reed, The tip
movement can be set by the adjustable contact (although some reed
banks have fixed rather than adjustable contacts, when any adjustment
musl be made by bending). Adjustment of this contact governs the
duty cycle af the reed as a switching element.

Range check

As a final check, tuning should be repeated, if necessary, at range. With
initial adjustment, particularly, there may be a possibility of driving
both reeds on the same control at the same time, causing damage to the
contacts. Lhis can be avoided by disconnecting the servos and simply
listening to the reed Lones and observing which particular relay is
operated in the bank. Plug-and-socket connections beiween receiver
oulpul leads and servo wiring make disconnection and re-connection
easy. There would normally be no need to disconnect servas for a final
range check which, in any case, is preferably [but not essentially |
carried out with the engine running and operation must be judged by
the response of the control movements, This technigue may also be
necessary in the case of boats where accurate tuning can only be carried
ot with the boat in the water

Adjustable contact

3 /64" Coil

i
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10 PROPORTIONAL

101 Block diagram of digital
transmiiter,

A

Petood! o
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Proportional, popularly known as ‘propa’, is the modern form of

mu lti-channel radio control. Commands are initiated by variable signals
generated by the transmittér, decoded by a matching receiver and
translated in terms of proportional output movements by a propor-
tional servo, Feedback is invarlably incorporated to ensure exact servo
positioning, and any control position signalled is held without further
maoverment until the transmitter control stick is again moved, In this
latter respect true proportional systems differ from pulse proportional
systems [see Chapter 8). The electronics involved is considerably more
complicated; so much so, in fact, that proportional transmitiers,
receivers and servos are normally considered as 'black boxes', |e. units
which are accepted and used without worrying about how they work,

Proportional systems fall into two main categories: analog or digital
{see Chapter 1). Analog systems preceded digital operation, but have
now been (almost) completely replaced by the latter type, This is
largely because the number of channels available for analog control is
generally limited because of complexity, intermodulation, and the sheer
bulk of the receiver system, plus the fact that stability is generally
interior to that of a digital system. The basis of both analog and digital
working is the same however.

Al the transmitter end, separate command signals intitiated by
control-stick movement are encoded and used 1o modulate the RF
output of an otherwise conventional tramsmitter (fMgere TALT). 1L is
desirable that these separate command signals can be sent simul-
taneausly ; and essential that in this case they do not interfere with each
other, i.e, do notl generate intermodulation, This mixing is referred to as
‘multiplexing’, Thus the encoder, shown in the block diagram, must
perform this additional function, i.e. be an encoder and multiplexer.
The main difference with ordinary multi=channel working is that each
individual command signal is not a simple signal (e.g. a single tone), but
s one which must be capable of being varied over a suitable range, to
provide infinitely variable positioning of the actuator

At the receiver end, the front section remains a basic receiver
(invariably of superhet type). To extract the command intelligence of
the multiplexed modulated signal it must then be followed by a
decoder which both discriminates between the different channels and
decodes the individual commands present in each channel. The decoder
provides i series of outputs which are now simple forms of command
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10,2 Block diagram of a digial
proportional receiver and decoder.

with universally pivoted joystick
operating the movements of two
palentiometers.
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Typical control stick configuration
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signals, fed to driver circuits powering the servos. Each servo operates
on a closed loop circuil, incorporating feedback, feedback being an
essential feature of proportional control.

Earlier forms of proportional systems used audio tones as the
individual command signals. Variable intelligence can then be provided
by allocating to each individual tone a bandwidth over which il can be
varied, with suitable spacing of these bandwidths to avoid inter-
modulation. The encoder thus generates the appropriate (variable) tone
signals, which are mixed for simultaneous modulation of the trans-
mitter carrier (frequency multiplex). Movement of a control stick
produces a change in frequency (within the allocated bandwidth for
that frequency) in the selected audio channel.

At the receiver end, the receiver separates the individual tones,
allocating each to its specific output circuit. The output can be ren-
dered in terms of a varying voltage over the tone bandwidth (figure
13,21, It will be seen from this diagram how such a voltage variation,
which is directly proportional to the specific frequency of the tone
signal at any point in the tone band, can be applied directly as propor-
tional command (o an analog servo,




Plug-together module type units are
favoured by this German manulacturer
(Grundig),

Grunalg transmitter configuration Is
typlcel of Continental Europgan
following.

In practice such a system has a number of severe limitations. The
usable bandwidth available s of the arder of 4 to 6 kHz, whilst the tone
change {or bandwidth) associated with sach individual tone is about 50
Hz. This would appear to provide sufficient separation to enable a large
number of tone signals to be multiplexed, Unfortunately when
different freguencies are mixed together various cross-modulation
frequencies are generated, particularly at “sum’ and ‘difference’ fro
quencies. This severely limits the number of separate tone signals that
can be mixed: in practice to three, or at the most, four, Even then it is
difficult to avoid some degree of inter-modulation

Other factors which limit the usefulness of audio tones for propor-
tional signalling are the relatively high power demand on the trans
mitter, and the difficulty of establishing the high stability necessary in
the tone generator circuits. Since varying intelligence is signalied by a
small change in note (frequency), and drift in the stability of the circuit
will initiate a Talse signal, and thus a positioning error at the servo.

The more drastic problem of inter-modulation can be overcome by
commutating or allocating separate time intervals to each tone, rather
than transmitting them simultaneously, This is known as time multi-
piex. Each tone has a certain ‘on’ time, and remalins 'off' for the time
interval(s} other tones are allocated for modulating the RF signal, If the
repetition rate is high enough—say of the order of 40 Hz—the ‘lost’ {i.e.
signal off} period will have no effect. The receiver decoder merely has
o "hold” the appropriate signal over the commutation time to provide
normal analog output.

The use of a pulsed tone signal for each channel, rather than a
variable frequency signal, provides a better mode of working, associated
with digital decoding, Each command channel is allocated a specific
fixed frequency tone, and the encoder renders this signal in the form of
pulses of modulation where the pulse length is directly proportional to
the amount of movement on the transmitter control stick. Such signals
are invariably time multiplexed for multiple channel working
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PO Sy (N o) 1 The repetition rate of the system if controlled by a master “clock’

circuit, normally working at a rate of 20 to 40 milliseconds. In other
['l words, the ‘clock’ generates pulses with equal intervals of 'on' and ‘ol
M [ asshown diagramatically in figure 10.3. Each signal information
channel now comprises a separate tone signal which is variable in pulse
width, and which is to be sent in sequence (time multiplexed). By
5 M selecting a suitable maximum pulse period, any number of separate

tone pulses can be fitted into the 'gap’ in the clock pulses without

' 5 [ aver-lapping.
i In practice the first, or channel 1, pulse is triggered by the trailing
edge of the clock pulse. The trailing edge of the channel 1 pulse can
10.3 then be used to trigger the channel 2 pulse, and so on. Thus effectively
the multiplexed modulating signal is delined by a series of narrow
pulses, each generated by the trailing edge of the preceding pulse (figure
10.4). It s also necessary to be able to distinguish the start of a
sequence of multiplexed signals. This facility is automatically provided
by the long gap provided by the clock pulse intervening between each
repetition, All the command intelligence is then contained in these
narrow pulses which may have a nominal period of some 1.5 milli-
seconds, but can be varied by about plus or minus 0.5 milliseconds (i.e.
have variable pulse width of this time order). The time interval between
sequences allows the decoder to reset.

['he main requirement is that the width of the command pulse must
be clearly identifiable, and there must be adéquate separation between
individual pulses. The latter requirement largely governs the minimum
puilse time accepiable,

10.4 A number of electronic problems are involved, such as optimum
shaping of the pulses for positive and consistent decoding at the
receiver end, and also to avoid any possibility of sideband or spurious

* signal generation, or overrunning one pulse into another. However,
since each succeeding pulse is triggered by the trailing edge of the pulse
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immediately before it in time multiplexing, it is the position of each
pulse relative to the preceeding pulse which is really conveying the
sigral intelligence. Widening a preceeding pulse will delay the appear-
ance of the following pulse, and vice versa (figere 7@.5). It is thus only
necessary that the receiver decoder operate on either the leading edge
or trailing edge of the pulses, Pulse-shaping is thus based on this
requirement, depending on which edge of the pulse is used. The time
interval between two leading edges (or trailing edges) of succeeding
pulses i3 then a measure of the width of the Tirst pulse,

The system may be further modified by introducing variable syn-
chronisation. With a fixed clock time, and thus hixed repetition rale,
there can be a relatively long interval with no pulses present, if all the
pulses are short ones (figure 10.6), It is advantageous if such an interval
can be closed up %0 that there is .||w.-|l,.'~\. n;_lr'||'=,' a mimimum ‘oft”’ time, 1his
can be done by using one portion of the clock cycle to generate
synchronisation, and over-riding the remaining part of each cycle by a
signal triggered by the trailing edge of the last pulse. Thus, regardless of
the spacing of the pulses, the "off” time is reduced to a safe minimum,
in other words, the repetition rate is increased to close up the duty
cycle with close spaced (narrow| pulses, and decreased to accomodate
wide spaced pulses, This can result in better servo resolution.

Interpretation of the proportional signals at the receiver end Tirst
necessitates the decoder identifying the start of a sequence, then
directing the individual signals into their respective chinnels with on-off
times governcd 3y the respective pulse intervils between pulses [pulse
lengths). 11 is, in effect, a counfer allied to gate circuwits, with inbuili
synchronisation to reset at the end of each sequence. The latter is
initiated by the 'synchronisation pause” derived in the transmitier
signal

Signal outpul to the servo connected to cach separate service thus
lakes the form of pulses, repeated at the clock, or frame, rate of the
transmitter, with a pulse width delining the reguired position of the
servo, The servo circuit is necessarily complicated for it has to generate
its own reference pulse, controlled by position via feedback, compare
its own reference pulse with the signalled pulse, and trigger drive ina
direction to achieve null balance. A block diagram of a typical digital
servo chrcuit 15 shown in figure T, 7,

The reference pulse generator is virtually identical 1o that used on
the transmitter, excepl that the pulse width is controliod by the output
position of the servo via a feedback unit connected to [or driven by)
the output movement, his reference pulse is fed to a comparalor
circuit. The incoming pulse {command l_-,i__dzul'l ik alsg fed to the com-
parator, which swill have an outpul if there is any dilterence 0 pulse
width (fgure TOLE), This autput s in the form of an error signal, which
can be negative or positive, depending on which way the servo has 1o
drive to alter the reference pulse to match, In the presence of an error
signal the servo will drive in the cormmesponding direction o reduce Lhe
error signal to zero, when it will stop, Both input and reference pulse
widths will then be identical, meaning that the servo has taken up a
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10.7 Block diagram of digital servo
circult.
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position truly demanded by the input signal. Equally, it will fallow any
change of the input pulse width in a similar manner.

The repetition rate of the input signal will inevitably be greater than
the response rate of the servo itself, which may have a transit time from
extreme to extreme of movement of the order of 1 second. It is thus
necessary to take the error plus signal and 'stretch’ it into a longer
pulse, suitable for turning on the driver circuit, which is basically a
trigger circuit allied to current amplifiers. The servo also drives with
equal power at any position {unlike an analog servo where drive power
is variable depending on the amount of resistance effective in the circuit
at any position),

With a completely linear response the servo motor would have a
tendency to oscillate about any null position at the repetition rate of
the signal. This can be eliminated by providing a small deadband of
about plus or minus 1 per cent on movement (figure 70.9). The width
of the deadband is controlled by the trigger and amplifier circuil.
Damping is also desirable to minimise overshool so that the servo moves
to its commanded position in the minimum of time (figure TO.70).




Amalog senas

’ Analog servos differ in that they are re-controlled by an infinitely variable
T input signal voltage, usually ranging between plus or minus 0,25 1o 0.5
volts. Linearity of movement depends primarily on the linearity of the
command signal, but does nol compare with that of a digital servo.
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7 : Even with a good linear input signal, the linearity of the servo response
2271 will still be dependent on the linearity of the differential amplifier used
v . : I to drive the servo motor.

—bj | lo— Comter Another prablem is overshoot, which is almost unavoidable and in

S the absence of sufTicient damping can cause the servo to oscillate about
its command position. Relatively heavy ‘electronic braking' is mormalls
necessary to reduce positioning 1o a single overshoot and immediate
return to the commanded position. The circuitry required for an analog
servo, however, is considerably simpler than that of a digital servo
lcompare figures TOTT and T3 72},
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British, Armedican and | apaness
designers follow generally this type of
shape and layout for proportional
transmiivers. Recelwer (bottiom lefi)
houged in aluminium case, Servos
[right] in rectangular "hox’ shape.
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A glider model plus single-channel
‘rudder only' s by far the cheapest
mathod of starting radio control fiving.
Phioto Radlo Modeller,
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11 SINGLE - CHANNEL
AIRCRAFT CONTROLS

11.1 The single-channel radio link
slmiply provides "on-all” signalling for
aperating a rudder movement in
right-neutral-left-neutral sequence.

Signalling Is done by pressing the
‘keying” button on the
transmitier—marked 'Tone' n this
examphe. A microswitch Eeving bButton
i essential for good control.

Where only ome control s available, a model aeroplane can be con-
trolled in flight by applying this to control of direction, i.e. rodder
confrol. This will be a practical method of control only if the model
itself has a reserve of inherent stability, That is, the model desizgn is
similar to that adopted for free-flying models, with a margin of built-in
of automatic stability which enables the model (o recover its initial
flight path after being disturbed by a gust, or some other influence.

This also influences the rype of control possible for rudder. It must
be capable of automatic self-centring or return to neutral rudder
pasition, to allow the model to recover a normal flight path after it has
been influenced by rudder movement. This demands the use of a
slf-neutralising (S/N) actuator. Normal choice would be an 5/N
escapement for the smaller models, and an 5/M single-channel
motorised actuator for larger models.

Rudder-only control has far more scope than would appear at first
sight--and also a number of limitations, although these can be
countered to some extent. Dealing with scope first, 'bang-bang' rudder
movement will obviously give a choice of selecting ‘right’ or 'left’ turn,
Response to rudder movement is powerful and rapid on a free-flying
model, and so the use ol a sefective actuator rather than a simple S/M
type 15 to be preferred, as this reduces the chances of ‘pilot error’,
Considerable practice is then needed in order to judge how much
rudder can be held on at a time, e.g. the "timing" of the "on’ signals
given by pressing the transmitter button,

If a rudder position is signalled and held on, the model will
commence d steep turn which will almost immediately develop into a
spiral dive, the rate of turn and the rapidity into which it will develop
depending on the size of rudder and amount of movement, the design
of the model, and to a lesser extent the free-flight trim of the model.
The two latter effects will be very much smaller than actual response to
rudder.

The spiral dive is one, guite dramatic, manoeuvre which can be
performed with rudder-only control—<but it is only safe if the model has
sufficient altitude to start with, and enough height left when the rudder
is returned o neutral for the model o recover to its normal flight path.
To perform a smooth turn it is necessary to 'blip' the required rudder
contral on and off, the timing of the 'on’ signals controlling the rate of
turn. In other words the model is made to complete a turn through a
series of partial turns (initiated by signal on) and recoveries (signal off).
Al the same time the model will tend to roll into the Wwrn and then roll
in the opposite direction. This ‘rocking’ motion may or may not be
apparent at a distance, it depends on the aerodynamic characteristics of
the model and the “timing’ of the control signals.

A secondary effect will also be noticed in rudder-only turns, As the
model starts to turn the nose will tend to drop; and as it recovers the
nose will tend to rise. A steep turn, therefore, will result in the model
nosing down and picking up speed, When the control is taken off to
allow the model to recover into a straight flight path the excess speed
will cause |1 Lo nose up into 4 zoom, or even a stall.
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Simngle-channel models spend most of
thelr time flying on thelr own, so they
musl be sutomatically stable in ThHght.
This I8 a check for a suitable design,
Scale type like this can be tricky Lo
fly.

A steam-engine powered radio
controlied model in flight! Practical
only with very lightwelght
constructlon and ultralightweight radia
installation, This is an oubtanding
exgmple of what can be achieved by
skilled modellers wanting to fry
something different,
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This can be controlled to some extent by the rate of turn signal-
led—or even by making a partial turn in the opposite direction o get
the nose down again after recovery from a fairly tight turn, Zooming
after a turn can also be reduced by trimming the model in a slightly
under-slevated condition, compared with a normal “free flight' trim.

This under-elevated trim is also helpful in improving the penetration
of the model against a headwind. Free flight models are normally
trimmed to climb under power and will have little forward penetration,
refative to the ground, when heading into wind. Radio controlled
models need to have a more under-elevated trim so that their forwand
speed is increased and the rate of climb reduced—more nearly to
horizontal flight than climbing flight. There is a limit to which this can
be carried out, however, Too much under-glevation can make the model
drop its nose rapidly and lose height excessively in even moderate turns,

Rudder control itself can also be used as a form of ‘trim” or elevator
control. IT alternate rudder positions are signalled on rapidly the model
will fly an 5-path instead of a straight course, starting a turn in one
direction, recovering, starting a turn in the opposite direction, and so
on, The loss of height inherent in making a rudder-turn means that the
nose of the model will be forced down, so that the model increases
speed and loses height in flving the S-path, A skilled pilot can use this
technique to effect a change of trim during Might, &2 to change a climb
into a shallow dive to improve penctration when heading upwind. A
practical limitation which can arise in this case, using an escapement, is
that the large number of individual signals employed may unwind the
escapement motor before the end of the flight, when further control is
loit,

Further manoeuvres are possible using the basic control responses
described; and il necessary adjusting the trim of the model 1o suit. In all
cases the response achieved will also be related to the aerodynamic
characteristics of the model. The control possibilities with rudder-only
can be summarised as follows:




A& back-masunted tranmsanltter, lung on
2 sirap. Posslble with single-channel
where only a single keving contral ks
requiregd which can be on an extenshon
léad, Modern transmitiers are small and
light enough o be carrled in the hand.

Level turn.  Blip the same rudder signal on and off at a rate sufficient
to keep the model turning, but with insufficent dwell with the ‘on’
signal to cause the nose of the model to drop. The rafe of twrm will then
be controlled by the rate at which the signal is blipped on and off.
Climbing turn.  As for a level turn, but with even less ‘on’ signal and a
siower rale of blipping. It may be necessary to reduce the degree of
under-glevation on the model trim to achieve climbing turns,
Dvving turns,  As for level turns, but increasing the dwell Tor the ‘on’
signal. 1T may be necessary 1o apply opposite rudder to counter a 200m
when the model recovers to its normal straight path,
Gliding furns.  As above, but this time the rudder effect will be less
marked because of the absence of slipstream and slower flying speed.
The dwell time for signal "on' will have to be increased Lo compensate.
Spirgl dive.  Starting with sufficient altitude in hand, hold on a rudder
pasition, Mote that this produces a spiral dive and fnef a true spin. Use
alternate rudder signals for ‘elevator effect” to counteract the zoom on
MECOvery,
Loop, Make two or three turns of a spiral dive, then allow rudder to
neutralise so that the model recovers into straight flight heading
upwind. The exoess speed built up in thie spiral dive can be sufficient to
carry the model right over Lo complete a loop. It may be necessary to
reduce the imitial under-alevated trim to a minimum to achieve this,
Stall tern. As Tor loop, but with reduced turns in the spiral dive [or
more under-clevated trim) so that the model zooms up into a stall on
recovery. At the top of the stall, apply a touch of rudder
Rafl,  Build up speed with two or three twurns of a spiral dive and
recover to straight flight in a crosswind direction. Blip on left rudder,
then hold on right rudder. The actual form of roll resulting will depend
an Lhe acrodynamic characteristics of the model and s [rl.rr.. SO
models, particularly slower flying types, cannot be made to roll at all
Uther variations are possible, particularly those based on the zoom
following a spiral dive, depending on the acrodynamic characteristics
and trim af the model. For example, it mayv be possible to rall the
model off the top of a loop. The spiral dive is also the manoeuvre which
can be used Lo lose excess height guickly, e.g, 1o prevent the model
flying out of sight, or out of range. Here it must be remembered that
the model will also lose ground downwind, Sufficient height in hand
should be available on recovery (o fly the model back, using alternately
blipped rudder to lose further height as necessary and increase pene-
tration upwingd,

Rudder plus molor speed

Using a compound actuator it is relatively simple to add motor-speed
control on a powered model aircraft, although this necessitates the
inclusion of a second (secondary) actuator of the progressive Lype.
Again the actuators can be escapements or motorised actuators. For
ease of control selection the compound actuator should be of the type
which accepts ‘quick-blip' signalling for the secondary service. The
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Ome attraction of sngle-channel ks that
there are a large number of Inexponsive
aireraft kits with pre-cut parts which
make excellent subjecis for

rudder-only contral.

Electric power for alrcrafi is the

latest development in radio
contral—allent and guiet in Flight. Mot
ol the devebopment work with this
type of B/C model has come from
Germany. Model shown B powered by
twin electric motors and “pusher’
propellers,

112 Rudder control using a
wompsaund single-channe| and a
secondary actuator, Unusual actuator
leature of this hook-up i the

* “doublesided” nedder linkage.
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secondary actuator can be of the 2-position or 4-position type, depend-
ing on the throltle response of the engine used. Thus some engines
fitted with throttle controls are really responsive only 1o ‘slow” and
‘fast’ positions of the throttle arm, with intermediate positions having
litthe effect. In this case a 2-position actuator is suitable. IT the engine is
responsive ta progressive throttle movement, then a 4-position actuator
will give a choice of three engine speeds (see Chapter 6).

The addition of throttle control does not extend the range of
manoeuvres possible so much as make certain manoeuvres more casy to
perform. Certainly it provides a more direct method of height control:
reducing engine speed will put the model into a 'powered glide', It is
generally recommended where the size and type of model is such that it
can readily accommodate a second actuator; and suitable engines are
available with throttle control. Throtile control is usually least effec
tive—and often not available as a standard conversion—with a number
of the smaller sizes of engines, As a general rule, too, glow motors are
more responsive to throttle control, and maore reliable in this respect,
than diesel éngines.

Rudder control with the addition of motor-speed contral is still
generally classified as “rudder-only’ contral

Rudder plus elevator control

Elevator control is no alternative to rudder control and so can only be
considered as a secondary service with rodder as the main conirel. The
vafe of elevator control, on the other hand, is fairly obvious. [t can be
used to correct the 'dive’ and 'zoom' tendencies initlated by a turn and
recovery from a turn, respectively, as well as being a ‘trim’ or altitude
control.




1.3 Special type of escapement with
extra mechanical movement for 'kick
elevator' actlon.

Because of the rapid and critical response of aircraft control move-
ments it s not possible to utilise a 4-position self-centring main
actuator which could provide for sefective operation of both rudder and
elevators controls. Instead it is best to regard the elevator control as a
secondary service which can be selected simply, and guickly. The most
practical method is the adoption of ‘kick elevator’

This 'kKick” movement is provided for at the ‘third position’ of certain
escapements (see figure 11.3). When this position is selected and held, a
trip action produces a rotary movement on a separate crank which can
be linked to the elevators to provide ‘up’ or ‘down’ movement, Rudder
is not affected by holding this signal and the escapement wheel position
corresponds to (near) neutral rudder position. Equally, rudder cannot
be signalled whilst the elevator movement is being held. On rélease of
signal the escapement returns to neutral and the elevator is centralised
by spring action,

"Kick elevator' movement can be used to provide up or down
trim—or even full up or down elevator movement, if required; but not
both up end down elevator movement,

The fact that the elevator will have 2 momentary ‘kick’ movement
for every rotation of the escapement wheel will have no affect on the
normal thight path. The advantage of this system is that the elevator
movement is oblained from the rudder actuator, i.e. only one escape-
menl is needed. A similar sort of movement can be provided for on a
motorised actuator,

An alternative system bs 1o work a secondary actuator from the ‘third
position’ on the rudder actuator. This can be a 2-position ar 4-position
progressive type, A 2P actuator would provide changeover for the
selection of elevator trim. For example:

(1) elevator normally neutral, trim position ‘up’ or ‘down’,
(2) elevator normally ‘up’, trim position ‘down’ (or the other way
round).

A AP actuator would appear 1o provide a wider contral service, Le.
the possibility of havirg either 'up' or "down' elevator position, with
the intermediate position giving neutral elevator. The system is less
practical, however, since a particular elevator position can only be
selected in sequence and if the pilot 'loses’ the sequence the result
could be disastrous,

A further possibility is the use of two S/N actuators in cascade. The
method of cascading is dependent on the type of actuators used, the
main actuator having to provide four selective control positions. The
second actuator which is used to drive the elevator linkage then has two
selective positions, mechanically and/for electrically linked as necessary.
Electrical linkage can be obtained from wiper circuits on the swilching
circuits of the two units.

The limitation with cascaded actuators is that although the signalling
can be made selective, selective signalling of the elevator service is
cumbersome. Normal arrangement for signalling is:
press and hald = right rudder
press-refease-press and Rofd = left rudder
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Because of the small weight of a
single-channel receiver and actuator,
and small baltery requirements, models
a small a8 12 inches wingspan can be
Nerwn successfully on “rudder-anly
contral. Only suitable for calm weathar
conditions, though,

Single-channel model aircraft kits are
commanly designed to be powered by
49 to 075 size glow motors. These
are inexpensive models, compared with
their larger counterpans for
proparthonal Fadia.
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press-release-press-refease-press and hold = up elevato
press-relegse-press-refease-press-release-press ond hold = down elevator

This is, however, workable for aircraft, provided the model 15 not 1oo
fast and, or, elevator control eritical in response, A fifth service can be
provided by “guick-blip" switching, i.e. adding motor speed control as
well, This is about as far as one can attempt to go for a practical
single-channel control system applied to aircraft,

Aileran control

Certain 1vpes of model aircraft lend themselves to alferan control
instead of rudder, The response is similar—bath aileron and rudder
movement have the effect of inducing roll and turn—bui the response
1o alleron movement is far milder, The agdvanitage of alleron control for
turns, rathier than rudder, is that the turn is far less viciows, with
reduced nose-dropping tendency. On the other hand this can be more
than cancelled out on most types of models by the lack of a true
directional control (rudder}.
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separate actualofs connected in paraliel
electrically to respond simultaneously
1o & signal,

Rudder, elevator and throtile controd is
possible from single channel, wsing
three separate actuators in cascade.
Maintakining full controd in flght &
difficuln, though, because rudder of
elevator, can only be signalled in
sequence, Throttle contral should
always be from a “quick-Blip' signal,

The application of aileron control as an elternative 1o rudder must
therefore be approached with caution. It can work well on certain
designs (e.g. gliders) and on models where rudder control tends to be
too 'vicious' because of the small degree of automatic stability inherent
in the design (e.g. low wing models). It would not be a normal choice.

Coupled afferon and rudder

One method of incloding aileron control whilst still retaining rudder as
the main directional control is to couple aileron and rudder movemenis
mechanically, so that both are operated off the same actuator, This can
enable the amount of rudder power required for turns to be reduced.
However, few manoeuvres require the simultaneous use of ailerons and
rudder, and the fact that the two always move together in the same
mode can be a disadvantage at times.

In practice, mechanical coupling of the movemenis can also present
elevator stop position problems, In fact a better scheme Is Lo use
separate motorised S/N actuators for the rudder and ailerons,
electrically connected in parallel to operate simultaneously.

Other systems

Various other schemes have been tried for extending the range of
services provided by simple single-channel systems, but none that rely
on-sequence swilching can be used for other than secondary or non-
critical controls on aircraft. A self-neutralising rudder action (or
equivalent directional control) is the basic, and essential, control
requirementL.

Early attempts to combine rudder action with elevator employed a
frecly rotating vane which could be stopped in "equivalent” rudder and
elevator positions (see photo above). Stop positions were controlled by




Early attempt to overcoms the
limitations of rudder-only contral by
using a rotating wvane Instead of a
rudder, stepped in equivalent ‘rudder
and 'elevator’ poSithons N sSEQuence
Aiadn it was Lthe Tact that contiol
reguired had to be signalied through a
sequence which led to iis lack of

L eSS,

escapement movements—an mgenious, but not particularly successful
attempt at a simple mechanical solution o coupling rudder and elevator

Mespornse.

some thirty years of single-channel working have, in fact, vielded the
fact that for prectical operation as aircraft controls, rudder as a main
control, with motor speed control as a secondary service remains the
first choice. Performance limitations exposed by this combination are
best tackled in termis of model design and model irim, rather than
elaboration on the control services available,

Where extension of control services is desirable, then single-channel
pulse proportional systems are worth considering, Basically, however, as
far as aircrafi are concerned, only ‘'multi® or proportional systems will
give all the coverage needed for complete control, Nevertheless singhe-
channel coverage for aircraft controls continues to command wide
support, particularly in Britain and |apan, largely because of its
considerably lower cost.
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Examples of single-channel radio

Equipment.




| Since “bang-bang” control movements
cannot provide continwous control,
*runltl® airceafit designs uswally favoured
a high wing layout. Low wing modeis
proved much trickier to fiy—but more
aerobatkc.
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12 MULTI - CHANNEL
AIRCRAFT CONTROLS

12.1 The order of mportancs of
fnctional conlroli,

| radder I engine peed
i glevators 4 allerons

Multi=engine alrcralt became practical
with the avallabllity of directly-
Lgn slied multhple controks,

Multiple (tene) channel systems are described by the number of
separate signalling channels available. Two channels are required for
sebective operation of one multi servo, which can be either a ‘bang-bang'
self-centring type, or hive a progressive action. "Bang-bang’ 5/N servos
are used for main control functions, and progressive servos for trim
functions.

Multi-channel systems have little advantage over single-channel
systems for aircraft until at least six channels are available, This extends
the coverage available to rudder and engine speed (also readily available
with single channel), plus positive and separate selection of elevator
control. This can be regarded as a minimum requirement Lo justify the
greater expense of a multi-channel system for aircrafi—a 6-channel
transmitter-receiver combination with three mulll sérvaos,

Control coverage |s still not complete, however. Another Uwo
channels are necessary to add aileron control; and a further two
channels are desirable to add elevator trim. This then represents
complete or "full house' coverage, where the pilot can have full
command over the aircralt in flight.

The allocation of channels, in their order of importance, is thus:
Rudder operated by a S/M servo
Throttle  operated by a progressive servo
Elevators  operated by a /M servo G-channels
Afferons operated by a 5/MN sérvo B-channels
Efevarar trim  operated by a progressive servo 1 0-channels

The maximum number of channels available from reed equipment is
twelve. These additional channels can be used to operate ancillary
services or an additional trim control. Much depends on whether the
contrals are to be ‘all functional’, or are to add some “display’ feature,
Thus flaps, or aileron or rudder trim, or undercarriage retraction, are
functional controls which could be added by the spare two channels on
a 12-channel system, Bomb-release, or perhaps triggering a camera
carried aboard, are ‘display® controls which could be worked from these
spare channels, Mo such services selected should be included at the
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Typical of an advanced asrobatic
deslgn for 'multi” controls—rudder,
elevator, elevator trlm, throitle and
strip allerons, High wing layoul is
redained,
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expense of the main functional controls listed above. IT they are, this
will be to the detriment of full functional control coverage.

Additional control services can also be obtained by coupling, Thus
the operation of wheel brakes can be mechanically coupled to elevator
movement, (up elevator also applying the brakes is the typical choice. )
Itis quite unnecessary 1o use radio contrel channels for brake operi-
tion. Similarly, nosewheel (or tailwheel) steering can be mechanically
linked to rudder movement.

A coupled control system which has come into use for slope soaring
gliders is coupled ailerons and flap, known popularly as ‘flaperon’
contral or ‘flaperons’,

Further extension of controls is possible by electrical coupling and

limit switching’, This takes advantage of the fact that certain control
positions, or combinations of controls, are only wsed to a limited
extent.

For example, slow throttle would normally be associated with a
particular requirement such as a need to lose height, or approach for a
landing. The limit of movement of the throttle linkage could thus be
used to operate a switch, energising a separate 5/N servo lowering flaps.
The fact that every time the limit of 'slow’ throttle is signalled the
flaps will lower, is immaterial, This extreme throttle movement can be
avoided in normal flight (the throttle movement is progressive, not
‘bang-bang'). When flaps are required, holding the throttle-signal key in
the 'slow’ position will ensure that the limit of movement is reached
and the Maps are operated. They will continue operated until the
throttle is inched forward again, when the flap servo will be de-
energised and centre itself.,
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12.2 Contrel moyemenis required.
Thie same fecommendalions apaly Lo
proportional controls, taking the
figures as maximum travel,

A particular combination of two controls can also be utilised for
switching an additional actuator, or service, A number of aerobatic
maodels, for example, are difficult to spin. This is usually because the
amount of elevator movement suitable for mormal flight control
requirements is too limited o enable the model to be stalled into a true
spin. To overcome this limitation an addition to the switcher board on
the elevator servo can provide for additional up elevator movement
under certain conditions by interlinked switching, The control com-
bination to produce a stall would be slow throttle and up elevator. Each
of these two positions can close 4 switch at the limits of the respective
movemenis, these switches being connected in series in the elevator
extension switcher circull. This when the two control positions ocour
simultanecusly the extension circuit is completed, allowing the elevator
servo to provide extra up movement, In exactly the same way, the two
series switches could be used to complete the circuit of 4 separate servo
providing some other control function with a particular combination of
two controls signalled.

Mention of the need for limiting elevator movement for normal flight
control emphasises a basic limitation of "bang-bang’ flight controls.
They have to be held either *full on' or neutral and so as to provide
varying degrees of contral have to be "blipped’ in a similar manner 1o
single-channel rudder control. Their controlling power, governed by
their area and movement, have also to be balanced 1o give a reasonably
smooth response—not too vicious, and not too weak, To some extent
this is governed by the design of the model, and particularly its flying
speed, but the following are general proportions and movements:
Rudder  Area about 2-3 per cent of the wing area; movement 30
degrees right and lefL
Efevators  Area about 4-5 per cent of the wing area; movement 10
degrees up and down.

Aiferons  Area 4-6 per cent of the wing area: movement depends on
the control response required, To achieve rolls movement required is
usually 30 degrees up and 20 degrees down with conveational inset
allerons; or 20 degrees up and down with sirip ailerons. Less movement
is needed for steady turns

Elevator trim  Movement required is quite small, not more than 25
degrees up and down,

Rudder trim Movement required is rather less than that for elevator
trim, typically 1-2 degrees right and left,

Afferon trim 3-5 degrees up movement; 1-21 degrees down move-
ment.

Fleps  Area about 10-15 per cent of wing area: movement 30-35
degrees down {not more than 45 degrees),

mm




Widaly lavoured layout by European
designed Tor 'multl® alreraft working
with G-, 8- or 10-channebs,
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Decoupling controls

It is & characteristic of ‘Tull house' multi controls that the rudder
control is rarely required to be used in flight, other than for directional
control during take off and landing. It is still an indispensible control
for these two critical parts of the flight, so it cannot be ignored.
However it is practical to decouple the rudder control in flight by limit
switching from another control, breaking the rudder servo circuit and
making another circuit, which then enables the rudder signal channels
to be used o operate another control servo under these conditions.
This would enable aileron control to be added with a 6-channel system,
for example.

Again a throttle-limit position would be chosen for decoupling one
control {e.g. aileron) and switching over to the other (e.g. rudder)
actuator, Full throttle would be best. Alleron control is then available
at anything less than full throttle-setting, and rudder control only at
full throttle.

Rudder contral is then available for take-off (full throttle). Once
airborne the throttle is eased back just sufficiently to decouple rudder,
swilching over to aileron for the turn control.

Decoupling obviously has its limitations. It is no substitute for “full
house’ coverage, only 2 means of extending possible coverage with
limited channels available from the radio equipment. It is a better
working system than coupled aileron and rudder, however, which is an
alternative method of including aileron as well as rudder control with
limited radio coverage.
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12.4 Single-channel aircraft [1op) nead

positive wing rigging incidence.

Multi-=channel alrcraft (helow | need

small to rero wing Incidence Tor
maximum response fo controbs,

Model design

Rudder-engine speed-elevator-aileron control together make a model
aircraft 'pilotable’ all the time in flight, particularly if elevator trim
control is also available. Mot only does this mean that the model is
more manoedvrable, particularly as regards aerobatic performance, but
there is less necessity for the model design itself to possess inherent
stability. In fact, built-in stability is detrimental to aerobatic perfor-
mance and can even make the model more difficult 1o *pilot” all the
Lime.

The design of multi-channel aircraft can thus differ from that of
snghe-channe| aircraft. The most notable feature |s usually a con-
siderable reduction in dihedral, one of the most powerful stabilising
factors in a free flight or single channel design, but the one which
decreases manceuvrability.,

Because the flight control movements are still “bang-bang’, and
response can only be smoathed and varied by ‘blipping’ the control
signal, some margin of inherent stability Is still required in the design.
Most of the early multi aircraft retained the high wing layout because
of its betier inherent stability, although suitable low-wing layouts were
later developed and generally favoured for aerobatic performance.

In general, however, the low wing model remalins a trickier proposi-
tion to design, and pilot, with multi-channel controls. Similar limita-
tions apply to scale models, which atso generally have a low reserve of
inherent stability (and in some cases little stability at all).

Limitations on model design imposed by the operating nature of
'‘bang-bang' controls—or on the ability of the pilot to maintain control
over a marginally stable model in flight—have now almost entirely I
disappeared with the replacement of ‘bang-bang” controls with propor- |
tional controls, capable of providing complefe coverage of control
requirements,
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True proportionsl controd has virtually replaced &l other systems of radie control, with models resching

the ultimate In performance. This |z an example of 3 modem aerobatic desipn.
Photo Kadio Modsliar,
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13 PROPORTIONAL
AIRCRAFT CONTROLS

Proportional has also made true-scake
modeds a practical proposition for
flving under radio contral,

Proportional contrels provide infinitely variable positioning of control
surfaces (or movements), the degree of movement correspanding to the
amount of movement (i.e. in exact proportion to the movement) of the
control stick(s) on the transmitter. Again two types of servo move-
mients are available: seff-centring for the operation of main flying
contrals, and progressive for throttle movement. In the former case the
control stick is spring biased to return to its central position, Releasing
the stick thus automatically results in the control sell-centring. Sticks
controlling progressive movements are braked, so that they remain in
thie position to which they have been moved. In other words exactly
the same type of servo can be used for either type of movement [a
standard proportional servo ). It 15 the mechanical action of the trans-
mitter control stick (whether spring self-centred or braked), which
determines whether the servo action is self-centring or progressive.

Proportional controls offer a further bonus in that a separate frim
f.l-:'i|i1':,-' can alsa b |'_:-I-:|1.'id|._'l.l I:|1r-:||_|;E:h the wame .,.l,'-r![lullihh',I channeals,
Fhus whilst one signalling channel is used to control each servo, each
soparate signalling channel can provide both proportional and trim
movements on that single servo, A trim facility is not necessary with a
progressive servo and so this additional function would not normally be
provided on the transmitter channel allocated to operaie a progressive
servo [e.g. throttle control)

Proportiomal controls are best described by the number of functions
they can perform, rather than the number of signalling channels [as is




Froportional transmitters are invariably
aisociated with 'joyvsiick” type contral
mavemenis —upward movement
conirolling one service and sideways
movement a second service, Both
conirels can be operated
simultaneously. Each moverment s also
associated with a sepasate trim control,

Another modern type of model i the
pylon racer—racing two or more at 4
time at low altitude around a special
coupse,

done with multi-channel equipment). Thus single function or |-function
proportional offers proportional working of a single proportional servo:
a 2-function system independent, and simultaneous, working of two
proportional servos; a 3-function system independent, and simul-
taneous, working of three proportional servos; and so on. Proportional
systems can also be described as “single-proportional”, ‘dual propor-
tional’, and so on, referring to the number of separate proportional
services (servos) provided,

In certain designs of transmittér-receiver combinations an additional
single-channel control may be included, capable of separately control-
ling a single-channel actuator. This is normally designated by ‘1", Thus
1+1° designates a system offering 1 proportional plus 1 single-channel
service; "2+1', two proportional functions plus 1 single-channel service,
and so on,

This has the advantage of simplifying the elecironics and reducing
the cost of the equipment whilst providing an extra function which can
be used for a non-critical control service. Rudder, elevatar, ailerons and
throttle, for example, cover the complete control requirements of a
madel aircraft. This is a four-function system, which would require the
use of 4-function proportional radio. However, the same COvVerage can
be affered by "3+1°, employing the three proportional functions for the
main flight controls (rudder, elevators and ailerons), and allocating the
"+ function to operate throttle on a sequence basis, as with single-
channel working. The disadvantage of this system is that only ‘change-
over' of throttle position is available, not progressive throttle move ment.




Tyrical 2-Tunction transmitter with
single control stick, Note the wparate
Lrim conirols for each funcibom

T-furction

|-function proportional provides the same control coverage as simple
single-channel—i.e. rudder-only-control, with the advantage that the
amount of rudder movement can be selected at will. The trim facility
can also be used to trim out the model for straight flight.

The type of servo used must be seéll-centring, and the model must
possoss sufficient inherent stability to recover its normal flight path
when rudder control is released, so the svstem would appear to offer
fittle more than simple single-channel rudder-only control, except for
the facility of varying the amount of control by stick movement rather
thitm "blipping” the signal. And this is only obtained at the expense of
considerably more costly radic equipment.

In practice the difference is considerable, The degree of control
offered by proportional rudder movement is vastly superior to ‘bang-
bang' rudder movement. A model is simpler and easier to fly and
certain manoeuvres, particularly S-turns to simulate a shallow dive, are
readily accomplished,

141" equipment also makes it possible to add throttle control on a
powered model; or elevator trim control on a glider, The latter can be a
one-position trim ("up’ or ‘down’), or three-position on the lines
described in Chapter 12, A limitation with most *I+]' systems, however,
is that when the "+’ signal is being held the main (proportional)
function may be locked out (i.e. stay in the position it was when the
+" control button is pressed), or alternatively return 1o neatral.

2functian

Two-function proportional offers control over rudder with & choice of
proportional control of either elevator or throttle in the case of
powered madel aircraft, There are arguments in favour of either choice,
Rudder plus throttle is probably the easiest and safest combination for
general use, Rudder plus elevator can give more scope for aerobatics,
although placing more responsibility on the pilot since the model will
be flown at full throttle all the time. Ailerons may be considered as an
altermative to rudder in some cases, and also the possibility of wsing
coupled allerons and rudder (see Chapter 12)

A "2+ system virtually allocates the two proportional channels for
rudder and elevators, with the *+1" function controlling motor speed on
a changeover basis.

A 2-function system provides adequate control for gliders, allocated
to rudder {or ailerons) and elevator, IT a *+1" function is also available,
this can be allocated to operate spoilers or flaps.

Tunction

The 3-funciion outfit provides adeguate coverage for powered aircraft
via rudder, elevators and throttle—this being the preferred choice. There
is also the possibility of applying decoupling to the rudder servo Lo add
aileron control. Thus the rudder servo circuit is switched in only at full
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i~ and 5-Tunction outfits are the most
popurlar for powered aircraft, 3- and
I-function proportional Is basically
resiricied to gliders and moddel boats.

throttle position, and used for take off. Once airborne the throttle can
be backed off slightly, opening the rudder servo circuit switch to
decouple this service and switching in the aileron servo.,

A '3+ outfit offers complete control coverage, the three propor-
tional chanmels being allocated to rudder, elevators and atlerons. and
the “+1° function to throttle changeover,

s-function

This offers complete functional control coverage for aircraft, with
proportional rudder, elevator and ailerons (and trim on each), plus fully
varizble throttle positioning. Additional secondary services can be
derived, as necessary, by mechanical coupling {as described in Chapter
13), or ‘limit switching’.

S-fupction and 6-furction

Proportional equipment is also produced offering more than the four
functions necessary Tor complete functional control of powered
alrcraft, These additional functions are nol necessarily proportional,
however, They are of value for independent selection and operation of
ancillary services or controls which may be required, For example;
Undercarriage retraction and extension  to reduce the drag of the
model in flight and thus improve its speed performance or aerobatic
capabilities.

Flap operation  to reduce specd during approach and landing, and
making precision landings casier, Flaps can also be used in flight 1o
assist certain manoeuvres,

Special dutles  such as camera operation for taking in-flight photo-
graphs; parachute release or bomb dropping or other "display”’ items,
2Lc,




Mo substitute for ‘proportional” if you
want to My models like these in safety |

Similar possibilities arise from “switching' secondary service actuators
into movemnent at 'limit* positions of another actuator (or combination
of two actuator positions), as already described for multi-channel
controls [Chapter 13). Coupling positions must be selected with care,
however, to avoid unacceptable response(s).

Whatever the projected coverage, all main flight controls—rudder,
ailerons, elevators and throttle—must have first call on the services
available {i.e. taking up four functional controls), Remaining
functions available can then be allocated in order of merit, putting
performance first. Direct command is always better than indirect or
"coupled” command,
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13,1 Transmitter modes,

DHfferent tvpe of [ovstick contrals
fawgiured by lsading German
proportional manufacturers rGrumiIEf,

Transmitter modes

It has already been mentioned that the transmitter controls are
invariably in the form of pivoted sticks. Stick motions are arranged to
provide natural control movements. Thus a 1-function transmitter,
which would only be used for rudder (or aileron) control on an aircraft
would have a side-to-side movement, spring centred.

A 2-function transmitter may have one or two sticks, A single stick
would have universal movement, sideways for rudder and up and down
for the second control. If the second control is throttle, then the corres-
ponding movement would be braked (not spring-centred). if required
tor elevator control, it would be spring-centred on both movements.

The same principle applies if two sticks are used. The rudder control
stick would have a side-to-side moverment, spring centred, The second
stick would have an up-and-down movement, braked or spring centred,
as appropriate.

3-function transmitters normally have one dual-axis stick, spring
centred (controlling rudder and elevators); and a second stick with an
up-and-down movement braked, for throttle control, This would need
to be modified for gliders (or power models adopting elevator instead
of throttle control), so that the second single-movement stick had a
side-to-side action, spring centred. Allocation is then largely arbitrary,
Some pilots prefer rudder and elevators on one stick; others ailerons
and elevator on the one stick. The former is more logical for gliders,
and the latter for power models.

4-function transmitters normally have two dual-axis sticks, the
vertical movement of one being braked for allocation as the throttle
control. This can be an the left or right hand stick, depending on
personal preference or choice. Again there are alternatives for the
allocation of the other control movements, usually referred to as modes
to provide a standard reference,

Made | allocated the right hand stick lor rudder and elevators; and the
left hand stick for ailerons and throttle.

Mode 2 allocates the left hand stick for rudder and elevators and the
right hand stick for ailerons and throttle,

These are the usual alternative configurations adopted by manu-
facturers, and the classification can also apply to any 2-stick arrange-
ment (regardless of the number of functions). Another popular
description is ‘throttle leflt” (Mode 1) and *throttle right' (Mode 2).

Certain proprietary equipment may also vary the type of control
levers, e.g, using sticks only for main flying control movements and
employing a separate lever for throttle control.

Trim controls are normally in the form of 'wheels’ located alongside
the appropriate movement, readily operated by a thumb or finger, A
*+1° function, where included, is normally pushbutton operated.

The only real significance of the allocation of transmitter contrals
(or transmitter mode) is that piloting becomes instinctive and, once
learnt with a particular arrangement or transmitter controls, has to be
re-learnt to some extent if a change is made to another mode.




The majority of proportional
transmitters follow & layout like this,
with Lwin jovsticks. Meter indicates RF
output and state of baneriss.

RN Drigitho S

Anaiher typleal propamional autfin
with transmitier, receiver, batlbery
charger and alternative servos |
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With proportional contrel models can
be plioted and kept under Full control
all the time they are In flight. This
opens up coensiderable scope in both
diesign and performancd possibilines,
Photo Radio Modeller.
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14 OPERATING
PROPORTIONAL

Proportional radio control equipment s invariably operated ‘as is”. The
transmitter-receiver combination invariably incorporates a superhet
receiver, which is pretuned and aligned. No tuning adjustments are
necessary - nor should they be attempted and thus a range check
virtually implies nothing, except to give confidence that the equipment
will work at range. If the range proves inadequate, there is virtually
nothing that the average owner can do about it, except to eliminate the
abvious cause-—run-down batteries, Faulty equipment—or suspected
faulty equipment—has to be returned to the manufacturer or approved
servicing agent for checking and rectification as necessary.

Built-<in faults do, however, commaonly occur, the cause being binding
or jamming mechanical movements which apply a braking action to the
seryvo output movements, These must be eliminated, and recommended
procedure with a completed installation is to temporarily disconnect
the mechanical linkages at the servo end and operate all the servos in
turn via the transmitter controls, listening carefully to the noise of each
servo, This is then repeated with the control linkages attached, and the
servo noise compared. Any appreciable change in servo operating speed,
shown by a marked change in noise of operation, indicates excessive
friction or load on that particular linkage, The cause should be traced
and cleared.

This preliminary check-out should, of course, also be used to confirm
that all the controls are working in the required mode, i.e. that rudder
stick movement does give rudder control response, and so on. Opera-
tion can be checked initially with the motor off, and then again with
the engine running. Vibration and 'noise’ can cause faulty operation if
servos are nol properly mounted and metal-to-metal contact is involved
in mechanical movements.,

The only pre-Tlight check necessary is to confirm that all the control
movements are available with the engine running.

All trim controls are nosmally set up to correspond to true geomelric
neutral positions (with the exception of throttle, where the separate
‘trim’ function Is not used). Neutral control positions with the “trim’
control movement also in the central position on the transmitter will
give maximum trim movernent in either direction for in-flight correc-
tions of trim, as necessary.

It is & characteristic of many proportional outfits, however, that the
neutral position of the servo is subject to drift with small changes in
battery voltages. The initial voltage of fully charged nickel-cadmium
accumiulators will be slightly higher than the mormal, and substantially
constant, load voltage, which can caose the servo to drift slightly off
neutral, and return to normal neutral after a minute or so, Neutral drift
may then tend to cccur again as the battery voltage approaches the
point of rapid fall-off in voltage. This can only be avoided by avoiding
running the batteries down to this state. Initial servo drift, iT present,
can be ignored and trim re-adjusted in Might to compensate for the
subsequent change to normal neutral; or worked off by leaving the
receiver installation switched on for two or three minutes before
starting the flight. This will allow sufficient on-load time for the battery
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A really exciting type of model to fly
is the pylon racer—fast and designed to
perform sharp turns. Mot all pylon
racers are flown with full control
COVETARE.
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vollage 1o stabilise at its normal value, and give a normal and constant
neutral position free from any further drift,

T'he most likely cause of operational troubles, or faults, developing in
a proportional control system are as follows, in order of likelihood
(1) Pilot error, especially in the case of alrcraft where the model has 1o
be controlled in three dimensions. R/C boats and cars are also subject
to ‘pilot error’, although the consequences are not usually so drastic,
{2) Poor installation, such as:
(a) Receiver badly mounted, with insufficient foam rubber isolation,
(b) Mechanical movements which are binding or jamming, the cause of
which can be traced and eliminated in a preliminary check as described
above,
{c] Servos badly mounted so that they can move and modify
mechanical output movements.
(d) Tight or poor wiring, which can produce disconnection(s) under
vibration, etc.
(e} Discharged batterics {see Chapter 21).
(f) Electrical ‘noise’ generated by mechanical movements, which can
be cured by bonding or insulation.
(2} Receiver or servo clrcuit faults, These are comparatively uncommon
in proportion to other possible faults, but they can oceur, particularly
if the equipment is abused,
(h) Outside interference. Even superhet receivers are susceptible to
interference by spuricus transmissions spanning the spot frequency of
the crystal controlled transmitter-receiver link. Spurious signals can
show up as involuntary (unsignalled) control mevements, popularly
known as 'glitches’. The presence of spurious signals cannot be ¢limina-
ted, but receiver circuits can be designed to suppress or minimise their
effects on an “interference rejection’ basis. Some receiver circuits are
particularly good in this respect, others less so,

Suspected recelver or servo Taults can be checked out on a ‘substi-
tution’ basis. A servo may fail to centre, or be sluggish in centring,




when all the linkages involved check as satisfactory as regards friction,
The Fault is thus electronic rather than mechanical. A simple check 15 to
unplug that servo and plug in & servo from another service. If the fault
s still present, then it is the receiver circuit which has the fault, If the
fault disappears (i.e. the substituted serve works normally ), then the
fault is in the original servo circuit. Note that the fault may be in the
circuit or the unit involved. For example, it may be a fault in the
recelver or servo; or in the wiring between receiver or servo and the
respective plugs and sockets completing the connection between the
two; or in the plugs and sockets themse|ves.

Mate that this method of substitution can be used for both ground
and in-flight checks. In the latter case, if the fault occurs in a main
Oithades low ki LU satired control service, a servo from a secondary service can be substituted by
far aerobatic flying Modern designs changing over plugs. Thus throttle control, for example, could be
tend to be sleeker. sacrificed to check out a rudder servo, limiting the engine run by
reducing the amount of fuel in the tank and presetting the throltle 1o a
suitable position for safe flying. Alternatively the pilot may prefer to
sacrifice alleron control to check out the rudder servo. It is generally
advisable to leave the suspected faulty servo unplugged rather than
couple this to the ‘sacrificed’ service in order to maintain some degree
of movement of this service. If the fault present is one which is in the
nature of a short circuit, drawing high curment, the batterses could b
rapidly rum down

Faults isolated as occuring in the receiver, or a particular servo,
require that the unit be sent back to the manufacturer, or specified
service agent, The same applics to servos which are suspected of
doveloping a fault, e, continue to operate normally but are developing
a rough noise when operating.

The high wing layout still makes a
gl *traimer’ for leaming to fly
proportional. Beginners can g straight
Lo proportional modeli—bul the best
method of learning to fly s to be
taught by an experienced pilot.
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15 AIRCRAFT
INSTALLATIONS

A complete installation involves the following items:

Recefver These items are interconnected
Hatteries electrically by wiring, usually
Main on-off switch employing plugs and sockets
Actuator]s)

Mechanical linkages connecting the actuator outpul movement(s) to the
appropriate control{s).
Movable control e.g. hinged rudder, elevators, aileron, motor throttle

afrim.

Receiver and batteries are normally fitted into the forward part of
the fuselage. The batteries should be mounted fn fromt of the receiver,
so that in the event of a crash they cannot be projected forwards to

b

a1
BAFFERES d BECE/VER DRCAPEMENT
15.1

strike the receiver and damage it The receiver should thus be mounted
behind the front main bulkhead; and the batteries in front of this
bulkhead, rigidly supported against displacement in a forward direction.
Figures 15.1 and 1 5.2 show typical installation positions.

Batteries are rugged and can be fairly rigidly mounted. They should
be strapped together with insulating tape or servo lape to form a single
‘pack’, which can then be wrapped in foam rubber and slid into a
matching size compartment, so formed that they cannot move or drop
out. Any movement could strain, and possibly break off, wires
connecting the batteries to the rest of the circuit,

In the case of nickel-cadmium batteries, battery installation can be
‘permanent’, wiring to a socket mounted in the fuselage side for
plugging in a charger. IT it is preferred to remove the batteries Tor
recharging, or dry cells are used which must be replaced frequently,
access must be available 1o the battery compartment for battery
removal and replacement.,

The recelver is normally fitted with a rectangular metal case. This can
be wrapped round with foam rubber held in place with rubber bands.
To improve ‘isolation mounting’, the compartment into which it Tits
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15.3 With madern proportional
control, three servos are Installed in an
pireraft Tuselage, Mounting can be
side-byside, or across, as shawn,

Typical Installation with servos
mounted on tray. Note feam packing
around receiver; abo control linkages.

€an also be lined with foam rubber, The fit should be tight enough to
prevent movement of the receiver, or dislodgement in the event of a
crash, but not so tight that the foam rubber is unduly squashed and its
vibration isolation properties impaired. Whether the receiver is mounted
vertically or horizontally is largely immaterial, except in the case of
reed Lype receivers (see Chapter 9).

Actuators are mounted behind the receiver, the manner of mounting
differing whether escapements or motorised actuators are involved.
Detailed requirements are described under separate headings, following.

The main on-off switch can be mounted on the side, top or bottom
of the fuselage. The main requirements are that it should be easily
accessible (but not in a position where it can be accidentally knocked
on or off); and also located in an area shielded from the exhaust of the
engine on a powered model.

some modellers prefer to fit the on-off switch inside the fuselage
where it is completely protected from dirt, oil and moisture, with the
movemenl operated by an extension arm—such as a length of wire
emerging through a rubber grommet in the fuselage side,

Most modern proprietary radio control units are prewired to plugs
and sockets. The on-off switch is preconnected to a wiring harness and
thus the whole system can be connected up simply by plugging
together, This is to be preferred 1o integral wiring as it enables
individual units in the system to be unplugged and removed, if
necessary, without having to unsclder wiring connections,

All wiring runs should be left with plenty of slack, but cabled
together and then secured at suitable points (eg. at intervals to the
fuselage side, leaving a generous amount of slack at the ends of wiring
runs.) Taut wiring can cause connections to fall under vibration.




154 Lashing wiring to receiver of
servo case s strongly recommended
leaving a loop of slack.

155 Example of rear-end mounting of
an elcapdmant.

15.6 Basic form of linkage used with
BSCAPEMENL

Unsupported runs, or excessive end slack, can also cause premature
failure of connections due to movement eventually causing a wire fo
become brittle and break, For that reason wiring emerging from
individual units, including the on-off switch, is best supported by
binding to the unit, leaving a nominal amount of slack as shown in
figure 1 5.4, Some modellers also prefer to bind plugs and sockets
together as well, e.g. with cotlon, to prevent any possibility of
accidental separation and disconnection of the cireuit. This should not
be generally necessary with tight-fitting miniature plugs and sockets.

The aerial wire normally emerges from the receiver case at a different
point to the main wiring. Again it is advantageous to bind the aerial
wire to the case, leaving a loop of slack. It should then be taken
through the fuselage side, or top, In a direction at right angles to, or at
least away from, ail current carrying wires; and thence usually back to
the top of the fin. A knot at this point, through which a pin can be
passed to secure the wire o the fin, completes the aerial installation,
leaving any remaining slack wire to trail. An alternative arrangement
sometimes adopted is 1o take the aerfal wire through the bottom of the
fuselage and then glue along the bottom,

Escapements

Escapements are normally mounted on a vertical bulkhead or
sub-bulkhead in the centre section of the Tuselage. This provides a
reasonable length for the rubber motor driving the escapement. The
longer the rubber motor length the more turns it can take, and thus the
greater number of escapement actions which can be stored by a single
winding. Forward positioning of the escapement is also preferred since
although this needs a long linkage to connect to the rudder movement,
the other end of the rubber motor is in a position where it is readily
accessible for winding. Also the weight of the cscapement is kept well
forward, helping balance the model.

With a lightweight escapement, and a larger model, mounting the
escapement well aft to simplify the rudder linkage may be attractive.
Such a system is shown in figure 75 5,

Escapement output movement is derived from the cranked end of
the escapement spindle, sideways motion of the crank being
transformed Into rudder movement by the type of mechanical linkage
coupling shown in figure 156 Metal wire is used only for the ends of
such linkage. Wire end fittings are bound to a rigid section torgue rod
af light material, usually balsa strip about 3/16 in. or 14 in. square, as
shown, The weight of such linkage is carried adequately by two simple
tube bearings, one at each end. The system & light and rigid, both
axially and torsionally. Alternatively proprietary linkages can be used
instead of a balsa torque rod, fitted with matching ends, or shaped wire
ends. Metal torgue rods should be avoided for long runs, however,
because of their weight and the possibility that they might bow,

An escapement for driving an elevator movement can be mounted in
a similar manner, e.g immediately below the rudder escapement, with
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15.7 Two examples of special
escapements with "kick elevator' action
and linkage to rudder and elevator,

LR Gl

15,8 Vertical mounting of sscondary
escapement for throttle control limits
kength of wbber motor and number of
turns which can b agplied.
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its own escapemenl motor and torque rod linkage to the elevator
mavement. Note, however, that a 'kick elevator” movement may be
derived from a single compound escapement of suitable type (see
Chapter 6). In this case only a single escapement motor is required, but
two torgue rods with their respective end linkages.

The use of an escapement for driving a throttle control present a
rather different problem. Logically the escapement should be mounted
horizontally (crank axis vertical) so that crank motion can be taken
directly forward as a push-pull action (figure 15.8). This, however,
seriously restricts the length of rubber motor which can be accomma-

dated within the fuselage, and thus the number of throttle control
motions possible from a single winding. Vertical miounting of the
escapement is thus usual, obtaining the necessary push-pull mavement
from a beflorank or similar type linkage. An example of a linkage system
which can be used to produce push-pull motions in a plane at right
angtes to the crank axis are shown in figure 15.9. 1t is particularly
important that where bellcranks are used in this fashion, they should

be rigidly mounted, but very free on their pivot.

An alternative solution for motor speed control is to use a clockwork
escapement which dispenses with the need for a rubber motor to drive
the escapement. This particular type of escapement is no o nger
manufactured in any quantity, however,

Escapements are generally mounted on 2 plywood bulkhead {or ply
panel cemented to a balsa bulkhead), bolted in place. The nuts should
be locked with adhesive to prevent them working loose under vibration.




159 Ourpul movement derived from
pivoied bellcrank.

Servio instaliation and special linkage
for *coupled” contral,

1/16 in. plywood is thick enough for small models, but 3/32 in. ply
would be preferred for larger models. The bulkhead should also b
braced to the fuselage sides with % in, square balsa strips on each edge,
both to prevent the bulkhead breaking loose in a crash and to rasisl the
pull of the wound rubber motor. The rubber motor comprises a single
loop (two strands) of either 3/16 in. or 1 in. flat rubber strip, depend-
ing on the type and size of the motor,

The number of turns such a motor can be expected to accommodate
153
3/16 in. rubber—60 turns per inch of mator length
% in. rubber—50 turns per inch of motor length

Thus a 12 in. long loop of % in. rubber would take 600 turns. At
least 80 per cent of these can be regarded as ‘usable’ for powering the
escapement, giving in this case 600 rotational movements of the
escapement,

Two strand motors will actually take a greater number of turns than
those given above without breaking. However increasing the number of
turns beyvond a given point will greatly increase the stored lorgue and
can lead to inconsistent operation of the escapement by causing the
movemnent 1o bind or stick. For the same reason an escapement
designed to take a 3/16 in. motor should not be used with a ¥ in.
motor in an attempt to get more control operating force out of it

Moiorised gcfuaion

Maotorised actuators are generally much easier to mount since they are
usually in the shape of ‘boxes’ with mounting lugs on the base, or face,
Linkage hook-up is also simplified since the mechanical output i% in the
form of a disc or arm with rotary or semi rotary movement and it 1s
relatively simple 1o align this movement with the plane of motion
involved. Simple rigid linkage can then be used to transmit the push-
pull action,
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Side-bysjde installation ol servos is
practical with maost modern slim
srvos, Single-channel and mulil
installations compared.
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The mounting and coupling up of single-channel motorised actuators,
multi servos and proportional servos all follow the same principle, and
generally employ similar linkages. Because of their relatively high
woight (a motorised actuator can weigh more than a receiver), servos
are invariably positioned at or near the centre of gravity of the aircraft,
i.e. in the fuselage mid-section. Where several servos are involved, this
means that they should be grouped together, AL the same time they
must be positioned (o provide straight runs for the mechanical linkages
they drive, in order to avoid binding and, or, 'lost' movement,

This consideration produces logical grouping for servos;

(1) with "fore and aft’ grouping, servos should be on the side nearest
the control they operate. Thus elevator and rudder servos can be
mounted side by side at the rear, and the throttle servo in front in a
group.

(2} Push rods operating separate controls should be as widely separated
as possible to avoid possible “collision’. This can affect the optimum
pasition of the rudder serva in a group where this also drives nosewheel
steering

Typical examples of grouping are shown in fgure 75 10, The aileron
servor is not shown since this is almost invariably mounted in the centre
section of the wing. i

Once satisfactory grouping has been worked out, actual positioning
depends on balance requirements. The weight of up ta three servos (or
four in the case af multi installations) can have a considerable effect on
the final centre of gravity position. IT the model is completely
assembled, including batteries and receiver, the servos can be lifd on
top of the fuselage, or wing, and adjusted fore and aft to balance the
mosdel at the design point, IF it is impossible to balance the model in
this way, then it may be necessary to remove Lhe receiver and try
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pasitioning the servos as far forward as possible, with the receiver
behind. The positioning of the servos (and receiver, if finally located
behind the servos), s then the final one for permanent installation, It is
far better to use equipment weight, which has to be carried by the
model anyway, to achieve the design balance point than have to add
deadweight ballast to achieve the same end.

Servos may be mounted directly by bolting or screwing with self-
tapping screws {not wood screws) to hardwood rails secured to, or
across the fuselage sides, resilient mounting being provided by rubber
grommets. This is lighter than mounting the servos on a plywood tray,
which was favoured for multi-channel servos. However, tray mounting
is still favoured (particularly as servo sizes have got smaller, and so the
size of tray can be reduced). The ply tray can be glued to the fuselage
floor, or bolted to ply doublers on the floor using grommets as isolation
miounts. Equally the individual servos can be bolted to the tray through
grommets, or bonded to the tray with a strip of foam rubber between
the servo and tray.

This latter technique is now simplified by the availability of sernvo
fape, which is sponge plastic strip material with a contact adhesive on
both sides, With close grouping of srvos, sponge rubber or servo tape
should also be used between the individual servos to prevent them
touching each other and also to make the group mounting mare rigid.
Bonding of individual servos to the sides of the Tuselage s a further
altermative, using the largest area face as the bonding surface and foam
rubber or servo tape for isolation mounting. This is most successful
with servos which are rectangular in shape and relatively narrow,

For straightforward bonding of metal {servo case) to foam rubber
and rubber to wood etc,, contact adhesive s quite suitable. If a servo
has to be removed, bonded joints can be cut with a thin, sharp knife, or
dissolved away by "Mloating’ ether over the joint line, Foam rubber, or
serv fape, which has been freed by cutting away should rot be re-used
by coating with contact adhesive as its original uniform thickness will
have been destroyed and its vibration isolation properties impaired.

Servos are normally mounted with the output disc or arm on top.
There is no reason why, if necessary, a servo should not be mounted
with the output disc ar arm on the side, and the plane of the linkage
adjusted accordingly. In this case the linkage connecting to the servo
output must be fitted with a keeper.

Suppression

The crank arm of the escapement rubbing in the wire yoke transferring
the motion to the torgue rod is capable of generating an electrical signal
or ‘noise’” which can interfere with the receiver working, particularly as
the receiver and escapemnent are usually close together in a single-
channel installation.

One method of eliminating this possible source of interference is to
make the voke slightly wider and slip a length of plastic sleeving over
the wire. The crank arm then rubs only against the plastic,
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Noise may, however, also be generated by the rubbing action of the
metal wire in its front bearing, and so a rather more effective method of
suppression is to electrically bond the separate metal movements of the
escapement. This is done by saldering a 'pigtail' of flexible copper brakd
between the body of the escapement and the linkage end fitting {figure
15.12). This will ensure that all the contacting metal components in the
complete front end linkage are effectively maintained at the same
electrical potential, and cannot therefore produce ‘noise’. Similar
bonding should not be necessary at the tail end linkage as this is remote
from any magnetic field, and from the receiver.

The actuator coil can also be a source of nolse under certain circum-
stances, although this is not ususal with escapement colils. A probable
cure, when this does occur, is to connect a diode across the coil, as
shown in figure 15.73. 1t is important to connect the diode the right
way round, i.e. the + end or red end to the positive battery side of the
coil,

Suppression of motorised actuators

Simple electric motors, such as used to power motorised actuators, are
inherent spark-generators at the commutator and thus a source of
electric noise which can cause interference with the receiver, It is
essential that motors be suppressed; and even then motorised actuators
should not be mounted close to receivers, unless this is unavoidable.
Some receivers are more sensitive to 'noise’ than athers, even to the
oxtent of being unsuitable for working with suppressed motorised
actualors,

The simplest method of suppressing a motor is usually to connect a
capacitor across the mator terminals {or better still directly across the
brushes) to act as a spark quench. A capacitor value of .01 to 05
microfarads is generally suitable. Rather better results may be achieved
by using two capacitors, one connected to each brush, with the other
end In each case carthed to the casing of the motor,

Instead of a single capacitor, a resistor can also be connected directly
across the motor to provide suppression. This needs to be of suffi-
ciently high value, relative to the motor coll resistance, to avoid
'starving” the motor of current .47 ohms is a typical value.

In severe cases of motor interference it may be necessary to go to a
more elaborate form of suppression, starting with a single capacitor
across the brushes, and adding a 70-100 microbenry choke in each lead.
A second capacitor can then be added, if necessary, across the other
side of the chokes.

Proprietary motorised actuators and servos are normally adequately
suppressed, the necessary compressor components being built into the
unit.




Retractable undercarriage unit; really a
special type of actuator.

15,15 Wire end fittings for rigid
pushroeds.
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Another example of servo installation
showing mixture of rotary output and
push-pull servos.

Rudder and elevator Fnkages

Servos may have a rotating wheel, rotating arm, or sliding arm output
motion (see photos), The former two are known as rotary (oulput)
servos, and the latter a push-pull or hinear {output) serva, In all cases
the linkage to rudder or elevator movement is the same—a rigid rod
with suitable end fittings for pivotal mounting to the servo oulput
motien at one end and the rudder or elevator horn at the other. |
The rod, generally known as a push-rod, is commaonly made of ¥ in.,
& in. or square section balsa strip, depending on the length required. |
Light balsa of a larger section is to be preffered 1o a smaller section in
hard balsa since it will be stiffer for the same weight, Proprietary I
push-rods are also available in both metal and plastic, with matching |
ervd fittings which wsually screw on.
Balsa rods require wire end fittings, bound and cemented In place
For the front {servo end) fitting a simple right angle bend is adequate,
with the run of wire resting on the top of the wheel or arm in the case
of rotary servos. Piano wire of 16 swg, or bicycle spokes of the same
diameter, is the usual material for making the end fittings
To avoid any possibility of the wire fitting being displaced and
dropping out of the pivot hole in the servo drive some form of lock 15
necessary. There are two simple ways of doing this, The wire can have a
double bend of ‘jopele’ which automatically locks in it place when
inserted: or a keeper bent from thinner wire can be bound and soldered
to the wire (figure 15.75). The latter avoids the practical difTiculty of
making close right angled bends in stiff wire, and also makes the push
rod easier Lo detach from the servo if necessary.
A variety of proprietary keepers are available, moulded in plastic,
designed to clip In place over wire end fittings. These are often used in
preference to home-made keepers, and are easy to fit and remove,
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The three most important requirements for the front (servo) end
fitting are shown in figure 7516, Clearance between the wire and hole
in which it is fitted is minimal to eliminate backlash (holes are usually 3
nominal 116 in. diameter, which closely matches 16 swg wire size). To
avoid binding the top bend must be exactly 90 degrees, so that the wire
moves parallel to the output travel, There must also be adequate
clearance between the bottom of the wire jogsle, or wire end and the
face of the serva. Finally, the wire must be long enough so that in the
extreme forward position there is clearance betwean the end of the
push-rod and the servo case. Excessive friction will increase the load on
the servo motor, and the current it draws. Motions which can jam up
will stall the servo motor, with far more drastic consequences.

The rear (control surface) end fitting is also of wire and similar
considerations apply as regards bending the end and providing a lock
for it to be retained in the rudder or elevator horn (figure-7 5,1 7),

Wire length will normally have 1o be longer than that at the front end
tor the push-rod has to be contiined within the fuselage with the wire
emerging from a slot in the fuselage side, Thus a kink will have to be
bent in the run of the wire to maintain internal clearance for the
push-rod and line the end of the wire up with the control horn. This
can be an acute- or right-angled kink.

A right angled bend is better in practice for this provides more scope
for adjustment of the overall length of the linkage by further bending
Adjustment of linkage length may be necessary both for initial rigging,
and also to adjust for any changes in the set-up.

Alternative hole positions are usually provided on both the servo
oulpul and the control horn, Alternative positions can be selected at
gither, or both, end(s) to adjust the amount of push-rod travel. Thus
selecting an outer hole on the servo movement will increase the fore-
and-aft travel of the push rod, and vice versa: and selecting an outer
hole in the control horn will decrease the angular deflection of the




Modern propoitional servos are
imvariably preswired o o multl-pin
plug to connect directly intoe the
eceivel wiring harmness.

15. 18 Harms with typical clevis-type
end fittings,

Example of servo grouping, with the
two servos on the left coupled to a
Hoating lever For differential or ‘trim’
movement (not necessary with modern
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available directly as a separateé control
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contral surface for the same push-rod movement, and vice versa. All
clearances for the wire end fittings and the push rod should be based on
the combination giving the greatest travel, i.e. the outermost hole
positions at each end.

Proprietary end fittings are commonly based on a clevis or forked
end, drilled and 1apped to screw onto a wire push-rod (flgure T'5.78).
The clevis incorporates its own pin and is mounted by springing open.
A keeper may also be provided {or the clevis can be bound with thread
once in position)

The Fact that a clevis is screwed onto the push-rod permits adjust-
ment of the effective length of the complete assembly, by screwing one
{or both) clevis end fittings in or out. Metal clevises are usually
provided with a nut for locking the adjustment position, but this is not
necessary with a nylon clevis, In practice adjustment is only reguired a1
one end, and so a fixed clevis can be employed at the servo end of the
push-rod and an adjustable clevis at the control end.
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Four servos mounied side by side in a
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Whilst clevises would appear to provide a better 'engineering” solu-
tion than bent wire end fittings they do have certain disadvantages
Fhey cannot, for example, be used on multi or propartionate servos
with wheel outputs, unless they are of specially long type to provide
the mecessary clearance with the periphery of the wheel over the
complete fore-and-aft travel. Mor can they be used on single channel
actuators with complete rotary movements. A bent wire fitting is
preferred, although this does not mean that a clevis cannol be used at
the control end. The other, lesser, disadvantage is that clevises only
match wire push-rods, A long push-rod in wire can be relatively heavy
and also require support along its length by running through simple
|'|{'.'|r:|rlg,1- to prevent hnv..':ng, However, cleviess can be wsed with balsa
push-rods by binding straight wire end fittings 1o the balsa rod and
tapping these to screw on the clevises




15,19 Hasic horn geometry and
alignment.

15.20 For symmetrical movement,
pishrod must be at right angles o horm
in neutral position,

"Woise "and [nrerference

Exactly the same considerations apply as for escapements. Maotal-
to-metal sliding or rubbing contacts can generate ‘nolse’ and inter-
ference. A metal clevis, therefore, should only be used in conjunclion
with a non-metallic control horn {servo output drives are non-mietallic,
so the same problem does not arise here]. Equally, whilst a plastic clevis
(usually nylon) can be used with either a metal or plastic control horn,
sometimes a plastic clevis is fitted with a metal pin. In that case it
should only be used with a plastic horn.

If a metal horn has to be used (e.g. throttle control arms are
normally metal) in conjunction with a metal clevis (or metal clevis pin),
the horn can be fitted with a plastic bush to eliminate su pRression,
Alternatively the linkage can be bonded, as with escapements.

Cantrol horns

The shape of the standard form of control hom is shown in figure
15,19, Detail design differs mainly in the form of the base, through
which the horn is bolted or keyed to the control surface, Proprietary
horns are usually moulded in nylon, which is the pre ferred material.
Control horns are also produced in metal, and can also be cut from
aluminium sheet or ply. Metal horns {particularly aluminium) are
generally to be avoided as wear can cause rapid enlargement of the hale
carrying the push-rod end fitting, producing & oose' movement. Metal
horns (preferably in dural) may be necessary, however, where a horn
has 1o be tailor-made to suit a particular application. But, the wide
range of proprietary moulded horns available covers most possibilities.

Although a control horn s a very simple device for transferring a
push-pull motion into an angular deflection of a contral surface, some
appreciation of the geometry involved is necessary. For example, for a
given push-pull travel about a central (neutral) position, the angular
movement will only be the same in both directions 1f (1) the horm is
exactly at right angles to the contral surface; {2) the mounting point of
the push-rod is in line with the hinge line; (3) the push-pull movement
is applied at right angles to the control horn in the neutral position.

A control horn which is raked forwards or backwards, or displaced
fore and aft relative to the hinge line, will produce unequal dis-
placements in either direction, or a differential movement. This can be
eliminated by making sure that the horn is correctly aligned when
fitted. The necessity of cranking the push rod end is also obvious
{Figure 15.24).

Control surfaces with angled hinge lines present a problem. To avoid
the push-rod end correction binding the hole in the horn may have 1o
be made oversize, resulting in slack movement, which is undesirable.
For this reason angled hinge lines {swept back or swepl forward) are
generally to be avoided in design. If they are used, e.g. for agsthetic or
aerodynamic reasons, then a special ‘universal joint’ or ball-and-socket
end fitting should be used for connecting to the control horn.
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Split elevators call for the use of a special type of horn, normally
called a split-elevator horn, as shown in figure 15,27, The rigid assembly
ensures that each elevator has the same movement, but it is important
to ensure that half of the clevator is exactly aligned with the other
when initially fitting the horm.

A particular problem arises on designs employing split clevators
which have sweptback hinge lines. A split-elevator horn cannot be
used in this case. Instead each half elevator will have to be fitted with a
harn at the inboard extremity, and the end of the elevator push-rod
split into parallel lengths, one connecting to each horn (figure 15.22).

Cable movements

A flexible cable running in a rigid outer tube can be used instead of a
push-rod to transfer the push-pull movement of the servo to a control
horn. The cable is thin stranded steel wire (Bowden cable), to which
any suitable type of end fitting can be attached by soldering {figure
75.23). The rigid outer tube must be non-metallic to avoid noise, The
two tube materials used are nylon and PTFE. The latter is generally 1o
be preferred as having considerably lower friction,

The main advantage of a cable movement is that it does not require
any internal clearance (except for the end movements), and alwo it does
ot necessarily have to run in a straight line. It is thus primarily used to
control services which introduce more tortuous runs—such as throttle
control, nosewheel steering, and ailerons. It can, of course, also be used
for rudder and elevator movements.

Control surface Mnges

The stitched or tape hinge has been widely used for control surfaces
because of its good strength and reliability. In its simplest form the
control surface and adjacent fixed surface are butted up flat and then
either sewn or taped together as shown in figure 15.24. Since the hinge
movement effectively pivots about one side of the thickness and the
other, the angular displacement has a certaln amount of differential,
although this is not necessarily significant in practice.

This particular limitation can be overcome by chamfering the
abutting edges of the two surfaces to produce a definite, and single line,
pivat point for the movement (figure 15, 26). There is little to choose
between sewing (with nylon thread) or hinging with tape (binding tape
ar cloth tape) on the score of satisfactory hinge action, strength and
durability. The main thing is to ensure that no glue gets into the hinge
line when assembling the two surfaces as this will stiffen the action and
¢an also weaken the hinge material by making it rigid.

Much neater hinges—again of simple form—can be made using thin,
flexible plastic sheet material as an inserted leafl hinge. Polypropylene is
the ideal material in this respect, with good strength and fiexibility and
indefinite resistance to fatique, however many times it is Mexed,
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The hinge material is used in the form of a single strip, or series of
shorter strips, inserted into slits, as shown in figure 7525, Since
polypropylene is difficult to glue, the hinge strips should be keyed in
place with small dowels, as shown. It can also be stuck with contact
adhesive, but gluing alone should never be relied upon Lo secure a strip
hinge of this type.

The other important thing is to ensure that the hinge line is ‘tight’,
l.e. there is no physical gap bridged only by the hinge material. This will
result in uneven movement, or even allow the control surface to futter.

Proprietary hinge strip material and individual leaf hinges are
produced in polypropylene, nylon and 'Mylar’ [polyester).

Some of the plastic film materials used for covering model aircraft
are also suitable for making simple hinges. These are too thin to be
used as inserted leaf hinges, but can be applied for making top or
bottom hinges, or in place of tape for conventional tape hinges, as
shown in figure 75.27, Top hinges are the usual method of mounting
ailerons. Elevators can also be top hinged. Rudders are always cenlre
hinged.

Mechanical hinges are, of course, another solution. Home-made
hinges of this category are usually of wire-and-tube type, typical
examples being shown in figure 15 28, These are by no means as widely
used as sewn or tape hinges, or inserted leaf hinges, except that they
may be preferred for individual applications— particularly where an
inset hinge line is required.

& properly made mechanical hinge has less "stiffness’ than the other
types described and thus can be advantageous where only low actuator
power Is available, e.g. when using an escapement. Numerous types of
proprietary mechanical hinges exist, the majority of which are designed
for ‘inserted’ fitting, i.e. gluing and pinning into slots. They are pro-
duced in top hinge (or bottom hinge) and centre hinge configurations.
Proprietary hinges are invariably moulded in plastic and thus are free
from any ‘noise’ problems which may occur with metal-to-metal
mechanical hinges,
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Throttfe finkages

Throttle linkage may be based on a push-rod or cable linkage, Two
problems are involved which makes a throttle linkage requircments
differ from rudder or clevator linkage set-ups. One is that the path the
linkage has to negotiate is not unrestricted. Thus the linkage usually has
to pass through a main bulkhead, to emerge in line with the throttle
arm of the motor. This can favour the use of cable rather than rigid
push-rod action. The other is that the throttle arm movement is
necessarily adjustable to achieve suitable "slow’ running from the
maotor, Adjustment of the throttle stop—which may have to be re-
adjusted from time to time—will vary the travel available on the throtile
arm. Thus it is virtually impossible to arrive at an exact linear travel
reguired from the linkage,

This difficulty can be overcome by providing ‘override’ movement in
the linkage. The simplest method is 1o split the push-pull rod, or wire
end, into two separate lengths, which overlap, They are then bound
together with a tightly fitting piece of synthetic rubber tube (figure
15.29). This tube couples the two wires together by friction, but should
the wire connecting to the throttle arm be brought ta rest (e.g. by the
throttle arm reaching its stop) before the serva movement has been
completed, the ‘driving’ wire simply slips through the tube. This is a
preferred system for a progressive throttle control since the response of
throttle to servo movement is immediate on reversal of signal {and all
ongines are most responsive to throttle movement over the first part of
the movement away from ‘slow'). The slip action works at both ends of
the movement, if necessary, and this simple type of slip link is also
readily adjustable for length.

Other solutions to this problem of providing a ‘slip” matian ar
owver-fide are shown in figure 75,30, In most cases the compensating
action is incorporated in the run of the push-pull linkage. It can also be
incorporated on the actuator itsell, e.g. by using a separate arm for
deriving the movement, bolted to the servo output disc or output move-
ment with a self locking nut and a spring washer. This is tightened up
sufficiently Lo be rigid when the movement [s driving normally {i.e. the
arm moves with the servo output), but to slip should the movement be
brought to a stop. Under this condition the arm remains stationary
whilst the servo cutput continues to move to its Himit
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Alleron Fnkage

The typical arrangement for aileron linkage, with conventional inset
ailerons, is shown in figure 715.31. The servo is mounted in the wing
pentre section, transferring the outpul movement via wire push-rods
gach side to a bellcrank. Movement is then taken off the other arm of
the bellcrank via a short push-rod to the aileron horn. To prevent the
long wire push-rods from bowing under 'push’ motions they can be
supported by small bushings inserted in the wing ribs at appropriate
intervals.

The system is quite straightforward except for the fact that ailerons
reguire a differential movement, that is substantially more "'up’ than
‘down’ movement. Thus typical maximum movements required may be
30 degrees up and 20 degrees down (see Chapter 17).

The simplest way of providing differential movement is to apply the
principle of ‘rake’ to the movement (see sub-section on Control Horns)
This can be done by using a bellcrank which has the arms at an acute or
obtuse angle, rather than at 90 degrees. |t does not really matter which
type is used, This merely affects the way the bellcranks have (o be
mounted to provide maximum movement on 'up’, which in wrn is
governed by whether the control horn is on the top or bottom of the
aileron. Figure 15 32 should make clear the two combinations
possible,

The angle required on the bellcrank arms can be calculated from
basic geometry to provide the exact degree of differential required.
However, this is only a design 'guesstimate’, Angled bellcranks are
available as proprietary items with either 60 degree or 120 degree arms
as standard, These will provide all the differential normally required on
dileron movements.

Strip ailerons are easier to link up since only a short run is required
for the push-rods, and the horns can be in the form of a half of 2
conventional ‘split elevator’ horn {see figure 15.33). Differential
movement in this case is obtained simply by connecting the push rods
to the servo wheel either abowve or befow the normal neutral position,
depending on whether the horns are on the top or bottom. |T this is not
possible, if for example the servo has a linear {push-pull] output
movement, then differential movement can be obtained by raking the
hiorms.

Bowden cable contrals may be preferred to push rods for the afleron
linkage, in which case the pivotal movements are the same and only the
‘run’ of the linkage is affected, and wsually simplified. Cable controls
are generally used with strip rather than inset ailerons, They have the
advantage over push-rod linkage that the homn can be moved outhoard,
so that the hinge load is more balanced (see Figure 15, 34).

Flaps

Flap movement required is considerably greater than that for other
contral surfaces, e.g. up to 45 degrees, Special servos are available with
increased movements for working flaps, although a conventional serva
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can be just as suitable. A fregr oufput servo should be used as this will
provideé maximum movement with minimum ‘lost’ motion at the end of
the movement,

A typical flap linkage is shown in fgure 15 35 An "override” or loose
link can be included to ensure that the servo cannot be started when
the flap is raised to its closed position. The only other major require-
ment is that the push-pull movement must not over-ride its centre at
extremes of travel, To avoid this it is usually necessary to rake the flap
horn forward at an angle of up to 30 degrees.

Spoflers

Spoilers are best operated with linear output servos with longer than
normal travel. The angular movement required with straightforward
push-pull action is of the order of 135 degrees, because of the restricted
depth available to accommodate the horn inside the profile of the wing
{see figure 15 36). Loads will also be high since the spoilers have to be
ralsed against progressively increasing air pressure, An over-ride or 'loose
link” is required in the system to ensure tight closure of the spoiler,
when retracted, without stalling the servo.

A method of substantially reducing the load carried by the servo is to
raise or lower the spoiler vertically, rather than rotate it about a
spanwise hinge. In this case the spoiler is located by pins at each end,
free to slide in parallel angled guide slots, as shown in figure 15.37,
Push-pull motion from the servo is then directly linked to one end of
the spoiler, the sideways ‘pull® or ‘push’ raising or lowering the spoiler
vertically, respectively. The main load in this case is the friction of the
pins in the slots.

Brokes

Wheel brakes are invariably coupled to a main servo, 1o be actuated by
a particular ‘limit" position of that servo—e.g, down elevator, Brake
actuation at the wheel can be electrical or mechanical. In the former
case, the brake mechanism (normally incorporated in the wheel hub) is
actuated by an electro magnet (also in the hub). To apply these brakes
it is only necessary to close a circuit incorporating a battery (usually a
scparate battery because of the high current drain). Thus the electrical
brake circuit is wired 1o a microswitch (or any other similar type of
switching contact) which are normally open, but closed by the
mechanical movement corresponding to down elevator,

Mechanical brakes may be of a simple friction type pressing against
the tyre of the main wheels, or built into the hub of the wheels. In
gither case a ‘pull’ movement is required to operate them. The usual
method of obtaining this ‘pull’ movement is to attach a length of nylon
line to the elevator movement, feeding the line down to the under-
carrizge through a tube or ather suitable guides to attach to the brake
lever [figure 15.38), Brakes are then pulled on every time full down
elevator is signalled and release under spring action, allowing the nylon




1538 Typical servo allecation and
fAnkage rums, This is shown fof 2 "mulc’
mstallatken, & proportional instablathon
would not regquire the elevator trim
servi, and the elevator servo lnkage
wrld run direct o the elevator horm.

line to go slack so as not to impair opposite movement of the elevator

LTV,

Both electric hub brakes and mechanical hub brakes are available as
proprietary items (as pairs of braked wheels, complete with tyres).
Mechanical brakes can also be added 1o ordinary whnecls.

Wheel stearimg

Tailwheel sieering can be provided by mechanically coupling the
tailwheel to the rudder movement, as shown in figure 75,38, This 1sa
simple and direct solution which imposes very little extra load on the
rudder servo,

Ground steering control s much betier with tricycle undercarrizges,
which is the preferred layout for freelance designs. In this case the
nosewheel s steered by mechanical linkage taken to the rudder servo. It
is necessary in this case, however, to introduce some farm of shock
absorbing link in the mechanical coupling to prevent shock foads on the
nosewheel being transmitted directly to the servo. These loads can be
guite high, even in 2 normal landing.




units ks the Wankel rotary englne. This
should have particular advantapes for
ridio conirol models becouse of the
smaoth running characieristics,
Production of model Wankel engines s,
however, very limited at present, and
they are comiderably more costly than
convantional diesel or glow motors,

1
‘ Latest development in mode| power

;}

il

Spark lgnition motor, the standard
type of medel engine up to the mid
1940s now only made In Hemited
numbers for boats. Ease of speed
| control is a favourable Teature for radio
| midels,
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16 R/C ENGINES

The diesel was untd recently the most
popular type of ‘sporta” engine in
Britaln,

Glow motors are generally preferred
for all skzes of radio controlied model
aircrafi.

The small internal combustion engine developed for powering models—
generally described as a *model engine'—has evolved in three distinct
forms. Originally the only practical form was the spark-ignftion engine.
In the post-war years this was superceded by the compression ignition
engine or so-called diesel, and the glow plug engine, more usually
known as a glow motor, Both these latter types have the advantage of
dispensing with the coil, condenser, contact breaker and separale
battery needed with a spark-ignition engine, and also proved capable of
developing considerably more power output for a given size of engine
[mainly because they can run at much higher speeds).

The diesel is a completely self-contained power unit in that it only
requires a supply of fuel, This is an obvious advantage for model
applications. The glow mofor is similar in that once running it needs
only a supply of fuel to keep running, It does, however, employ a plug
ia glow plug) which needs to be connected to an external battery to
heat up the plug slement for starting. Once 'warmed up’, the battery
can be disconnected, when the plug element is self-heating under the
catalytic action of the alcohal-containing fuel,

The respective merits of diesels and glow motors need not be dis-
cussed in detail. Diesels evolved almost exclusively in Europe; and their
size or displacement is invarfably quoted in cubic centimetres (cc). The
glow motor evolved in the United States, and motor sizes are invariably
quoted in cubic inches (cu in). Thus on the simple question of availa-
bility, European modellers mainly used diesels, and American modellers
glow motors. However, it was soon found that 5 cc was about the
maximum practical size for a diesel. Abowe that it became tempera-
mental and ‘brutish' to handle in single-cylinder designs. In fact the
3.5 ¢c diesel subsequently bécame the largest diesel size manufacturered
on any scale. Mo such size limitation applied in the case of glow motors,
and since the larger radio controlled model aircraft required more
power than that provided by a 3.5 cc diesel, the use of glow motors for
radio contralled aircraft became widely established.

There are a number of other reasons why the glow motor is generally
preferred for R/C work.

(1} Glow motors are generally easier to start and adjust for smooth
running since only one control is involved (the mixture control or
needle valve), Starting and adjustment is very much a matier of
familiarity, however. Modellers used to diesels can find glow motors
difficult to start and adjust at first, and vice versi.

{2) Glow motors can be made in very small as well as larger sizes. In
the case of very small engines—under 0.5 cc—the diesel tends to become
very ‘tricky” 1o start and adjust (as well as to manufacture). Glow
motors as small as 0.02 cu in displacement (0.3 cc) can be easy to
handle. The production of very small glow molors opened up new
scope for the operation of very small aircraft, capable of being adapted
to radio control with the advent of lightweight transistorised receivers,
{3) Although their operating speeds tend to be higher, glow motors run
with less vibration than diesels. This is a considerable advantage for
radio control applications, particularly with relay receivers,

159




Watercooled "marinised” version of a
glow motor, with throttle control.

Watercooled dieszl with plain throttie.
Diesels are less suitable for threttle
control.

Throtle operating arm and *stop® *
movemedl adjusting screw (iding
speed controd] can be seen in this
photo,
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One of the most common causes of ‘engine vibration’ on aircraft,
however, is an unbalanced propeller, Moulded nylon propellers are not
necessarily balanced, statically and dynamically, and an unbalanced
propeller rotating at speeds in excess of 10,000 rpm can generate a lol
of vibration—far more than that generated by any unbalance of recipro-
cating parts in the engine itsell. Regardiess of the type of engine used,
therefore, propellers should always be checked for balance- and
corrected if necessary by removing material from a “heavy” blade
before being used on a radio controlled model.

{4) Glow motors are generally more consistent in running character-
istics than diesels, particularly when the load on the airscrew varies, as m
manoeuvres, producing a change in rpm. In the case of diesels
‘balanced’ running conditions normally require a reduction in compress
ion setting to maintain smooth running when the motor speeds up, as
in i dive.

(5) Glow motors are more readily respansive to speed control by
‘throttling' than dicsels. Thus it is possible to provide a fully variable
response from slow to fast with a glow motor, particularly on larger
engine sizes. Diesels are far more difficult to ‘speed control’, largely
because of the effect of a fixed compression setting as mentioned in
{6). Certain diesels have been produced, however, with good throtile
response. These are usually slower running engines, with a main applica-
tion to marine model use.

Despite their advantages for BfC aircraft, and the considerable
expansion in the numbers of active radio control modellers, very few
glow motors are manufactured in Britain. The main sources are the
Unived States and |apan, whose productions are distributed throughout
the world and readily available. Almost all the standard size of glow
motors [see Table 1) developed around free flight applications have
their R/C counterpart with throttle control; and most of the larger sizes
A5 cu in and above have been developed primarily as R/C engines

Diesels remain the standard choice for non-contest-type frec Mighi
models in Britain, and so are also used for radio controlled aircraft in a
similar category, both with and without throttles. Where more pawer is
required than that avallable from the largest production size of diesel, a
glow motor must be used, This covers virtually all *performance Lype!
radio controlled aircraft.

Diesels, however, remain strongly favoured for marine mode! power
plants, where their tougher and more rugged construction is an advan-
tage, and throttled performance is not so critical, Only comparatively
recently, in Europe, have water-cooled glow motors become readily
available in a wide range of sizes,

The spark-ignition engine, too, which virtually disappeared as a
mdel aircraft power wunit in the 19408 maintains a following for marine
moadels, |1 offers an extension in size, and thus power, not readily
possible with a diesel without going to multi-cylinder layouts, and
extreme flexibility of contral. 1t is by far the easiest type to which
speed control can be added. Instead of throttling the mixture supplied
to the engine, smoothly variable speed control can be produced by
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imkake s controlled by the podition af
the throttle barrel,

rotating the contact breaker to advance or retard the spark timing, with
i fixed mixture setting, Some larger spark-lgnition motors, howeser,
may be designed for throttling via a carburettor control, working on a
similar principle to that of a larger internal combustion engine,

Spark-ignition engines are still produced, in lmited numbers, in both
pwosslroke and four-stroke versions. Model diesel and glow motors are
invariably two-stroke enginegs.

There 5 virtually no difference betweon an agro engine and a marine
engine, excepl for cooling, The basic model has a finned cylinder and is
air cooled by the slipsteam of a propeller, Le. as an agro engine. It can
bie adapied for, or produced in, @ marine version by replacing the finned
cylinder or cylinder jacket with a water-cooled jacket. In some cises
with glow malors the crankcase is also cooled by a jacket, but this s
ol now usual, In the absence of the flywheel effect provided by a
fairly large diameter propeller, marine engines must necessarily have a
solid flywheel mounted on the crankshaft. The drive to the propeller
shafi is taken off a suitable coupling ai the front of the flywheel
lactually the back of the flywheel when installed, since a marine engine
is mounted ‘facing aft’ in a hull),

Adjustment for marine engines is rather different since the engine is
normably started with the boat out of the water and thus there is very
fittle load on the screw (the Mywheel does not produce any "braking'
load). When the boat is put in the water, the load is increased considera-
bly since the screw is now rotating in a2 more "solid” medium. This load
will decrease again as the model is released and accelerates up to normal
running speed, Variations in load from then on will be less than in the
case of aircralt. Initial throttle adjustment with the boat out of the
water is purely nominal, with a rich setting, merely to get the engine
running continuously, The mixture is then readjusted carefully when
the boat is put in the water, allowing for the further ‘leaninyg out’ effect
of the increase in speed when under way.

Speed control in the case of diesels and glow motors is achieved by
varying the mixture, The usual method is to employ a barrel-type
carburettor replacing the normal plain tube intake, The barrel unit is a
cylindrical ‘plug’ mounted at the throat of the intake tube, drilled with
a large hale so that rotation of the barre| opens or closes the affectve
opening of the throat (fgure 16,7),

In other words the position of the barrel controls the amount of air
drawn through the throat and flowing past the spray bar through which
fuel it fed, metered by the needle valve, For a fixed setting of the
needle valve the mixture of air and fuel can vary from very rich [barrel
opening almost closed) to maximum lean (barrel fully open and needle
valve setting to match)

The latter condition corresponds to normal {unthrottied) running
and 15 easy o adjusi—the mixture merely being leaned out (by screwing
in the needle valve 1o an optimum point, giving maximum rpm. The
only thing governing rpm will be the load produced by the rotating
propeller. This will be a maximum when the model is static but will
decrease, and thus the rpm will increase, when the model is airborne
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Rear mounted throttle {rear
induction)—needle valve side,

Throttle arm on a slighely dilfferent
type of rear-mounied intake.

Typical "front rotary' induction
throttie, Ficture on right shows typlcal
throtile linkage,
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(the effect on marine engines is different and will be described later)
The initial (static) adjustment of the needle valve must allow for Lhis,
Le. be slightly on the rich side, to allow the mixture to ‘lean out' as the
fpim goes up in flight

To slow the engine under any condition [static or in flight], the
barrel valve is rotated to richen the mixture. This will induce four-
stroking instead of two-stroking, and richening the mixture can con-
tinue until the engine is completely four-stroking and on the point of
being choked by the excessively rich mixture,

The limiting speed for slow running is thus the richest mixture the
enging can take and still continue running consistently, and respond
withoul stalling to opening of the throttle and leaning out the mixture
The limiting lower speed may be as low as 2-3000 rpm, with a maxi-
mum speed of the order of 10-15,000 rpm; or the range may be much
marrower. The response to intermediate throttle settings may also differ
widely. S5ome engincs will have a progressive response to throttle
opening; others mary only be happy running slow or fast, and generally
inconsistent at intermediate throttle settings, This depends on the
design of the éngine, and in particular the design of the throttle.

Individual barrel throttles vary a lot in detail design, The usaual
method of slow speed setting Is adjustment of a stop controlling the
degree of closure of the barrel valve opening, An additional *bleed’
adjustment may also be provided for fine setting of the slow FURning




6.2 Simple type of fwo-spesd
mow [ttle used,

‘throntle’

mixture. The spraybar may or may not rotate with the barrel, This
again can affect the low speed running characteristics, A fixed spray bar
is to be preferred as this means that the fuel tubing attached to the end
of the spray bar does not have to “twist” with the throttle movement.
Rotating spraybar throttles need fuel tubing which remains fully
flexible--and many types of fuel tubing get hard and rigid under Lhe
slight chemical action of the fuel flowing through the tube,

Response to intermediate throttle positions can often be improved,
particularly in the case of glow motors, by mechanically coupling an
exhatst flap to the throttle movemnent. As the throttle closes, so this
flap also progressively closes and blocks off the exhaust opening.

Back pressure is thus applied to assist in slowing the engine and provide
a more graduated form of speed control.

With the advisability or even necessity of fitting silencers to model
engines 1o reduce noise output, the coupled throttle and exhawst tlap is
now less used, Main advances in speed control have been in the detail
design of the engine porting, and development of highly effective
barrel-type Lor similar) carburettors, In the case of engines designed
specifically for radio control aircraft, minimum speeds of the order of
2-3, 000 rpm can readily be obtained by reducing normal maximum
speeds to the order of 10-12,000 rpm, instead of the 15,000 rpm plus
which might be realised by comparable ‘free flight’ engines. 1his cian
also result in improved intermediate throttle response. In general,
however, this will always be non-linedr, The maximum speed change
will normally be realised over the first part of the throttle movement
away from "slow” speed,

Throttle controls are actuated by a single movement, usually that of
a lever attached directly to the barrel valve (see photos). The hook-up
is therefore quite straightforward-—-merely a push-pull linkage connec-
ting the throttle arm to the motor speed actuator or servo, Certaln
precautions are necessary, however, to ‘match’ the movements reguired
{see Chapter 15),

Barrel-iype throttles can be applied to any size of engine, They are
usually mast effective in the larger sizes (e.g. glow motors of 35 cu in
capacity and above) particularly as regards intermediale response
achieved, They are not particularly suitable for the smallest sizes of
glow motors which tend to have very high normal running speeds and
are not particularly consistent i made to run at lower speeds on rich
maxiures.

An alternative type of engine speed control, developed in the earlier
days of single-channe! radio, dispensed with a throttle control as such
and instead employed two separate spraybars, mounted one above Lhe
other (figure 16.2). Each spraybar had its own noedle valve. Thus one
could be adjusted to normal lean mixiure (for maximum speed run-
ning), and the other to ‘'maximum rich’ mixture al which the engine
would keep running {slow speed running)

l'o change from high (o low speed, or vice versa, it wils thus meces-
sary to switch the fuel supply from one spraybar line to the other. One
simple method of doing this is shown in figere T6.3. Each spraybar
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Radial cowlings on scale models offer
| af opportunily for completely
enclosing the engine, giving true scake
appearance with a dummy motor flited
Im Tront of cowl,
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16.4 Alternative valve sysiem for wse
with twin spraybhars.

164

lube is fitted with a T-piece, to which tubing is connected as shown.
The motor speed actuator movement changes the position of a felt pad
from the end of one T-piece tube to the other. The closed tube is sealed
off, and thus that spraybar can draw fuel from the tank. The other tube
is open, introducing an air bleed into that line, which means that no
fuel s drawn into that spraybar, The next movement of the actuator
chianges the felt pad position, opening the spraybar originally drawing
fuel and letting the other spray draw fuel. Thus the engine changes owver
from high speed to low speed running, or vice versa, and so on.

Supply changeower can be controlled in other ways, For example, the
T-pieces and their tubes can be omitted and very soft tubing used for
the two feed lines from the tank to the spraybars. The actuator move-
ment can then be arranged 1o alternately squash one tube, then the
other, blocking off the supply in the ‘squashed’ ling, This would need
the power of a motorised actuator rather than an escapement.

A neater arrangement is shown In figure 16.4 using a simple flow

control valve in the fuel line.
Mwin spraybar systems, no longer used as barrel-type throttles,

are now widely available for engines intended Tor radio control models,
with the advantage of requiring only simple mechanical coupling to an
actuator, Barrel-type throttles are also more efficient and can provide
speed control on suitable sizes and types of engines
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Example of the realism achieved in a
modern radio controlled pylon racer.,
Fhoto Radio Modeller,
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17 R/C AIRCRAFT
DESIGN

—_

FAeaged wing inciridwrs

d

17.1 Methods of making a model Tly
faster are 1o reduce the wing area
and/or wing incldence

Oihedrsl

17,2 Generous dihedral |s negessary on
a single-channe| aircrai design.

i _____| Pl sopo & Fwrhul
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17.3 Beducing the dihedral {to make
the model more responsive)] must lso
be accompanied by a reduction in fin
srea. This makes the design
proportions maore critical,

In the early days of radio control the models used were straightiorward
adaptions of ‘sports’ type free flight power models: high wing or cabin
moncplanes. The models had 1o be large, to carry the weight of valve
receivers and their batteries; and to maintain a reasonably low wing
loading the span (and thus the wing area) was often increéased over
normal free flight proportions, Thus the average rudder-only radio
control model of the period had a span of 6 ft. or more, weighed some
6-3 Ibs, but was reasonably slow Flying.

It soon became evident that this type of model had a number of
limitations. A relatively slow flying speed is a safety feature, but also
limits the sitability of the model to fly in winds. The natural tendency
will be for a model 1o “lose ground” downwind in any turn or similas
manoeuvre, and once this has happened the model must be headed
upwind in a straight line to bring back to the point from which is was
launched. The tendency for a rudder-only model to climb and reduce
speed over the ground with such a flight path has already been
explained (Chapter 11}, Operation of a rudder-only model which lacks
penetration or the ability to fly reasonably fast in an upwind direction,
is thus very restricted in windy conditions

This led to the preference for clipped wings to reduce rather than
increase area. and thus increase wing loading  very much a compromise
solution since it made the model more tricky to fly and keep under
contral. A better solution is the adoption of an underelevated trim,
which naturally makes the model fly faster, and climb less, without
having to increase the wing loading. But this can introduce problems of
stability, especially when the model is displaced from its normal
straight flight path.

The ather basic limitation of a conventional free flight design layout
is that it is foo stable to be properly responsive to displacement from its
mormal straight flight path by contral movement(s), particulaily as
regards directionel control (rudder control]. The basic answer here is 1o
reduce the dihedral of the wings, compared with normal free flight
practice, although this places a premium on the rest of the design
proportions being right. Reducing the dihedral makes, for example, the
chaice of vertical tail area more critical, and the response to rudder
movement more drastic.

Marmally a model without dihedral will be laterally unstable. That is,
if disturbed it will tend to slide off to one side and continue skde-
slipping, without recovery. If no dihedral is present, however, a rudder
can be an almost independent directional control, producing turns
without inducing any bank. Such turns, however, will produce skidding
sideways during entry and sideslipping on recovery. Adding dihedral o
the wing produces a powes ful banking effect with rudder turns, with a
corresponding tendency to drop the nose at the same time as the
aircraft is rolled into the bank. Thus a rudder-only model has to
compromise between the least amount of dihedral possible so as to
minimise rolling into a bank and nosing down; and the amount of
dihedral that is mecessary to maintain sufficient lateral stability.

The other important stability factor is the manner in which the
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17.4 The three axes of movement of
an aeroplane in flight.

Lising the outline shape shawn
opposite, this table gives dimensions
for designing and drawing up a
moded in various sizes from 20"
span up o 60 span,
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mode| responds in the red and pirtch axes when being maoe to turn by
the rudder. Effectively an aeroplane has three axes about which it can
rotate: yaw (or turn), roll, and pitch (figure 1 7.4), Displacement
around one axis will inevitably tend 1o produce some degree of rotation
about the other two. Thus rudder movement will give displacement
aboul the yaw axis, inducing corresponding rotations around the roll
and pitch axes. |deally the acrodynamic characteristics of the design
should provide for these reaction rotations being favourable, §Le. fittle
of no pitch movement up or down in a turn, and a controlled degree of
rall. Unfortunately neither is possible with rudder-only control. The
actody namic design has therefore 1o aim at reducing these unfavourable
reactions to an acceptable level, when the pilot can deal with the
‘unstable’ movements induced by a rudder-turn by suitable manipu-
lation of the rudder control, or by adding more control functions,

The form of design layout and proportions which has evolved over
the years a$ the optimum for single-channel aircralt is shown in figure
17.5. This is applicable 1o any size, proportions being worked out
relative 1o the wing semi-span (5] as the key dimension. Values Tor
these other dimensions, and other general design recommendations, are
summarised in the table below,

Actual size can range from about 20 in span upwards, A 20 in span
madel is about the limit for powering with the smallest size of commer-
clally produced glow motor, with encugh wing area and power loading 1o
carry madern lightweight radio gear. A 60 in span model is about the
logical upper limit for single-channel control, Performance is generally
Iost rather than gained by making a single-channel model larger than
about 48 in sparn.

Small models have the advantage of belng quick and edsy Lo con-
struct, cheaper as regards engine and material cost, easier 1o Lrinsport,
and less prone 10 sulfer crash damage than larger models because of
their lighter weight, On the other hand, the smaller the model the less
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suitable it is for fiying in windy weather because of inherent lack of
penetration. Larger models are less critical as regards trim, permil
sdditional control facilitles 1o be incorporated, Hy rather hetter, and
dre easier Lo control,

Single-channel model sizes, in fact, break down info seven groups,
classified by nominal span size with proportions based on figure 17.5:
X) i spun for powering by a 010 glow motor. Radio gear! relayless
receiver and lightweight escapement. Control: rudder, plus the addition
ol ‘kick elevator’, if this can be driven from the escapement

165




|| 28 in span  for powering by a 020 glow motor, Radio gear: relayless

receiver and escapement. Control: rudder, plus 'kick elevator”,

36 inspan  for powering by a .049 glow motor or 0.5 cc diesel. Radia

gear: relayless receiver and compound escapement. 'Kick elevator’ or

elevator trip may be added,

42 In spart  for powering by a 0.49 glow motor, or 2 0.75-1.0 cc

| diesel, Radio gear: relayless receiver with compaound esCApemunt; oF i

relay receiver and lightweight motorised actuator, 'Kick elevator’ or

clevator trip may be added,

' #5 in span  Tor powering by a .09 glow motor or 1.5 cc diesel. Radio
goar: relayless or relay receiver. Compound esca pement or motorised

| actuator, respectively. Rudder plus motor speed via secondary actuator,
This is also a suitable size for pulse-proportional control,
54 in span  for powering by a .15 glow motor or 2.5 cc digsel, Radio
gear: any single-channel type. Motorised actuator(s) preferred, Rubber
pius motor speed are preferred controls, with scope for elevator to be
added. Also suitable for puls proportional control.
B0 in sparr for powering by a .29 glow engine or 3.5 cc diesel, Other
comments as for 54 in span model above, although the size is fass
suitable for pulse proportional controls.

Sirgle-chanmel model construction

single-channel models in all the above sizes normally employ sheet

balsa fuselage sides, top and bottom, assembled in the form of a
' rectangular box, with intermediate formers and corner stiffeners, as
necessary. Thin plywood "doublers’ may be glued inside the nose
section of the sides for additional strength in the case of larger models.
Tl surfaces can also be cut directly from balsa sheet, altho ugh built-up
construction is preferred on larger sizes, both o wve weight and
improve rigidity.

Conventionally, built-up construction is used for wings, with partial
sheel covering (leading edges) in the case of larger models, Several
alternative forms of construction can be used, however, but are
generally heavier. All sheet wings, using thin top and bottom sheets
separated by ribs and a tip-to-tip spar is suitable for span sizes from 20

With single-channel control, scale ar
near-scale models are virtually limited
1o high wing lavouts with
larger-than<scale dibedral o five a
mdel which is automatically stable in
flight.
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17.6 Many single-channel aircraft up
to about 4B inches wingspan feature
sli-sheet baka construction, Model
shown follows the design proporions
of Fip 17.5

in up to 54 in, provided the weight Is kept down by using light balsa.
Wings cut 'in the salid’ from expanded polystyrene are also pi gctical tar
models of about 36 in span upwards.

Othier model types

The above descriptions apply to functional single-channel radio controfd
madels, Various alternative layouts and propartions are possibke. For
example, low wing or shoulder wing pasitioning can be used; biplanes;
and also, of course, scale models. In attemptling, or adapting, such
alternative design layouts, it must be borne in mind that certain
performance limitations may appear in original designs. Also the basic
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Functional asrobatic design with long
mament arm, designed for
rlrnrm-nlnml control, Kadio Model b
photo,
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requirement that a single-channel radio controlled model must have a
suitable reserve of inherent free flight stability must be observed,

Multi-channe! aircraft design

The minimum size of model required to accommodate multi-channel
radio is necessarily larger than for single-channel because of the greater
bulk and weight of servos involved. Thus around 54 in span is a mini-
mum size for six-channel warking (rudder, elevator and throttle
controls), with around 72 in span as an optimum for ‘full house'
controls (rudder, elevators, aileron and throttle controls), Since modern
proportional radio works out lighter than the older reed-type 'multi’
installations, 60 in span can be regarded 45 a practical minimum model
size to consider, although the wing loading will inevitably be on the
high side, resulting in a fast flying model.

There is also an upper limil to size where acrobatic performance will
again begin to deteriorate, because of the lack of engine power. Pro-
duction sizes of RJC aircraft engines stop at a nominal 0,65 cu in {10
cc displacement although some more powerful engines are produced 1o
meet the demands imposed by large models. Rarely, therefore, does one
find a functional (i.e. aerobatic) type of R/C model much larger than
about 68 in span.

The greater control coverage offered by ‘multi’ and particularly
proportional to a large extent simplifies aircraft design problems,
Virtually any type of sircraft can be flown successfully with “full house'
coverage (rudder, elevators, ailerons and motor speed), the onus for safe
operation then relying on the skill of the pilot rather than the aero-
dynamic characteristics of the aircraft. The latter will only set limits as
regdrds manoeuvrability,

Functional aircraft designs are, therefore, only produced for specific
purposes—the main type being the fully aerobatic model, Others may
be designed lor racing, or record-breaking purposes. The most popular
torm of ‘racing’ model is based on a semi-scale appearance, for Nying at
low levels around a course marked out by pylons around which the
model has to turn. The control requirements of Pylon racers are thus
mare limited than fully acrobatic models, and outline shapes are
influenced by scale requirements.




Proportional {or “multl’) control, with
coverage of ruedder, elevator, aflerons
and throttle, is the only adeguale
salitlon for 2 multl-engined model.

As far as aerobatic performance is concerned, the low wing layout
has proved itself 1o be superior to all other configurations, especially
with proportional controls. Design layout and proportions have,
therefore, become more or less standardised along the lines shown in
figure 17.7. Individual designs may show details differences, notably in
wing platform shape and length of fu selage, Parallel chord wings were
ariginally favoured, and also have the advantage of being easier 1o
construct, but tapered planforms are now common. Theoretical reasons
can be put forward to show a "preference’ for both equal taper and
sweptback taper {e.g. all the taper on the leading edge). A sweptforward
taper (i.e. all the taper on the leading edge) can introduce stability
problems

The question of fuselage length, governing the tail moment arm, i5
also a fairly open one. Choice is largely a matter of the individual
designer's preference. Basically a short moment arm shiould glhve tighter
loops and more rapid response to elevator; a long moment arm should
give smoother elevator response but marne elevalor power. The overall
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17.7 Typical deslgn proportions for a
'muiti’ or proportional model aircrafi.
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licence for altering shapes and ¥
proportions, et S
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Example of tall end construction using
built-up tailplane and fin, Pushrod and
elevator linkage |s also seen. Radio
Modeller photo.

effect, however, is modified by the aerodynamics and rigging of the
model. Thus a short moment arm is less critical, as regards trim: or
equally, rather less responsive to fine trim.

Since a model can be flown under positive contral all the time with
Tull house' proportional, any inherent stability in the design can be

_,;1ﬁ'___ reduced to 4 mi Iimum, or even Zoro, invarizhly this favours the adop-
'/'/‘— — tion of zero-zero rigging for the wing and tailplane, i.e. both wing and
I

= tailplane set at O degrees {figure 1 7.8). This means, in effect. that the
? .r/ e model has no reserve of longitudinal stability and its attitude is thus
— e controlled all the time by the position of the elevators, either by
' clevator movement or elevator trim, to 'line up' the flight path.
Sormva: smwiior Inherent directional and foteral stability is still, however, required in the
e ——— » R "y P o ] e i
);"’{ — — T design. The reason for this is éxplained in the section headed *Ailerons’

1 1.8 “Zeroed out' rgging on a ‘muelti’
of propartional model.

Altermative constrection widely
Fawouered B8 to cul Lail parts from lght
guarter-grain sheet balsa. Simpler 2nd
qulcker to make, bt heavier. ®adio
Modellar photo,
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Typical functional asrobatic moedel
lavout fior proportlonal contial.
Festures low wing layoul and tricyche
andercarriage,

Elevator and rudder proportions

Elevator and rudder areas of the propartions shown in figure 17.5 are
generally satisfactory for all multi-channel models, with the movements
indicated. Movement can be reduced, If response appears 100 drastic
but should not be increased over the recommended figure. If maximum
maovements give less response than required, this may be due [o some
inherent ‘stabilising’ feature in the design layout, or merely require 4
small increase in control surface area. Although Tull movemenis do not
have to be used with proporticnal control it is desirable that the full
movermant should not produce more response than is required. This will
avaid over-control being accidentally selected, and also produce the
finest graduation of response over the complete movement of the
contral stick.,

It is not necessary to employ elther aerodynamic or mass balancing
of model control surfaces. The power available from servos is more than
adequate to overcome aerodynamic loading as the contral is moved
from its neutral position, Le. no relief of loading by aerodynamic
balancing is required. The system should also be quite rigid so that,
with good hinge construction, flutter is unlikely to be a problem.

Ailerans

Ihe direct response fo dlleron movemeni is that an aeroplane is induced
to roll. Depending on the amount of aileron movement, this will put
the aircraft into 4 banked turn (or with more severe movemenl miake
the model perform a complete roll about its rofling axis). Movement
about the rolling axis, however, will induce reactions in the other two
axes. Interaction can vary from very slight—e.g. the model performing a
banked turn with little loss of directional stability and little loss of
helght—to complete instability resulting from excessive aileran forces.
The latter is usually caused by lack of directionar stability in the design.
Thus a reserve of directional stability is an essential feature in any
aircraft design. This is normally provided by a fin of suitable area.
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Lateral stability is governed largely by the wing dihedral, and here
again a certaln reserve of stability is needed to prevent slipping develop-
ing in @ turn, Again, too, dihedral must be matched to fin Area, as
sideslipping will also affect directional stability.

The solution must therefore be a compromise: enough dihedral to
provide the reserve of lateral stability required, but not so much lateral
stability that the rolling action of the elevators is resisted. Too little

i dihedral will tend to induce instability developing during turns. Too
17.9 Typical inset aileron proportions, much dihedral will tend to reduce the effectiveness of the ailerons as a
control. The ideal solution is to reduce dihedral, and thus improve
aileron performance, up to & point where instability is just starting to
show up. This is then the limiting dihedral for that design.
| | Proportions for conventional inset ailerons on models tend to be
similar to those on full size aircraft, Thus scale allerons sizes should be

Alawsl 1700y chord

i quite satisfactory on a flying scale model. On freclance designs there is
| / some advantage to be gained by increasing the aileron chord slightly
| T 5irie wiberon (see figure 17.9 for typical model proportions), The actual aileron area

17.10 Typical strip aileron ii_ not critical, as movement is more effective than area in developing
propertions, alleron forces,
Inset ailerons are always fitted near the tips of the wings, and
preferably extended right out to the top, In the case of biplanes, better
Rall L response is produced if both top and bottom wings are fitted with

E_’&g allerons of equal size,

s | 1 An alternative type of aileron which has proved popular on madel
aircraft is the full span strip alleron. This is a narrow chord section,

¥ oo U hinged directly 1o the trailing edge of the wing, and preferably taped in
;"'“"' plan form from root to tip (figure 17.70). Better aileron response fs

claimed for this type of aileron, but the main advantage s the purely
practical one of a strip ailleron being easler lo make and fit. Experience
has ultimately shown that as regards performance there fs little to
choose between inset and strip ailerons. The strip aileron, however,
does have rather less adverse yaw effect than inset ailerons, especially il
wuoll tapered towards the tip,
Yaw as well as roll is an inevitable response to aileron movement.
1711 Down allersn movement tends F ; :
to create drag, yawing the model [nto The movement of one aileron up, and that of the opposite aileron down
the oppasite direction to the alleron produces a dragging effect on the down aileron side (figure 17,1 ). It will
Hltced . also be appreciated from this diagram that the angle of attack of the
wing tlip on the "down’ elevator side is increased, and with excessive
i down movement the wing tip could be stalled. The resulting loss of lift
would then produce a rolling moment in the opposite direction to that
initiated by the original aileron movement.

To minimise the yawing effect, and reduce the possibility of stalling
the inboard wing in a turn, ailerans are invariably operated with a
differential movement—more "up’ movement than ‘down’ (figure 17.12).
Typical maximum values are 30 degrees of up movement, and 20
degrees of down movement. These maximum movements are only
likely to be required for producing rolls, Turns can be fnitiated with
17.12 Differentlal aileron smaller movements.
movement—more up than down, The leading edge of the alleron can also be shaped to provide the

& o

Fel ipimne

176




17.13 Frize aileron shown [n newtral
and up positions,

17.15 Masking effect of thick aerofiodl
sechion on 4 thin strip alenom.

Whilst radba controlled gliders have
tended to become bigger and Tollaw
full size sallplane designs, there are the
sicorisful exceptions to this rule,

same effect as differential movement in offsetting the adverse yaw
effect. The Frise aileron is a typical example of how this can be done
The aileron leading edge is bevelled, and the hinge line moved aft, so
that when the aileron is 'up’ a proportion of the section projects below
the bottom of the wing surface. The drag of this section helps counter-
act the drag of the ‘down’ aileron on the opposite wing,

Such complication of shape and hinge positioning is generally
avoided on models. The simplest solution in the case of inset ailerons is
usually a top hinged aileron, with enough chamfer on the leading edge
to provide the necessary down movement (figure 17.73). The gap at the
bottom of the section in other than the 'down’ position is not likely 1o
be significant, although it can be sealed with an overhung strip fairing.
Orther aileron forms are shown in fgeree T 72014,

The strip aileron is usually centre hinged, since it is mounted directly
on a narrow depth of wing trailing edge. In this respect it can suffer
from a disasdvantage not suffered by inset ailerons, |IF the wing section s
thick, the airflow over the after section is likely to be highly twrbulent
at almost all angles of attack. As a consequence the thin aileron section
is effectively 'masked” by the thick aerofoil section in front of it, and
may have a poor response as a conseguence. |t may be necessary in such
cases to employ a substantially thicker section for the strip aileron so
that it can conform to a ‘complete’ aerofoll profile {(sce fgure 1 7.75).







18 RADIO CONTROLLED Model boats need fewer services for complete functional control than
MODEL BOATS

18.1 *Maviga' courses, F1, F2 and F3,

model aircraft, Thus the primary control is rudder, Only one other
contral is then necessary for 'complete’ command-—of motor speed in
the case of a power driven boat, and of il setting in the case of a
model yacht. There is also one other major difference from aircraft.
Response 1o control movement ks slower, and since a boal travels only
on @ single surface, over-control or any interaction between controls is
not likely to have drastic conseguences.

Model boats can be divided broadly into three categories
{1} slow speed boats driven by electric motors
(2] high speed boats driven by diesels, glow motors (or spark ignition
motors in the case of larger hulls)

(3] yachts and other sailing craft.

There are other possibilities, but these fall into the general categories
of “slow’ or "high speed' boats, and control requirements are similar,
Thus a steam-engined powered boat would inherently have the charac-
teristics of a ‘slow speed’ boat, It is also possible to obtain high speed
performance with electric motor power, in which case the control
reguirements would be similar to that of other "high speed’ boats,

Model boats can also be classified as “contest’ and 'non-contest’
types. In the former category the boats are designed for competitive
use, conforming to national or international specifications. The best
known of the latter are the ‘Naviga' radio classes:

F1-E30 electric speed model with a maximum power of 30 watts,
F1-E500 electric speed, power limited only 1o 42 volts.

F1-¥2.5  ifc engines 0-2%5 cc

F1-¥5 ilcengines 2¥-5 cc

F1-¥15 ifcengines 5-15 cc

F? scale models, split into: F2a  length from 80 cm to 110 cm

F2b  length from 110 cm 1o 170 cm. F2c  length from 170 cm to
250 cm or 1/100th scale if larger.

F3 freelance steering, divided into: F3E  electric steering boats,
F3V  ifc engined steering boats.

F4 Balloon bursting, open to any boat, 10 balleons in 3 minutes,

F5 radio yachts (triangular course, 150 m) classified: F5-DF
International 10/40 class (1 .0.a. 1 m., sail area 40 sq dm). F5-DM
Marbleheads. F5-D10  10-raters, F5-DX  wunrestricted class, save that
sail area must not exceed 50 sqg dm,

F& group manoeuvres (or téam events) imvolving several boats (7 mins)
F7  scale exhibition models capable of a number of functions. Time
for demonstration & mins.

Contests in ‘Naviga' classes are held on a triangular course with 30
metre legs. The manner in which the course has to be negotiated differs
for speed, scale steering and "open’ steering (Figure 18.1). Design of
power boat hulls is influenced accordingly.




S<ale model boals powered by eleciric
mators affer tremendous seops lof
radio comtral. Many Kits are availlable
lor boats, often with preflormed plastic
hulis to save bullding time.
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Single-chanme! controls

Single-channel contral is attractive because of its relatively low cost and
can provide ‘complete’, if not comprehensive functional coverage. A
rudder-only system would be suitable for low speed boats, but the use
of 3 compound main actuator and a secondary actuator 1o provide
motor control is always to be preferred. Bulk and weight of equipment
is not usually important in a slow speed boat. Escapements are seldom
sultable as boat control actuators, even with small, light hulls, Thus
matorised single-channel actuators are the general rule. These will
requirg the use of a relay receiver, or a relayless receiver switching the
main actuator through a slave relay.

With slow speed boats the rudder control can be either self-
neutralising with a "bang-bang’ movement, or progressive. There are
arguments—and preferences—favouring each type. In general, however,
an /M actuator is to be recommended, This will give central rudder
with no contral, The model can be trimmed for straight running in this
candition, either offsetting the neutral position slightly, if necessary, or
using fixed trim tabs or wedges o counteract any turning effect
produced by propeller rotation, Control available will then be full
rudder in either direction, giving more or less équal turns 10 right or left
on command. Turn radius can then be decreased, as necessary, by
manipulating the control button in a ‘blipping’ Tashion, as described for
single-channel aircraft {Chapter 11). The advantage of a self-centring
rudder is that the craft can always be returned to a straight course
simply by giving no signal. The other advaniage of using an 5/M actui-
tor tor the main service 15 that this type is readily available with
additional switching built-in for operating a secondary actuator, Few
progressive actuators are prosduced with this Facility.

The use of a progressive actuator for rudder control does, in theory
at least, mean that any degres of turn can be "inched on’, in either
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18.4 Switching clrcult giving slow
speed in one switch positbon; fast in
the other,

direction. However, with simple single-channel working the actual
rudder pasition is never known. It can only be estimated by observing
the response of the model. This means that numerous ‘inching’ move-
ments may be required to set the model en a particular course, which
will have to be repeated to take up another course.

The general tendency will be to steer an 'S* course rather than a
straight course, with general lack of precision in directicnal control,
This need not matter so much where the model itsell has good direc-
tional stability. Thus a progressive actuator could be used for rudder-
only control on a model yacht, using it basically as a irim control,
rather than straightforward steering.

The fasier power boat inevitably requires an 5/N actuator for rudder
control to produce an automatically “safe’ control position [neutral
rudder) when control is released. The main problem here, as the speed
of the model increases, is to balance the rudder size and position to give
fully effective steering from a “bang-bang’ control movement without
upsetting the stability of the hull. Too large a rudder and too much
movement, for example, could even make a high speed model roll right
over by forcing it into too tight a turn,

Stability in turns, and response 1o rudder movement, is largely
governed by hull design. High speed hulls, and other "performance-type
designs are developed with the particular response characteristics
required in mind. Single-channel control, which necessarily means
bang-bang rudder movements, can still have limitations, however,

Specd control, operated by a secondary actuator, is essentially the
same as for aircraft systems where the boat is powered by a diesel or
glow motor (see Chapter 16), There is the choice of a 2P or 4P se-
quence actuator, the respective merits of which are largely dictated by
the throttling characteristics of the engine used. Straightforward ‘high’
and ‘low’ speed controls, as given by a 2P actuator are the simplest, and
usually the safest, 10 use on high speed crafl.

Speed control of electric-drive motors represents quite a different
problem and there are several possibilities, All simple systems, however,
must be based on switching the motor circuit, The direct way of doing
this is to utilise the actuator movement positions to operate switches
capable of carrying the motor current—preferably microswitches with a
sujtable current rating. A limited number of marine-lype acluators are
also available with built-in {or added-on) switchers. Switchers are,
however, commaonly home made.

A single switch can obviously provide ‘run’ and “stop’ control via a
2P actuator, Thus the secondary actuator movement, tripped by a
‘quick blip" signal, gives either motor 'on’ or 'stop’ (figure 18.3).
However, “stop' is less useful as 2 control than "slow’. A more attractive
arrangement is use the NO contact of the switch to wire ina resiston,
The NC position of the switch then provides fast running, and the
alternative position connects the resistor in the motor circuit as a
'woltage dropper’ make the motor run at a slower speed (figure 18.4).,
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18.6 Dropping resistor value requined
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Example ol moulded glass Tikre hulls
for radio controlled powerboats.
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The value of resistor required can be calculated as follows:

(1) The current drawn by the motor under normal (full speed) running
with the boat in the water must be measured, Call this | {fast) amps,
[2] The power of the mator under normal operating conditions is
found by multiplying the running current | [fast) by the battery voltage
(W], This will give motor input power in walfs

Mote: the power calculated in this simple manner s not quite correct.
Under frée running conditions the current will be less than that
mizasured with the boat held static in the water. Also the effective
voltage across the molor will be less than the battery voltage. This
micans that the power calculated will be higher than the frve free
running power, | he ditference can be ignorod, howeover,

{3) Decide on the “low speed’ required, e.g. half speed or one guarie
speed, Since motor speed is more or less directly proportional 1o
voltage, this will give a figure for motor voltage required for the
selected slow speed.

{4) Deduct this from the battery voltage to find the valtage which has
o be dropped by the resistar.

{5} Estimate the “low speed’ current on the same basis as voltage above,
i.e. half the speed would be eguivalent to half the current,

[6) The resistor value required then follows by dividing the voltage to
be dropped (from [4)), by the “low speed” current estimated in (5),

A worked-out example should make this clear, Suppose the motor is
wiorked off a 10 volt battery and the measured current for fast running
is 2 amps.

(1) | (fas1) =2 amps

{2) power =10 volts x 2 amps = 20 watis

{3} ‘Low speed’ is to be ome half speed, The motor voltage required
will thus be 10 x Y3 = 5 volis,

4] The voltage 1o be dropped by the resistor is thus 10 — 5 = § volts.




18.7 Warizble speed control via
separate dropping resistors, selected by
posl tion of sequence switcher, Position
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188 Switching circuit fos 3P acutator
glving two motor specds, and stop,

18.9 Circult using two batteries for
“ahead’ and “astorn’ switching.

1810 'Ahead” and "astern’ switching
from & single battery.

(5) Al half speed the motor will draw one half the fast running current,
e ¥ x2=1 amp.
(6) The value of the dropping resistor required is thus 5 + 1 = 5 ohms,

One other point must be observed. This resistor will be dissipating a
power equal to the voltage dropped and current flowing through it—in
this case 5 x | = § watts. It Is important that the type of resistor should
have a rating at least equal to the calculated wattage, otherwise it will
be in danger of burning out.

Use of a dropping resistor in this way is wasteful of battery power,
but this s generally acceptable for straightforward spoed control of
glectric motors. The principle can also be extended to multiple speed
control by using a multi-position switch instead of a simple switch,
which is stepped round one contact at a time, in sequence, by each
‘motor speed’ signal. Such a switch can be designed as a complete unit
operated by an electromagnetic coil and rachet-and-pawl type
mechanism, eliminating the need for a secondary actuator (i.e. |t takes
the place of the secondary actuator). In this form it is generally known
5 a sequence switcher,

Each outlet can then have a different resistor connected to it, leaving
ane with no resistor (for ‘full speed’) and another disconnected (for
mator ‘stop') (figure 18.7). The arrangement tends to become un-
necessarily complicated, however, as multi-stepped electric motor ypeed
contrals are seldom necessary,

One switch for changing over from “fast’ to ‘slow’, and another Tor
providing ‘stop” are usually all that is necessary. This switching system
can readily be worked by a 3P selective actuator, using the intermediate
or middle position of the actuator movement to give normal “full speed’
running {see fgure 18.8). Regardless of the last signal given, when the
motor is running ‘full speed’ the next signal will then give either “stop’
or ‘slow’. Also the next signal from either stop’ or ‘slow” will be *full
speed’,

For many types of electric powered boats, switching facilities 1o
provide ‘ahead’ and "astern’ may be preferable to forward speed control
only. A basic approach here is 1o use two batteries, one for ahead and
one for astern, using the switch movement to change from one battery
to the other and at the same time reverse the polarity of the supply to
the molor causing it to run in the opposite direction (figure 18.9).
Using a 3P actuator and a second switch, a 'stop” position can also be |
added. [

The advantage of using a separate battery for forward and reverse
running is that the reverse battery can be of lower voltage, since
normally lower speed running is required in reverse anyway. Speed in
this case is dropped without the need for a dropping resistor.

*Ahead’ and ‘astern’ switching can also be derived directly from a
single battery, as shown in figure 1810, Witha 3P actuator, this can also
provide a ‘stop' position. Note that although this circuit provides
reversion of battery polarity at the motor for running astern, if slower
speed is required when running ‘astern’, then a dropping resistor will have
to be Included in this side of the circuit.
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The circuits described, which cover the main types used with single-
channel, have all dealt with the switching of permanent magnet motors.
Motors with wound field coils as well as wound armatures may need
(P P different connections,

Suppression

With electric drive motors it is imperalive that the motor be properly

suppressed to avoid interference with the radio receiver. Treatment is

the same as for motors used as actuators (see Chapter 15), but simple

single-capacitor suppression s unlikely to be fully effective in the case

18.11 Three mothods of supprossion of larger motors, or those drawing high currents. Much depends on the

::';'"‘_-“‘“ to lectric drive motors. commutator design and brushgear of the motor. Typical drive motor
C s » radio frequency chake (colf). suppression treatments are shown in fgure 18,11,

Extersion af services

The larger size of slow moving boal, powered by an electric motor,
lends itself to extension of the control services by sequence switching
derived from the main actuator. It is advisable that the primary control,
i.e, rudder, be kept out of the sequence extension. This means operat-
ing the rudder from the two ‘main® positions of the actuator, i.e.
selected by the simplest commands thus:

press and hold for right rudder (or left rudder}

press-relegse-press and hold for left rudder {or right rudder)

Two other positions are then available on a 4P actuator, both of
which correspond to (substantially) neutral rudder position. These
positions can be used to close electrical contacts when "held’.
Pressrelegse-press-relegse-press and hold would show close one set of
auxiliary contacts, operating a second actuator,
Fress-release-press-relegse-press-refease-press and hofd would close
another set of auxiliary contacts, operating a third actuator,

I'nere is also the possibility of incorporating 'quick-blip switching as
well, to operate a fourth actuator,

Oine of these actuators would normally be used for drive motor
switching {e.g. ahead-stop-astern) using a 3P actuator, 1t is preferable
that this control be caslly signalled, particularly as it is worked on a
sequence basis, and so this would best be allocated o the “guick-blip
signal (selecting a type of main actuator which provides this facility).

Two other actuators are then available for operating additional
services, and again each can provide further sequences. A 3P actuator,
for example, can switch either of two additional circuits in a sequence
of A on—both off—B on—both off—A on, etc. ( figure 18.72). It is even
A possible to provide further cascading to use the A or B actuators to

i e switch two more circuits in each case, further extending the services
| - available from a single single-channel system. The difficulty, of course,
i that signalling a particular service can be extremely cumbersome, and
T T— sequences may readily be lost’. Thus ancillary services provided by
18,12 Linking additlonal services via cascading actuators shouid be those which do not affect the control or
socondary actuators. safely of the boat. It does not really matter if a séquence s 'lost’ and
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the command given raises or lowers a flag instead of blowing a siren, for
instanco.

Another problem can arise with extension or sequence switching.
Using motorised actuators, a signal must be held for a certain time in
order for the actuator circuit to remain complete during the full transit
time of the actuator, otherwise the required movement will not be
completed. To operate a motorised actuator from a "quick blip signal,
or any signal which Is momentary rather than held, a form of hold or
delay must be incorporated in the actuator circuit.

One way of doing this is to switch the actuator circuit through a
slugged relay which has a delayed release or suitable period. The relay
coil is connected to the command switching contacts, pulling the relay
armature in when these contacts are closed, On release of signal the
relay coll circuit is broken by the switching contacts opening, but the
relay armature remains pulled in by residual magnetism for a further
period of time, eventually releasing as the magnetism decays. Provided
the delay time is suitable, the actuator circult taken through the relay
contacts thus remains closed far the transit time of the actuator (figure
18.13).

Electronic delay circuits can also be used, and molos jsed actuators
designed for 'quick-blip’ response narmally have such circuits built in.

Switching circuits included on the main actuator may have to wiork
through a relay, rather than directly 1o close a secondary actuator (or
mator) circuit, Simple built-in switching contacts generally have a
maximum current rating of about 2 amps, and may be less, |f the
actuator switched by these contacts draws a higher current, the
contacts will be overloaded. A relay enables the higher current circuit
aof an actuator to be ‘isolated from the contact eircuit which then only
has to carry enough current to operate the relay (Fgure 18.14].

Single-channel escapements can also be used directly as switchers
(figure 18.15). An advantage here is that an escapement mo wement s
rapid, and so it will readily trip fram one position to the next on a
momentary or ‘blip' signal, eliminating any need Tor a delay relay or
delay circuit, if the switching conlacts control a motorised actuator, or
electric motor. Again, however, it may be necessary to swilch a motor-
ised actuator circuit through a relay.

Twin switching circuits can, of course, be used 1o control a multi
chanmel actuator by providing the necessary reversal of current direc-
tion on alternate signals, In this respect the circuit is similar Lo that
ised for drive motor switching (figure 18 16).

Anather system favoured for the extension of control services with
single-channel operation is Lo use one switching facility on the main
actuator to control a sequence switcher. This can provide multiple
switched outlets for operating ancillary services 1, 2, 3, 4 etc. in
sequence (figure 18, 7). Thus starting from an 'off' position {switching
position not connected Lo anything) the first command signal for the
switcher will complete the circuit for service 1, the next signal will
complete the circuit for sei vice 2, and so on. Again a delay relay {or
delay circuit) may be needed for ‘blip’ signalling.
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Simple radio installation in a small
cruiser-y pe hull, Electric drive motor
i seen amidships, with switching servo
alongside, Rudder servo i seen in open
haich section afi.

Tiny electric motors ke this with
lug-on gearboxes are wery wseful for
powering ancillary servicei

Example of 3P actuator fitted with
microswitches. A nuember of actuator
manufacturer aller these "add on'
SWilLCIves,
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This system is generally superior to cascading actuators to provide
ancillary services, although the construetion of a suitable sequence
swilcher may be beyond the ability of many moedellers. Virtually
nothing is available in the commercial field, although some special
boat-Lype main actuators do have a system of built-in sequence
switches.

Selection of a particular sequence position is simplified by the use of
a bleep box on the transmitter, which can also be fitted with a tele
phone-type dial. Theoretically, at least, the operator has only to dial
the sequence number required, when the bleep box will transmit the
necessary number of command signals to step the sequence switcher
round to this position. In practice, such a system can prove fallible,
with frequent loss of sequence and difficulty of re-positioning to
restore the sequence position of the switcher to correspond to that of
the transmitter control

All multiple control systems derived from simple single-channe
working, in fact, have this element of fallibility,




What Is basically a progressive-type
‘multl' servo can alio be used on
single-channel pulse proportional.

A remavable deck section s always
aidvisable 1o obtain ready access to the
radbe and battery installation on a
boar. Make sure that such hatches or
opunings are watertight when the
bl 1s assermbled.

Pulse proportional controls

Pulse praoportional derived from single-channel equipment has proved
quite successful on small model power boats with electric drive motors.
The pulse-proportional actuator provides direct and reasonably propor-
tional rudder movement, and can also incorparate switching facilities
for electric drive motor switching.

The two main limitations of pulse proportional rudder control are
(1} that the current drain in the actuator motor circuit is high, and the
actuator is working under rather drastic load conditions which can
result in a relatively short life; and (2) that actual rudder movement can
be aftected greatly by the water load. The latter usually means that
positioning is far less ‘proportional’ to contral-stick movement than in
aircraft installations using the same system. Otherwise the system ls
essentially the same as that described in Chapter 8.

Because of the relatively low actuator power available, and the
continual oscillatory movement of the rudder, pulse proporticnal
control is not suitable for larger high speed boats, e.g. those powered by
internal combustion engines. |1 is suitable for smaller electric powered
boats, particularly those which are slow speed Types,

Muiti-channel systems

Multi-channel systems have a considerable attraction for boat controls,
even though ‘proportional’ rudder control is not possible. This is
because the switching outputs provided by a multi-channel reed bank
provide more versatility than rue proportional systems for the opera-
tion of ancillary services, As with aircraft systems, however, they are
not as good as true proportional contrals for operation of the main
functional control rudder.

For rudder control, the choice lies between using a progressive
multi-serva, or 2 ‘bang-bang’ type with self-centring on release of signal.
Progressive control may be preferred for slow moving boats, but an 5{N




servo [s almost invariably used for rudder control on faster models.

Motor speed control can be operated by a further channel (i.e.
worked like a single-channel system); or by two additional channels.
Thus 3-channel multi can provide complete functional control; but
4-channel is to be preferred on high speed models since this will also
fintiery make the motor speed control fully positionable {see also Chapter 12).
The power available from a motorised servo, together with the
18.17 Warlable motor speed control ?lrc[i“ I:righl or left) movement u!' A progreasive type multiservo can
from a potentiometer driven by a introduce advantages for electric drive motor control, For example,
progrissive of proportional serva, instead of a fixed value dropping resistor for speed control the servo

can be used Lo drive a potentiometer for fully variable speed contral,

This can be a fully mechanical system (figure 18.77); or incorporate an
—— electric switching circuit (figure 18.18), for infinitely variable speed
contral,

Additional channels available can be used to improve the quality of
functional control. In many respocts the use of a progressive servo for
rudder control is superior since it enables different degrees of turn to be
selectied by “inching’ movements of the control stick, rather than by
'pulsing’ the signal, The main limitation of the system is the lack of
self-centring or return to neutral rudder position for straight steering, or
recovery from over-control. With an additional channel available it is
possible 1o add self-centring to a progressive servo, by the addition of

oherd o e

Fe gl o

Triss ibie

. - the switching circuit shown in figure 18.79. Operation of the third
18,18 Simple chectronic switcher channel will complete the switching circuit, which will then drive the
circuit. servo motor to & central position and automatically switch ofT.

With only a 3-channel cutfit, this system may be preferred, sacri-
ficing motor control, A 4-channel outfit would enable self-centring
Crannes 1 mudder (o be incorporated, and sequence operation of motor contral.
An alternative use of 4-channels for functional control is to employ
both pairs of channels for rudder control via §/N servos. These can be
Pmcrsaive linked in a similar manner to an aircraft trim control, one servo provi-
bk ding small rudder movement and the other a larger movement (figure
18.20). Thus two degrees of turn can be immediately selected in either

11—

ey (SHe direction—a shallow turn and a steep turn, It is also possible to use the
Ftyaery two servo movements o give ‘sum' and difference’ rudder pasitions,
1819 Thise chanvie] apetation of making four selectable rudder positions on each side. This should
progressive serva for self-centering. provide more than adequate flexibility of rudder control, with every
| position self-centring on release of signal(s). The main difference with

sum’ and “difference”’ working is that for intermediate rudder poOsitions
sot by ‘difference’ the two rudder controf sticks must be moved in
opposite directions, which is not a natural form of control movement.
Instead of providing a “trim’' movement, the rudder may be split so
that one part is operated by one actuator and the ather part by the
O - second actuator. Split rudders can be operated separately to provide
different degrees of turn; simultaneously to provide a minimum radius

Chareal & Yarve 3

| turn; and in opposition to produce a shallow turn,

! Iﬁcliiu l.l'leI:rIf t"r'"' """"":'L[“‘ "‘”Ij:"" The main advantage of a 4-channel rudder control system over a

| - n . ! ;
gt gy st S 3-channel working of rudder is that the need for special contacts and
trim' movement. maodification of the reed bank circuit is avoided,
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18.22 Electromic latching clrcuit with
relay For output switcking.

On the above basis, a 5 or 6-channel system will provide the best
coverage of functional control requirements with multi working, the
additional channel{s) being allocated to motor control,

Additional services

Similar considerations apply as in the case of single-channel controls,
The main functional controls—rudder and motor control—should be
independent of any additional services which are 1o be provided. Thus
rudder and motor control should always be operated by separate
channels, and only spare’ channels left over in the autfit used Tor
ancillary controls and services, Eoch 'spare’ channel can then be used Lo
operate an individual service on the basis of single-channel operation
{i.e. via a single-channel actuator); or pafrs of channels can be used to
operate additional services via multi-channe| servos. The former
ohviously doubled the number of separate services available. The
number of services can be further increased by cascading or sequence
switching, applied to a single channel. The more one departs from
conventional ‘multi' working, i.e. two channels controlling one mutli
servo—however, the more one loses the basic advantage of “multi’ over
single-channel in providing direct and selective switching in response 1o
the command signal.

Relay katching

Multi-channel reed outputs readily enable the relays operated by
individual reeds to be ketched or held in, following a momentary signal.
To achieve this a slave relay is introduced into the circuit embracing a
pair of reeds and their respective switching relays (figure 18.217), Opera-
tion of reed | pulls in relay 1, closing its cONtacts Lo eNergise the slave relay.

The slave relay contacts now complete a circuit through the dlave
relay coil and rely 2 contacts, so that on cessation of the command signal
when relay 1 is de-energised, the slave relay continues to hold in,
Operation of reed 2 will energise relay 2, breaking the slave ralay coil
circuit. Thus a signal on channel 1 latches the slave relay which is only
released by the appearance of a signal on channel 2.

siote that it is the slave relay which acts as the ‘switch’ for the actuator
circuit, The slave relay must therefore have two sets of contacts (one
for ‘latching' and the other switching the actuator circuit).

In the case of a relayless reed receiver a similar latching action can be
nrovided electronically, using a circuit of the type shown in figure 18.22

Such circuits are relatively simple to construct, mounting the
companents on a small Paxolin panel. Almost any type of AF transistor
is suitable,




Diesels or glow motors are more
powerful than slectric motors and so
the usual choloe for fast powerboats.
Starring Is done by a cord, passed
around the groove i Lhe My wheel of
the enging,

Model yachts are a fascinating subject
for proporitional controd, covering Both
steering and sail seiting.

FProportional controls

Little need be said about proportional systems other than the obviows
fact that they provide a superior type of rudder control 1o all other
systems. Thus 2 'l + ' proportional cutfit can provide complete rudder
control, plus an additional control for single-channel working,

Proportional servos are invariably matched to a particular receiver,
and choice is usually restricted to a single ‘aircraft’ type, which provides
mechanical output movement, although alternative rotary and push-pull
movements may be available, Ancillary services, therefore, normally
have to be operated by mechanical switches worked by the servo
output. There is little scope for adapting, or constructing, proportional
servos incorporaling special switching functions, except by a very
expericnced radio modeller,

A limited number of proportional servos matched to specific com
mercial systems are, however, available for switching services, These are
intended to be used instead of “aircraft type’ servos commanded by one
of the system functions, e.g. to provide fully proportional electric drive
moter speed control, in both directions, and stop.

RyC Yachis

There is really no substitute for proportional rudder control on a model
yacht. Single channel or 5/N multl-rudder control is largely restricted to
producing major changes in course, ¢.g. from one tack to another,
Frogressive rudder control is probably better, using multi, since this



does provide the more continual requirement of the directional

control of a model vacht, i.e. ‘trimming” the rudder 1o a suitable
position, If additional channels are available, then the best arrangement
is to combine a 5/N or progressive servo for rudder control with a
progressive servo to give trim. This will give the nearest approach 1o
proportional control, but will require four channels to achieve, Simple
pulse proportional rudder control is generally unsuitable, because of the
rudder loads Involved on a fast sailing vacht.

Rudder control can be allied to ‘automatic” sail trimming control
operated by a vane mechanism, although this is really a hall-and-hall
solution. For complete functional control, sheet hauling needs to be
added to rudder contral.

g Al sheet hauling systems are based on the same principle. |ib and
maln sheets are taken to a mechanical movement which either pulls in
the sheets, or allows the sheets to pull out under the pressure on the

| sails (Figure 18.23). The actual movement of each boom is controlled by
f the distance between the pivoting point and the attachment point of

/ the winch, Thus if A is longer than B, the main boom would have more
f movement than the jib boom, following a movement of the controlling
mechanism, and vice versa. |n practice it is generilly found best Lo
make these lengths identical {i.e. A = B), so that cach sail has the same
amount of movement. This is not the invariable rule, however,

Another system which has found some favour in America is shown in
figure 1524, Here jib and main sheels are connected together and mn
over a pulley. This pulley is carried by the sheeting movement. Mainsail
and jib sELLings are now fautomatically’ variable at any particular
setting. Thus an increase in wind pressure on the mainsail will tend Lo
pull in the jib; and a decrease in mainsail pressure will set the jib more
18,24 With this sheet hauling system, freely. This is known as a self-adjusting sail system. It is suitable for
jib and malnsall settings adjust g, ; ; H i e r
AT PR simple’ sailing, but has severe limitations for racing or serious sailing.

One of the simplest forms of sheet-hauling actuators is an electric
motor driven winch. Because of the inherent high running speed of
small electric motors reduction gearing is necessary to arrive at a
practical winch speed. This will also have the advantage of multiplying
the torque available from the motor. To haul in sheets on a larger yacht
mity Lake a pull force of as much as 10 pounds in a strong breeze.
Transit time is not particularly important and can be as high as 10
seconds, If necessary, although 5-6 seconds is usually quoted as an
optimum figure.

A further requirement is that the system be rigid. That is, wind
pressure on the sails cannot 'drive’ the actuator and so alter the sheet
positions. A high reduction gearing will usually provide suitable irre-
versibility in the motion; and the use of a worm gear one stage in the
train will virtually ensure complete irreversibility.

Winch-type actuators can be made from small electric motors fitted
with suitable reduction gearing simply by attaching 2 drum to the
mator outpul spindle. The drive needs to be progressive, and reversible,
gither by switching in the case of command by a single control channel;
or directly selected by 2-channel multl or a single proportional

18.73 Haslc gheet hauling system.
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function. To prevent the motor stalling when reaching either end of its
movement, the motor must also have a slipping clutch, or the motor
circuit be fitted with limit switches which automatically switch off at
the end of the movement {as with a progressive multi-servo, for
example). Only limit switching will provide the necessary rigidity for a
larger vacht. A slipping clutch might be acceptable in the case of a small
yacht, but will still have to be set fairly tight. Thus the motor will
probably be nearstalled at the end of its motion, drawing high current
until the motor circuit is broken by release of the command signal,

The advantage of a sail winch is that it can be installed neatly, with
the motor below deck and only the winch above deck. It also lends
itself to differential movements by using drums of different diameters
for the jib and main sheets, mounted on the same spindle. The motor
can be switched by a 3P progressive actuator, in the manner previously
described for electric drive motor control,

An altermative system based on a motor is shown in fgore 78,25, The
motor drives a threaded rod, on which is mounted a traveller arm.
Rotation of the threaded rod in one direction causes the traveller to
move ong wiy along the rod; and opposite rotation produces movement
in the other direction. Movement of the traveller thus provides a
push-pull motion for sheet hauling, the sheets being attached Lo the free
end of the traveller. Again the sysiem can be installed below deck, with
either the traveller arm emerging through a slot in the deck (long
enough 1o accommaodate the traveller movement); or drawing the sheets
through a suitable opening in the deck {figure 18.26).

A particular advantage of this system is that, due to the traveller
motion being lincar, “limit switching' is quite easy to arrange. It can be
provided mechanicaily, for example, by turning down the ends of the
threaded rod to form a plain section onto which the traveller runs at
the ends of its travel. The motor can then continue 1o drive under light
load with no further moverment of the traveller, To ensure that the
traveller immediately engages with the threaded rod when the motor
reverses direction of rotation, a light spring can be fitted at each end 1o
keep the traveller *floating’ against the end of the threaded section.

Lever-movernent sheet hauling is another possibility. Here the
push-pull movement is derived by a servo driving a pivoted lever, This
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18.27 Sheet hauling by vertical,
pivated laver.,

1878 Sheet hauling b horizodtal,
pivoled lever mounted on deck,

Anather view of the same model,

showing sheet hauling winch powered
by its awn motor, Rudder actuator is
alongside.

lever can be vertically mounted and pivoted at the bottom, to provide
fore and aft travel through a slot in the deck; or be a horizontal lever,
nominally centre pivoted (figure 18.28). The latter is anolLher type
readily adapted to differential movements.

Arranging the sheet runs to provide the required movements is a
matter of simple geometry. Each sheet is normally led through an eye
mounted on the deck centreline. If both sheets are run directly from
their respective eves to a push-pull movement boom movements will be
in opposition, e.g. hauling in the jib boom will slacken the main sheet,
and vice versa, To produce similar movements—i.e, both booms either
pulling in or moving out—one of the sheet runs will have to be doubled
back s0 that both connect to the same side of the push-pull movement.

Hoal fnstalotions

Dampness is the enemy of electronics—or even simple electrical circuits
_and so radio control Installations in boats require more careful
treatment than given to aircraft. Ideally radio receiver, batteries and
seryos. should be Installed in waterproof compartments; or better still,
in waterproof containers. Failing that, the compartments in which these
components are mounted should at least be splashproof, and free from
the possibility of immersion in bilge water which may collect in the
haull.

The simple method of ‘waterproofing’ the receiver and batteries by
enclosing in polythene bags is often recommended. Such protection can
be made waterproof by taking all wires through the opening of the bag,

then binding this tightly over the wires with a rubber band (figure
18.29). Unfortunately this means bringing the acrial wire out with the
current carrying wires, which is not desirable. Also a completely sealed
packing can cause condensation Lo appear /nside the bag at lower air




Moulded glass Tibre boal hulls save
modellers a ot of time and effort and
are avallablo I a varlery of deslgns and
Sibes.

18,29 The 'clastic’ method of

waterproofing the radio side is b0
enclose the receiver in a poly thene bag.
This iz not always the best method,
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temperatures. This possibility can be eliminated by including a sachet
of silica gel inside the back, or opening the bag to allow it 1o 'breathe
when the model is not in use,

Where adequate space is available, réceiver, batteries and on-off
switch can be fitted inside a waterproof box, packed with foam rubber,
Wiring can be taken through rubber grommets in the side of the box or
preferably terminate in sockets on the side of the box to which external
connection can be made with matching plugs. Plastic boxes are suitable
for such purposes and the lid can be sealed with a binding of polythene
or PYC adhesive tape,

I some cases it may be possible to mount receiver, balteries, swilch
all wiring and acluators in the same walerprool box, tiking the out-put
movements through rubber grommets. All anti-vibration mounting must
then be done inside the box, so that the box itself can be rigidly
mounted 1o ensure positive ling up of the actuator movements, The
particular advantage of such a system is that by incorporating 4 suitible
coupling in the actuator movements outside the box the complete radio
installation can be transferred from one model 1o another, with similars
conliol layouts.

Duite commonly, however, especially on smaller models,; the aciui
bors or servos have 1o be mounted separately. They should be mounted
high enough 1o be clear of any bilge water, and in a positicn where Lhey
can be protected from splash, 1t may be possible 1o provide almost
complete protection with polythene sheeting loosely wrapping the
complete actuator, and forming a closed bag by being bound to the
output movement with a rubber band.

It is possible to produce a completely waterprood installation so that




Gotting ready Tor a speed run with
radio controlled model hydroplane,

if the model sinks, for example, the radio equipment will remain
protected and free from harm whilst the model is recovered. But this s
difficult to achieve, and seldom really necessary for the average radio
controlled boat. The simpler approach is to decide where waler can
splash, or appear inside the hull, during normal operation of the
boat—including lifting in and out of the water—and provide 'water-
proofing’ or ‘splashproofing” against such contingencies.

Rather more stringent precautions are necessary where the boat is
operated in salt water, particularly to avoid dampness collecting inside
the hoat. Salt dampness can have a particularly corrosive effects on
elecirical contacts. Receiver relay contacts and reed bank contacts can
be prot=cted by sealing the complete units with a wrapping of poly-
thene or PVC insulating tape—but actuator switching contacts can
usually only be sealed by complele enclosure,

Commonsense will be a good guide to the best form of installation,
plus practical experience which will inevitably be gained as to how
dampness can affect radio installations, and how to avoid such troubles
next time. The simplest installation is not always the best, as it usually
is in the case of aircraft.
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19 R/C CARS AND
VEHICLES

The application of radio control to model cars and other types of land
vehicles is a Tleld which remained relatively undeveloped up 1o dbout
1970, Prior to that most R/C cars were individually built, powered by
electric motors and fitted out with non-proportional steering and
forward-stop-reverse drive motor control. The availability of propor-
tional radio, however, offered a type of steering and speed control
suitable for high speed car operation. Commercial interest developed
along these lines, producing a range of scale model racing cars powered
by i/c engines (mainly glow motors), and capable of being operated as
free running racers. This saw the start of radio controlled model car
racing as a hobby-sport with an international following, based on a
sophisticated type of model.

Apart from the performance and scale realism, (a high proportion of
all males have fanciful ideas regarding their potential abilities as racing
car drivers!) the attraction of the engine-powered, propartional
controlked model car is that it well catered for on the commercial
markel, Mumerous models are available in complete kit form, reducing
building to mainly a matter of assembly, and component parts and
body shells are available for the builder wishing to start from scratch,
starting with his own ideas on chassls design. Standard proportional
servos can be used for operating the controls, Aircraft type engines are
used for the drive motor, fitted with a flywheel and driving through a
centrifugal clutch and suitable reduction gearing to the driven wheels,
Reduction gearing is essential because of il high running speed of ifc
engines when developing maximum power. The combination of a
throttled (R/C type) engine with a centrifugal clutch offers a complete
motor speed control via 2 conventional proportional (or progressive)
throttle action. At low speeds the centrifugal clutch is disengaged,
allowing the motor to run with drive disconnected (clutch disengaged).
An increase in motor speed will then cause the centrifugal clutch to
engage at a particular speed. The remainder of the throttle range is then
available for variable speed driving (clutch fully engaged over this
range}.

The use of an automatic clutch is generally to be preferred to a
mechanical clutch which reguires the use of a separate controd,
although separately-operated clutch controls have been widely used on
engine-driven model cars.

The cars themselves are usually designed on "Tull size’ engineering
lines, with sprung suspension for the front and rear wheels, and “full
size' geometry for the steering linkages. The steering servo output
movement is coupled to this linkage through some simple form of
shock absorber to avoid side loads on the wheels being transferred
directly to the servo movement. One method of doing this is to mount
the steering servo sideways on the chassis unit between the front
wheels, with the output movement attached to the two steering arms
via springs, which absorb the shock loads. A spreader bar can then be
added to interconnect the steering links and keep the steering system
rigid.,

The third function reguired for ‘complete’ control is braking,
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Typical prefabricated kit for a radia
controlled race car,

198

Although the speed of the car can be controlled to a lirge extent by the
throttle, closing the throttle oo far would make the centrifugal clutch
disengage and remove the "engine braking' effect. Thus a mechanical
brake is desirable. This can be a simple friction type, fitted to either
pair of wheels {or even all four, if felt necessary ). The effect of
mechanical braking will vary with the speed and weight of the model
ard the tvpe of surface over which it is running. Brakes, even propor-
tionally operated, are generally the least effective of the controls,
rormally producing locked wheels and skidding it high speeds on
smooth surfaces,

‘Complete’ control coverage can thus be given by a "2 + | propor-
tional syster; or a "3-function’ system can provide proportional
braking. Brakes can also be made available on a “2-function’ system by
using mechanical coupling to the throttle movement, Low speed
throttle also pulls on the brakes. There are advantages of having brakes
available as a separate control to throttle, however, for high speed
driving.

Most of the earlier high speed R/C cars were relatively heavy, and
sturdily constructed, weight being thought necessary to keep the rear
drive wheels on the ground for good traction. Betler performance is,
however, usually achieved with lighter car weights, although the
resulting construction is then more prone to crash damazge, |he
'mortality risk”’ of a high speed R/C car, in fact, is something on a par
with high speed T/C aircraft, demanding considerable skill and fast
reactions an the part of the driver’ o avoad,

Simpler car models

The simpler car models are based on electric motor drives, aften
installed in plastic car models of suitable size or on scratch-built chassis
units or ‘pans’ with plastic or wood body shells, Electric motors are
simple to install in a small space, with the necessary reduction gearing,
clean-running and easy 1o switch for stop-go, or forward-stop-reverse
{see Chapter 18}, Variable motor speed control 15 nol necessary, nor in
fact is proportional steering on a slow-speed car or land vehicle, Thus
single-channel working is readily possible, selecting a suitable ‘safe’
runming specd Tor the vehicle by the reduction ratio used,

The simplest single-channel system employs a motorised actuator for
moving the steering, providing either right or left turns, self-centring to
neutral [straight running) on release of signal. The addition of a second
actuator operated by a “third position’ signal (preferably ‘quick-blip')
can then give the following alternative ‘speed’ controls, depending on
the type of switching used:

(1) on or off, i.e. stop and go

(2] forward—stop—reverse [with reduced speed in reverse if desired,
See Chapter 18)

(3) fast forward-slow forward-stop (using a 3P actuator but sacrificing
‘reverse’ in favour of an intermediate position giving reduced motor

speed).




Pit scene at a model BJC car meeting.

Such models generally have a limited interest, although they are
useful for demonstration purposes. Commercial models of this type are
also produced in ‘ready-to-go” form, asa sophisticated type of toy.
Individual builders working with single-channel radio are normally
inclined to go further, They may extend speed control by utilising a
sequence switcher for the secondary actuator, integrating power and
steering, or aim for proportional steering using a single-channel pulse
proportional system with a suitable actuator.

Non-proportional “multi’

Multi-channel radio offers considerably more scope and extends control
possibilities to engine powered cars, for which single-channel systems
are basically unsuited. Multi-channel systems, however, are still not
suitable for adeguate control of high speed racing cars. There is no
substitute for proportional in this class.

A 4-channel "multi’ system represents a minimum requirement,
controlling two servos. One servo can then control steel ing and the
other servo motor switching {in the case of electric motor drive), or
throttle (in the case of an ijc engine). The use of a centrifugal clutch in
the latter case eliminates the need for a further channel to operate a
mechanical clutch.

Either 'bang-bang' or progressive servo movement can be used Lo
operate the steering of an electric-powered vehicle. The choice depends
largely on the type and scope of model, and which proves mosl success-
ful at the speed at which the model operates. Selecting a type of servo
which can work either with a self-centring or progressive action with a
simple modification of wiring (see Chapter 9], enables both types of
control to be tried out and compared.
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On slow-moving electric-powered vehicles, multi-channel radio can be
worked on individual channels, each commanding a single channel
actuator, This whilst it is desirable that steering be on "direct’
command, allocating two channels to control a multi servo, all the
other channels available can be used separately for individual
commands, &8,
channel 3 molor sequence switching for "speed’ control
channel 4 switch lights on-off
channel 5 horn on-off
and w0 on.

The more complicated the control system planned, the more space
will be at a premium to locate the necessary actuators etc. The body of
the vehicle will also have to accommodate the receiver and receiver
batteries; and drive motor batteries in the case of an eélectricspowened
car, Some space saving is usually possible in the latter case by adopting
nickel-cadmium accumulators instead of lead-acid accumulataors, which
are the normal choice for powering larger, electric-drive motors.
Installation requirements are otherwise similar to those described for
aircraft for wiring up elc., except that a fuse may be advisable in all
glectric motor circuits to give protection against potentially damaging
high currents which might be produced by mechanical overload, This
applies both to the drive motor and servo motors, as both drive maotion
and servo movements are more likely to be subject to heavy loads, or
stalling by physical obstruction, than on other types of radio controlled
models.

Perhaps a radio controlled car is even
maore Ffun when it is an amphibian|
Radio Moddeler photo,
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Mosi modern radio control equipment
s powered by nickel-cadmism sealed
accumulators. A matching charger is
needed to re-charge at regular Intervals.




20 BATTERIES

Wolle

Tims

0.1 Comparative performance of a
dry call on high discharge {A); dry ceil
on lower cument drain [B): and a
nickel-cadmium battery under high
current drain (C).

0.2 Cut-away diagram of a
button-type nickal-cadmium cell,

All modern radio control units employ transistor circuits working off a
low voltage supply (e-g., typleally, 9 volts for transmittersand 3 to 6
volts for receivers). Choice of type of battery then lies between dry
cells (dry batteries); and rechargeable batteries or nickel-cadmium
accumulators, In the case of simple single-channel systems, dry batteries
may be preferred as offering an economy in initial cost, and installed
weight—pencells, for example, being a typlcal choice for receiver/
actuator batteries. The higher current drain of motorised acluators,
however, favours the use of accumulators, and with multiple-channel
systems, employing several servos, the use of nickel-cadmium accumu-
lators is virtually standard. Nobody operating proportional radio, for
example, would normally consider using dry batteries, either for the
receiver supply or for the transmitter.

Nickal-codmium accumulators

Nickel-cadmium batteries are commaonly known as "DEAC's', this being
the name of the type originally manufactured. A number of other
manufacturers now produce nickel-cadmium batteries of virtually
identical type and size. The type normally used for radia comtrol
installations are the so-called button cells, in the shape of a flat disc.
Each cell has a nominal voltage of 1,2 volts {compared with the 1.5
volts per cell of a dry battery), This is their only disadvantage compared
with dry batteries: a greater number of individual cells have to be
connecled together to produce a higher voltage battery, They also cost
considerably more than dry batteries, but this is nol necessarily a
disadvantage since a nickel-cadmium battery I8 rechargeable and has an
almost indefinite life with normal usage.

The specific advantages of nickel-cadmium batteries are:
(1) the discharge voltage is substantially constant, regardiess of load,
and remains constant up 1o the point where the battery has reached the
point of being almost completely discharged. This is quite different 1o
the discharge characteristics of a dry battery, where discharge voltage
can vary with both time and load (see figure 20, 7).
{2) The battery can meet high current drains without suffering the
‘voltage drop’ associated with a dry cell. This does not apply to all
nickel-cadmium batteries, howewer, Some are designed for low current
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Silver-inc accumulator (left] and
lead-acid accumulators are the normal
choice for batterles for drive motors on
electric-powered oats. They are not
used & radio batieries.

working, giving long discharge times. This is usually specified by the
manufacturers. In the case of DEAC's, type DK is for low currents and
type DKZ for high currents. Thus type DKZ only would be suitable for
radio control installations.

{3) Each cell is fully sealed and is shockproof as well as leakproof, The
constitvents do not deteriorate with time, so no maintenance is
required other than recharging at necessary intervals,

The capacity of button-type cells ranges from about 0.1 ampere-
hours up to about 1.75 ampere-hours, according to size, The two
favoured sizes are the DEAC 225 (or near equivalent in other makes),
and the DEAC 500 (or equivalent), of 0.225 and 0.5 ampere-hours
capacity, respectively. These cover the needs of most transmitters and
receivers, although if larger capacity batteries are required for trans-
mitters, cylindrical celis may be preferable,

Button cells are available as single cells, or as made-up batteries
comprising two, three or more cells welded together with series connec-
tion, Thus equivalent battery voltages are:

no, of cells 2 i 4 5 B 7 8
voltage 24 36 48 60 72 B4 96

Most modern transmitter and recelver circuits, and actuators, are
designed Lo operate with one of these "standard’ voltages.

Rechorging

Battery chargers are normally designed to plug into the AC mains

supply and incorporate a transformer to step down the charging voltage
to the level required to match the battery, plus a rectifier to change the
AL current to DC when applied across the terminals of the battery. The




Battery chargers are inexpensive,
reflablo units, plugging inte miaimns
eleciricity.

Chargers aften provide a range of
differeni charging rales to match
different battery sizes—in this case
DEAC's in thres sives, and voltages
froem 2.4 to 12,

optimum “charging voltage’ in the case of nickel-cadmium batteries s
about 2.4 volts per cell {in the battery). However, it is also necessary (o
include a resistor in the circuit to limit the charging current. The
recommended charging current, in amps, is found by dividing the
ampere-hour capacity of the cell by 10, Multiply this figure by 1000 o
convert to milliamps. Thus a ‘225" size cell, with a capacity of 0.225
ampere-hours, would require a charging current of 0.225 + 10 = 0.0225
amps or 22.5 milliamps.

The time to complete a charge, starting with a fully discharged
battery, is then 14 hours. Howewver, batteries are never fully discharged
in use. They are always recharged before they have reached their ‘end
point’ where voltage drops off rapidly, to avoid this possibility of
abrupt battery failure in use. It is thus difficult to decide how much
charge a ‘partially discharged’ battery requires as there is no ready
means of deciding how much of the capacity has been used up.

Fortunately this question is not as difficult as it appears. At the
charging rate specified a nickel-cadmium battery can safely accepl a
100 per cent overcharge, e.g. charging for 28 hours. Thus a Tull 14 hour
charge can be given to a battery which is known to be fairly well dis
charged: or say a 10 hour charge to one when not extensively used,

Once fully charged a nickel-cadmium battery will hold its charge, but
suffer a loss of capacity of the order of 5 per cent per week. Normally,
therefore, batteries are best charged up a day or so before required for
use; and if net used for a week or so after being charged, a short
recharge can be given to make up for the likely capacity loss. Allow a
10 per cent capacity loss in this case, 1o be on the safe side, for estimat-
ing recharge time,

Nickel-cadmium batteries can be charged at higher rates than that
specified, with a corresponding shortening of charging time reguired.
However, charging time now becomes more critical, as overcharging can
generate sufficient internal heat to warp and permanently damage the
internal members, and even cause the casing to swell. Charging currents
of up to 20 times the recommended rate can be used in an emergency,
for rapid charge-—and this can even be done direct from a large lead-acid
accumulator of sufficient voltage, Both a variable resistor and an
ammeter should be included in the circuit to check that this maximum
current is not exceeded, and the charging time limited. Charging should
be stopped at once if the battery shows signs of serious overheating.

Suitable chargers for nickel-cadmium batteries of standard voliages
are readily available, and are quite inexpensive, Such chargers simply
plug into the AC mains, with different outlet terminals (or switching)
for connecting to different sizes of nickel-cadmium batteries at recom-
mended charging currents. These are normally quite foolprootin
operation, and very reliable.
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20.3 Laver type carbon-zinc baiery.
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204 Example of a battery bax
designed to take four pencells. The
ierminals are connecied (o & wiring

LFTEELN

206

Dy batteries

The most popular size of small dry battery for simple single-channel
radic installations s the percell (L2 or equivalent). These are besl
fitted in proprietary battery boxes, desined to accommodate two,
three or four cells, giving 3, 4.5 or 6 volt batteries, respectively |Figure
20.4). This avoids having to solder on wires (o connect two o more
cells i series o make up a battery pack,

Dy cells are made in two basic types: "standard” and “high power’
the latter normally designated by "HP', (e.g. HP12 instead of U121, The
'HP" cell has a far superior perfarmance to a ‘standard’ cell where
currcnt drain is Tairly high, and is thus always preferred for radio
control work. The 'HP cell is also made with leakproof construction
I'hat is, the casing will not be eaten through, allowing the comosive
contents 1o coze outl, as can all oo easily happen 1o an ordinary dry
cell which i5 left in situ and lorgotten

Where dry cells are used Tor the receiver the ather golden rule is that
now, resh cells should always be used at the start of each day's
working. IT fairly lengthy Mights are involved, it may even be advisable
o change dry batteries after every flight, Once used, all such dry
batteries should be discarded for future radio operation. They are not
necessarily useless, however. [ here will probably be plenty of capacity
left in them for use in I:-\\ll._!u.,:':.I O v en i a small transestor radio.

The high throw-away rate necessary with dry cells with frequent
radic control aperation is a strong argument in favour of adopling
nickel-cadmium batteries from the start, The same limitation does not
necessarily apply 1o dry batteries used in single-channel transmitters as
here a larger battery can be employed, with a consequently higher
capacity, If the transmitter is not fitted with an indicator showing the
stiate of the battery, battery voltage should be checked periodically.
Measure the voltege across the termimals of the battery with the
transmitier switched on. Once this shows a marked drop Trom the
original voltage, the battery must be changed, Alwaysreplace with the
Ly po of bat lEry -1.|'IL'-:.'|1'|.'“|'.| h-,-' the transmitier manufaciure 5, ds Lhis will
be matched on the current drain of the circuit. A change to another
battery tvpe, even if the same voltage, lor example replacing a PPY
batiery with & PP3 could produce loss of transmitier power and a very
short battery life, The PPD battery is rated for up to 50 milliamps
current drain I:.JI11:| the transmitier clrcult mady actually draw more than
this). The PP3 battery, on the other hand, is nat really suitable fos
current drains much in excess of 10 milliamps, Drawing higher currents
fram it can pull the working voltage right down, and dramatically
reduce battery lite

Certain other types of dry batteries may be considered for radio
control work, particularly in pencell skze, The main one is the alkaline

TR St |.1.Il.lt'r".-'. which offers a miuch greater capacity Tor the same
physical size and less "drop off” of voltage under load. It is more suited
to higher currént drains than even the *HP' battery, and would be a
better choice apart from the Tact that it is considerably more costly and




20.5 Comparison of performance of
standard U2 cefl (A} and high power
HPF2 oell [E:I- Left hand graph shows
conditions of high current drain [cells
discharging through a resistance of 3
ahms for 30 minutes a day). Righo
hand graph shows low curfent draln
application [cells discharging through a
feisiance of 300 dafims lod 2 houd a
day . Beproduced frove Ory Celly and
Barteries, pubiished by Model & Allied
Purbifcadfon,
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again has to be discarded before fully exhausted. Nominal cell voltage is
again 1.5 volts. It will have about eight to ten times the life of &
‘standard’ dry cell under current drains associated with single-channel
receiver circuits; and possibly four to five times the life of an "HP' cell.
The main difficulty is deciding when an alkaling-manganese battery has
reached the end of its reliable life {for radio working). A reasonable
check is 1o measure the voltage across the battery with the receiver
cirguit switched on and ‘triggered’ by a transmitter signal so that it is in
the condition of drawing maximum current. Provided the indicated
battery voltage is greater than 1.1 volts per cell, the battery still has
some "safe’ life left in it

Simple form of multimeter which reads
140, 5@, 350 ar 500 volts, AC or DC;
also three current rangss; and provision
to upe as an ohmmeier,
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Scalé aircrall rypes &re claiming mne
and more interest. Mote dummy
cylinders ol halsa behind engine 1o give
a realistic four-in-line appearance. Bul
praciical modelling leatures are
refzined  like the wings haeld on by
fubber bands. Badio Modeller FIlI'I:-"?.
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21 WORKSHOP NOTES

21.1 Simple *knots” like these are
adequate Tor cable lacing.

Examples of minliture switches. The
chivice availabele s often bewildering.
Choosing the smallest and lightest type
is not always advisahble,

Wiring

Most modern commercial radio control equipment is ‘prewired’,
meaning that all interconnecting leads are already connected to match-
ing plugs and sockets. Connecting up the circuit during installation is
then simply a matter of plugging together the appropriate plugs and
sockets and mistakes are virtually impossible.

Where individual installations are concerned, the same practice
should be followed. All the leads from individual units should be
terminated on multi-pin plugs or sockets, as appropriate, rather than
wired direct between units. This enables individual units to be dis-
connected readily, should this become necessary (Lo remove, for
example, 4 suspected faulty unit for checking, or to substitute a
replacement ), All wiring connections to plug or socket terminals must
be soldered. The use of screw-Ly pe connectors instead is quite
unsatisfactory as these can prove unreliable in service.

One basic rule also applies when wiring to plugs or sockets, Wiring
which carries battery connections should always be connected to
sockets. This will eliminate any chance of shorting the battery circuit
when the plug and socket are not connected.

Plugs ard sockels

A large variety of miniature plugs and sockets are available, most of
which have been specially designed for radio control mode] installa-
tions, These are usually in 3-pin (three connections) size upwards to
T-pin (seven connections). All are 'polarised’ in some manner, making it
impossible to fit the plug and socket together other than in one particu-
lar way, The only real limitation of miniaturised plugs and sockets is
that the individual connection pins are small and close together, and
extreme care may be nesded when saldering the wires in place —really
neat and efficient soldering. Some modellers prefer to use larger plugs
and sockets to avoid this problem,

o .



Meat method of cutting off surplhies
lead lengths when assembling a printed
circult=using nail clippersl

This s the right siee of Iron for normal
iﬁﬂ'ﬂtrlﬁl work, A smaller iron with a
smaller bit would be needed fod
working on crowded printed chrouits.
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Ideally plugs and sockets should be mechanically bound together
once installation is complete, Also plugs and sockets should be
supported, pot lefl to hang free, One solution 15 to mount 2l sockets on
a separate panel, securely mounted in the model. Proprictary servo
trays, designed to accommodate specific types of servos, may have
sockets or socket points incorporated in the length of the tray, A very
straightforward solution for mounting plugs and sockets, and at the
same Lime locking them together, is to fit a bength of servo tape at a
suitable point in the model. Plugs and sockets are then simply pressed
onta the servo type.

Wire sizes

Stranded insulated wire should always be used for circuit wiring, Small
diameter stranded wire is normally designated by two numbers separi-
ted by an oblique. The first number indicates the number of strands
and The second number the diameter of each strand or individual wire
in inches, Thus 12/004 wire would comprise twelve strands of 0,004 in
digmeter wire, in an insulated covering. Recommended sizes for general
wiring are 120004 or 140076, The latter is to be preferred for escape-
ment wiring connections or other low voltage circuits where wiring
resistance must be kepl 1o a minimum.

Insulated wire of this type is readily available in a range of different
insulation colowurs, i.e, red, black, blue, yvellow, white, green, orange,
brown and grey. This enables circuit wiring Lo be colour coded for case
of checking. It is imperative to adopt colour coding for wiring to plugs
and sockets, for example, in order to be sure that the through connec-
tions match,

In addition to single wires, groups of colour-coded wires assembled in
& common outer are also available. These are generally known as cables
and may be round or flat, with up to 9 or 10 individual colour-coded
wires in the cable. The use of cable eliminates the need fior “cabling up’




Multi-pan I:|'|I.l[-i|'|ﬂ-!r|:lik€[ connecions
simphify wiring, bul always use a
recommended type. Bind together for
additional security.

Meat installation with short cable runs
plugging imte sockets on a printed
clrpult mountkng panal.

runs of individual wires by lacings or bindings, but round cabling is not
always convenient to use where individual wires have to be taken out at
different points aleng the cable run. Flat cabling is considerably more
versatile in this respect.

Soldering irons and solder

Miniature electric soldering inons should be used for making all soldered
connections. The heat generated by the bit of an electric iron is
numinally specified by its wattage. A 10or 15 walt iron is generally
suitable for making wiring connections, and is suitable for use with bit
sizes from 3/64 in diameter to 3/16 in diameter, A 25 watt iron is the
largest size that could be used, especially on printed circuil panels. On
the other hand, a small iron is not necessarily the best answer, 1t will
bose its heat rapidly, needing a considerable pause between making
consecutive joints for the bit to heat up again—and there is considerable
danger of producing "dry’ joints if the job is hurried, or not tackled
properly.

Oinly resin-cored solder should be wused, preferably of 60/40 type
which is produced for high guality electrical work. The numbers
designate the tinflead ratio of the solder. The higher the tin content the
lower the melting point of the solder, This means that satisfactory
joints can be produced with a lower bit temperature, reducing the risk
of damage (o companénts through overheating. The difference in
melting point of a 60/40 solder and a 40/60 solder, for example, is 45
degrees C.

The right combination ol mon wattage and bit size can readily be
judged by the time it takes to complete a soldered joint. The iron must
be allowed sufficient time to reach full bit temperature, which can be
judged by the fact that solder applied Lo the tip of the bit will melt
immiediately and Mow over the tip. The time to complete a soldered
joint should then be three or four seconds, no mare, I the joint does
take longer to complete, and has been properly prepared by cleaning as
necessary, then either the iron has not had enough time to heat up, or
the bit is oo small for the joint area involved (i.e. too much heal is
being conducted awiy from the bit, cooling it down), In cither case
poor or ‘dry’ joints will result.




Cupreme examplos of the radio
modellers” art like these may taks
thousands of hours to complete.
Fallure of a small radio component, or
a plug and socket connection which
cowmes apart in flight, could cause a
comipbaie write-alf, Chack—and
me-check—all connections regularty,

Photos. Radio Modelier

212




Toggle-action switch may be for
chrcuits carrying higher currents,

Small electric motor 'power’ drill ks a
hamdy tool Tor driflling printed circwit
pancli. Alwavs use & very sharp drill,
and work with the copper side up.

Lo switches

The choice for an on-off switch lies between a toggle (lever action) and
slide type. General recommendations are that a toggle switch is beiter
for switching higher currents, although it is usually bulkier and heavier
than a slide switch. A slide switch is held 1o be less reliable, although
this depends very much on the individual design of the switch. Slide
switches with a true wiping action have self-cleaning contacts and can
be equally, or even more reliable than toggle switches, Slide switches
are usually preferred.

The main enemies of a switch are vibration and damp or contamina-
tion. Meither type should be susceptible 1o vibration on a model
installation and can be rigidly mounted. To avoid damp or other
contamination to the switch, all switches are best mounted intermally,
with their movement operated by an extension rod taken to the oulside
at a suitable point, This opening can be sealed with a simple grommel.
However on-off switches are successfully mounted emerging from the
outside of a model alrcraft fuselage, and provided the area is not in the
way of engine exhaust spray, seldom seem to give trouble. External
mounting on a boat, on the other hand, is very likely to give trouble as
it is difficult to find a location which is positively free from spray at all
times,

Receivers using a single battery supply need only a single-pole on-of
switch, IF a separate servo battery is involved in the receiver installation
a double-pole on-off switch should be used to switch this second
battery separately, and simultaneously from the one switch,

On older valve circuits both a HT and LT battery are involved.
Theoretically, at least, it is only necessary 1o switch the low tension
battery on-0ff as no current can flow through the high tension circuit
without the low tension supply being present. This is not good practice,
however, since i1 leaves the high tension battery potentially 'live’ and it
could discharge through a circuit fault (e.g. a faulty electrolytic capa-
citor), Since the negative side of both batteries is commaon (.2, conngc-
ted together) a single-pole switch can conveniently be inserted in this
common negative lead. If a separate actuator battery circuit s also to
be switched, then a double pole switch is required. This would be
applicable in receiver circuits only, and valve receivers have long since
ceased to be used for practical radio control installations,
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Allgnment and clearances of wervos, 148
Alkalime-manganese batbery, 206
Alocation of reads, 93 #1 g,
All-tramsisior receivers, 16,41
All-transstor transmitiers, 34, 37 ef seg,
Amateisr Band, 11
American radio conbral Treguencies, 11
Amplitude, 28, B0
Analog proportional , 23, 99, W05
Analog servo, 100, 105
Angled belleranks, 155
Argled hinge line, 151
Anode load, 13
Armaiirs, 23, 61, 189
esfapement, 36 ot seq.
Audio frequencies, 12, 30
Audio tone, 43, 101
Automatic gain control, 45
Automatic stability, 167
Auxiliary contacts, 61, 79

Back contacts, &l
Band width, 101
"Bang-bang' actuators, 119

‘Bang-bang' contral, 57, 109, 118, 123, 187
'Bang-bang" controls for cars, 199
Barred-type throttle, 161, 163, 163, 164
Basic radio link, 9

Basic transmitter, 33

Basle valve transmiltier, 33

Batteries, 14, 15,37, 67,69, 203 o1 seq,
Batteries, centre-tappod , 5, 92

Battery chargers, 205

Battery Installation, 139

Battery pack, 92

Battery performance, comparison of | 207
Batvery troubles, 6%

Wattery woltages, 69

Beicrank movement, 143

Bleed adjustment, 162

Bleep baxes, 62

‘Bllpping', 123

Blocking capacitor, 33

Boat installations, 193 &t seqg,

Boat mator contral, 181 er seg.

Boat secondary services, 184

Boat speed controls, 182 ef seg,

Boats, addithonal services of, 189

Bomb dropping, 128

Bomb redease, 115

Bonding, 145

‘Bottoming”, 38

Bowden cable, 152, 155

Brake actuatlon, 156 |

Cable movermnents, 152

Cabling, 140, 209

Capaclior, 33,47

Capacity tuning, 47

Carrier, 29,43

Carrier wave, 12, 13, 14,21, 30
Cascaded actuators, 63,113
Cascadimg, 186

CG single-channel valve transmiiier, 16
Charging hatteries, 204
Charging DEAC"s, 204 .
Clevis, 151

Clevis fittings, 149 e seq.
Cllmbing turn, 111

Clock circuwil; 102

Clock cyde, 103

Clockwork escapement, 142
Clossd lobp clreuies, 23, 100
Coders, B6

Coherer recelver, 10

Coil design parameters, 48

Caoll, escapement, 56

Coil farmers, 49

Coills, variable inductance, 49
Codour coding, 210
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Command channed, 101
Comparator cireaft, 103
Compound escapement, 59
Control kom, 151 af seg.

Control modes, 148, 149

Lontrol sequence, 58

Control signalling, 58

Contral stick, 323, 125, 133 &1 seq,
Lonirol surface hirnges, 152
Contrals, multi-<channel, 93 #f sag.
Counter, 103

Coupled alleron and rudder, 115, 122
Coupled contrals, 115, 120, 122
Crystal control, 35, 38
Crystal-controllgd transmitter, 35
Crysials, 44

Current amplifier, 20

Current change, 12

CW, 33, 36 i 5eq

Damping, |04

DL blas, 45

DEAC's, 19,133, 139, 202, 203 ef teq,
Dead band, 104

Crecoders, B6, 99

Decoupling controls, 132

Delay circulms, 1R5

Design layout for aircralt, 169
Detector, 30, 31, 43

Dieszl, 159

Differential ailerans, 176

Drifferential bellcranks, 155
DiTerential movement, 95, 155

Digital proportbonal, 34, 99 ¢ geg
LHgital receiver, 100 ¢¢ seag.

Digiral serwa chrowit, 103, 104

Digital systems, 24, 99 of seq., 125 et seg., 133 o1 seq.
[Migital transmiteer, 99 e¢ s, 133 ot smg,
DEhedral, 123, 167

Diade, 43

Dipole aerial, 52

Directional controd, 167

CHstOrksn, 38

Diwing turn, 111

Diriver circuit, 100

Diriver stage, 38

o pping resistor, 182

Drry batteries, 37, 206 #1 se.

st core, 49

Effective length of aerial, 52
ETriciéncy of asriaks, 50

Electric motor contrel, 181 &f teg,
clectric mators, suppression of | 145
Electric powered aircraft, 112
Electrical interference, 68, 69
Electro-magnetic actustors, 55
Electronic delay circuits, 185
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Electronlc pulsers, 7T, E6
Elvctronle switchers, B3, 188
Elevator area, 121
Elevator contrad, 1149
Elevator cantral, single-channel, 112
Elevator ham, 152
Elevator kick movement, 113
Elevator movernent, 121
Elevator proportions, 121, 175
Elewator sarvao, 95
Elewator trim, 119, 121
Encoder, 101
E mp e sres, 159
Equivalent engine sizes, 161
Escaperment, 15, 54, 55, 109
actkan, 56
codll , 56
hold positbons, 59
linkage, 56, 141 et seq,
mator, 55, 65, 143
mduniing, 141
sequence, 5k
speed, 5B
Escapements, 55 ef seq., 141, 185
switching contacts, 60, 185
Etching, 39

‘Fallsafe’ facilities, RS
Fault-linding, simgle=channel, 70
FCC,11

Feedback, 100

Feedback polentiomeler, 23
Five-fune lion proportional, 128
Flap area, 121

Flag linkage, 156

Flap movement, 121, 156

Flap operatlon, 128

Flaperan, 120

Flaps, 119, 121, 155

Foam rubber, 1 3%, 145
Follower circuits, 84

Forked fittings, 149

Former wousnd coils, 49
Fourdfunction proportional, 126, 128
Fourfunction transmitters, 130
Fourpositlon actuater, 113, 184
Four-position sequence, 61
Frequency, 27, 33

F equency pennant, 26

Frise aileron, 177

“Full howse® mulel, 122

Fuselage lengehs, 173

Galloping Ghost, 78, 80, 1,87
actuatar, B3 ef seg
transmitters, 82

Glass fibre, 39

Gliding turn, 111




Glow motor, 159

Harmomics, 19

Helicopter, 13

Herte, 27

High power babieries, 206
Himges, 152 ef g,

Hald positions, escapement, 559
Hold signals, &1

HT, 34

Hybrid circuits, 37, 91

Hybirld receiver, 91

ldiling current, 12 er seg.

IF stapes, 43

IF ransformer, 16

Imching movements, 94

Inad uctance, 47

Indlsctive tuming, 47

In-flght photography, 119, 128
Input pulse, 103

Interference, 134, 151
Intermediate frequency, 43 of seq,
Inter-mod wlation, 101

Inszi ailerons, 135,176
lron<ored colls; 49

Ispd atlon monenting, 139

joystick configuration, 100
Joystick camtiol, 58

Keepers, 147
Kilck slavator, 113, 142
Kick movement, 113

Lacimy, 203

Layout dimenskons for alrcrafi, 168
Lead-acid sccumulators, 204
Lovel turm, 111
Leversmovemend hauling, 192
Limii switching, 130, 129, 192
Limear output, 65

Limear response, 104
Line-ofsight transmission, 28
Linkapes, 56, 143 ar wa,
Loading coil, 50

Loap, 111

Low wing models, 118

Magnetlc actuators, 55,57, 19
Malin stuator, 63

Main controly, 94

Mhaln Myeng comingds. 125
Manoeuwes, single-channel, 110
Marine englines, 161

Mark detector, 85

Mark space ratin, 22, 75, 79, 87
Master clock, 102

Master oacillavor, 37
Mechanical hinges, 153
Mechanical Hakage, 139
Mechanical pulser, 77
Metal boms, 151
MHz radks bands, 27
Microfarads, 47, 48
Microhenries, 47
Microswitch, 34, 5
Miinfature switchas, 209
Mixer, 43
Miode one proportional, 130
Mode ane, proporilonal transmitter, 130
Mode two proportional, 130
Mode two, proporilenal transmitier, 130
Model boars, 29 30, 179 ef sy,
Model cars, 29, 31, 197 er seq.
Moadel constructhan, 170, 171
Model sires, T6E, 170,172
Model vachis, 190 et seq.
Modulated radio frequency signal, 29
Maodulated signal, 39
Modulaned 1one skgnal, 12
Mod ul ation, 39
Module type units, 101
MOFA, 36 37
Morse key, 10
Motor imterference, 146
Motor speed contral, 111, 142
Motorised actuator, 62, 64, 65, 143 144 146
Movahle controls, 139
Multi<hannal, 10
actuators, 21
dlrcraft controls 119 & seqg.
aireraft design, 123, 172
aircrall proportions, 173
boats, 187 of seg,
controds, 93 er seg.
recelver, 19, 5%
sysiem, Y o1 weg,
transmitter mode, 94
tuming, %6
working, 17, B9 et seg,, 119 1 seg,
Multbmeter, 207
Multiplexed signal, 39
Mislti-servos, 90, 185
‘Mylar' hinge, 153

'MWaviga" courses, 179

'Waviga® radio classes, 179

Meutral drift, 133

MlceEs cadmium batteries, 15, 133, 139, 202, 203
Maoise, 6B, 145, 151

Mosewheel steering, 120, 145, 157

Mylon hinge, 1532

Oin-off switches, 205, 213
On-off switching, 31
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One-function proportionad, 126, 127
Ong-plus-one propertional, 136, 127
Oiperating p ~arthonal, 133 &5 5&q,
Oscillator, 33, 318

Override movemenis, 154
Overshoat, 105

Farachute release, 128

Paxolln, 39, 58, 189

Peak vuning, 50

Pencells, 206

Pennant, 26

Pllot error, 134

Piteh axis, 168

Plastic hinges, 152, 153

Plugs and sockets, 209 211

Poly propylens hinge, 152

Post DTce licence, 11

Potentiometer, 23, 77, 100

Power, 28

Power amplifser, 33

Pre-Night check, 133

Pressbuitton signalling, 61

Fre-wired eguipment, 67

Pro-wined radio units, 140

Preswired receivers, 45

Pre-wired servos, 150

Printed circuft, 43

Printed circuit etching, 39

Printed clrocult pamel, 39,45
Progressive actuator, 113

Progressive escapement, &1

Progresulve servos, 94

Proportional aciuator, 73

Proportional aircralt contrals, 125 er seq,
Froporthonal controd, 8, 10, 22, 99 of seq., 133 ot seq,
Proportienal controls of boats, 190 et sag,
Proportional elevator, B1

Proportional receiver Taults, 134
Propaoctional rudder, 81

Proportional servo faults, 134
Proportional servos, 21, 99 &f seq., 106
Proportional signals, 103

Propertional systems, 24, 99 of seq,
Propoctional transmitter, 24, 106
Pulse actuator, 75

Pulse generator, 103

Pulse omission coder, BG

Pulse omission deieciors, &5

Pulse proportional , 74 &1 seq., 80

Mulse proportional actuators, 78 21 saq.
Pulse proportkonal controls for boats, 187
Pulse rate, T4 ef ség.

Pulse sharing, 102

Pulse switch, 140

Pulse trandmiltters, 76

Pulse triggering, 102

Pulse widths, 22 103
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Pulsed tone signal 101

Pulser, 76, 82,83

Pulsing, 22

Push rod, 147

Push-pull oscillator, 34
Push-pull output, 63

Pyush=pull valve transmitter, 35

‘Quick-blip’ signalling, 60,61, 111

Racing model cars, 197
Radlathon pattemn, 29, 52
Radio contrel airship, 10
Radio controd licence, 11
Radin controlled boats, 17% 1 seg,
Kadio controlied cars, 197 ef f&g,
Radio frequency choke, 33
Radio frequency specirum, 7
Radio waves, speed of | 27
Raked bellcranks, 155
Raked contral harns, 151
Rand LRI actuator, E2
Range, 29, 52,67, 68
check, 37
lack of , 659
Ratchel braking, &0
RJC engines, 159 e seg,
Receiver, 2,12, 78
aerial, 46, 53
component layout, 42
Taults, 71 &1 seq.
Irstallation, 25, 1349
for boais, 193
protection, 194
wirkng, 141
Recharging batterles, 204 «t 5o,
Reed adjustment, B6, 27
Reed bank, 18, 89,92
Reed bank, mounting, 95
Reed banks, current values, 20
Reed circuit, 19, 20
Reed contacts, 19
Reed equipment, 119
Reed recelver, 91 erf =g,
Reed switching, 90 ef sag.
Reeds, 18, 90 #f seq.
ablocation of, 93
Reference pulse, 103
Reference pulse generator, 103
Relay, 12, 14, 19,23 84
contacts, 19, 70
faulis, 71 ef seq.
followers, 84 et seq.
latching, 1HY &t seq.
receiver, G0, ol sr SEL.
dave, THS
sugged, 185
Relayless operation, 20




Kelayloss receiver, 14, 15, 16, 41 45
Repetition rate, 104

Resksior, 33

Resonant aerial lengths, 50
Resonant frequency, 18, 30, 47
Retractable wndercarriages, 147
RF, 30

RF frequency , 44

RF oscillatar, 33,96

RF output, 50

RF signal, 9,12, 29

RF wave, 28

Rigging Incidence, 123, 174
Rigid tuning coils, 49

Rocking arm linkage, 57

Roli, 111

Rall axis, 16l

Rotery arm output, 65

Rotary disc output, 65

Rudder area, 121

B udder contral, 56, 109, 119
Rudder linkages, 147

R udder movernent, 121
Rudder-aonly model, 167 #f 5.
LA B T prumrlluns, 1375
Rudder serva, 57,95

Rudder trim, 121

Sail trimming, 191

Sall winch, 191

Secondary actuator, 60,61, 112
Secondary escapement, 142
Seleclive actuators, 21, 109
Selective escapement, 59

Selective response, 90

Selectivity, 16,43

Self-adjusting push rod, 154
Self<entering actiator, 22
Self=cenlering controls, 125
Self-neutralising actuator, 57 &1 seq.
Sensiilve relay, 12, 14, 19, 23, 84
Senditivity, 67

Sequence signalling, 58

Seguence swiicher, 183

Servo allocation, 94

Servo installation, 144

Servo layout, 95

Servo linkage arrangements, 145
Serva motar, 104

Servo fape, 145

Servo tray, 144, 149

Sewn hinge, 152

Shaet hauling, 191

Shortaange check, B9

Silica gel, 194

Silwer-zinc barteries, 204
yimultaneows operation, 270, 93, 99 £f seq.
Single-channel, 10 of seg., 33 of sog., 49 er spg., 6B of seg,

aircralt design, 123 ot seq.

poat controls, 180 ef seq.

muodel construction, 170

operatlon, 68 er seg.

proportional, 74 of seq.

rocelvers 41

troubleshooting, 71

slgnallimg, 21

tone transmitter, 38

transmitters, 33

tmouble-shooting, 72

six-function proportional, 128
Slave relay, 185
SHde switches, 213
Slow-mowing vehicies, 200
Slow runnlng, 162
5iugged relay, 185
5N actuator, 109
5N escapements, B2
5N movement, 59
Solder, 211
Loldering irans, 211
Spark-gnithon engine, 10, 159
Spark transmitter, 10
Special escapements, 61
Speed ywitching for boats, 183
Spiral dive, 109,111
Split elevators, 152
Spallers, 156
Spol frequency, 17, 26, 28, 44, 47
Spray bar, 162, 163
Stabil#ation, B
Stall twrn, 111
Standard batteries, 206 et seq.
Steering for cars, 197
Swranded wire, 210
Sirip adlerons, 155, 176
Substitution, 134
Superhel receivers, 14, 16, 17, 31,43, 89_91, 99
Superhet working, 44
Superregen clrculs, 41
'Eup-!rl'Epun receiver, 16,310, 41,67, B9
Super-regenerative circuit, 12
Suppression, 145, 146, 184

for boals, 184

fior motorised actuators, 146
Switch, 9, 34, 43 58 209, 213
Switch positions, multi<hannel, 94
Switched current, 90
Switcher circult, 15, 53, 84, 185 1 seq.
Switchers, 83, B4, 185
Switching circuits for boats, 185 o1 seg.
Switching circults for cars, 198 g1 seg.
Swiltching contacts, escapements with, 60
Switching services for boats, 181 et seq,
Synchrontation, 103

Tailwhesl steering, 120
219



Tape hinga, 152
Telescopic aerial, 46
Thick alleron, 177
I hird-positlon sequence, 6l
Thilfd-posithon shenalling, &0, 62
Three-function propartional , 126, 127
Theee-funcition fransmitters, 130
Three-pl us-one proportlonal, 926, 128
Three-position acluator, 184
Thiotlle control, 79, 94, 111, 112,119,122, 125, 142, 161
fior boats, 1581
sequence, 62
Thromle linkages, 120, 154 ¢ seg.
Throttle servoe, 95 b
Thyratran, 43
Time multiplex, 101
Timer circult, 86
Toggle switchas, 213

Tone, 12
adjustrent, 96
filters, 17

frequencies, 30
gemtrator, 35
operation, 35 ef ség.
signal, 17, 19, 21, 29, 36,39
transmities, 38, 89
tuning, 63
Tome=mod ulated BRF, 24
Tome-modulated signal, 13, 17, 19,21, 29,36, 39
Tephinge alleron, 177
Torodd ndictor, 89
Transistor amplifior, 30 43, 90
Transistor clrcuios, 14 #f 1o,
Trandistor oscillatar, 38
Transistor transmitiers, 37 ef 24,
Transikstors, 17, 1E9
Tranamission frequencies, 27
Transmitter (basic), 9
T ransmitier modes, proportional, 130
Transmitier, multi<hannel, 17, 89 ot seg.
Transmitter output, &7
Transmitter pulser, 75
Transmitier sipnal, 12
Transmitters, 'Galloping Ghost™, 82 &1 seg,
Transmitters, trouble-sthooting, 72 of seq.
Traveller, 192
Trickle voltage, 92
Telm, 94, 110
baf, 95
contral, single<channal, 110
conirols, 125, 133
in boats, 158
movements, 93
servo, 5%
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Tripped signal,, 62

Treubleshooting gulde, receivers, T1 ef seqg.
lrosuble-shooting gueide, tranemiers, 72 of reg.
Tunahle cails, £9

Tuned circulr, 30, 35, 47

Tuning at range, 68

Tuning capacitor, 47

Tuning coll, 47

Tuning contnsls, 31, 67

Tuning, mudti-channel, %6

Tuning reeds, 96

Tuning slug, 67

Tunbng wand, &7

Two-lunction preportlenal k6,127
Two-funclion transmitters, 134
Two-plus-one proportional, 126, 127
Two-posithon sctuator, 113

Two=speed throttle, 163

T wio-stage receiver, 12

Undercamriage retraction, 119, 128
Jse of phones, 68

Valve-transistor receiver, 18
Valye tranamitter, 15,33, 34
clrcuits, 34 of seg.
Varlable capsciton, 47
Variable motor speed in boars, 18E ef seq,
Varlable rudder positioning in boats, 188
Yariable synchroaidation, 103
Wibration , 68

Warterprool installations, 194
Warerproofing receivers, 193
Wavedongih, 28,52

Wheel brakes, 1209, 154
Wheel steering, 157

Whip aerial, 53

Winch-1ype actuators, 191
Winding 'springback’, 458
Wing incldence, 167

Wiper switches, 93

Wire acirial, 3

Wire and tube hinge, 153
Wire sizas, 2110

Wiring, 209

Wiring connectiinmns in multl-servas, a1
Wiring harmess, 45, T40
Workshop notes, 209 ot sog,

Yaw axis, 168

Lero-rero rigging, 174
foom, 110,113
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