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Introduction

PROOF of the continuous growth of radio control is that it has
been necessary to go through eight printings of the original
Radio-Control Handbook, first published in 1954. The original
intention was simply to update the old book for this revised edi-
tion, but it became apparent that more than that was necessary.
As a result, this book, while it carries the same title as the original,
is practically a brand-new volume. Much material from book
No. 53 was dropped, not because it was of no further interest,
but because so much new material just had to be included.

Since 1954 R/C has made huge advances, in number of mod-
elers active in the field, in number of manufacturers catering to
them, in the number of controls carried in the average model,
in the quality of results obtained. Since by far the largest number
of modelers are most active in the field of miniature airplanes,
the advances, as might be expected, are most spectacular here,
though boating, cars and other forms of R/C have all raced
ahead at a rapid clip. As in the original Radio-Control Handbook,
we slant most of the information in this new volume toward
planes, but much of it is equally adaptable to any form of R/C
in which the reader is interested.




We have again taken the approach that the majority of readers
will have a modest knowledge of electronics, elementary shop
work and model building; therefore, little or No “theory” will
be found in the following pages. Instead, we devote as much
space as possible to ideas, circuits and construction that the reader
can copy directly, o which he can incorporate into equipment of
his own design. Rather complete building data will be found on
recelvers, transmitters, Se€Yvos, pulsers and other radio-control
essentials, all of which have been well proven in the field. While
the book 1s devoted more to the parts that go t0 make up com-
plete control systems, several systems will be found in Chapter 14.
They may be used as shown oOr expanded by addition of equip-
ment described in earlier chapters.

We have not gon¢ into really complex control equipment in
this book; for those interested in such equipment, we recommend
Gernsback Library book No. 74— Model Radio-Control.

We have included considerable material in this book on pro-
ortional control, or “pulse” as it .is often termed. There is rela-
tively little pulse equipment on the market at present, and many
who wish to try it have to build their own. They will find the
facts and figures in these pages. The drawings are not necessarily
to scale.

Since 1958 the FCC has made many changes in the R/C rules
and has tightened up the specs for transmitters considerably. All
the transmitters described in this book will operate legally if
made with the proper parts and tuned properly. Readers should
study Chapter 6 carefully before attempting to put an R/C trans-
mitter on the air, either one they have made or 2 manufactured
unit.

In addition to many pieces of equipment developed and well
tested by the author, W€ include circuits, equipment and ideas
from countless experimenters in the field of radio control. With-
out these experimenters a book of this scope would be impossible.
We wish to thank American Modeler for the use of many illus-
trations which originally appeared in that magazine, and Popular
Science for illustrations showing our R /G tractor. And without
much encouragement from our very ‘R /C-minded” wife, Elinor,
this book could never have been completed.

Howarp G. MCcENTEE



chapter @N E

simple control systems

N electronic model control, the simplest of all steering devices
i1s the electromagnet. This may be linked to the rudder of the

model as shown in Fig. 101. It is set up so that with no incoming
signal the rudder is at one extreme of its range of movement.
When a signal is transmitted, the magnet armature —and with
it, the rudder — takes the opposite extreme.

Assume that, with no signal coming in, the receiver relay cuts
off the current flow through the electromagnet. The armature
is pulled away from the electromagnet by the spring. This spring
action also pulls the extension arm until it reaches the left stop.
The motion of the push rod (connected to the extension arm)
pulls the rudder over to one side. If, now, a signal is picked up by
the receiver in the plane, the relay will put the electromagnet into
operation, the iron armature will be attracted, and the push rod
(now going toward the right stop) will force the rudder to assume
the opposite position.

The push rod is not fastened directly to the rudder. Attached
to the rudder (fastened at right angles) is the rudder horn. The
end of the push rod is free to turn in the rudder horn. The motion
of the push rod is such that it moves the rudder horn front or
back. Since the horn is fastened to the rudder, this results in rudder
motion.

When rudder horns are used, they normally have several holes
in them to allow adjustment of the control surface movement. Let’s
assume the horn in Fig. 101 has three holes; as it is shown, the push
rod will give the smallest movement. If it is placed in the holes
nearer the face of the rudder, the movement will be greater —
though the power will be less.

We can thus make the model turn right or left. To get neutral,
or straight flight, the operator pushes the transmitter button at
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short intervals, the idea being to send right and left impulses
rapidly enough so that the model will follow a straight line. If
the pulses are fast enough, the path will be quite direct and not a
wavy line as might be expected, since the reaction of the plane to
the rudder is not instantaneous. Some models react rapidly; some
much more sluggishly. Therefore, this sort of control should not

ELECTROMAGNET

ERY
PIVOT TO RELAY AND BATTER

IRON
ARMATURE
RUDDER

EXTENSION
ARM

PUSH ROD RUDDER
SPRING HORN

Fig. 101. The simplest possible system for moving the rudder

is just an electromagnet. 4 spring holds the rudder to full

limit in one direction; the magnet moves it in the other.
Note extra holes in the rudder horn.

be employed on a fast and highly maneuverable model plane,
though it is quite adequate for a slow plane or an electrically-
driven boat.

Simple motor rudder drive

A tiny electric motor may be used to control the steering sur-
faces and, since it must be geared way down, there is plenty of
turning power available. In the most elementary arrangement,
the motor and gear train are connected directly to the sensitive
relay of the model, as in Fig. 102. When the transmitter is kept
on, the receiver in the plane operates the sensitive relay. The arma-
ture moves down, closing the motor circuit. The gears in the gear
box are turned through a flexible coupling connected to the motor.
The transmitter is kept turned on until the rudder assumes the
desired angle. This means that the operator must watch carefully,
and cut the signal when the turn is at the required angle. To get
back to neutral, it is necessary to allow the motor-driven arm to
go to the extreme position, then turn back the other way. This is
certainly a rough sort of control, but a lot of fun can be had with




this simple system, though it is suited only to slow-moving models,
such as electrically-driven boats. However, a very similar rudder
driven system may be used with a different relay and battery setup
and more complex switching at the transmitter, to get quite
precise rudder movement. Chapter 2 will explain how this is done.

For simplicity, the rudder in Fig. 102 is indicated as adjacent
to the controlling units. For such an installation, the units would
have to be located right in the tail of the model; for practical rea-
sons, this is seldom the case. Both the escapements and motor-
driven control devices are usually mounted much farther forward

HINGE .- RUDDER

RUDDER HORN
TERIES SENSITIVE
+ RELAY

F—‘l A
l E TO RCVR

Fig. 102. A4 geared-down electric motor has lots of
power but gives relatively slow rudder movement.

~—

CONTROL
ARM PIN

BAT
+

GEAR BOX £ gxIBLE COUPLING

in the plane, often at the rear of the cabin or cockpit area. This
allows easy access for maintenance, and moves the weight to a
more desirable position. The control units are linked to the rudder
by either torque rods or push rods.

Escapements

A very simple device for moving the rudder is the escapement,
by far the most widely used control mechanism today. It can
be made to give neutral, or right and left, and some types even
can give right and left in two degrees, if desired. Escapements
are generally classified according to the number of arms or the
numbet of tips or points on the rotating wheel. The simplest is
the two-arm style in Fig. 103. In Fig. 103-a, no current flows
through the electromagnet, and the spring keeps the armature
in the position shown. The armature fits into the bottom tip of
the rotating wheel and keeps the wheel in a vertical position.
When a signal is received, the electromagnet is energized and
pulls down the armature, releasing the tip of the rotating wheel.

9




The rubber band forces counterclockwise rotation. The tip spins
a quarter turn and catches into the upper part of the armature.
The armature will remain in this position as long as the signal is
transmitted and received. Thus, the rotating wheel will turn 90°
when the transmitting key is pressed down, and another 90° when
the key is released. Fig. 103-b shows a side view.

Rudder operation with a two-arm escapement is illustrated in
the four-part sketch of Fig. 104. The wheel can be made to take and
hold any of four positions, though the rudder itself has only three
positions. At (a), we start out in one of the neutrals, and the

ROTATING WHEEL RUBBER RUDDER

BAND
ARMATURE
“ ! von
ELECTROMAGNET PIVOT
a b

Fig. 103. The front view (a) of a two-arm escapement, and (b) a
side view. The crank on wheel shaft moves the torque rod.

rudder is centered. At this point, there is no current going through
the escapement electromagnet. If a steady signal is transmitted,
the coil becomes energized and pulls the armature down, the wheel
turning 90° clockwise (b). The action of this mechanism is such
that the rudder is then turned to the full right position, and will
stay there as long as the signal comes in. With the signal cut off.
the wheel (sometimes called a bar or rotor) rotates another 90°
in the same clockwise direction, getting the rudder back to neutral
(c). Another signal gives a further 90° rotation for left rudder (d)
and, when this signal is cut off, the wheel returns to its first neutral
shown at the left in position (a). The rudder is in the turn position
whenever the signal is on (b and d), and is in neutral when it is
off (aand c). This is a big advantage in many ways, as the operator
can always get neutral by simply releasing the transmitter button.

The two-arm style has the disadvantage of requiring power all
the time the rudder is in a turn position. Current savers, to be
described later, overcome this objection.
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You will note in Fig. 104 that right rudder actually shows the
rudder moved over to the left. The term right rudder does not
refer to the positioning of the rudder, but rather to the motion
of the plane. Thus, left rudder means that the plane is turning
to the left, and right rudder indicates a right-hand movement
of the plane.

Three-arm escapement

Such units have been rarely used, probably because there has
never been a commercial three-arm unit, and they have a rather
tricky sequence of operation.

Four-arm escapement

While they once enjoyed wide popularity, four-arm units are
not used much anymore. However, it is still possible to buy them.
They do have some advantages: they take no power to hold in the
full-turn positions; and they afford half positions for shallow

RUDDER
NEUTRAL \RIGHT NEUTRAL [EFT

CONTROL PIVOT
LINKAGE

™~
MUSIC WIRE LOOP

PIVOT POINT

PIN

ARMATURE

PIVOT
— -
MAGNET
—~
St OF F ON OFF ON
a b c d

Fig. 104. Successive stages of rudder operation using a two-arm escapement. Drawing

(a) shows rudder in neutral or straight position, current off. In (b), current is on,

“wheel” has turned 90°, rudder is now in full-right-turn position. When current

ceases, wheel goes to opposite off position as in (c), and rudder is back to neutral.
Left is had with next on signal (d).

turns or to close contacts for other control purposes. They must
be pulsed back to neutral from the turn position. This has been
found confusing to beginners. Fig. 105 shows some of the different
rudder positions.

Briefly, then, the two-arm escapement is the simplest to operate
(and the simplest to make, if you wish to build your own equip-
ment), but requires that current be drawn to hold a turn. If con-
trol is lost during a turn, the rudder will be returned to neutral




position; this prevents a spin-in, but may result in a lost plane.
Three- and four-arm units must be pulsed back to neutral after
each turn. Both allow turns without current drain, and both
afford intermediate or half-control positions with signal on.
Lengthy (shallow) turns would normally require the use of the

RUDDER /
INEUTRAL \mwr LEFT
b

CONTROL. ARM PIN ) o
N / Xr\ AN
AN e o\

FF OFF
5 [4

(=3

Fig. 105. The foursarm escapement shown in of (a), right (b) and

left (c) positions. Note that, in all three, no current is going through

the coil. There is also a second neutral position, with the wheel

rotated 180° from (a). Between every one of these no-current posi-

tions, the wheel gives a half-turn position, about 45° from positions
shown here, current on.

rudder in the half or intermediate position. Thus, to fly in a large
circle, the control would have to be put half-right or half-left.
Both of these positions require power to maintain the turn.

It should be understood that while we speak of two-, three- and
four-arm escapements, the units available today may act as we
have described yet actually have a different number of arms. Thus,
a unit which gives the same control action as seen in Fig. 104 may
actually have four “arms”. It is probably better to think of how
many positions the escapement can afford; one that has two con-
trol positions (not to be confused with neutral positions) is
equivalent to the units sketched in Figs. 103 and 104.

The compound escapement

This unit is a comparatively recent development. It is unusual
in that the rudder always returns to the same neutral after any
turn. There is only one neutral, and as seen in Fig. 106-a; the
neutral point or arm (1) engages only on armature stop B, while
the other three arms (2, 3, and 4) engage only on stop A. With this
escapement (as we show it in Fig. 106), one pulse always gives
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right rudder and two give left. Another arm (5) operates on
three pulses, and is used to close a set of contacts for a supplemen-
tary control such as motor or elevator. Arm 5 is the shortest and
the only one to engage the electrical contacts. The contacts are not
operated by the longer arms. Arm 5 has a steplike bend so it alone

RUDDER
NEUTRAL \RIGHT I.EFT ,NEUTRAL

HAIRPIN LOOP

3 CONTACTS OPEN 3 | CONTACTS CLOSED
5 x\
A 4 5 (,\ 4 5
N \2 \ 2
! RUDDER ARM PIN I
B (CRANK
S OF F ON ON
a b d

Fig. 106. Compound escapement looks complex, but action is quile simple. There

is only a single neutral position, and wheel always returns to this when current is

off. For clarity we show a fifth arm. but contacts are operaled in other ways in
present compound escapements.

pushes the electrical contacts, the longer arms passing either over
or under them. The drawing shows that when the fourth arm is en-
gaged on the armature stop (Fig. 106-d), the control linkage is
just about in neutral, so that if you are using this position to
change motor speed, for example, the rudder is essentially in
neutral while the change is being made.

Since the operator couldn’t possibly pulse fast enough to catch
the wheel at the arm he desired, this escapement must be fitted
with a governor to slow the wheel. The commercial version shown
in Fig. 107 has a vibrating arm and toothed wheel for this purpose.
While it is not apparent from the photo, this unit does have
exactly the same stops and positions as seen in Fig. 106. The
toothed wheel has tiny projections on the under side, which are
caught by the armature.

The first compounds made had a single set of contacts corres-
ponding to those operated by arm 5 in Fig. 106, but the unit in
Fig. 106 has a more complex switching system which can be con-
nected for various forms of multi-controls. It is possible to operate

13



the rudder directly with this unit, while the contacts on it can
give selective elevator action through another escapement. Motor
control can also be had through an appropriate escapement. The
connections for such control setups are fully covered in the in-
structions packed with each unit.

All the other escapements we have shown require that the
operator follow a fixed sequence when moving the rudder; you
have to go through unwanted positions in a set sequence. Further-
more, the number of pulses will vary, according to the direction of

VIBRATING &
ARM

Fig. 107. This Bonner Vari-Comp is a compound

type escapement. Lower plate is only to hold bear-

ing for torque rod. Cam on face of wheel guides

pin on torque rod, replaces crank pin and “hairpin”

of Fig. 106.

the turn you wish, and which neutral the wheel happens to be in
when you start the series. Thus, you have to keep in mind at all
times which direction of turn you made last, so that you will know
what direction is coming up next. If you wish to give three left
turns in a row with a simple escapement, you still have to signal for
right and neutral every time in order to get your lefts. The
compound escapement is the only one that does not require
this adherence to sequence — hence it is by far the easiest to fly
with. One pulse will always give one direction of turn and two
pulses will always give the opposite position. While the rudder
does go through the undesired position, it has no effect on plane
direction (since the pulses come O rapidly) and, most important of
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all you do not have to try to remember what rudder position
is coming up next. Current must be held on for the duration of a
turn; the wheel always goes into neutral when the signal goes off.

Escapement drive power and linkages

All the escapements we have covered utilize the electric power
sent to them by the sensitive relay of the receiver only to control
their rotation. The mechanical energy for such rotation, and for

I 4—a REAR
»~ HAIRPIN

2-ARM ESCAPEMENT
WHEEL 360° ROTATION

Y ! '/’n/uaaen
i .” BAND
U-TURN™" | Lo
OR LOOP ) REAR
(HAIRPIN) :' BEARING
|
I‘ 1N ——/7
}
N 2#7 TORQUE ROD

FUSELAGE _—" -F
BULKHEAD %\
FRONT BEARING

Fig. 108. In actual escapement mounting, rubber band almost always

runs to rear of fuselage, where there are a hook and an access hole, so

it may be wound from outside fuselage. Hairpins are made wide for

clarity here; in practice they are just wide enough to clear the pins

that ride in them so there will be as little “slop” as possible in linkage,
but no binding.

moving the rudder, must come from another source. In practically
all escapement operation, a twisted rubber band supplies this
auxiliary power. Most commercial escapements are designed to
operate on two strands of 14-inch flat rubber, and some will handle
a loop of 14 inch or wider rubber. The lighter rubber is used on
small models, especially for rudder operation, while heavier rub-
ber is normally employed for elevator operation. The loop thus
formed is run through the fuselage to a hook, and the far end must
be fastened in such a spot that it may be easily reached, so that the
rubber can be wound as the turns are used up. The rubber loop
must supply torque, or twisting effort, but as little tension as
possible. Because of this, it is common practice to make the loop
much longer than the distance from fixed hook to escapement —
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some fliers use a loop 114 times as long. Of course, this must be
wound considerably before it contracts enough to hold securely
on the hooks.

Though most escapements are made without them, some experts
insert tiny ball-bearing washers between the wheel and the frame
to attain as close to frictionless rotation as possible. Anything that
will contribute toward this end is worth while, as it is an as-
surance that the escapement will still move the rudder reliably,
even though the rubber loop may be almost unwound.

The entire linkage to the rudder must be worked over until it is
entirely free of binding. The rocking type of linkage is easiest to
set up for free operation. As illustrated in Fig. 108, the wire that
runs to the rudder rocks back and forth; there are loops (U-turns)
at each end to engage the pin on the escapement, and another pin
on the rudder. If several holes are made in the rudder for the pin,
the amount of rudder movement may be controlled as required.
RIGHT RUDDER

;—\LEFT

ESCAPEMENT WHEEL

A
22 5 UsH ROD

GUIDE

Fig. 109. Rotary movements of escapement wheel

and crank are transformed to fore and aft push-

pull movements by a pivoted lever. Pivot and all

parts must move very freely to avoid any binding
in the linkage.

For simplicity, the electromagnet and the armature are not
shown. When the escapement wheel turns, the crank pin will
turn, both parts eventually going through a complete 360° rota-
tion. The rod, ending in the form of an inverted U, will move to
the left or the right, depending on the position of the crank arm
In this way, circular rotation is changed into lateral (side-to-side)
motion. At the rudder end, the rod terminates in another inverted
U. A rudder-control rod passes through this U but is not fastened
to it. As the U moves left or right, it also pushes the rudder-control
rod (or pin) left or right. Since the rudder-control rod is fastened
to the rudder, this gives left or right rudder motion.
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Some builders prefer the push rod arrangement shown in Fig.
109. Since the escapement must be placed in the fuselage so that
the rubber band can run lengthwise, the arm must be pivoted to
secure the desired fore and aft motion of the rod. A horn is then
used on the rudder. The horn can be drilled with several holes
so that the rudder movement can be set as required. Use care
to eliminate drag and binding, for in this setup there are many
more points where friction can develop and hinder the control
surface action.

Since many turns are required to wind up the rubber loop,
it is usual to employ some sort of winder for the purpose, such
as a heavy wire hook in the chuck of a small hand drill. The
rubber should be stretched to at least twice its normal length at
the start of the winding, then gradually brought in to normal

2POINT CAM

TO RELAY
8 BATTERY

RESISTOR

ESCAPEMENT COIL {coNTACT POINTS

Fig. 110. Cam is arranged to short re-
sistor in the escapement’s off positions,
but to cut it into the circuit when the
escapement is held in a turn position.

length as the end of the winding is approached. This allows many
more turns to be put in the rubber without fatiguing it. If the
model is to be stored for a considerable time, the turns should be
taken out of the rubber.

Current savers

Some escapements are fitted with means to cut the current they
require, so that lengthy turns may be held without running the
battery down. There are two main ways to do this: both require
that the full power be fed to the escapement to initiate the move-
ment of the armature. When the latter is close to the pole piece, it
can be held there with much less power. A set of contacts is needed
to shift from high to low current drain. These may be worked by
a cam on the shaft, by a projection from one of the arms, or the
contact may be closed through the arm itself. Some escapements
have two windings on the core, one being used for full power and
the other for hold. Others simply put a resistor in series with the
single winding, to get a lower current drain for hold purposes. The
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latter is simplest and of more interest, in that the arrangement may
be added to escapements that have only the usual single magnetic
winding. Fig. 110 shows the details.

The average escapement requires around 500 ma at 3 volts to
operate. This current can be cut in half or even further, and still
retain sufficient power in the coil to hold the armature reliably.
Since the coil will have a resistance of about 6 ohms to operate
at these values, it will be necessary to use a resistance of the same
ohmage, or higher, for the current saver. Depending upon the size
of the control surface to be moved (and held), it might be found

@ PILOT LAMP
L—‘:—' +l
3v

S

TO RCVR ( %RY
-]

ESC COIL

Fig. 111. Pilot lamp gives aulv-
matic current-saving action. Re-
sistance is low when lamp is
cold, but rises when it lights.

that a considerably larger resistance value would do, thus saving
even more battery power.

A current saver that can be added to any escapement is shown
in Fig. 111. It requires simply the addition of a series lamp bulb,
and no contacts of any sort are needed. Bulbs have much less re-
sistance when cold than when hot; when the relay closes, battery
current is not greatly impeded by the low cold resistance of the
bulb and the escapement operates reliably. By the time the arm-
ature has pulled in, however, the bulb heats and its resistance is
raised, thus cutting total battery current drain. In one test, two
penlight cells were used to supply 3 volts to an escapement at
about 0.34 amp. Addition of the No. 13 pilot lamp (rated at 3.8
volts and 300 ma) cut the hold-in current to 180 ma, yet escape-
ment operation was perfectly reliable. Make tests with various
pilot and flashlight lamps to see how much the current to the
escapement can be cut, while still retaining completely reliable
action. Such tests should include trials with a fully wound rubber
and also with lowered battery voltage.

Another current saver useful in certain instances is seen in Fig.
112. With the relay in the normally closed position as shown, and
the switch closed, the battery simply charges the electrolytic capa-
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citor and, once it is charged, very little current flows from the
battery.

When the relay armature moves to the normally open contacts,
the charged capacitor is thrown across the escapement coil and dis-
charges almost instantly. The heavy current flow is sufficient to pull
the armature in, even against a fully wound and heavy rubber
motor. Also, this arrangement will operate the escapement relia-
bly even though the 3-volt battery is quite run down — provided

L4 + —

SW 3v
NC +.
‘—Q_< NO L]
RY(]
~— —000
ESC COIL

NC-NORMALLY CLOSED
NO- NORMALLY OPEN

Fig. 112. This arrangement will not
hold an escapement operating, but
just gives it a fast and heavy pulse
of current to kick the armature.
Good for motor control uses.

that you don’t key the relay too rapidly to allow full capacitor
charging between pulses.

With most escapements, a capacitance of 1,000 pf will do a good
job. The capacitor need only have a 3-volt rating; it will be around
1 x 2 inches in size and quite light.

This circuit will not allow you to hold an escapement armature
in an operated position, of course; if you want to hold a position,
a four-arm escapement will have to be used.

Adding contacts to escapements

Many escapements are made without electrical contacts, but
these are easy to add. If the unit is a sturdy one, with a good fit
between shaft and bearings, you can solder a little cam to the shaft
and use this to work the contacts. The cam can have one or more
points, depending upon what you wish to work with the added
circuit. In the two-arm escapement, it is useful to have the added
contacts close in only one of the two neutral positions. Thus, you
have one plain neutral left over for straight flight. If you have a
four-arm escapement, the contacts may be placed to close in one or
more of the half positions; you can skip through this position
quickly, if you don’t want the extra circuit to operate. For either of
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these cases, however, it will usually be necessary to include a slight
delay action in the added circuit, so that the added circuit isn't
actuated every time the wheel makes one rotation. If the circuit
is an escapement or other magnetic device (as is most often the
case), the delay may be obtained by use of the simple arrangement
in Fig. 113 where a low-voltage, very-high-capacitance electrolytic
capacitor and a low-value resistor are used.

Suppose, for example, that the relay closes the escapement-coil
circuit. Without the 5-ohm resistor and electrolytic capacitor,

5Q

I C; ESCAPEMENT COIL

TO SENS RELAY S o
~—;
4.5V 2000-4000pt/6V

Fig. 113. Some escapement selups require delay action, and
this is one way to get it. Escapement won’t operaie on a
quick pulse of current. The 5-ohm resistor is actually a
5.6-ohm unit, wirewound. It is similar in appearance to
insulated composition resistors, is readily identified by the
double width of the first color code band.

current flowing through the escapement coil would magnetize
the coil and the armature would be attracted. Now let us see what
happens when the resistor and capacitor are added, as shown in Fig.
113. When the circuit is closed, a large current flows as the un-
charged electrolytic capacitor acts almost like a short circuit; little
current passes through the escapement coil. Since the current also
goes through the 5-ohm resistor, a voltage drop is established which
limits the voltage reaching the capacitor (and the escapement coil),
thus slowing the charging of the former. However, the capacitor
gradually becomes charged. As the charging current becomes less,
several things take place. The voltage across the resistor becomes
less and that across the capacitor becomes larger. Eventually, the
voltage across the capacitor becomes sufficient to operate the
escapement coil.

The amount of delay depends upon the values of resistance
and capacitance you use. The larger the amount of resistance and
capacitance, the more delay you will get.

Other simple delay arrangements are shown in Chapter 3. They
may be worked from contacts on the escapement or by other means.

When a motor control escapement is operated by contacts in
the third position of a rudder compound, it is desirable to have
it change position when the third compound position is reached
(if the operator desires this) — not when the rudder unit is simply
passing through on its way to neutral after having been used for a
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turn. If the motor control escapement upper lead in Fig. 114-a
had been run directly back to battery minus, the motor control
escapement would receive a pulse every revolution of the com-
pound rotor, and you would have continual undesired engine
speed changes. For this reason, the escapement lead is run back to
battery minus through the relay NO contacts as shown; thus en-
gine speed change will occur only if the compound is stopped
on position 3. Or you can use the arrangement in Fig. 114-b.

NC

NO
COMPOUND MOTOR COMPOUND MOTOR
ESC ESC ESC ESC

— 3V 4 s 3V +

COMPOUND CONTACTS COMPOUND CONTACTS
WHICH CLOSE IN 3RD WHICH CLOSE IN 3RD
POSITION POSITION

a NC - NORMALLY CLOSED
NO- NORMALLY OPEN

Fig. 114. Circuit at (a) will allow motor control (or other) escapement to be held op-
erating as long as compound is in the third position. Arrangement at (b) just gives
the right-hand escapement a quick pulse of current, but won’t hold it operated.

The extra escapement will not operate when the compound
reaches and stops at the third position since its circuit back to the
battery is opened by the NC relay contact. As soon as the relay is re-
leased, however, the NC contact circuit is closed. This occurs before
the compound can open its third-position contacts, so the motor
control escapement gets a momentary pulse to step it to the next
position. The pulse is only momentary, because the compound
rotor soon turns to neutral and opens the contacts.

This action is fine for motor control but, if the extra escapement
is used for elevator operation, it will normally need to be held on
for a time in the third compound position. Fig. 114-a will do this,
of course. Note that in this arrangement both escapement coils
are energized all the time while position three is being held, so
that heavier batteries are required. As an alternative, you can use
a motor-driven servo for the elevator, since this type of unit will
hold a control position without requiring any power. The modern
compound seen in Fig. 107 has built-in switching circuits and will
give reliable rudder and elevator operation when teamed with an-
other unit of the same type.

Use of a compound for rudder, any other escapement for ele-
vator, and a third escapement for motor control, operated by
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the so-called “quick blip” system (see Fig. 307 in Chapter 3)
gives a lightweight control system making it possible to enjoy
rudder, engine and elevator operation from a simple, single-
channel receiver and transmitter. Admittedly, the pushbutton
operation at the transmitter is a bit complex, but many modelers
are flying this way.

Multiple controls with a single escapement

All sorts of ingenious schemes have been used to obtain rudder
and elevator operation from a single escapement — either a com-
pound or two-arm type (also called self-neutralizing or SN units).
Because it does not require remembering any set sequence as does
the SN unit, the compound 1s preferred for such use. The simplest
idea is to link the escapement to the rudder in the normal manner,
then have a second link running to the elevator, to give up when
the escapement is in or near position of neutral rudder. Fig. 115
shows the general idea. Up elevator is considered much more
useful than down; the elevator is lightly spring-loaded and has a

ELEVATOR v UP

\ LIGHT
\ CENTERING

SPRING
NEUTRAL ATOP STAB
ELEV
STOP ON
BOTTOM
UP ELEV
POSITION -7} OF STAB
\

PIN ON ESC ROTOR ~
— ESC RUBBER
RUDDER HAIRPIN TO RUDDER  AND REAR HOOK

Fig. 115. So-called “kick elevator” setup. Escapement works lhe

rudder in the usual manner (rudder and linkage not shown for

clarity) but the pin on escapement rotor hits the end of elevator

torque rod in one position of the rotor — usually near one

rudder neutral. As shown, elevator would be driven up. This can
also be used for down (will go only one way).

stop to prevent it from going past neutral toward down. Some
makes of compounds come with extra links for this purpose.

Experimenters have altered the rotor of a compound (the type
with a metal rotor) so that it has four stop positions, about equally
spaced, plus the usual single neutral; with suitable linkage this can
be used to give right, left, up and down! To “catch” the rotor at
the desired positions, it can be slowed a bit by adding a drop of
solder to the vibrating arm that acts as a governor.

Needless to say, in any control system in which the escapement
does double duty (by having to move two control surfaces, plus
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the additional linkage), extra care is needed to see that there is
no binding whatever in the entire installation. It is usual to
employ lj4-inch rubber for such setups. Normally used only on
the smaller models, they are well suited to these, since the overall
weight is low.

Eliminating the sensitive relay

Before leaving the subject of simple control systems, we should
mention that it is quite practical to put a high-resistance winding
on the escapement and work it directly from the plate circuit of
the relay tube in the receiver. This arrangement is not too

SPRING TENSION FIXED CONTACT
ADJ. SCREW SCREWS

FIXED CONTACTS SCREW RELAY COILS ( 2)

Fig. 116. Sigma 4F (left) and 5F relays are relatively large
and heavy but have lots of power. They can be made into
high-resistance escapements which will move controls
directly, without use of sensitive normal receiver relay.
escapement and low-voltage battery circuit.

successful, however, with simple one-tube receivers, as the plate-
current change generally is not great enough to assure reliable
operation. Good results may be had from a receiver in which the
plate current swings from near zero to around 8 ma, or has a
total change of at least 2-3 ma. Such receivers are usually of the
multi-tube or transistor type, some of which are described in
Chapter 5.

A powerful relay is required for this sort of operation and, if
weight is no object, the Sigma 5F shown at the right in Fig. 116
is ideal. The 5F and the 4F have been used in radio control in the
past, but are now considered to be rather heavy for receiver
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purposes. When modified to act as escapements, though, they
eliminate the sensitive relay normally required and also the
escapement wiring, battery and switch. Care is required in the
construction of a high-resistance escapement, but if the job is
well done, it will pay off in simplicity of installation and main-
tenance. There are no relay contacts to get dirty, and you don’t
have to worry about the escapement battery running down. In
such an installation, it is usual to employ slightly larger B batteries;
thus, overall weight saving is not a factor.

Such high-resistance escapements are not generally suited for
large planes (they are best for those up to perhaps 414-foot wing

Fig. 117. Tiny escapement was
made from Gem 5K relay. Not
very potent, but has enough
power to move rudder of a
2-foot-span model. Very light.

spread) . They are also useful in considerably larger model gliders
as these generally travel more slowly than powered planes and
do not have the strong blast of the propeller on the rudder surface.
At the lower end of the size scale, ultra-lightweight high-resistance
escapements can be made from some of the tiniest relays. Fig. 117
shows one built from a Gem and used successfully in a 2-foot span
powered model. Construction details are in Fig. 118. Weighing
only a tiny bit more than the relay from which it was made —
about 0.6 oz.—this escapement made possible a weight reduction
in the little plane of about an ounce, a considerable saving since
the overall weight was only about 814 oz. The escapement was
driven by a single strand of rubber of about 1/16 x 1/32-inch
cross-section, and a fair amount of aerodynamic balance was used
on the rudder to lessen the power required to move it. Such
balance puts part of the rudder area ahead of the hinge line and
is very helpful. It should not be overdone, though, or you might
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ROTOR FRAME (1/32" BRASS)

{1/32" STEEL) THREE 2-56 NUTS SOLDERED ON (TOP
NUT TO BRACE SHAFT TUBING. )

e
174" []1732" MUsiC WIRE

SOLDER

BENT AFTER ASSEMBLY

(SIDE VIEW, SHOWING ADDITIONS)
ARMATURE DETAIL

1/32"X1/8" STEEL- ~~ ~S ™\,
SOLDER TO ARM \ / '\ ROTATION

A SMOOTH
«| SOLDER
T s . / SURFACES

WL
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WIRE"U" BOUT 003
GAP WITH
COUNTER ARM. DOWN
wEioHT i
e RIVET HEAD
ARMATURE

.SHIM STOCK ADDED TO TAKE OUT
SLOP™ IN ARMATURE BE ARINGS.

Fig. 118. Details of the parts used in the little escapement shown in Fig. 117.
Real care and accuracy are important, as clearances and power are small.

find the rudder jamming in hard over when your plane is in a
dive; 309, balance is about as far as it is safe to go in most cases,
meaning that 309, of the area is ahead of the pivot point, as in
Fig. 119.

The two fixed contacts were retained to act as stops for armature
movement. Before assembly, the top of the core was given a couple
of coats of model cement to prevent the armature from sticking
to it by residual magnetism when the current ceases. The lower
contact was bent to give only a few-thousandths of an inch
clearance between armature and core; then the upper contact
was bent to allow a total movement of perhaps 0.020-inch. These
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adjustments must be made before final touches are given to the
stops, the latter being filed and bent to match the rotor. If you are
in doubt as to how the rotor and stops should match, take a good
look at a commercial SN escapement.

Note that a counterweight (in Fig. 118) is attached to the
armature, soldered to small holes drilled in the latter and with
small wire solder wrapped on for weight. After all mechanical
work is completed, adjust the spring so that the armature pulls

in at about 2 ma and releases near 0.8 ma. These values will
differ somewhat from the escapement installed in the model and

HINGE PIN SUPPORT

FIN ———

¥ig. 119. Aerodynamic balance is used on this

rudder. Area forward (to left) of hinge line

aids escapement in moving rudder against
airstream, when in flight.

the rubber fully wound. The rotor tips and mating stop-ends
should be polished very carefully — remember, we don’t have
much power to waste here! This escapement was used with a
receiver that afforded a current change of about 0.2 to 3.5 ma
through it, and gave very positive rudder action. The unit had a
5,000-ohm coil, as did the relay it replaced.

Motor-driven escapements

Widely used today are a line of commercial units that function
exactly like escapements but derive their operating power from
electric motors instead of rubber bands. Normally a bit heavier
than escapements but having considerably more power, they can
be used to move control surfaces in the largest planes.

A representative unit is seen in Fig. 120. The motor turns a
disc through a gear train; the disc has contact-operating rods on
it and a means of linking the unit to the control surfaces through
a push rod. Depending upon its purpose, the unit may have one
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or several sets of contacts, and operation can be had similar to an
SN escapement, four-arm type, compound and so on. On the
compound type, an extra set of contacts is provided to operate a
second unit, either of the motor-driven type or a regular escape-
ment. Since the motor tends to coast after power is removed, a
brake is fitted to control it. Like compound escapements, Mult-
Servos, as these units are called, produce a characteristic buzzing

Fig. 120. This Dineco Multi-Servo is representative of a large line of
similar units designed for single-channel and multi-control. The
single-channel units give the same type of operation as various types
of escapements (two-arm, four-arm, rompound ete.) but have more
power, do not require rubber motor. Also, these units hold a control
position without any current drain. Most of them require use of
both relay conlacts; escapements normally use only one side of relay.

sound when they operate. (Incidentally, this noise has been used
to advantage by modelers searching for planes that have landed
in thick underbrush, woods etc. If the control equipment is still
functioning, keying the transmitter periodically produces a buzzing
sound which can very often be heard for considerable distances in
areas that are quiet).

Nomenclature

The names of actuating units for models tend to lead to some
confusion. In general, “servos” have been considered to be the
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actuating units in multi-channel installations. Escapements are
always rubber-operated units, such as we have discussed in this
chapter. Compounds are a form of escapement, of course, but are
known by various trade names as well; the unit in Fig. 107 is
called a VariComp. Actuators originally were considered to be
the operating units in proportional control systems (described
in Chapter 2, beginning on the following page), but this is no
longer strictly true. The radio-control modeler no longer can
visualize what a given control unit might be simply by hearing its
name!
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complex control systems

M()ST of the control arrangements described in Chapter 1 are

the step-by-step type; they will give right or left, and neutral,
as you desire, but only in one degree. If you want to make a
long shallow turn to the right, you have to signal for a whole
series of rights, interspersed with neufrals. This is true because
it is usual to set the rudder to give fairly sharp turns when it is
held over to either side. Much smoother action in the turns could
be achieved if there were a method whereby the rudder could be
moved just a little bit to one side when a shallow turn is required.
Actually, there is a way, and it is not too complicated at that. It
is called semiproportional control. Most of the added complexity
involves the transmitter, and little extra is needed in the model for
some of the systems to be described. Because you do require an
added attachment to the transmitter, we have included these sys-
tems in this chapter rather than in the previous one.

Semiproportional control

Let’s see just what is required to get this semiproportional
control action. It's more easily understood if you will try a simple
experiment. Hook up an spdt switch, two batteries and a per-
manent-magnet motor geared down to a ratio such that, if
the switch is held closed, the output shaft of the gear box will
turn steadily at a speed of about 30 rpm. The circuit is shown
in Fig. 201. With the switch in one position, the motor turns
steadily in one direction, and reverses when the switch arm is
pressed to the other contact. Now try tapping the arm rapidly,
so the motor receives reverse polarity in even pulses. What does
it do? It wiggles energetically, but can’'t get anywhere — the out-
put arm stands still —and that’s the neutral of our semipro-
portional system.

It's a simple matter to transfer this system to your model for
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rudder operation. In the plane, instead of the spdt switch, we
will have the contacts of a sensitive relay, and the gear-box shaft
connected to the rudder. To control the rudder, push the button
or key of the transmitter. If you push to get evenly-spaced pulses,
the rudder will not move; if you hold the key down, Or else let
it up completely, the rudder will go to either extreme position.
To hold the rudder at any point of its travel either right or left,
you would have to send even pulses again. This can be a nuisance
(and tough on the thumb, too), sO 2 simple keying pulser can be
rigged up similar to Fig. 202. Here we have a small geared-down

TURNED 900 PUTPUT ARM

GEAR BOX MOTOR SPDTCONTROLSW

30RPM

Fig. 201. This simple arrangement mady be used to
demonstrate scmiproportional control. Gear-box arm
controls rudder.

motor which turns a cam at steady speed. The contacts are ar-
ranged to turn the transmitter on and off, giving even on and
off pulses. The actual control switch operated by you is the lever
at the left; as set up here, the right position closes contact A, to
give a steady signal. Left is had when contact B is opened; this
cuts the transmitter signal entirely. In the center or neutral posi-
tion, with contact B closed and A open as shown in the drawing,
the transmitter sends out the steady series of pulses that signify
neutral to the plane.

This setup can give good results, but it is possible to do a lot
better with a little further complication. The next step is to g0
back to Fig. 201, and try another experiment. Suppose you t2p
the switch arm so that the pulses are not even; in other words,
the lever is on one side longer than on the other. The gearbox
arm will turn in one direction. Though the motor reverses each
time you hit the lever, it turns more and longer in one direction
than it does the other, so the net motion at the output arm of
the gear box is in one direction only. You can reverse this direc-
tion by allowing the lever to rest against the opposite contact
for a longer period of time.

Now, we can take the geared motor and cam arrangement of
Fig. 202 and add an adjusting system to the contacts moved by
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the cam. (Fig. 203). If the control lever is shifted from the center
position, the motor-actuated contacts can be made to close for
varying periods of time. Suppose the lever is shifted halfway to
left; the contact strip that engages cam A will drop downward,

PIVOT POINT OF CAM
XMITTER CONTROL LEVER g CAM DRIVEN BY GEARED-DOWN MOTOR

RIGHT (5 )
\ C. ,,12/ 1
NEUTRAL (s
e N TO XMITTER
Pt
'~ T\‘_

RELAY

Fig. 202. This control system replaces a thumb on button at Iransmitter,
for better action from the rudder-moving arrangement of Fig. 201.

and the cam will be able to hold the contacts closed only for a
small part of its rotation. In the center or neutral (N) position,
on the other hand, the contacts were held closed for half of each
revolution of cam A. Thus, at half left, the transmitter will be
sending out pulses something like those shown in Fig. 204 (14 L).

N CONTROL LEVER
R

SPRING
MOTOR-DRIVEN CAM A\g
PIVOT POINT R--I———
Riared _____ " TO XMITTER
N == +—PIVOT
L7 l~——BAKELITE STRIP

CONTACT ( __EH-—————
A~
TO ADJ: SCREW TO SET RUDDER NEUTRAL WITH CONTROL LEVER CENTERED AS SHOWN

Fig. 203. A4 little inore complex box or “pulser” gives true proportional

control, when appropriate equipment is used at receiving end of system.

Note that cam on control lever moves the entire assembly of contacts

and their pivoted mounting strip so contact closure intervals may be
varied.

If the lever is moved full left, the signal will be cut off. Similarly,
full right will be a continuous signal, and half right will be long
pulses with short intervals.

If you used this system at the transmitter and had the same
motor-driven rudder of Fig. 102, what sort of control could you
get? Assuming that the whole layout were adjusted so that, with
the stick in the neutral position, the rudder would not move — just
wiggle slightly — if the stick were shoved half left the rudder
would move slowly to the left. To hold the rudder at any posi-

31




give a deflection of the rudder one way or the other. In terms of
rudder-moving equipment, you can’t get much simpler than this.

Fig. 207 shows a linkage that was used in a tiny radio-controlled
plane based on this same sort of arrangement. Actually, a 5,000-
ohm relay supplied the coil, armature and return spring. The
armature was fitted with a wire extension to magnify the avail-
able movement, the wire engaging a torque-rod hairpin. This

MOTOR
FEN
A
si
BATTI
RI + -
g
TORCVRC_}ERY S8
-+
R2 BATT2

Fig. 206. Circuit for electrical cen-
tering. In neutral, SI and S2 are
closed to short Rl and R2. As
motor moves off center in one
direction, a cam opens switch that
puts resistor in that side of circuit.
Light rubberband centering usually
also employed with this system.

relay is an exceptionally efficient type for its size and weight and,
with a current range of from about 0.2 ma to 3.5 ma through it,
gave very good control action in the tiny plane (only 24-inch
wingspan and fitted with an .02 engine). For planes a little bigger
than this, a low resistance relay could be used, supplied with
power from a $-or 4.5-volt battery and controlled by the receiver
sensitive relay, to get a lot more rudder power than might be had
from the high-resistance relay worked directly from the receiver
output. The relay mounted in the plane’s fuselage is seen in
Fig. 208.

To get more movement of the rudder, some experimenters
have used the little plastic low-voltage motors of which there
are mnany on the market. The motaqr is fitted with stops so that
it can turn no more than, say, one-half a revolution (Fig. 209). As
the pulses come in, the motor flips back and forth between
the stops, and the push-rod works the rudder. The motor has lots
of torque and can move a large rudder or elevator, but it takes a
lot of current. An electric motor draws the greatest amount of
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PIVOT LINE

5/16" MOVEMENT
SIDE TO SIDE

9" LONG 1/16" OUTSIDE DIA ALUMINUM TUBE
TORQUE ROD. ALL WIRE 1S 1/32" DIA.
MUSIC WIRE (SOLDER TO ALUMINUM WITH
"SAL-MET" FLUX) BEARING

* ABOUT 3/32" MOVEMENT

L~
COUNTER-BALANCE . 000 HERE (MAKE THIS CLOSE FIT)

PRICE RELAY ARMAT ’f \

APPROXIMATELY 1/64"

(’;(I)LNE'I’S(;:'I!: 1-5716" BETWEEN ARMATURE
POINTS & POLE PIECE WHEN

FORMER IS DEPRESSED
LIGHTLY

ABOUT 1/16" MOVEMENT UP & DOWN HERE

Fig. 207. Linkage used to drive rudder on a tiny plane, direct from

the armature of a sensitive relay. Price relay is very potent, quite

light and compact for its size. Weight is put on wire lever soldered

to relay arnature, slid until entire system is roughly in balance

with no tension on relay armature spring. This helps relay do its

work, since power available is naturally rather feeble. System good
only for very small planes.

current when it is not turning; this system, requires that the
motor be stalled at the stops part of the time and moving rela-
tively slowly the rest.

To let the motor turn at a higher speed and to get more torque
at the rudder while still holding current drain to a reasonable
value, the Mighty Midget motor is widely used; it has a built-in
gear train with a 7:1 reduction ratio. It is usual to add a centering
rubber band (Fig. 205) sufficiently strong to limit movement of
the torque rod to 180° or less; many modelers do not use stops
in such an installation. Operated on 114 volts, the motor will
draw about 100 - 150 ma, depending upon pulse rate (higher
current is drawn with higher pulse rates), and 250 —350 ma on
3 volts.

To obviate the need for two sets of batteries for such propor-
tional circuits, the motor can be driven by a dpdt relay; the cir-
cuit is seen in Fig. 210. Such an arrangement is not too highly
favored, however, because double-pole relays are harder to adjust
than the almost-universal spdt types, and take more current to
operate reliably. They are also more costly and not widely
available.
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Fig. 208. This shows the relay and linkage installed in plane.
Receiver is mounted on foam-rubber pad at near end of plane
cockpit. Unit on fuselage side just to right of relay is a connector
for recetver, made from pair of subminiature tube sockets.
Receiver battery is in holder under hatch in foreground.

Actuators

A neat way to reduce the current drain, while still obtaining
plenty of torque is with the actuator illustrated in Fig. 211
(The completed unit 1s shown at the upper right.) This gadget 1s
generally termed a proportional actuator (or just actuator for
short). But remember the confusion among such radio-control
terms — not all actuators work like this one nor are they intended

for the same job. It might be compared to a permanent-magnet
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Fig. 209. Low-voltage motor can be connected divectly to rudder

torque rod, but at least one stage of gearing is generally used.

Mighty Midget with its built-in 7:1 gear reduction s most

popular. In any case, some sort of stop to keep motor from
completely rotating the rod is advisable.

motor without a commutator. It gives a shaft rotation of up to
about 100°, depending upon the power put into it and whether
it is used with single or dual windings. With a single winding,
it may be connected to two sets of batteries as was the motor in

¥ o ae—
—
MOTOR Fig. 210. Motor can be operated
from a single low-voltage battery
= by using a dpdt relay. Not wide-
-—] [ ly used, due to scarcity of such
RYCE ~d3vd+ relays and to trickier adjustment.
ey

Fig. 201. The preferred connection, however, is with a single
winding, using each coil separately as in Fig. 212.

The rotor of the unit is a disc permanent magnet which has
its two poles, a North and a South, on opposite edges of the
disc. Suppliers carry such magnets in several sizes. The actuator
in Fig. 211 utilizes a 1 x 8/16-inch thick disc, but a 1x 4 is also
usable. If the thicker one is used, the pole pieces should be 1/16-
inch higher than shown. Semicircular poles surrounding the disc
are bent down for bolting to the tops of the coil bobbins, which
have iron cores. Dimensions depend upon the size of the disc and
the coil bobbins, of course, so don’t cut any pieces until you are
sure they match.

Despite the fact that Alnico has a reputation for resisting hard
knocks, heat, etc. treat the disc with gentle care! Rough treat-
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The completed actuator as-
sembly is shown in the photo
at the right.
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N°4 F.H. SCREW
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—

The rotor assembly (right) is
mounted on a wire shaft.
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Main assembly (left). For the
sake of clarity, only one coil
bobbin is shown.
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Fig. 211. Proportional actuator useful in laiger planes. Skelches give details of the
parts needed and their assembly. As main assembly shows. entire rotor and pole-
piece assembly is built as a unil, including long tube bearing for the rotor shaft.
If holes through center of electromagnet poles are not desired. serews may be run
into tapped holes in pole ends by removing the rotor. This makes it a little (rickier
to solder collar on end of rotor shaft, however. Shouldered bushing is soldered to
rotor shaft before it is put in the magnet disc. One of the epoxy cements can be
used (o fasten the disc—shaft assembly permanently.

ment will definitely weaken it. For this reason, the shaft was not
soldered directly to the disc; rather, a brass bushing was turned as
seen in the rotor assembly, and drilled for a close fit over the
shaft. If you don’t have lathe facilities, cut the bushing down with
files, holding the piece of metal in a hand drill. Make the shaft
hole first, then solder the 8/32-inch music wire shaft in place.
Turn the bushing until it fits snugly in the magnet.

With a hand grinder, cut three equally spaced notches around
the magnet hole, both top and bottom: then coat the bushing with
model cement and press it in the hole. Place the assembly through
a hole in a block of wood and use a small-ended (about 1/82-inch
diameter) nailset or a filed-off nail to depress the brass slightly into
the disc notches. If you do a good job, the disc will run true and
will be amply tight on the bushing.

The main frame assembly is started by cutting the brass (not
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iron!) bridge and soldering to it the bearing tube of 3/32-inch
inside diameter brass tubing. Make this tube as long as possible,
depending upon the length of the magnet coils used. A washer at
the top and bottom of the bridge strengthens the joint. Place
the tube at exact right angles with the bridge.

The pole pieces and base plate are made of 0.050 soft (magnetic)
iron. Plain cold-rolled steel can be used, but iron is better if you
can get it (hobby stores usually can supply it). You can go up to
1/16-inch in thickness, but don’t use thinner than 0.050. The poles
on the actuator shown were cut from the armatures of discarded
large-size relays.

If you treat it with care, the magnet itself can be used as a form
around which to bend the poles, but a piece of l-inch rod may
be handier. Clamp the flat pole-piece blank centered over the rod
in a vise and bend the pole ends around. If you are using a rod,
you can tap the ends with a hammer and piece of scrap brass to
make them conform (don’t do this if you are using the disc as a
form). The metal will spring out slightly, which is all right, as you
want a gap of 1/64 to 1/32-inch all around between the disc and
the poles.

With the pole-piece legs bent as in the main-assembly sketch,
fasten them to the bridge with 2-56 screws. File and adjust the holes
to get the desired gap between disc and each pole right, over the
pole legs. (You can bend and shape the pole tips more easily after
the main assembly is soldered together). Next, solder the poles and
bridge together — clamp a pair of pliers or other “heat sink” at the
bridge center, so the bearing-tube joint doesn’t become unstuck.
With the poles firmly in place, clean the assembly, open the holes
and tap to fit a 4-40 screw.

The electromagnets were wound on bobbins taken from old
relays (again, you can get suitable bobbins from radio-control
suppliers). Because none had the desired windings, the original
wire was stripped and the bobbins rewound. Since the actuator
in Fig. 211 was to operate on 115 volts, a winding of 950 turns
of No. 30 enameled wire was wound on each, keeping the layers as
even and smooth as possible. The winding was done by clamping
the empty bobbin in the chuck of a hand drill, which in turn was
clamped in a vise. These bobbins measured about 3;-inch long
inside the fiber end pieces, which are 54-inch in diameter and the
winding just about filled this space. Before winding, the iron core
was drilled all the way through to pass the No. 4 filister head screw.

It takes 950 turns of No. 30 wire to produce a winding with a
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resistance of about 11 ohms and a current drain of about 120 ma
on 114 volts. The actuator gave sufficient power for reasonable
stunting with a fast 56-inch-span plane. Later for still more power,
a potent Alnico disc 1 inch in diameter by 14 inch wide was
installed. With the original magnet, the unit weighed 214 oz.

Torque produced by such actuators is directly proportional to
the number of turns of wire and the current through the coils.
The actuator shown will produce lots more torque on 3 volts, of
course, when the current drain will be about 240 ma. With this
much torque it should handle the rudder of a 5- or 514-foot span
plane with no trouble. Fig. 212 shows the actuator circuit.

As shown in Fig. 211 the unit was fitted with a cross arm

INSI* 4 ;
o oF ACTUATOR WINDINGS
~———
L1
TO RCVR C:E INBI? ¢ p
D
SENS RELAY

Fig. 212. Magnetic actuator with two coils is connected to

single battery this way. Coils must be polarized properly. If

disc turns wrong way when you apply current, just reverse

connections to the battery. Always use IN91 suppressor diodes
on such actuators, one for each coil.

which operated the rudder through a push-pull rod. The upright
arms are stops to prevent the rotor from turning too far; they
are bent so that the arm does not hit them during normal pulsing.
It is preferable to link the actuator to the rudder via a torque
rod. The actuator is mounted with its shaft running fore and aft
and, if real care is used in alignment, the torque rod could be
fastened directly to the actuator shaft. It is probably more desir-
able to use a front bearing for the torque rod, Fig. 213, and link
the rod to the actuator with a crank and hairpin. This allows a
reasonable amount of misalignment and also takes the added
weight of the torque rod off the actuator bearing. In any case,
the whole assembly should turn absolutely free.

An actuator such as that shown in Fig. 211 has a slight center-
ing action, but more is desirable. It can be achieved by using a
rubber band on the torque rod, but this isn’t recommended.
Magnetic centering is preferable, and can be accomplished as
shown in Fig. 214. You will need a magnet with a hole in the
center (it can be a disc or bar type; plain small flat bars without
holes could also be adapted). A holder of thin brass is drilled to
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clear the shaft, and bent to solder onto the pole pieces. The mag-
net is cemented and bound to the holder, with the poles turned
so that the actuator disc magnet 1s attracted to center or neutral
position. The closer the two magnets, the more the centering,
however, use only enough to bring the rudder back near center.
Too much centering simply eats up torque you could better use
in turning the magnet.

Another type of actuator design is seen in Fig. 215. Weighing
about 314 oz. this one has a 114 x %-inch magnet, and the coil has
530 turns of No. 30 wire on each side of the center divider. The

FRONT
BEARING

## 14 WIRE

Fig. 213. Rather than put whole weight

of torque rod on actuator shaft, attach

a forward bearing to fuselage or bulk-

head, and link rod to actuator shaft
with a hairpin.

unit was used successfully in several planes but is not as efficient as
the one in Fig. 211, whose long and more slender coils allow more
efficient use to be made of the wire.

Still another unit of this sort is seen in Fig. 216, and was built
for use in a very small plane. It has a 14 x 34-inch disc magnet,
and each half of the coil has 750 turns of No. 34 wire. Although
not very strong it is ample for the tiny plane it was intended for.
Dimensions are given in Fig. 217. The unit weighs 34 oz The
~urrent drain of each coil is 75 ma at 114 volts.

Actuator power

The torque available from any of these magnetic devices — and
this covers the escapements described in Chapter 1 as well —
depends upon the number of ampere-turns in the winding. This
means simply the number of turns times the current you put
through them. Thus, you can get more torque by increasing the
number of turns, by putting more current through an existing
coil, or both. If you have a big plane and can carty plenty of
batteries, you don’t have to strive so hard for top efficiency. But
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if you want to get the most pull for the least current, it will pay
to try several different coils.

As an example, the first coil used on the actuator of Fig. 215
had 780 turns of No. 32 enameled wire (on each coil), drew about
80 ma on 114 volts and had quite a strong pull.

Another winding with 700 turns of No. 30 wire was tried. This
gave considerably more pull, and a drain of 116 ma. But further
coils with 600 and 500 turns of the same wire gave no increase in

SHAFT

BRASS HOLDER Tl CENTERING MAGNET

v

POLES

Fig. 214. Small permanent magnet affords ideal way to obtain
better centering from magnetic actuator. Should be mounted
just close enough to disc to bring latter reliably back to center
when current is off. Excessive centering is wasteful of power.

pull, although the drain went up to 170 ma in the last case. Also,
cutting the size of the core through the winding from 5/16
down to 14 inch in diameter reduced the pull very noticeably in
cvery case.

In any of these magnetic gadgets, the inner turns are the most
efficicnt, since they give just as much magnetic field as the outer
turns but do so with much less resistance, due to their shorter
length. The best shape for such a coil is long and thin, hence the
design in Fig. 211. Final torque available thus becomes a com-
promise between coil shape and size, number of turns, wire size,
and the current you can afford to use.

Simplified actuator

Another type of actuator, developed by George Trammeli, is
shown in Fig. 218. Extremely simple, it has surprising pull. It can
be made much lighter and more compact than the one in Fig.
911. Details of the actuator parts and assembly are shown in
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Fig. 219 Actuator coil-winding information and a cross-section
through the assembled actuator unit are given in Fig. 220.

For the simpliﬁed actuator, it seems quite possible that bar
or square magnets could be used, provided they are correctly
poled, if you don’t require the maximum pull. This actuator
has absolutely no centering action when the current is turned off.

STOP Arp,as,j RUBBER - PADDED)
&/‘

_ POLE
”  PIECES

Fig. 215. An earlier type of actuator used by the author. Worked
well but, due to short fat coils, not as effictent as the one shown
in Fig. 211. Weight about same.

Simple magnetic centering can be added by placing a small piece
of iron under the magnet outside the case; by moving the iron
around, you can turn the actuator rotor to any position. The same
effect can be had with a tiny bar magnet, and this will be lighter
in weight. Magnetic centering of this sort (and also as described

for the unit in Fig. 211) is much more practical than any sort of
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spring or rubber-band centering, simply because the centering
action is strongest at neutral and grows weaker as the actuator
moves to either side. Air pressure on the control surface grows
greater as it moves away from neutral and will always tend to
force the surface — and its actuator — back toward center. So the
magnetic centering gives exactly the action we want, while spring
centering is just the reverse.

We have covered actuators quite thoroughly because there are
not many available on the market and hobbyists must generally
make their own. On the other hand, dozens of escapements and

Fig. 216. Tiny actuator for 144

size plane. Not much power but

enough for the job it had to do.
servos are obtainable, and most radio modelers do not make these
units because they can obtain such a wide variety at reasonable
prices.

Incidentally, it is quitc practical to make an actuator with
a high-resistance winding, to be operated directly from the last
tube of the receiver without the need for a sensitive relay. Tests
with the actuator of Fig. 215 showed that a very nice pull could
be had when 8 milliamperes was put through a 5,000-ohm relay
coil substituted for the normal low-resistance winding. In this
instance, the coil pulled only one way, against a return spring.
If it were possible to use the same push-pull coil arrangement that
is shown in Fig. 212, but with the high-resistance windings, the 8
milliamperes could probably be reduced to only a few milli-
amperes in each coil. Such an arrangement would probably neces-
sitate double output tubes in the receiver, and thus might add
more complications than it is worth.
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Motor-driven actuators

PM motors are widely used 1n proportional systems, with the
Mighty Midget probably the most popular because it has a built-
in 7:1 reduction gear train. For more torque, needed especially to
move elevators on the larger planes, an even higher reduction is
desirable. This is usually obtained by adding a second set of
Mighty Midget gears to the motor, producing a 49:1 reduction.

SEMI- CIRCULAR 1/16" MUSIC WIRE BEARING
POLE-PIECES 5
SOLDERED TO SIDES 1716" INSIDE DIA BRASS TUBING
L 178" X 3/4" DISC MAGNET (ACE R/C)
. L ~BRASS PIECE TO SUPPORT MUSIC WIRE
e SIDE FRAMES 1/32" X 174"
" 3/8"
9/16 =L
172
5/16"
EACH SIDE 1S FULL
COREIS T OF N°34ENAM WIRE
3/16" DIA {ABOUT 750 TURNS)

MIDGET ACTUATOR

rig. 217. Wire driver for torque rod of this tiny unit was

soldered to the 1/16-inch ID tube which holds the disc

mnagnet. Frame was bent to accommodate magnet bobbin
on hand.

This has been found ample to move rudder or elevator of 6-foot-
span stunt planes, when driven by 3 volts (or even by 2.4 volts as
produced by series connection of the widely used nickel-cadmium
storage cells). Some radio-control fiers feel it might be an ad-
vantage to go as high as 75 or 100 to 1 with this same motor and
voltage, but too high a gear ratio is undesirable as it produces
too much lag in control-surface movement.

A commercially made actuator based upon the M-M motor,
and with 49-to-1 gearing is seen in Fig. 221. Although not intended
for such use it can be made into a fine proportional actuator.
The hole in the case through which the motor shaft protrudes
should be enlarged and a small wire hook soldered on, to take
a lightweight centering rubber band. The output arm may be
used for push-rod or torque-rod applications, as desired. This unit
can be had with any of several contact discs that are interchange-
able and serve to adapt it to various sOTrts of single and multi-
channel control systems. These contacts are normally not required
for proportional work but may be left in place since they produce
very little drag.

Fig. 222 shows how the Mighty Midget is fitted with an extra
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set of gears for an overall gear reduction of 49:1. The normal
gears are at the left; added gears of the same size are at the right
end of the motor. A metal plate holding a stub shaft for the added
large gear is attached to the motor case with small screws. The
torque rod is fastened to, or driven, by this gear.

Another useful centering scheme is shown in this illustration.
An enlarged hub is pressed on over the left hand large gear, which
also has a pin added to take a hook for the vertical rubber band

Fig. 218. Simplified type of magnetic actuator has no iron in it except for the magnet

disc itself and music-wire shaft. Frame must be made of brass or other nonmagnetic

material. Inside of frame should be close fit around disc, but with enough clearance
so latter can turn freely.

or spring attachment. This band gives strongest centering effect
up to about 100 degrees or so on each side of center (depending
upon the diameter of the enlarged hub), but thereafter, it wraps
around the hub and the centering action is greatly reduced — as is
the power required for the motor to stretch this band. A light
band may be attached to the motor armature as in Fig. 205 to help
get the actuator back to neutral. Balance between the two center-
ing devices may be shifted to suit the builder.

Preventing proportional-control failure

Proportional control systems all have one drawback: if you lose
control for any reason, the ship goes into a hard turn to one
side. or the other. With a boat, this is not too dangerous, but
with a plane it could — and usually does — lead to disaster. Even
so, most modelers (especially those who lost an escapement-equip-
ped plane that flew off in a straight line when the radio system
failed) would much rather take home the remains of a plane that
had spun to the ground when control was lost, than lose the plane
through a straight-line flyaway.
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ALNICO N°3 ARMATURE

1/8" THICK,3/4" DIAMETER S

| WASHER-(IF NEEDED)- CUT
FROM BRASS SHIM STOCK

SHAFT-1/16" PIANO WIRE,5/8"LONG
TRAY- SEE DETAIL BELOW

COVER-7/8"X 7/8"X .010"
SHIM BRASS

BEARING-BRASS Tuee,3/8"
LONG, DIAMETER TO FIT SHAFT
FOR SMOOTH ROTATION o

ARM-.010" OR 015" BRASS, 9/16" LONG

HOLE IN CENTER OF TRAY-(SNUG
FIT ON BEARING TUBE}

/
TRAY-BEND AS X
SHOWN .0I0"-BRASS 7
SHIM STOCK

Fig. 219. Thin washer keeps magnet from touching case on one side. Shaft protrudes
through center of disc a tiny amount, is roun ed on this end, hkeeps disc from
rubbing on other side. Frame may be made of nonmetallic material such as fiber,

if desired, but make sure shaft is fastened firmly in place.

There are ways to prevent proportional-control systems from
going into hard-over rudder if any part of the apparatus fails.
It is usual to employ what is termed a “fail-safe” circuit for this,

and the same circuit can also be put to use to operate a motor

control. As the term implies, a failure produces a “safe’” condition

in the model, usually by returning the rudder (and other con-

trols, if used) to or near neutral. In a proportional system, this is

done by adding a circuit that will operate a relay if the pulsing
from the transmitter fails to reach the plane. Some such circuits

work only on loss of signal, as would occur if the transmitter were
to go out of commission or the model to fly out of range. The

safest arrangement is one that works either with lack of signal or
with steady signal. Circuits for this purpose are shown in Chapter

3. For safety, place your fail-safe circuit as far along the control

“train” toward the rudder as you can get it. If placed right in the
receiver circuitry, as it sometimes is, it will work all right if the
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CROSS SECTION
THROUGH ASSEMBLED
ACTUATOR UNIT

Fig. 220. Cross-section shows winding in place; it
can be either single- or double-coil type. After it is
in place, apply several coats of varnish. Insulate
form with tissue paper before winding. This unit
took about 120 feet of No. 32 enameled wire.

transmitter, receiver, or receiver batteries go bad. But if it is con-
nected in the actuator circuit, the receiver relay and also the
actuator battery can often be included in the parts whose failure
will activate the fail-safe circuit. It is also possible to arrange things
so that a failure will automatically cut the engine to low speed

Fig. 221. This Citizen-Ship servo can be bought finished or in

kit form. It makes a good proportional actuator, due to use

of Mighty Midget motor and double §earing. Intended for
e

single- or multi-channel use.

where it will remain unless control is regained, whereupon the
engine may again be speeded up. This is also covered in Chapter 3.
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Motor-driven servos

A few words on the use of geared-down motors was included in
Chapter 1, since such units are widely used for the same€ jobs
that various types of escapements perform. When used as escape-
ment replacements, these units normally afford more power for
control movement, but they are heavier and often take more
current to work them. Because they do their work by electrical
power and do not need the Jong, twisted rubber band, they can
be fitted in some installations where there is simply no room for
the rubber.

Motor servos are used almost exclusively to move control sur-
faces of multi-channel reed and audio-filter receivers. It is normal
to employ one reed (or filter) channel to move 2 surface each way.
In the popular fve-reed outfits, it 1 customary to assign two reeds
to rudder, two to elevator and the fifth to motor control. Eight-
channel outfits add two more for ailerons, sometimes use two for
motor control, or possibly one for this and one for such added
controls as flaps. With 10 channels you can get elevator trim.

Reed servos usually have higher gear ratios than those used
for proportional purposes, and are fitted with several sets of con-
tacts for limiting movement at each extreme and for bringing
the servo back to true center. The limit contacts open when the
control arm reaches the desired maximum movement to either
side; the servo will stay in that postion without any further cur-
rent drain until the relay controlling movement in that direction
is de-energized, whereupon the centering contacts act to bring the
arm back to neutral.

A representative circuit is shown in Fig. 223. If the centering
contacts are set to bring the arm (and its control surface) back
to exact neutral, the servo is said to be self-centering O full-
centering. Some fliers set these contacts O that the servo does not
go to exact center, Jeaving a small “¢rim” range. This allows for
slight control changes (usually used only on the elevator) to
compensate for varied flying conditions, such as windy weather
or lack of it. A few fliers prefer to fly with no centering on the
elevator at all — it simply goes to the position signaled and stops
there until the flier calls for some other position. This method
of flying produces VeTy smooth results, but it is more difficult to
learn. In this case, limit contacts are usually fitted but no center-
ing contacts are used.

Except with full-trimmable operation, reed servos go from neu-
tral to extreme position when the transmitter control stick i
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} RUBBER BAND OR SPRING

LENGTHENED COUNTERSHAFT

COLLAR
cC—
/ TORQUE ROD
HOOK FOR LIGHT TO CONTROL
CENTERING BAND SURFACE

GEAR SHAFT HELD ON ADDED
METAL PLATE (HOLE TO CLEAR
ARMATURE SHAFT)

Fig. 222. Most Mighty Midgets used as servos in multi-proportional planes
have double gearing (one added set of gears like those on the motor —
hobby shops stock these extra gears), various centering systems. Some users
center solely by rubberband on armature shaft (Fig. 205). Other users add
a band or spring to large gear as seen here. Both types can be used.

moved, and the flier must learn to “tap” the stick a number of
times in the direction he wants to go. This will tend to hold the
servo in a partially operated position. If this is not done, the plane
will make very abrupt movements, especially in response to the
elevator (most planes are more responsive to elevator control than
to rudder).

In most proportional systems, the rudder (and elevator if used)
is continually moving from side to side, to some degree. The idea
is to adjust the pulse rate high enough so that the plane cannot
follow it and thus travels in a straight line. The higher the gear
reduction of the proportional actuator (of the motor-driven type),
the less the surfaces will flap. With proper pulse rates, such
flapping does no harm at all — but does offend some modelers.
There are systems that give full proportional operation without
any control-surface wiggle at all — the control just moves to the
position you signal by moving the transmitter control stick and
stays there until you call for another movement. The surface
thus duplicates exactly the movement of the stick. Generally
called “feedback servo” arrangements, they are rather complex,
and although they have been known and used for years in mis-
siles etc., they have only recently been simplified and lightened
for use in model planes.
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Galloping Ghost control

We can’t leave this chapter without a brief coverage of a pro-
portional system that gives the very most in control action for
least amount of equipment. Variously called Galloping Ghost,
Simpl-Simul, Crank System, etc., it allows full proportional con-
trol of rudder and elevator with just a single motor in the model.
The most widely used motor is again the Mighty Midget, whose
7.1 gear reduction is just right for this use.

RIGHT TURN LEFT TURN
Q RELAY

CENTERING CONTACTS
NORMALLY SET MUCH
CLOSER THAN THIS

Fig. 223. Switching on servos varies,
but that shown here is typical. Each
cam handles two sets of contacts, one
for each direction of operation. (Relay
and contacts shown in no-signal
position.)

The motor is linked by a torque rod to both elevator and rud-
der (Fig. 224). A stop on the large gear of the motor hits a dowel
run from side to side of the fuselage; rubber or fuel line tubing on
the stop pin eases the operation slightly. The crank which engages
loops on the rudder and elevator can vary in size, depending upon
the plane size and tail surface arrangements. However, things
should be arranged so that: (1) The crank turns a total of about
960°, with the “open part” of the arc up (Fig. 225-a). (2) The
rudder should be centered when the crank is straight down — this
also gives fullest amount of down elevator. (3) With the crank
almost horizontal, you have full rudder movement to one side,
but the elevator will be about neutral or slightly up (Fig. 224-b).
There must be no binding in any part of the linkage.

The rudder wiggles from side to side as in normal proportional
practice, this movement being controlled by a change of pulse
length. The elevator action is varied by a change in pulse rate,
however. Slow pulse rates (about 4 -5 pulses per second) will
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allow the motor time to drive the rear crank from practically one
extreme to the other as in Fig. 225-a, and you will have effective
neutral rudder (if the pulse on - off ratio is equal) plus full up
elevator. A high pulse rate — perhaps 8 —9 pulses per second —
will squeeze the crank arc way down (Fig. 225-b), and give you
full down elevator, again with neutral rudder (equal on — off).
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1. EYELET 2.SOLDER 3. 3/16" DOWEL STOP BAR 4. PIN AT TOP OF CABIN

5. RUBBER BAND 6. BIND AND SOLDER 7. MUSIC WIRE STOP WITH FUEL TUBING OVER IT
8. M-M MOTOR 9. MOTOR MOUNTED SOLIDLY 10. 14g" MUSIC WIRE 11 TORQUE ROD END
12. WIRE "U" ATTACHED TO RUDDER 13. CRANKPIN 14. ELEVATORS

Fig. 224. Another use for ubiquitous Mighty Midget — as servo is Gallop-

ing Ghost control system. Single crank on rear end of torque rod drives

both rudder and elevator throug