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Preface

Model railways have, of course, been very popular for many
years now, and not only with the younger generation!
Electronic gadgets for use with model railways are a relatively
recent development, but they have been readily accepted by
most model railway enthusiasts. Some electronic circuits can
greatly enhance the capabilities of any model railway, from a
simple oval of single track to a large and complex layout. Some
simple electronic projects can provide a layout with much
greater realism, and the user with a lot more fun.

The main aim of this book is to provide a number of useful
but reasonably simple electronic projects for the model railway
enthusiast. The projects featured include controllers, signals,
and sound effects units. To help simplify construction, strip-
board layouts and wiring diagrams are provided for all the
projects featured in chapters one and two. These chapters
respectively cover train controllers and accessories such as
signals and sound effect units.

Using a PC as the basis of controllers and signalling systems
is covered in chapter three. This chapter is not intended for
beginners, and a basic understanding of electronics is needed in
order to build and use these projects. In order to develop the
projects and programs it is also necessary to have a reasonable
understanding of computing and computer interfacing. Using a
computer with a model railway is a very interesting avenue to
pursue, and is one that I would certainly recommend to any
model railway enthusiast who owns a suitable computer.

R. A. Penfold
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Chapter 1
CONTROLLERS

Model train controllers vary greatly in their cost and com-
plexity. In general, the level of performance and number of
features are reflected in a controller’s cost. Very simple types
often perform quite badly, and fail to give anything approach-
ing realistic results however carefully they are used. Most basic
controllers use one of the arrangements shown in Figure 1.1 or
Figure 1.2.

If we consider the circuit of Figure 1.1 first, this has a step-
down transformer (T'1) to provide a low voltage output of about
15 volts a.c. from the 230 volt a.c. mains supply. It also
provides isolation, so that it is safe to touch the wiring on the
secondary side of T1. This is clearly essential in an application
such as this, where the tracks connect to the controller, and the
users are quite likely to come into contact with the tracks from
time-to-time.

D1 to D4 form a bridge rectifier which converts the a.c.
output from T1 into a pulsating d.c. signal. It only requires the
addition of a capacitor to convert the pulsing d.c. signal to a rea-
sonably “smooth” d.c. signal. In practice a smoothing capacitor
is not usually included, because a small d.c. electric motor
works perfectly well from a d.c. signal that is pulsing at 100Hz.

In a very basic controller this circuitry is replaced by batter-
ies. Batteries do not provide a particularly satisfactory means of
powering a model railway, since the current consumption of the
average model locomotive is quite high at around 0.5 to one
amp. This tends to give a short battery life and high running
costs with “dry” batteries, and frequent recharging is needed
with rechargeable batteries. The controller circuits featured in
this book could be battery powered, but I would not recommend
this.

The power fed to the train is controlled via a potentiometer
(VR1), or “rheostat” as the higher power potentiometers are
sometimes called. The potentiometer must be a high power
type because the output currents involved in this application
would almost instantly “zap” an ordinary type. With VR1 at

1
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minimum resistance the motor in the train receives the
full output of the controller. As the resistance of VRI1 is
increased, the total load resistance across the controller rises,
giving reduced output current. Also, an ever greater percentage
of the output voltage appears across VRI, leaving a decreasing
voltage across the motor. In a very simple controller, VR1 is
replaced with several fixed value resistors of different values,
plus a simple switch to select the desired resistor and train
speed.

Short circuits and other overloads are not uncommon, and it
is essential for the circuit to include some form of protection
device. In simple ready-made controllers this is usually a so
called “self-repairing” fuse, which is actually a form of
thermistor. A high current flow results in the thermistor heating
up, which in turn produces an increase in its resistance. This
increased resistance limits the output current to a high but safe
level. The main alternative is some form of electro-magnetic
cutout,

The direction in which a small d.c. motor rotates is governed
by the polarity of the drive voltage. It is for this reason that an
a.c. supply is not suuitable for use with this type of motor. The
rapidly changing polarity of the supply would result in the
motor simply going to-and-fro. S2 is the forward/reverse
switch, and this is simply a d.p.d.t. switch wired so that it
controls the polarity of the output signal.

The circuit of Figure 1.2 is similar to that of Figure 1.1, but
T1 has a centre tap which is used as the 0 volt output of the
controller. The bridge rectifier provides outputs that are about
15 volts positive and negative of the O volt output. VR1 enables
the output potential to be varied from +15 volts down to zero,
and then on to -15 volts. It therefore acts as a combined speed
and direction control.

Performance
Using a potentiometer to provide speed control is simple and
inexpensive, but it provides a relatively poor level of perfor-
mance. There are two problems, which are poor starting
performance, and inadequate speed regulation.

The speed regulation is poor due to the fact that the electric
motor in the train tries to draw a much higher supply current

4



when the loading on it is increased, such as when the train
climbs a gradient. The reduced resistance of the motor does
give some increase in the drive current, but the motor only
provides part of the load on across the d.c. supply. The rest of
the load is provided by the speed control potentiometer. This
limits the effect the motor can exert over the controller’s output
current. There is a further problem, which is that the reduced
resistance through the motor results in its share of the output
voltage being reduced. Thus, although more drive current is
provided, the increase in the power fed to the motor changes
very little. Remember that power is equal to voltage multiplied
by current.

The practical result of all this is that the train has very poor
speed regulation when it is run at low speeds, and the
potentiometer is providing a high resistance. The train tends to
stall when climbing the slightest of gradients, and it also tends
to run faster when going down gradients. When going down a
gradient the motor tries to draw less power, but the current only
decreases slightly, and the voltage across the motor actually
increases somewhat.

Simple train controllers suffer from the so called “jump
start” problem. This is where the train stubbornly refuses to
move until the speed control has been well advanced. In some
cases it has to be taken well beyond the half speed setting
before the train starts to move. Of course, once the train does
start to move away, it almost instantly jumps to the relatively
high speed set on the controller. Instead of gradually accelerat-
ing away, the train suddenly jumps to half speed or more,
giving very unrealistic results. Some skilful and rapid adjust-
ment of the speed control can give better results, with the speed
being backed-off as soon as the train starts to move, but this is
not really a satisfactory way of handling things, and always
gives something less than ideal results.

“Jump starting” is primarily caused by the motor having a
much lower resistance when stationary than when it is turning-
over. This results in a very low voltage across the motor (and
hence little drive power) until it starts to move. Less current
flows through the motor once it has started, but there is a much
higher voltage across it, probably giving increased power to the
motor. Added to this, there is the problem of anything

5



mechanical tending to have a reluctance to start up, due to
inertia, etc.

Constant Voltage

A constant voltage controller is the most simple type that is
likely to provide good results. The “constant voltage” name is
perhaps a bit misleading, since this type of controller provides
a variable output voltage. The voltage is constant in the sense
that once an output potential has been set, the output voltage
remains at that level regardless of any normal changes in the
loading on the controller. In practice there may actually be
some variation in the output voltage with changes in loading,
and this depends on the quality of the regulator used. However,
any changes are relatively small, and would normally be well
under one volt with the output current varied from zero to
maximum.

The reason for the relatively high level of performance of a
constant voltage controller is very simple. If the train starts to
climb a gradient and tries to draw increased current, it is able to
do so. As there is no significant series resistance to “water
down” the effect of the motor’s reduced resistance, the motor’s
drop in resistance will be fully matched by an increase in the
drive current. Of equal importance, the rise in current is not
counteracted by any decrease in the drive voltage, due to the
regulation provided by the controller.

Starting performance is also improved. The low resistance of
the stationary motor results in it drawing a heavy current
initially. Even though the drive voltage is quite low, the con-
troller is well able to supply this current. The motor draws less
current once it is “up and running”, but there is no sudden rise
in the drive voltage as the motor’s resistance rises. This gives
decreased power to the motor once it has started, which helps
to counteract the “jump start” effect. Unfortunately, starting
performance is still less than perfect due to the mechanical
characteristics of the motor, which provide the motor with a
definite reluctance to start-up. With skill though, it is possible
to obtain quite realistic starting, which is something that is not
usually possible with the more simple types of controller.



Constant Voitage Circuit

Figure 1.3 shows the circuit diagram for the constant voltage
model train controller. VR1 provides an output voltage at its
wiper terminal that can be varied from zero to about 13 volts or
so, but the maximum output current available from VRI1 is only
about one milliamp. The purpose of IC1 and TR1 is to act as a
high gain buffer amplifier to enable the circuit to provide the
high output currents of up to about one amp that are required in
this application. IC1 is simply used as a non-inverting buffer
amplifier, with TR1 connected to act as an emitter follower
output stage.

TRI1 is actually a power Darlington device, and its current
gain is very high. In fact its current gain is typically about 5000
at high currents. It is TR1 that provides most of the circuit’s
current gain. Due to the fact that the output of IC1 can not
swing fully positive, and there is a voltage drop of a volt or two
through TR1, the maximum output voltage will be slightly less
than the 13.5 volts or thereabouts at the wiper of VRI.
However, the maximum output potential should still be a steady
12 volts or so, which is sufficient for this application.

Cl simply provides supply decoupling, and S1 is the
forward/reverse switch. D1 suppresses any high reverse voltage
spikes that might otherwise be generated across the highly
inductive load provided by a small d.c. electric motor. R3 is
simply a load resistor for TR1, and this ensures that the circuit
works normally when no load is connected across the output.
C2 prevents slight instability which otherwise causes problems,
particularly at low output voltages. The current consumption of
the circuit is only about 2 milliamps with zero output voltage,”
but this rises to as much as one amp with the train at full speed.

Mains PSU
Due to the relatively high supply voltage and maximum current
consumption of the circuit, a mains power supply unit is the
only realistic means of powering it. The circuit requires a
reasonably stable and well smoothed supply of about 15 to 18
volts. Figure 1.4 shows the circuit diagram for a suitable 15 volt
mains power supply unit (PSU).

This circuit is a conventional type having S1 to provide
on/off switching, and mains transformer T1 to provide the

7
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necessary voltage step-down and isolation. D1 to D4 form a
full-wave bridge rectifier, and C1 is the smoothing capacitor.
FS1 provides protection against medium term overloads, but
the main protection is provided by the fold-back current limit-
ing in IC1. This almost instantly reduces the output current to
only about 230 milliamps in the event of a short circuit or other
severe overload on the output. IC1 is a 15 volt one amp mono-
lithic voltage regulator, and it provides a well smoothed and
regulated output to the controller circuit. C2 and C3 are
decoupling components which ensure IC1 does not become
unstable. They must be fitted close to IC1, where they can have
maximum effect.

A maximum output current of one amp is sufficient for most
locomotives up to 00 gauge, but larger gauges require higher
output currents, as do a few 00 gauge types. The controller.
circuit of Figure 1.3 can be used with an output current of up to
2 amps provided TR1 is fitted with a suitably large heatsink, but
the mains power supply circuit obviously requires some modi-
fication in order to accommodate higher supply currents.
Figure 1.5 shows the circuit diagram for the modified version
of the mains power supply circuit.

This is basically the same as before, but T1 must have a
higher current rating, and the rectifiers in the bridge circuit
have also been changed to higher current types. Similarly, the
rating of fuse FS1 has been increased to 2 amps, and IC1 has
been changed to a uA78515 (or equivalent), which is a 2 amp
regulator. The only other change is that the value of C1 has
been increased, so that a high level of smoothing is maintained
at maximum output current.

Construction

A suitable stripboard layout for the constant voltage controller
is shown in Figure 1.6 (component layout and wiring), and
Figure 1.7 (underside view). The board is a standard 0.1 inch
pitch type, and it has 20 holes by 19 copper strips. This is not a
standard size in which the board is sold, and a board of the
correct size must therefore be trimmed from a larger piece. The
board is easily cut using a hacksaw or junior hacksaw, but there
is very little space between adjacent holes, so cut along rows of
holes and not between them. This leaves rather rough sawn

10
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Fig.1.7  The underside of the constant voltage
controller board

edges, but they are easily smoothed using a small flat file. Take
due care when working on stripboard as some boards are quite
brittle, and are likely to snap or even shatter if they are handled
roughly.

Next drill the two mounting holes for the circuit board.
Holes having a diameter of 3.3 millimetres will accept either
6BA or metric M3 screws. In general I have not found plastic
stand-offs very effective when used with stripboard, so I would
recommend the use of mounting screws. The four breaks in the
copper strips are made next. They can be produced using the
special cutting tool, or a hand-held twist drill bit of about 4.5 to
5 millimetres in diameter will do the job quite well. Make sure
that the strips are cut across their full width, but try not to cut
so deep that the board is seriously weakened.

13



The board is then ready for the components, single-sided
solder pins, and link-wires to be added. The CA3140E used for
IC1 has a PMOS input stage which renders it vulnerable to
damage by static charges. Accordingly, the normal anti-static
handling precautions should be observed when dealing with
this component. The most important of these is to use a holder,
so that soldering direct to the pins of IC1 is avoided. Do not fit
IC1 into its holder until the board and all the point-to-point
wiring have been completed. It should be supplied in some
form of anti-static packing, such as conductive foam, a plastic
tube, or a special form of “blister” pack. Whatever form the
anti-static packing takes, leave IC1 in the packing until it is
time for it to be plugged into the holder.

Constructors are sometimes advised not to touch the pins of
static-sensitive components, but this is not really very practical.
As supplied, the pins of d.i.1. integrated circuits are splayed out-
wards slightly, and they must be pinched inwards before they
will fit into a holder correctly. However, do not touch the pins
any more than is absolutely essential, and keep well clear of any
obvious sources of static electricity when handling IC1, or any
other static-sensitive components. Potential sources of
static electricity include television sets and computer monitors,
as well as the traditional culprits such carpets and clothes made
from man-made fibres, and some pets such as cats.

The other components.are less problematic, but be careful to
get D1 fitted the right way round. It will virtually short-circuit
the output of the controller if it is fitted with the wrong
polarity. The link-wires are made from either 22 or 24 s.w.g.
tinned copper wire. My preference is the slightly thicker gauge
(22 s.w.g.), but both thicknesses will do the job perfectly well.

Heatsink

TR1 is shown in Fig.1.6 as being fitted direct onto the board,
but it might be necessary to mount it off-board and hard wire it
to the appropriate three points on the board via solder-pins. The
reason for this is that TR1 has to dissipate several watts when
the controller is set at medium to high output voltages. Unless
TR1 is fitted on a suitably large heatsink, in vse it will rapidly
overheat and be destroyed. For a one amp version of the con-
troller one of the larger bolt-on heatsinks having a rating of

14



Bolt

Washer /Device

Heatsink

Fig.1.8 Insulating a plastic power device from
its heatsink

about nine degrees celsius per watt should just about
suffice. However, it would be safer to use a larger type. For a
two amp version of the unit a heatsink having a rating of about
four degrees celsius per watt is required. The unit should be
housed in a metal case, and there should be no difficulty in
using this as the heatsink. TR1 can be mounted direct onto the
case, but things are likely to be more satisfactory if it is mount-
ed on the rear panel via a simple “L”-shaped bracket fabricated
from 16 or 18 s.w.g. aluminium.

The collector terminal of TR1 connects internally to its heat-
tab, and this means that in most cases it will be essential to
insulate TR1 from the heatsink. A suitable insulating kit
containing a thin mica washer and a plastic insulating bush is
available from most electronic component retailers. The mica
washer is placed between TR1 and the heatsink to provide the
main insulation, and the plastic bush is used to ensure that the
mounting screw does not provide a path of conduction between
the heat-tab and the heatsink. Figure 1.8 shows the way in
which the washer and bush are used.

15



As pointed out previously, it is probably better if the com-
ponent board is mounted on the base panel of the case using
screws rather than plastic stand-offs. Either 6BA or metric M3
screws are suitable. Spacers about 10 or 12 millimetres long
must be used to hold the underside of the board well clear of the
metal case, so that there is no risk of any of the connections on
the underside of the board short circuiting to the case. Figure
1.9 shows this general scheme of things.

Fixing nut

Circuit board
Spacer Spacer

I L vy o)

\Mou nting bolts —/

Base panel of case

Fig.1.9  Suggested method of mounting the
component panel

VRI1 and S1 are mounted on the front panel. Most poten-
tiometers require 10 millimetre diameter mounting holes, but
there are miniature types which require smaller mounting
holes. The component retailer’s catalogue should state the
correct size for the mounting hole, or you can simply measure
it using a ruler. Most miniature toggle switches require a 6.35
millimetre hole in the front panel, but again, it is as well to
check the retailer’s catalogue or to actually measure the dia-
meter of the component’s mounting bush. Accurate control of
the train’s speed will be easier if VRI is fitted with a large

16



control knob.

To complete the controller, add the point-to-point wiring.
Use ordinary 7/0.2 multi-strand, p.v.c. insulated connecting
wire. Tin all the component tags and the tops of the solder-pins
with plenty of solder, and also tin the end ends of each lead
prior to fitting it into place. There should then be no difficulty
in making strong and reliable soldered joints.

PSU Construction

It is assumed here that the mains power supply unit will be built
as a separate unit, connected to the controller via a twin lead
and suitable plugs and sockets (such as four millimetre
“wander” plugs and sockets). Of course, if preferred the power
supply and controller can be built as a single unit, and this is in
many ways a much more satisfactory way of doing things. The
only real advantage of having a separate power supply is that it
makes life easier if you wish to experiment with different
controllers.

Whether the power supply is built as a separate unit, or
integrated with the controller, it should only be constructed by
those who have a reasonable amount of experience at electron-
ic project construction. Mains powered projects are not a
suitable starting point for beginners. The mains supply is very
dangerous, and mistakes could easily prove to be fatal. Those
who lack the necessary experience and expertise should power
the controller circuits featured in this book from a ready-made
power supply capable of providing 15 volts at one or two amps
(as appropriate for your layout).

Figure 1.10 shows the stripboard layout and wiring for the
mains power supply. The underside view of the component
panel is provided in Figure 1.11. The board has 24 holes by 24
copper strips. This component layout was designed with a one
amp version of the supply in mind, but provided Cl is a
modern and reasonably small type, it will just about suffice for
a two amp version of the supply.

Construction of the stripboard follows along the same lines
as construction of the controller board, but extra care should be
taken in this case. In particular, make quite sure that C1 and the
four rectifiers are fitted the right way round. Mistakes here
could result in costly damage, and could even be dangerous.
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Fig.1.11 The underside of the p.s.u. board

For similar reasons, make quite sure that the breaks in the
copper strips are all present and correct.

There are actually one or two breaks in the strips that are not
strictly necessary, but they reduce the risk of unwanted connec-
tions between the input and output sections of the circuit due
accidental short circuits between adjacent copper strips. These
occur quite easily when using stripboard, where it is easy to
bridge strips by applying slightly too much solder to a joint.
You certainly need to be on your guard against problems with
excess solder, and if a stripboard based project fails to work I
always check for this problem first.

For reasons of safety it is essential for a mains powered
project such as this to be housed in an a metal case which must
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be earthed to the mains earth lead. A soldertag fitted on one of
T1’s mounting bolts represents an easy means of providing a
secure earthing point on the case. The case must be a type that
has a screw fixing lid, and not one that has some form of clip-
on lid or cover that would make it easy for someone to get
access to, and possibly touch, part of the dangerous mains
wiring.

IC1 has to dissipate a few watts when the controller is used
at or near full speed. Accordingly, ICI must be fitted with a
heatsink to prevent it from overheating. One of the larger bolt-
on heatsinks having a rating of about nine degrees celsius per
watt or less will just about suffice for a one amp version of the
supply, but a larger type gives a more satisfactory margin for
error. A heatsink having a rating of about four degrees
celsius per watt is required for a two amp version of the supply.
Using the metal case as the heatsink is probably the best solu-
tion. The heat-tab will either be electrically isolated from the
three leadout wires, or it will connect to the “common” lead. In
either case it is not necessary to use an insulation kit to insulate
IC1 from the case.

In Figure 1.10 S1 is shown as being a rotary mains switch,
but it is of course in order to use other types, such as a toggle
or a rocker switch. Make quite sure though, that the switch is
rated to operate on the 230 volt a.c. mains supply. FS1 is
mounted off-board in a panel mounting 20 millimetre fuse-
holder. Like the controller circuit board, the power supply
board must be mounted well clear of the case using spacers
about 10 or 12 millimetres long. The hard wiring is very simple
and straightforward, but take extra care here as some of the
wiring connects direct to the mains supply. Double check the
circuit board and all the wiring before testing the power supply.

In Use

If you have access to a multi-range test meter it is a good idea
to check the output voltage from the power supply circuit to
ensure that it is within a few percent of the correct figure of 15
volts. The multimeter can then be used to check that the con-
troller provides an output voltage that can be varied by means
of VR1 from 0 volts (fully counter-clockwise) to about 12 volts
(fully clockwise). If all is well, or you do not have access to test
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equipment, try out the controller in earnest.

There will be a range of low settings on VR1 that do not
cause the train to move. This is simply because a few volts are
needed before the motor is fed with sufficient power to move
the train. The setting on VR1 that causes the train to move off
varies considerably from one train to another. Once under way,
VR1 should enable the speed of the train to be varied smooth-
ly, making it easy to set any desired speed.

Components for Figure 1.3
Resistors (all 0.25 watt 5% carbon film)

R1 1k

R2 10k

R3 4k7

Capacitors

il 220n ceramic

C2 100n ceramic
Potentiometer

VRI1 10k lin carbon
Semiconductors

IC1 CA3140E

D1 1N4002

TR1 TIP122 or TIP121
Miscellaneous

S1 d.p.d.t. miniature toggle switch
SK1 4mm socket

SK2 4mm socket

Metal instrument case, 0.1 inch pitch stripboard having 20
holes by 19 copper strips, 8-pin d.i.l. holder, large control knob,
multi-strand connecting wire, single-sided solder pins, solder,
etc.

Components for Figure 1.4

Capacitors

]| 2200p 25V axial electrolytic
Cc2 220n ceramic

C3 220n ceramic
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Semiconductors

IC1 LA7815 (1A 15V positive regulator)

D1 1N4002

D2 1N4002

D3 1N4002

D4 1N4002

Miscellaneous

T1 Standard mains primary, 15 volt 2 amp
secondary

FS1 1A 20mm quick-blow fuse

Sl Rotary mains switch

Metal instrument case, 0.1 inch pitch stripboard having 24
holes by 24 copper strips, 20mm panel mounting fuse-holder,
multi-strand connecting wire, mains plug (fitted with 2A or 3A
fuse) and lead, single-sided solder pins, solder, etc.

Components for Figure 1.5

Capacitors

Ci 4700u 25V axial electrolytic
) 220n ceramic

C3 220n ceramic
Semiconductors

IC1 pA78S15 (2A 15V positive regulator)
D1 1N5402

D2 1N5402 |

D3 1N5402

D4 1N5402

Miscellaneous

FS1 2A 20mm quick-blow fuse
Sl Rotary mains switch

Metal instrument case, 0.1 inch pitch stripboard having 24
holes by 24 copper strips, 20mm panel mounting fuse-holder,
multi-strand connecting wire, mains plug (fitted with 2A or 3A
fuse) and lead, single-sided solder pins, solder, etc.
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Pulse Control

A constant voltage controller provides much better control of
the train than a simple potentiometer type, but performance still
falls some way short of perfection. There are two main
approaches to abtaining even better performance, and one of
these is to use what is, in effect, an overcompensated voltage
regulator. In other words, when the motor increases the loading
on the supply, a normal voltage regulator simply maintains the
output voltage at a more or less constant voltage. An over-
compensated circuit actually produces a higher output voltage
when the loading is increased, and a lower voltage when it is
decreased.

In practice I have found it difficult to get consistently good
results with this type of circuit. The problem is that the control
characteristic of the controller must be accurately matched to
the characteristics of the motor. Any mismatch produces a lack
of speed stability, possibly with the train actually going faster
up gradients, and stalling on the way down them.

I have always found the alternative of pulse control to be a
better choice where the motor being driven is something of “an
unknown quantity.” The principle of pulse control is quite
simple to understand, and it relies on the fact that a small d.c.
electric motor will work perfectly well if it is driven by a series
of pulses rather than by a steady voltage. The pulse frequency
must not be too low, which in practice usually means no less
than about 50Hz. Lower frequencies tend to drive the motor in
short bursts rather than giving something approximating to
continuous operation. High pulse frequencies are not usable as
the motor has a high impedance at these frequencies, and the
current flow is too small to drive the motor properly.
Frequencies of up to a few kilohertz are often quite acceptable,
but a frequency of no more than a few hundred hertz is safer.

Pulse control relies on the fact that the average voltage of a
pulse signal can be varied by altering its mark-space ratio.
Consider the three waveforms show in Figure 1.12. The mark-
space ratio of waveform (a) is quite high, and is actually 1 : 7.
The signal is therefore high for one eighth of the time, and the
average output voltage is therefore one eighth of the supply
voltage (as indicated by the broken line). In waveform (b) the
pulse length has been doubled, but the frequency is unchanged,
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Fig.1.12 Waveforms which help to explain the
principle of pulse control

giving a mark-space ratio of 1 : 3, and an average output volt-
age that is one quarter of the supply potential. In waveform (c)
there is a further doubling of the pulse length, and the output
frequency has again been kept unchanged. This gives a 1 : 1
mark-space ratio, and an average output voltage that is half the
supply potential. If things were taken a stage further and the
pulse length was doubled again, the output would be high all
the time, and the average output voltage would obviously be
equal to the supply voltage.

Clearly it is possible to obtain any desired average output
voltage using the pulse method of control, but on the face of it
there is no advantage in using this method of control. An impor-
tant point to bear in mind here is that the problem of poor speed
regulation and stalling occurs when trains are travelling slowly.
The motor is then producing very little power, and external
influences can easily affect the motor’s speed, or even halt it
altogether. With the pulse method of control, at low speeds the
motor is driven intermittently at full power. These bursts at full
power resist changes in speed, and stalling. Even if the train
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should stall, it is quite likely that the bursts of full power will
almost instantly nudge it into action again,

In practice pulse controllers certainly give excellent results,
and permit very realistic results to be obtained. Trains can slow-
ly accelerate away, and be brought to a standstill equally grad-
ually. Provided the tracks are kept reasonably clean, the trains
can also be run at very slow speeds for long periods of time
without the train continually grinding to a halt. However, pulse
controllers are not without one or two foibles. One potential
problem is that the pulsed nature of the signal can result in the
tracks radiating radio frequency interference. In practice this
does not seem to be a major problem, and the low frequency of
the signal means that it is not essential for the signal to contain
high frequencies in order to provide a wide range of speeds.

Another problem is simply that the pulsing of the motor
tends to result in it “humming” at the output frequency of the
controller. Unfortunately, there is no way around this problem,
and a certain amount of “humming” and “buzzing” just has to
be tolerated when using this type of controller. It is difficult to
regard this as a major drawback though, and small d.c. electric
motors produce a fair amount of “humming” and “buzzing”
sounds regardless of the control method.

Some model railway enthusiasts feel that pulsed controllers
are more prone to problems with motors being accidentally
burnt out. However, there is no obvious reason why this should
be any more of a problem with pulsed controllers than with any
other type. All the controller circuits in this book are designed
for use with a current limited mains power supply, and the over-
load protection in the power supply should protect the motor as
well as the controller circuit. I have certainly had no problems
with pulsed controllers causing any damage to locomotives.

Pulse Controller Circuit

A pulse controller circuit can be very simple indeed, and the
one featured here (Figure 1.13) only uses a handful of com-
ponents. The circuit is based on the familiar 555 timer inte-
grated circuit (IC1) which is used in a slightly modified version
of the astable (oscillator) mode. Figure 1.14 shows the basic
circuit for a 555 astable. The basic action of the circuit is for
timing capacitor C1 to first be charged to two thirds of the
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Fig.1.14 The circuit for a basic 555 astable

supply voltage via R1 and R2, and to then be discharged to
one-third of the supply potential via R2 and an internal switch-
ing transistor of the 555. This action continues indefinitely,
with the output at pin 3 going high while C1 is being charged,
and low while it is being discharged. This results in a rectangu-
lar output signal being produced at pin 3.

In this circuit the mark-space ratio of the output signal is
made variable by using variable resistances for both sections of
the timing resistance, and by the inclusion of steering diode D1.
D1 effectively short circuits VR1b and R2 during the charge
cycle, leaving R1 and VR1a as the charge resistance. During
the discharge cycle the circuit operates in the normal 555
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astable fashion, with VR1b and R2 providing the discharge
resistance.

On the face of it, the circuit will provide a squarewave
signal at any setting of VR1, with VR1 controlling the output
frequency. This is not the case though, since the two gangs of
VRI1 are connected out-of-phase, as it were. In other words, if
VRla is adjusted for increased resistance, the resistance of
VRI1b decreases, and vice versa. The output waveform is
therefore a squarewave type with VR1 at a central setting, but
taking VR1a higher in value (and VR 1b lower in value) results
in a higher mark-space ratio. Taking VR 1 lower in value has the
opposite effect, and produces a lower mark-space ratio. The
output frequency remains constant at approximately 140Hz.

A wide range of mark-space ratios are covered, but the out-
put is never continuously low, or continuously high. This means
that the motor is never fully switched off or driven at full
power. In practice the minimum output power is so low that the
train will come to a halt. If desired, the power can be fully cut
off by including a s.p.s.t. on/off switch in series with one of the
controller’s output leads. At maximum output the circuit
achieves a high enough output voltage to drive the train at good
speed, and the average output voltage might actually be slight-
ly more than the nominal 12 volts needed. This is simply
because a 15 volt supply is used so that the circuit can still
provide an adequate maximum output voltage despite various
losses between the supply input and the output of the controller.

The 555 can provide quite high output currents, but it still
falls some way short of the one or two amps required in this
application. TR1 is therefore used as an emitter follower buffer
stage at the output of IC1, and this enables the circuit to
comfortably handle the required output currents. My original
circuit had a major problem with high frequency instability, and
this produced erratic operation. R3 is “base stopper” resistor
which completely eliminates the instability. R4 is the load resis-
tor for TR1, and D2 is a protection diode. Sl is the usual
forward/reverse switch.

Construction
The stripboard component layout and hard wiring are shown in
Figure 1.15, and the underside view of the board is provided in
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Fig.1.16 The underside of the simple pulsed
controller board

Figure 1.16. The board measure 29 holes by 18 copper strips.
Construction of the board offers nothing out of the ordinary, but
be careful not to omit any of the link-wires (there are half a
dozen of them). The 555 is not a static-sensitive device, but I
would still recommend using a holder for this component. Note
that IC1 has the opposite orientation to normal, with pins one
and eight towards the bottom edge of the board.

The pulsed nature of the output signal means that TR1 has to
dissipate relatively little power. When it is switched off there is
no significant current flow, and no significant power dissipa-
tion. When it is switched on there is a heavy current flow, but
only a modest voltage across TR1. It does then have to dissipate
a few watts, but the average dissipation is far less than that in
the output device in a constant voltage controller. A small bolt-
on heatsink should therefore suffice for a one amp version of
the controller. A larger type having a rating of about nine
degrees celsius per watt should suffice for a two amp
version of the controller. However, I would recommend using a
larger heatsink, or using the metal case as the heatsink, rather
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than risking the bare minimmum of heatsinking. Bear in mind
that the heat-tab of TR1 connects internally to its collector
terminal, and where appropriate use an insulation kit to insulate
it from the heatsink.

In Use

Like the constant voltage controller, this pulsed controller will
have a small range of low speed settings that do not result in the
train moving. Again, the width of this range is dependent on a
number of factors, including the exact characteristics of the
electric motor. The rest of VR1’s adjustment range should
provide smooth and accurate control of the train’s speed. It
should also be possible to gradually accelerate the train away
from a standing start, obtaining good realism. It should also be
possible to have the train run at very low speeds without any
stalling problems, but this is dependent on the tracks and the
pick-up wheels of the train being in good and clean condition,
If the motor loses electrical contact with the track, the train will
stop, regardless of how good or bad the controller happens to
be

Due to the pulsed nature of the controller’s output signal
there will be a certain amount of “hum” from the electric motor.
If this seems to be excessive it is possible that the output
frequency of the controller is coinciding with a mechanical
resonance of the motor, or perhaps something in the structure of
the locomotive itself is resonating. Making C2 a little higher or
lower in value will alter the controller’s output frequency, and
should eliminate any problem with mechanical resonance.

Components — Figure 1.13

Resistors (all 0.25 wait 5% carbon film)

R1 2k7

R2 2k7

R3 33R

R4 4k7

Potentiometer

VR1 100k dual gang lin
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Capacitors ~

Cl 220u 16V axial elect

¢z 100n polyester
Semiconductors

IC1 NE555N

D1 1N4148

D2 1N4002

Miscellaneous

Sl d.p.d.t. miniature toggle switch
SK1 4mm socket

SK2 4mm socket

Metal instrument case, 0.1 inch pitch stripboard having 29
holes by 18 copper strips, 8-pin d.i.l. holder, large control knob,
multi-strand connecting wire, single-sided solder pins, solder,
etc.

“Improved” Pulsed Controller

This “improved” pulsed controller provides a slightly greater
control range, so that power to the train can be varied from
absolutely zero to a continuous 12 volts or so, Of more impor-
tance, it is controlled via a voltage rather than varying resis-
tances. This makes it possible to have a more sophisticated
controller which provides simulated inertia, momentum, and
braking. The circuit is based on a conventional pulse width
modulator. Figure 1.17 shows the block diagram for the con-
troller. The clock oscillator and voltage comparator stages form
the pulse width modulator, and the buffer amplifier simply
enables the circuit to provide the relatively high output currents
required in this application.

The voltage comparator has one input (usually the non-
inverting input) fed with the input voltage, and the other input
fed from the clock oscillator. It is essential to the operation of
the circuit that the clock signal is a reasonably good triangular
type. In an application of this type a high degree of linearity
through the system is not really needed, so a few imperfections
in the clock signal are tolerable.

With zero input voltage the clock signal will always be at the
higher potential, and the output of the comparator will always
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Fig.1.17 The block diagram for the “‘improved”
pulsed controller

be low. A small input voltage will result in the clock signal
being at the higher voltage for the majority of the time. The out-
put of the comparator is therefore pulsed at the clock fre-
quency, but will be low for the majority of the time, giving a
low average output voltage. If the input voltage is increased, the
clock signal will be higher than the input voltage for a lesser
proportion of the time. This gives a higher average output volt-
age. If the output voltage of the converter is taken high enough,
it will always be higher than the clock voltage, and the output
of the comparator will go high continuously.

In this case there is a slight problem in that we require the
full output range to be covered with an input voltage range of
zero to a higher voltage of around 5 to 12 volts. It is difficult to
produce a clock oscillator that provides a suitable signal. The
circuit is therefore based on a fairly conventional clock oscilla-
tor, and a simple level shifter circuit is then used to drop the
voltages in the output signal to a suitable range.

The Circuit

The circuit diagram for the p.w.m. controller appears in Figure
1.18. This is the basic version having a conventional speed con-
trol. Other versions of the unit which include simulated inertia,
momentum, and braking are described later in this chapter.
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The clock oscillator is based on IC1, which is a dual opera-
tional amplifier. It is used in a conventional triangular/square-
wave oscillator of the type which uses an integrator (IC1a) and
a trigger circuit (IC1b). In this case only the triangular output
signal from ICla is required. C2 and R3 are the timing com-
ponents, and these set the clock frequency at approximately
350Hz. R1, R2, and C3 provide a mid-supply bias voltage, but
the actual bias voltage is actually a little less than half the
supply potential. This imbalance is deliberately introduced in
order to counteract the lack of symmetry in IC1’s output stages,
and it results in a more symmetrical clock signal.

IC1a’s output signal has an amplitude of about nine volts
peak-to-peak, and even allowing for the lack of symmetry in
the biasing, its minimum voltage is still well above the 0 volt
rail. A small amount of attenuation is introduced by R6 and R7,
but on its own this is not enough to give the desired effect. The
main voltage drop is provided by D1 to D3, which are silicon
diodes that are always forward biased. They introduce a voltage
drop of almost two volts, which takes the minimum clock
voltage down to an acceptable level.

IC2 is an operational amplifier, but in this circuit it functions
as the voltage comparator. TR1 is the output buffer stage, and it
is a power Darlington device used in the emitter follower mode.
R9 acts as its load resistance with no external load connected
across the output. D4 suppresses any reverse voltage spikes
generated across the highly inductive loading provided by a d.c.
electric motor.

Construction
Figures 1.19 and 1.20 respectively show the component layout
and underside views for the “improved” pulsed controller. The
stripboard panel has 39 holes by 21 copper strips. Construction
of the component panel follows along the normal lines, but
remember that both integrated circuits are static-sensitive. Like
TR1 in the simple pulsed controller described previously, TR1
in this circuit must, as a bare minimum, be fitted with a bolt-on
heatsink.

This controller should give good performance with smooth
start-ups and stall-free operation at low speeds. At minimum
output the power should be totally cut off, giving no “hum” at
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