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by B. N. Love

Part 12

ELEGTRIGAL CIRCUITS FOR MOTORS AND LIGHTS

O MANY TYPES of electric motor have been
available to the Meccano enthusiast over the years
that he may well be confused at times as to what is
required in the way of power supplies and, as the
number of transformers and controllers is equally
profuse, a short explanation of general requirements
may help to clarify the martter. Essentially, two types
of Meccano motor are available to the constructor,
one being known as a *‘ universal » type and the other
as a D.C. type. For a period of some 40 years or more,
Meccano Ltd. produced the first type in large quantities
and in several patterns, a selection of which are shown
in Fig. 1. These are all known as ‘ side plate > motors
with the exception of the spherical enclosed motor
which is affectionately known as a © cricket ball ? type.
All these motors are of the * Universal ™ tyvpe, which
means that they may be very conveniently run, wia a
suitable rransformer, from Alternating Current (A.C))
as supplied to houses in most parts of the world, or
from Direct Current (D.C.) as supplied by a battery
or transformer rectifier.

Alternating Current is constantly changing direction
50 times per second in most European countries and
60 times per second in the U.S.A. Since an A.C.
motor consists basically of an electro-magnetic arma-
ture driven by repulsion and attraction from an electro-
magnetic set of field coils, the change of direction of
current, being the same at any instant of time for both
the armarure and the field coils, means that the magnetic
relationship between the two parts of the mortor is
constant, in terms of direction of rotation. D.C. motors
for model driving, on the other hand, commonly have
permanent magnet yokes acting in place of field coils,
which means that the field of such a motor is not
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Fig. 2 General arrongement of Meccane 'universal’
electric mator showing "series’ wound arrongement
for Field coil ond armoture. *C - commutator
*A - armature

reversible, If such a motor had an armature supplied
with alternating current it would try to start and
reverse 50 times per second which would result in a
complete cancellation of rotation—not to mention a
probable burned-out armature! The D.C. motor has
several advantages however, since it is only necessary
to supply current to the armature.

With modern development of nickel alloy permanent
magnets, motor fields can be very dense and very
compact with long life characteristics—a failing in
early D.C. motors for model driving. Hence, a battery,
fitted with a switch which will change over the feed
wire contacts will operate a D.C. motor in either
direction and has the great advantage of portability
making the model independent of trailing power supply
leads.

g switch

Reversir

Fleld

a switching orrongemen

5 volt and 20 volt ‘univ

@O

Ty

e e N o e, e
1
i
]

Power

supply

remote Foversing.

Early Meccano motors were intended to be operated
from lead-acid accumulators as their current demands
and low efficiency made dry battery operation un-
satisfactory and very expensive. Four-volt motors were
quite common in the early 20’s to suit the accumulator
but Jow voltage means high current consumption for
the power required. By the late 20’s the voltage rating
had been increased to 6 volts and attempts made to
drive Meccano motors from house mains. Few districts
in U.K. were on A.C. supplies and one Meccano motor
was manufactured to run from 110 volts, this being
supplied from the then 220 volt D.C. domestic supply
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by dropping 110 volts or more through a household
carbon filament lamp and a rheostat or variable resistor,
the whole arrangement bordering on the semi-lethall
With the widespread change-over to domestic A.C.
supplies, Meccano Ltd. produced an excellent range
of transformers so that their popular 6 volt universal
motors could be run either from a 6 volt accumulator
for those enthusiasts living in houses without mains
electricity, or from the mains where an A.C. installation
was provided.

One puzzling feature of operating the A.C. motor
is that changing round the transformer leads to the
motor has no effect on its direction of rotation. On
the other hand, a D.C. motor will immediately reverse
if the battery leads are reversed. The explanation is
as follows. In the case of the D.C. motor with a per-
manent magnet field, a change of direction of current
through its armature will cause a change of magnetic
polarity. Since the field cannot change, being a per-
manent magnet, the armature will turn in the opposite
direction on having its current reversed. In the case of
the ®universal’ motor, reversing the battery leads or
transformer leads simply reverses the magnetic polarity
in both the armature and the field and we are back to
square one, still going in the same direction.

In order to reverse a universal motor (A.C./D.C.)
we must maintain the winding sense in the field coils
but change over the polarity to the armature only, or
vice versa. In the case of the current Meccano universal
motor, the ErsR (Electric, 15 volt, Reversing), one
terminal is wired directly to the field coil and the other
to a _change-over switch. Current flow may then be
considered to be through the field coil and then through
the armature, the armature being reversible by means
of the change-over switch to put it into opposite * phase *
to that of the filed coils and hence cause reverse of
motion. The arrangement of wiring described is known
as ‘series’ winding which means that the field and
armature are in series, like two fairy lights on a string
of tree lights at Christmas, which means that the
current is the same in both parts of the motor from the
D.C. point of view, and they ° share * the total volrage,
commonly 6, 15 or 20 volts in the general range of
Meccano electric motors. They do not necessarily
have exactly half the voltage in each part of the motor,
A.C. circuit theory not being quite so straightforward
where electrical quantities, combining resistance and
inductance, are involved.

Fig. 2 shows the general arrangement of the Meccano
universal motors, a non-reversing type being illustrated.
This demonstrates the series winding, direction of flow
round the windings being illustrated for a D.C. input
of appropriate polarity. Fig. 2(b) shows the switching
arrangements built into the reversing motors manu-
factured by Meccano Ltd. over the past 50 vears or
more. This arrangement also highlights a disadvantage
of the universal motor. In order to reverse its direction
it is necessary to operate a mechanical reversing switch
on the site of the motor so that it is not directly suitable
for remote control. Long mechanical linkages could
be fitted but this would be clumsy and seldom satis-
factory. A D.C. motor, such as the Power Drive Unit
with 6 speed Gearbox, the Junior Power Drive or the
now-discontinued Emebo motor can readily be con-
trolled remotely simply by fitting long leads to the
battery or power unit and reversing the leads at the
source of power by a simple change-over switch.
However, there is a way of controlling the E1sR motor
and similar universal motors, remotely, by using four
leads to a remote change-over switch, but this requires
direct wiring to the motor terminal block after removing
the fitted reversing lever and modifying the internal
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connections.  Advanced modellers and those well
acquainted with motor wiring may tackle such a modi-
fication, details of which are shown in Fig. 3.

Lead 1 goes straight to the motor terminal which is
already connected to the field coil. The other field
connection is made to the second motor terminal,
internal modification being carried out as required.
Finally, the brush leads in the motor are connected
to the top two studs of the switch block after removing
the reverse lever. The remote switch requires terminals
and contacts as shown in Fig. 3 and a simple switch
of this kind can be made from electrical parts in the
Meccano system. Failing this, a radio-type switch,
known as a D.P.D.T. (double-pole, double-throw
switch) will do the trick.
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Fig. 4 Diagrammatic representation of popular farms of
transformers end controllers.

Fig. 3(a) shows how the remote leads can be reduced
from a four-core cable to a three-core system by making
use of the chassis of the model, such as one would find
in a large crane etc., and ¢ earthing * lead 1 to the model
and one side of the power supply. The modern zinc
finish on Meccano parts is an excellent conductor of
electricity and, if contacts are made to parts with such
a finish, no difficulty should be encountered in making
a good return circuit.

With regard to power supplies for the various motors,
while a 6 volt or 12 volt dry battery is quite suitable
for the modern Meccano D.C. Power Drive motors,
the majority of constructors will make use of mains
supplies suitably reduced by means of transformers etc.
A look at Fig. 4 will show the four basic types, in
simplified form, which the Meccano builder is likely
to come in contact with. Generally speaking, the
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Fig. 5(a)

A simple series circuit in which four 2 velt lamps
wre 1it by o supply of B valts A.C. or D.C. Removal
of ane lamp will extinguish all lights.

Fig. 5 (b) A simple parallel circuit in which four 2 volt lamps
are lit by a supply of 2 volts A.C. or D.C. Removing
any lomp will not extinguish the others.

O
Fig. 5(c) Combined series/parallel circuit in which four 2 volt
lamps are lit from a 4 voit A.C. of D.C. supply.
Removal of one lomp will not extinguish the other two
left inseries ceross the 4 volr supply.

universal motors run at their best on full voltage, speed
reduction being obtained by appropriate gearing. A
simple transformer is required in this case, see Fig.
4(a). Essentially, a coil of many hundreds of turns of
wire is wound round a metal core of soft iron and then,
after layers of insulation are added, a second coil of
wire, in thicker gauge, with a small number of turns is
wound over the first. The long coil is known as the

* primary > and this receives the full 230 or 240 volts
The smaller coil of thicker wire

from the house mains.
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is called the ° secondary * and this provides the reduced
voltage to the universal motor. Some transformers are
fitted with speed controllers as shown in Fig. 4(b), the
controller in this case being a variable resistance con-
nected in the secondary circuit. Such a transformer is
commonly used for operating 6 volt or 20 volt A.C.
trains but its speed regulation properties are not particu-
larly good.

If D.C. apparatus is to be powered, an additional
item is required in the secondary side of the transformer
to permit the A.C. current to flow in one direction
only, thus converting it to D.C. This item is called a
¢ rectifier > and is shown diagrammatically in Fig. 4(c).

When combined with a variable resistance, Fig. 4(d),
the unit becomes a D.C. controller and is popularly
used with small-gauge railways etc., because of its

simple reversing qualities. The last refinement of the
D.C. controller is to incorporate a change-over switch
with the wvariable resistance, thus allowing motors,
locomotives, etc., to be reversed from the controller.

Although the modern Meccano D.C. Power Drive
motors are adequately powered by dry batteries, they
may also be powered by mains-operated D.C. control
units such as are used for model railways. A word of
warning is required here, however. As the two Power
Drive motors are primarily designed for battery opera-
tion they are not suppressed against radio and T.V.
interference. If they are used with mains-driven con-
trollers, they become highly effective (and illegal) inter-






