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1

This invention relates to small electric motors
confrolled from a remote position and has an
important application in miniature self-pro-
pelled vehicles such as miniature trains which
are controlled from a fixed position. In D. C.
motors having a permanent magnet field the di-
rection may be reversed by changing over the
supply connections. With self-excited windings,
however, it is necessary to reverse the relative
direction of the field and the armature.

In the control of miniature eleciric trains it
has been proposed to employ a reversing switch
actuated by an over-voltage relay which is lo-
cated on the train itself and which is inopera-
tive at the normal running voltage but which
may be actuated to change the direction of run-
ning by temporarily applying an over-voltage.
Such an arrangement provides a simple control
lay-out, but if the relay is sluggish in action, or
the over-voltage is applied for too long, there is
a risk of overheating the motor, and, further-
more, if the over-voltage continues after the con-
nections have been changed there is a risk that
the vehicle will suddenly start up in the new di-
rection at an excessive speed, with consequent
risk of mechanical damage.

An object of the invention is to provide an
improved arrangement in which the above dis-
advantages are substantially avoided.

Another object is to provide a simple control
arrangement for toy trains.

The present invention comprises an electric
motor provided with a reversing switch actuated
by an over-voltage relay, the coil of which is
connected in shunt with the motor so as to be
energised over the motor supply line, and the ar-
rangement being such that upon successive ac-
tuations of the relay by a predetermined over-
voltage the motor is alternately connected for
forward and reverse running, the relay being in-
operative at the normal motor voltage and ar-
ranged when actuated by an over-voltage to
open naormally closed safety contacts in the motor
circuit which interrupt the motor current when
an over-voltage is applied to actuate the relay.

The electric motor may be either a D. C. motor
having a self-excited field winding, or, alter-
natively, it may be a single-phase A. C. motor.

It will be appreciated that when the relay is
actuated by an over-voltage the auxiliary motor
contacts should cpen during the initial part of the
armature movement to minimise the time during
which the over-voltage is applied to the motor,
and should remain open until the last part of
the return movement.

The relay armature movement may con-
veniently be in two stages so that it has two op~
erative positions, a first position in which the
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motor cireuit is interrupted and a second opara-
tive position in which the reversing switch is ac-
tuated, the first position being reached when a
relatively low over-voltage is applied and the
second position being reached when a relatively
high over-voltage is applied, so as to effect a
greater travel of the relay armature. The re-
versing switch may be of a rotating type which
is notched forward by a raichet each time the
relay is actuated. As applied to a toy electric
train the supply lines may be provided by rails
or overhead trolley lines, or one line may be a
rail and the other an overhead ftrolley line.

In order that the invention may be clearly
understood reference will now be made to the
accompanying drawings which show an exam-
ple of the invention, in which:

Fig. 1 shows diagrammaticaily a toy locomotive
embodying the invention.

Fig. 2 is a circuit arrangement of the electri-
cal apparatus mounted on the locomotive shown
in Fig. 1,

Pig. 3 shows in section a relay suitable ior use

- with the arrangement of Figs. 1 and 2,
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Fig. 4 is a side elevation of an alternative form
of relay, and

Fig. 5 is a plan view of the relay shown in
Fig. 4.,

In Fig. 1 the general outline of the toy locomo-~
tive is indicated by the reference I, whilst 2 is a
rail and 3 an overhead trolley line. On the loco-
motive the relay is indicated by the reference 4
and the reference 5§ indicates the motor armature
which has “forward” running field winding §
and a reverse running field coil 7. The dotted
rectangle 8 above the trolley line indicates the
conirol apparatus which is located at a fixed
point from which the locomotive would be con-
trolled. The control apparatus 8 includes an
open-circuiting switch 8, three voltage supply
sources, which may be A. C. or B. C., connected
to supply terminals {8, {1, {2 respectively, and
two directional contact switch {3 and 14. With
switches {3 and {4 in the positions shown, if the
switch ¢ is closed the motor circuit is completed
through the supply source at 18, the connections
to thie motor being through the lines {5 and %’
which are respectively connected to one of the
rails and to the overhead trolley wire. Obviously
alternative supply arrangements could he em-
ployed, for instance the supbply could be throuzh
a conductor rail and one of the running rails.
If, now, the switch 13 is depressed the supply
source at terminals {{ is connected in ssaries
with the supply at terminals 18, and the increased
voltage would be sufficient tc operate the relay in
the case where this is a single-stage relay, or to
operate to the first position in the case of a two-
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stage relay. If, niow, the switch 14 is depressed
the voltage supply source at 12 will be connected
in series with those at 10 and i!. This arrange-
ment would only be employed in the case of the
two-stage relay and would serve to move the
relay to the second position.

It will be appreciated that in an actual control
apparatus the switches {3 and 14 may be con-
trolled from a lever or push-button or other suit-
able manually operated member, so that they
cperate in turh, i. €. so that when the lever is
depressed first 13 is depressed and then (4, whilst
when the lever is raised the sequence of opera-
tions would be reversed so that {4 first lifts to
the position shown in the drawings and then §3.

As an example of the values of battery voltage
suitable for a toy train, terminal 19 might be
fed with 24 volts, {1 with 36 volts and 12 with 30
volts. Thus 0 and {i together would give a
voltage of 60 volts for operating the relay, whilst
with 12 there would be 90 volts available. With
such an arrangement the motor would only be
subjected momentarily to 60 volis and at no time
would the full 90 volts be applied.

Referring now to the electrical circuit shown
in Fig. 2, it will be observed that the operating
coil 15 of the relay is electrically connected di-
rectly to contacts 16 and {7 which bear against
two supply lines 2 and 3. The contacts {6 and
{7 constitute supply terminal points for the ve-
hicle. The motor field windings 6 and T are at
one end connected to the motor armature 5 and at
the other end are connected to contact brushes
{8 and (8 bearing on a rotating commutator
member 20 which, as it is rotated, connects a
third brush 21, first with brush 19, and then with
{8, This commutator member 20 is actuated
from ratchet device 22 which it stepped forward
by a pawl 23 operatively connected with the relay
armature 24 each time the relay is actuated. The
brush 2{ is connected through normally closed
contacts 25 with the pick-up contact {8, and the
action of the commutator member is such that in
one position it will connect the brush I8 with
the common brush 2i so that the forward field
coil 7 is energised, whilst when it is stepped for-
ward to the next position contacts 19 and 21 will
be inter-connected so that the reverse field coil
7 is energised. Thus it will be appreciated that
each time the relay 4 is actuated the rotatable
commutator 28 changes the direction of running
of the locomotive alternately for forward and
reverse running. Whilst the actual arrangement
shown employs a rotating commutator, clearly
other arrangements could be employed. For in-
stance, the commutator could be replaced by a ro-
tating cam member which bears against con-
tacts. .

It will be observed that the motor circuit is
completed by the fact that the armature § is
connected to the pick-up contact {71 so that the
energising circuit for the relay coil is independent
of the motor circuit. The normally closed con-
tacts 25 are, however, in the motor circuit and
are so arranged that when the relay armature is
attracted the contacts 25 open and interrupt the
motor circuit.

Referring now to Fig. 3, which shows the relay
in greater detail, the actual relay shown being a
two-stage relay, the relay winding {5 is mounted
on a bobhin 26 whilst 24 is the relay armature
which is mounted on a spindle 27, which is pref-
erably of non-magnetic material such as brass
and is slidable through the relay coil. Secured
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‘30 bears against the ends of the bobbin 23.

4

to the armature 24 is a cup-shaped member 28,
and a biasing spring 29 bears against the plate
28 to hold the armature downwards, the spring
29 being effective over the first stage of move-
ment, at completion of which a second spring 30
also bearing at one end against the plate 28,
but normally spaced from the bobbin 26 at its
other end, will come into operation and be effec~
tive over the second stage of movement. Fixedly
mounted within the bobbin 26 is an outer sleeve
8{ and an inner sleeve 32 which is mounted with-
in the outer sleeve 3 and makes screw-threaded
engagement therewith, the spindle 27 being slid-
able through the inner sleeve. The spring 29
bears against the end of the inner sleeve 32 and
by screwing this along the outer sleeve 31 the
tension exerted by the spring 23, and hence the
setting of the relay, can be controlled.

In operation it will be appreciated that the
normal motor running volfage applied by the
voltage supply at {§ will not actuate the relay
and it will remain in the position shown in Fig.
3. In this position the lower end of the spindle
271 bears against the contact 25 and a circuit is
completed between the terminal contacts {6
and i171. Buppose now that the first switch {3
is depressed so that the voltage source at ({1 is
included and an increase voltage, say, 60 volts
is applied to the line; the relay will now be oper-
ated anhd the amature will lift until the spring
This
will lift the lower end of the spindle 27 from con-
tact 25 and break the circuit through the motor.
The movement of the spindie 27, however, will
be insufficient to cause the pawl 23 to actusate the
ratchet 22. If now the switch {4 is also de-
pressed so as to apply the voltage source at 12
in addition, so that a total voltage of, say, 90
volts is applied, the relay armature will com-
plefe its second stage of movement which will
compress the spring 38, and this movement will
be sufficient for the pawl 23 (o engage the
ratchet 22 and step round the reversing switch
to the next position. When contact {4 is now
opened, the relay armature will drop so that the
spring 30 ceases to he compressed but still bears
against the end of the bobbin 25. In this posi-
tion the pawl 23 will be retracted from the
ratchet 22 but the motor circuit will still be
open. If now the switch 12 is raised the relay
armature will fall back to its original position
as shown in Fig. 3, the motor circuit will be
completed through contact 25 and the locomo-
tive will start running in the opposite direction.

It will be appreciated that this arrangement
ensures the motor circuit is always broken before
the directional switch is changed over and that
the motor is not reconnected in the eircuit until
the changeover is completed and the over-voli-
age has been removed. Moreover, the low over-
voltage is only applied to the motor momentarily
during the time occupied by the spindle 27 in
separating from the contact 25. It will be ap-
preciated that whilst the two-stage relay shown
in Fig. 3 provides a high degree of protection,
it is not always necessary to employ the two
stages, but in many cases the spring 20 may be
omitied and likewise the contacts {4 and voltage
source 2. The relay must be so arranged that
the spindle separates from the contact 25 im-
mediately the relay armature commences to
maove.

Figs. 4 and 5 show a modified form of relay
and switch in which 33 is a body portion, 34
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the relay coil and 35 the armature, which is
hinged at 36 to the body portion 33. Secured to
the body 383 is a top plate 37 on which slides a
pawl 38 guided by a bridge member 39 and pin
48 fixed to the top plate 37 and passing through
a longitudinal guide slot 41 in the pawl 358. The
free end &2 of the armature 3% passes through a
slot in the pawl 38 and when the armature is
attracted the pawl is slid to the left and engages
the ratchet wheel 43 to rotate switch member 41
to the next posifion. The pawl 38 is biased to
the right by a spring 44 and in the position of
rest a contact 4% on the pawl engages a contact
45 fixed to the body portion 33. Contacis 43
and 46 correspond to the contact 2§ of Fig. 3.
and when the armature is attracted the pawl is
moved to the left to operate the switch. At the
same time contacts 45, 46 open and the motor
circuit is broken. The switch member 47 as
shown carries a bridge pisce which, as it rotates,
engages successive pairs of contact studs 48.
These may be so wired that as the switch mem-
ber is rotated step by step, the direction of ro-
tation of the motor is reversed in each succes-
sive position.

The foregoing description, taken in conjunc-
tion with the drawings, is to be regarded as de-
seribing an example only of the invention and
clearly modifications may be introduced with-
out departing from the spirit of the invention.

‘What we claim is:

1. The combination of a small reversible elec-
tric motor having field windings for forward and
reverse rotation; and an energising and control
circuit for said field windings including means
for supplying electric current at selectively
varied voltages, actuatable switching means
having a single input and two outputs and oper-
ative to connect said input alternately to first
ocne and then the other of said outputs in re-
sponse to actuation of the switching means, con-
ducting means electrically connecting said for-
ward and reverse field windings to said one out~
put and said other output, respectively, of the
switching means and to one side of said supply-
ing means, normally closed circuit breaking
means, conducting means electrically connect-
ing said circuit breaking means in series with
said input of the switching means and with the
other side of said supplying means, a relay con-
nected to said supplying means for energisation
by the latter, means driven by said relay for
actauting said switching means, and means
driven by said relay for opening said circuit
breaking means, said relay and said means for
actuating said switching means and for open-
ing said circuit breaking means being arranged
so that, when a normal voltage is derived from
said supplying means, bhoth said actuating means
and said opening means are inoperative, and so
that, whenh the voltage is increased above said
normal voltage, said relay first operates said
means opening said circuit breaking means to
interrupt the electric supply to the motor and
then operates said switch actuating means for
reversing the connections to said forward and
reverse field windings.

2. The combination of a small reversible elec-
tric motor having field windings for forward
and reverse rofation; and an energising and
control circuit for said field windings including
an electrical source for supplying electric cur-
rent at selectively varied voltages including a
normal, relatively low voltage, a first increased
voltage and s second further increased volt-
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age, actuatable switehing means electrically con-
nected to said forward and reverse field wind-
ings of the motor and operative to alternately
establish electrical communication
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windings in response to actuation of the switch-
ing means, normally closed circ creaking
means connected in series between szid switching

means and seid source for interrupting the supply
of current fo said windings when szid circuit
hreaking means is opened, an electro-raagnetic
rslay electrically connected to said souree for en-~
ergisation by the latier, said relay having an ar-
maturs occupying a normal position when said
relay is susjected to said normal voltage and
being displaced to a first operative position and
a second operative position when the relay is
subjected to said first and second increased voli-
ages, respectively, means driven by said armature
and operative to open said circuit breaking means
when said armature is displaced to said first op-
erative position and then to meaintain said cir-
cuit breaking means in its open condition during
movement of said armature {o its second
operative position and until the return of said

5 armature to its normal position, and means

driven by said armature and operative to ac-
tuate said switching means when said ar-
mature is displaced to said second operative
position so that, as the voliage emitted by
said source is increased from said normal volt-
age to said first increased voltage and then to
said second further increased voltage, the supply
of current to the motor is halted and the con-
nections to the field windings are then reversed
to change the direction of rotation of the motor,
with the supply of current to the motor being
reinstated only upon the return of the voltage
to its normal value.

3. The combination according to claim 2;
wherein said circuit breaking means includes a
fixed contact and a movable contact arranged for
movement with said armature of the relay, said
movable contact engaging said fixed contact when
said armature is in said normal position thereof
and being separated from said fixed contact in
response to movement of said armature away
from said normal position in the direction to-
ward said first and second operative positions.

4, The combination according to claim 2;
wherein said switching means includes a member
rotatable in a step-by-step manner, each step-
by-step angular displacement of said member
being effective to interrupt the electrical com-
munication with the one of said field windings
then being energized and to establish electrical
communication with the other of said field wind-
ings; and wherein said means for actuating the
switching means includes a ratchet connected
to said rotatable member for driving the latter,
and a pawl operatively connected to said ar-
mature and being free of said ratchet during
movement of said armature between said nor-
mal and first operative positions of the latter,
said pawl engaging said ratchet to effect an-
gular displacement of the latter and said rotat~
able member only during the displacement of
said armature from said first operative position
to said second operative position of the latter.
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