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Dreface

From time to time the general public see radio controlled models being
displayed at Exhibitions, and perhaps they pause for a few minutes to watch the model
being “ put through its paces” by a white coated individual who manipulates the
controls at a distance.

Whether young or old, the spectators walk away with the impression that
they have just seen something rather uncanny; something akin to a conjuring show.

Only the select few, who are radio enthusiasts or model makers, fully appre-
ciate the time, trouble, and loving care which have gone into the model. They watch
in silence, and vague thoughts pass throug h their minds as to whether they could
ever manage to undertake a similar project. They have read small pamphlets on
Model Control, and have been rather intrigued by some of the ideas they saw, but
the information was “ sketchy” and incomplete. The radio circuits given were
either too simple, or at the other extreme, frighteningly complex. The result was
inevitable, the booklet was put away, and more practical matters were attended to in
the Home Workshop.

This book is presented by Bernards without apology; we know that it’s not
the first book on the subject—on the contrary, we are publishing this book with a
feeling of pride, because it’s the first book which gives ALL the details in a clear,
readable manner.

The Author has taken great trouble to present a highly complex subject in a
simple fashion. He starts with elementary circuits and discusses their disadvantages,
and whether these troubles can be overcome. Before the reader realises it, he is
understanding a crystal controlled transmitter and a sensitive multi-stage receiver.
Sequence control, Escapements, Servo-mechanisms, and a few simple controls are then
explained; which in themselves are sufficient to satisfy the less ambitious constructor.

We next learn that Sequence Control has its limitations, and read on to find
that Proportionate Control and 5-channel systems are really not so difficult to under-
stand after all! The Author kindles one’s enthusiasm until the construction of a radio
controlled model becomes a “ must” in the Home Workshop. Adjustment, align-
ment, and all the difficulties which can, and will arise, are treated with clarity, and an
infectious confidence.

Bernards KNOW that this is the book for which you have been waiting.
JK.M.
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RADIO CONTROLLED MODELS

CHAPTER ONE

The Alternative Mecthods

To control models, whether aircraft, boats, or
any kind of vehicle, it is necessary to operate
elevators, rudders, steering wheels, engine speed,
etc., as the case may be. Since this cannot be
done by hand, a small motor of some kind is used
for the purpose, called a * servo-motor,” which
actuates the control to be operated. This servo
motor is started or stopped through the agency of
the radio link between the receiver, which is
aboard the model, and the transmitter, which is
under the direct control of the operator. The
radio link acts as if it were an electrical circuit
linking the transmitter with the model.  Thus,
closing a switch at the transmitting end causes an
electrically operated switch (a relay) aboard the
model to be likewise closed, so operating the servo
motor.

The first part of the problem is to devise a suit-
able radio system achieving this result. For this
purpose, a receiver is designed which, instead of
operating a loud-speaker or head-phones as is
usual, closes a relay when it receives a radio signal
of the correct frequency radiated by the trans-
mitter. - The relay opens again when the signal is
no longer received. Having done this, we can
switch on and off a circuit in the model. This,
however, is not sufficient for controlling the model,
and the next problem is to provide for the opera-
tion of several controls at will, since in most cases
more than one control is required to obtain the
desired behaviour.

There are a variety of ways of obtaining this
result, some involving more complexity than
others. For instance; we can imagine several cir-
cuits, instead of one, linking the transmitter with
the receiver in the model, each operating a par-
ticular control. Alternatively, the technique
developed for automatic telephones can be
applied, whereby a code of pulses is sent over the
single circuit, which is imagined as linking the
transmitter with the model, to be deciphered in
the latter as a result of which the correct control
is operated.

In general, the first system, requiring a multi-
channel radio link, involves rather more complica-
tion as far as the radio circuits are concerned,
than the second system. The latter is much

simpler in this respect, but depends for control
selection on a mechanical device which operates
on a sequence basis. For this reason it is fre-
quently referred to as sequence control.

Sequence control has the great advantage that
it requires only a simple transmitter and receiver,
and, provided the number of controls to be
operated is limited to a few essential ones, it is
lighter than any other system. For this reason,
it is very popular, as it can be adapted for aircraft
control, where considerations of weight are vital.
It can also be incorporated in boats of quite small
dimensions. With the general trend in recent years
towards miniaturisation of radio components, and
the availability on the market of parts for radio
control, it is now possible to provide radio control
in models of much smaller dimensions than would
have been possible a few years ago. Another
reason for the popularity of sequence control is
the relatively simple radio equipment required
which can be tackled by people who are skilled
enough to make the relatively delicate mechanical
parts required, but whose knowledge of radio ‘is
elementary.

The disadvantages of sequence control are first,
the time lag, small but appreciable, between the
initiation of the control at the transmitting end,
and its execution in the model, second, the neces-
sity for the transmitter control not to lose step
with the sequence of controls in the model, and
third, the degree of application of the controls,
which is fixed. For instance, the rudder is turned
to the right fully or not at all. There is no gradual
movement or intermediate position possible
without introuducing additional complications.
Sequ:nce control can be obtained by the use of
either a light rubber-powered escapement system,
or by a step relay which makes successive con-
tacts each time it receives a pulse through the
receiver relay circuit. The rubber-powered escape-
ment is very light, as all the energy for operating
it is stored in the twisted rubber cord, being
merely released in successive steps by a compara-
tively small magnet requiring very little current.
It passes through several positions in sequence and
has enough power stored for directly actuating a
control, thus acting as a servo-motor. The rubber
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cord is wound before the model is released, and
will have sufficient energy stored to operate the
controls until the model is returned to its base
(theoretically at least!). This system provides the
maximum amount of control for a given weight.

The electro-magnetically operated sequence
switch is a much heavier contrivance, and uses
more current for its operation, since all the power
to operate it has to be supplied from the circuit.
It usually switches in sequence various circuits
each controlling a servo-mechanism. The number
of such circuits is by no means restricted and a
variety of controls can be obtained. Switches such
as “uniselectors,” as used in automatic telephone
exchanges, are quite suitable, although rather
heavy. They are provided with a device that
automatically resets them to a suitable starting
position, or ““ neutral,” when the control required
is completed and a “resetting pulse ” sent. Be-
cause of the weight of the equipment required,
this particular system is not used on model air-
craft, but is quite suitable for boats or vehicles.*

Multi-channel control, so called because it re-
quires a multi-circuit radio link, offers many in-
teresting possibilities to the experimentally
minded. It requires more complication in both
the transmitter and the receiver, and also requires
more equipment depending on the number of
channels to be provided. There are many forms
of multi-channel control, the more elaborate f
which are quite beyond the means of the ordinary
amateur. For all practical purposes, the simplest
form of multi-channel operation is provided by
audio tone modulation, and this is the type which
will be considered here as being most suitable for
model control work. The carrier wave, which s
radiated by the transmitter, is modulated by un
audio signal which can have one of several pos-
sible frequencies, each of which operates its own
relay in the receiver. This result is obtained by
providing a special circuit in the receiver which
routes the various audio frequencies into their own
appropriate channels. We thus have in effect a
radio link which provides several independent
circuits between the transmitter and the receiver
instead of just one. The receiver relays then
operate the servo-motors for each control, the
number of which will depend on the number .f
audio channels.

The audio filter, which separates out the
various audio frequencies in the receiver, is the
heart of the multiple-channel audio system. The
two types which will be considered are the tuned
reed filter and the tuned choke filter. The former
consists of steel strips each having a resonant fre-

*“Jedex™ Dotary Solenoids are somewhat lighter than

quency slightly different from the other, which are
placed across the pole pieces of an electro-magnet
which is inserted in the output circuit of the re-
ceiver. A particular reed will vibrate with much
greater amplitude when an audio signal of its
own frequency is received, and it will operate a
relay when this amplitude is sufficient for it to
touch a fixed contact placed close to it.

Instead of reeds, tuned chokes may be used.
The chokes are iron cored coils which, with a
suitable capacitor, form a circuit electrically
tunzd to the appropriate audio frequency. Such
a circut will only respond to the particular audio
signal which has a frequency corresponding to its
own, when it will then operate a relay through
a suitable valve circuit.

Proportionate control, which is the nearest
approach towards ideal radio control, provides
for the proportional movement of the rudder,
steering wheels or other control surfaces, in accord-
ance with the movement of the control column
or steering wheel at the transmittingend. The radio
link, in this case, can be considered as acting as the
shaft linking the steering wheel with the steering
mechanism, the latter being aboard the model.

As in the case of multi-channel control, there
are various methods of achieving proportionate
control, but only the simpler ones, within the
means of the amateur, will be considered here.
Perhaps the simplest is that which depends on
the switching on and off of the carrier at a suit-
able rate, “on” corresponding to, say, right
rudder, and “ off ” to left rudder. By having the
carrier on and off for equal lengths of time, this
being done sufficiently rapidly, the rudder will be
unable to follow the rapid changes and will take
a mean position, which in this case will be central.
By varying the ratio of “on” to “off ” of the
carrier, the mean position of the rudder can be
made to vary from central to right or to left,
through intermediate positions, depending on
whether the “on”-“off” ratio, (also called the
“ mark-space ” ratio) is greater or less than unity.
This system only requires a very simple radio
link, the complication being in the relay arrange-
ment to provide auxiliary controls. A second
method, which requires more elaborate radio cir-
cuits, although by no means beyond the capabili-
ties of the amateur, consists in sending a carrier
modulated by an audio tone, the frequency of
which determines the rudder (or other steering
equipment) position. Varying this frequency
within certain limits causes the rudder to move
correspondingly about a mean central position

It is possible to modulate the carrier with a

“ Uniselectors,” and offer possibilities tor

experimentation.—Editor.
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second audio tone of a different frequency which
zan provide proportionate control of, for instance,
the elevators in an aircraft independently of the
rudder, thereby providing a high degree of control
over the model while in flight.

Regarding the models which can be controlled
by radio, boats and aircraft have always been
very popular, perhaps because, being more or less
inaccessible when in operation, remote control
offers a particular fascination. The main require-
ment is that the model should be large enough
to be able to carry the weight of the equipment
required. Aircraft, which impose severe limita-
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tions in this respect, require the lightest possible
equipment, so that the constructor has to be both
ingenious and skilful to obtain successful results.
Some years ago, the practice was to build large
aircraft, capable of carrying several pounds cf
control equipment. With the modern trend to-
wards miniaturisation, much smaller models are
now the order of the day.

Radio control, however, need not be confined
to boats and aircraft, and it is possible to incor-
porate it in such models as tanks, cars, railways
and the like. Sailing yachts can also be interest-
ing subjects for experimentation.

CHAPTER TWO

Receivers for Sequence Control.

Sequence control, as we have seen in the last
chapter, only requires a radio link which closes
or opens a circuit in the model when a switch
is operated at the transmitter. The purpose of
the receiver is therefore to operate a relay which
will close or open, depending on whether a radio

signal is sent or not by the transmitter. The
simplest type of receiver is shown in fig. 1. It
is a self-quenched detector, the quench frequency
being generated by the action of the grid leak
which uses a high resistance. This circuit is so
arranged that oscillations at the tuning frequency

\/

Relay.

B

® RL

@——OHI+

RL

OHI.—

Fig. 1.
Receiver using a Gas--filled Valve.

'L1—15 turns 22 S.W.G. on a $th in. dia. former fitted
with a tuning slug.

«C1—100pf mica.

«C2—3-30pf. (Beehive) Concentric Trimmer.

«€3—0.002.f.

R—1 MQ

RFC—100 turns 38 S.W.G. on a i in. dia. former.
Relay—8,00052 coil with break contacts.

V—RK61 or XFGI1.

M—0-5mA Milliammeter.
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Fig. 2.
Constructional details of the Relay with Break Contacts,

(27 Mc/s is the band allocated for radio control)
build up as soon as the circuit is switched on,
but the negative voltage which appears on the
grid as a result of grid rectification increases
rapidly and cannot leak away quickly enough
through the high resistance. After a few cycles,
the grid becomes so negative that oscillations can-
not_be maintained and are damped out. Within a
brief time, the grid voltage leaks away until it
reaches a value when oscillations can be resumed,
the process then being repeated. The result of
all this is that with suitable component values
the circuit goes in and out of oscillation at the
rate of about 50 to 100 thousand times per second,
and under such conditions, this circuit is extremely
sensitive to signals at the frequency to which it
is tuned.

The effect of a signal is to reduce slightly the
normal anode current. When using ordinary
valves with a hard vacuum, this current
variation is very small, of the order of one-tenth
of a milliamp or less, and is too small to operate
a relay. Special valves, however, have been de-
veloped which, instead of being completely
evacuated, are filled with an inert gas at low

pressure. The effect of this gas is to provide =
sort of trigger action so that the current variation
between signal and no signal is much larger. An
American valve RK61, and its English equivalent
XFG1 are particularly suitable for light weight
receivers, and with a 45-volt supply give a current
variation of nearly 1 milliamp. The anode current.
which stands at about 1.5 mA with no signal,
drops to 1 mA or less when a signal is received,
and relays can be obtained which will operate
reliably within this range. Because the sending
of a radio signal causes the receiver anode current:
to reduce its value, the relay must be designed
so that it closes its contacts when the anode
current drops, and opens them when the
current rises again (Fig. 2). This type of relay
is called a “break ” relay because it breaks the
circuit when it is energised. As the operating
current is very small the relay coil must consist
of many turns of very fine wire.

This type of receiver is particularly suitable for
use in small model planes because it can be made:
to weigh under two ounces complete with relay,
but without batteries. Filament consumption:
is 50mA at 1.5 volts and a very small dry cell
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can be used weighing about one ounce. Two
221-volt batteries, each weighing just over one
ounce can be connected in series to provide the
high tension supply. Thus the complete receiver
with its power supply will weigh about five
ounces, to which must be added about 3 ounces
for the escapement control -and associated
batteries. Any plane which can carry eight ounces
pay-load can therefore be fitted with a radio
which will operate a single control, usually the
rudder.

The receiver circuit diagram is shown in fig. i.
L1, the tuning coil is wound with 22 SWG enamel
wire on a former provided with a tuning slug.
About fifteen turns are required on a 3” former,
or twenty-five on a }” former. Position the tap
about midway along the coil. The base on which
the receiver is mounted can be cut from a paxolin
strip or any similar insulating material. Valves
should be mounted flat, and secured by rubber
bands which are passed through holes in the base
on either side of them, and secured by means
of a clip made from a small piece of wire. Con-
necting leads are wired directly into the circuit.

Note that the relay has a resistance of about
8000 ohms, and requires considerable skill to make
satisfactory. The winding of 20 to 30 thousand
turns of number 48 or 50. SWG enamelled wire,
which is finer than hair, is difficult without suit-
able winding machinery, the wire being extremely
easy to break. Furthermore, the armature must
be delicately pivoted so as to move freely and
accurately under the very weak magnetic pull
available. For this reason, it is very desirable that
the armature should be balanced, so that the sen-
sitivity of the relay will not be influenced by its
position, or by movements, or vibrations of the
model. Suitable relays are available on the market.
Receiver Adjustment.

The receiver is adjusted and tuned with a 0-2
or 0-5 milliammeter inserted in the HT supply.
When Capacitor C. is screwed out most of the
way, the meter reading should be quite low, in-
dicating that the circuit is oscillating. Touching
the aerial with the hand should cause the current
to rise sharply, 1.5 mA being about the highest
reading. Capacitor C, is now screwed in until
the meter reads about 1.3 mA, and the receiver
is tuned by means of the tuning slug until the
transmitter signal is received.. This should cause
the reading to drop whenever the transmitter .s
switched on. Capacitor C. is screwed in gradually
until the current variation is greatest, but as this
detunes the circuit it may be necessary to readjust
the tuning coil.

Relay Adjustment.

Once the receiver is operating properly, the

relay can then be adjusted to operate within the

available current change. For maximum overall
sensitivity, the relay armature should drop out at
a value of current very little less than the pull-in
value. By increasing the air gap and weakening
the spring, the pull-in and drop-out values can be
brought closer to one another, but this makes the
relay more delicate in operation and more sensi-
tive to vibration. Also, sparking of the contacts.
might cause the latter to stick, because the weak
magnetic pull due to the large air-gap might be
insufficient to overcome the slight welding effect
of the spark. To prevent this possibility, a com-
promise is reached by reducing the air gap, in-
creasing the spring tension and reducing the travel
of the armature. If the armature travel be made:
small, then the pull-in and drop-out values will
come nearer to one another. A limit is reached
in practice because of play in the bearings. For
a very small travel, the armature bearings must
be very accurate. If the relay can be made to
pull in at 1.3 mA and drop out at 1.1 mA, quite-
satisfactory range will be obtained with a low
power transmitter.

This type of receiver is very simple and light.
but it suffers from two disadvantages. The first
is that the life of the soft valves which it uses
is very short, (about 10 hours useful life). This-
is a long time when operating planes as they are-
seldom in the air more than three or four minutes-
at a time, but when receivers are being built and
adjusted, quite a long part of the valve’s life may
be used up in carrying out the adjustments, par-.
ticularly if range tests are carried out. To com-
pensate for the gradual ageing of the valve, the
receiver has to be readjusted from time to time.
The second drawback is that the relay, having to:
operate within narrow limits, is relatively. expen-
sive and. difficult to make and is rather sensitive
to vibration, so that great care has to be takem
when mounting it in models such as aircraft,
which are subject to engine vibration.

Hard Valve Receivers
A single valve receiver using ordinary hard

vacuum valves can be made to operate with a

satisfactory current change provided quench coils
are used. Fig.'3 shows a receiver using valves
such as type 1S4. [Instead of wusing the
“squegging ” ‘action of the grid leak to generate
the quench frequency, a separate tuned circuit i
used, which causes the circuit to oscillate at about
50 to 100 Kc/s. Oscillations at the signal fre-
quency (27 Mc/s) can only take place during the
positive part of the quench cycle and under suche
conditions, the circuit will be extremely sensitive.
The anode current variation available is practi-
cally the same as for the previous receiver for the:
same HT voltage, and is considerably greater if
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Fig. 3.
Hard Valve Receiver.

£.1—15 turns 22 S.W.G. on a ith in. dia. former fitted C2—250pf mica.

with a tuning slug. Winding is in two sections C3—0.002.f.

of 71 turns each. C4—3-30pf (Bechive) Concentric Trimmer.
L2—Two Coils. 600 turns each, of 38 S.W.G. on a R—1 MG.

1 in. dia. former; winding to be 3/16th in. wide. Relay—8,00052 with break contacts.
€C1—100pf mica. V—184, 3S4, DL92 or equivalent.
higher anode voltages are used. The quench coils is similar to that of the previous receiver. Once

consist of 600 turns each of 38 SWG wire wound
on formers 1” in diameter and 3/16” wide. In spite
of the extra complication and weight of the
quench coil, and also of the increased filament
consumption of suitable valves, necessitating
heavier LT batteries, this type of receiver is be-
coming increasingly popular, mainly because of
the long life of the valves. More rugged relays
are possible since voltages in excess of 90 volts
«can be used safely, giving increased current varia-
tion. This arrangement is suitable for boats but
in the case of planes, 45 volts or 674 volts are
mnot usually exceeded so as to keep down the
weight of the HT batteries. The same relay as
previously described can be used. However, the
wibration drawback still exists. The adjustment

the quench coils have been wound and connected
as shown, the circuit should oscillate at the quench
frequency, even when the detector is not allowed
to oscillate at the signal frequency. Connect a
pair of headphones in the anode circuit, and the
characteristic hissing sound of the self-quenched
detector will be heard when the circuit is operat-
ing properly. If not, and if touching the aerial
causes fluctuations of a 0-5 mA meter, thereby
indicating that the detector is oscillating at the
signal frequency, a check should be made to
verify that the quench coils have been connected
correctly, and the connections changed should it
be found necessary.

The receivers described use grid leak detection,
which means that the application of the signal






















































































































































































































