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REMOTE CONTROL SYSTEM, METHOD, AND
APPARATUS

Joseph L. Bonanno, Forest Hills, N. Y., assignor
to The Lionel Corporation, New York, N. XY,
a corporation of New York

 Application August 31, 1935, Serial No. 38,734

18 Claims.

The present invention relates to remote con-
trol systems, methods and apparatus.

In certain fields, such for example as the toy
train art, it is desirable to provide the train
with a remote controlled accessory such as a
whistle, lights or bell in addition to the propul-
sion motor.

The present invention is particularly designed
to provide for the operation of a whistle or other
accessory on toy trains, this operation being en-
tirely independent of the operation of the pro-
pulsion motor. The remote control circuit is,
however, suitable for general application where
conditions arise which are analogous to those
involved in toy train operation.

The present invention contemplates a circuit
having a source of alternating current potential
such as a transformer of predetermined maxi-
mum voltage for operating a load such for ex-
ample as lamps or propulsion motor. In addi-
tion to the accessory, which is normally connected
to one side only of the .current source, the cir-
cuit has a relay permanently connected in shunt
with the load, this relay having contacts in the
accessory circuit and being of the high reactance
type designed so as not to close this circuit on
the maximum alternating current potential which
can be applied to it from the transformer. Ac-
cording to the present invention, this relay is
adapted to function when a source of direct
current of a small potential is introduced in
series with the circuit. 'The direct current flows
through the transformer and relay coils and ef-
fects a closing of the relay circuit when the
direct current potential is applied and its opening
when the direct current potential is removed, and
this is utilized to control the circuit of the auxil-
iary device or signal such as a blower motor or

a whistle, the actuating mechanism of a bell or

any other current-consuming device adapted to
operate on alternating current of the potential
available.

The source of direct current for operating the

relay may be a uni-directional conductor, such -

as a rectifier in series with the load circuit and

> normally shunted so as not to funection, or in

parallel with the load circuit and normally open-
circuited so as not to function.  When the rectifier
is in circuit, it generates a sufficient amount of
direct current to flow through the transformer
coil and the relay coil to operate the relay. In
the case of a series rectifier (preferably shunted),

there is some resistance drop in the rectifier and -

shunt, and, as added current is necessary for
operating the relay controlled accessory, there

indicated at 0.

(CL 104—149)

would ordinarily be a drop in potential of the
current supplied to the load causing the lamps to
dim and the propulsion motor to slow down. ‘To
overcome this, the circuit is preferably provided
with a choke coil which may be short-circuited
when the rectifier is unshunted. A single switch
may effect both operations. A small rectifier
may be used, as the accessory is operated for
short intervals only.

Instead of employing the rectifier to obtain a
low direct current potential, it is also possible

" to introduce a battery such as an ordinary dry

cell into the circuit, the battery then being in
series with the transformer and relay coils so that
the relay will be operated. The amount of energy
drawn from the battery during the short inter-
vals of time the device is operated is small, and
the life of the battery is satisfactory.

Other and further objects of the invention will
appear as the description proceeds.

The accompanying drawings show, for. pur-
poses of illustrating the present invention, sev-
eral embodiments in which the invention may
take form, it being understood that the drawings
are illustrative of the invention rather than
limiting the same.

In these drawings,

PFigs. 1, 1a and 1b are circuit dia.gra.ms show-
ing a remote control system utilizing rectifiers;

Fig. 2 is a wave form diagram illustrating the
wave form of the currents employed;

Pig. 3 is a circuit diagram illustrating the utili-
zation of a battery for obtaining the superposed
direct current; .

Fig. 4 is a diagram illustrating the superposing
of the direct current on the alterna,ting current
wave; |

Fig. 5 is a side eleyational view of a relay;

Fig. 6 is a sectional view through the relay;

Fig. 7 is an inverted plan view of the same;
and

Fig. 8 illustrates an indexing type of relay.

In the arrangement shown in Fig. 1, the alter-
nating current source such as a transformer is
This transformer is indicated
as having a variable voltage output, but for
toy train operation is designed to give a maxi-
mum voltage of 25 volts. The transformer is
connected by the wire Il with one of the
wheel-bearing rails 12 of a toy railroad track.
The other side of the transformer is con-
nected to the third rail i3 of the toy rail-
road track layout by an impedance {4, prefer-
ably an inductance or choke coil (on account
of heating), a half-wave rectifier 15 (shunted by
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a normally closed switch (§ and by a resistance
1T), wire I8 and manually operable train-con-
t.rolllng switch 19.

As the half-wave rectifier blocks out one half
of an alternating current wave, the power trans-
mission- would be halved if a resistor such as (1
were not provided. This resistor carries a sub-
stantial portion of the power supply and insures
more uniform operation of the load. i

The structures diagrammatically iHustrated at
the right of the railroad track are those carried
on the locomotive or train. ‘The current is picked
up by the usual current collector {9’ bearing on
the third rail and returned through the axles
A load, indicated at I, may include lamps
on the cars or locomotive indicated at 20, and
a propulsion motor 2| whose fleld and armature
are Interconnected with the supply line by a re-
versing switch 22, This reversing switch is elec-

80 tromagnetically operated and is preferably of the

type which operates to stop the propulsion motor

- or reverse its direction of rotation when the man-

ual train controlling switch 19 is manipulated
This type of reversing switch does not affect the

88 train lights. It is In common use in this art.

The train also carries a relay 23 which is per-
manently connected to the terminals of the toy
locomotive or car. This relay is shown more in
detall in Pigs. 5 to 8. It !s constructed so that

80 the maximum alternating current voltage avail-
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able will not operate the relay so as to close the
circult indicated at 24, or operate an indexing
mechanism. The contact 24 is in serles with
the accessory 28 to.be operated when the relay
functions. This is here indicated in the form of
a motor having the usual fleld and armature.
This motor may be employed to operate a blower
for producing an air whistle, or any other form
of current consuming device may be employed.

When the circuit parts are in normal position
indicated in Fig. 1 of the drawings, alternating
current is flowing through the choke coll {4, the
shunt 16, wire 18, switch 19, third rail 18, col-
lector shoe 19’, then through the load 20 and
21 and coil of the relay 28, wheels 19’’, track rail
and wire [{ to the other side of the transformer.
If the switch (6 is pressed part-way down, the
shunt about the rectifier 16 is opened and, ow-
ing to the drawing of current through the recti-
fler, it generates a direct current. This direct
current potential is impressed upon the circuit,
including the choke coil {4, transformer wire 11,
track 12, relay coil and load, third rail 18, switch
19 and wire 18, This direct current potential
may be as low as one-half a volt and yet satis-
factorily operate the relay 23. As long as the
switch 16 is held part-way down, and these con-
ditions maintain, the relay 23 holds the contact
24 so that the blower or other accessory is oper-
ated. The switch 18 is preferably provided with
an additional contact 26 so that when the switch
8 is pressed all the way down, the choke coll 14
is shunted so as to offset the resistance drop in
the rectifier 15 and resistance {7 and restore sub-
stantially the normal voltage to the load circuit.

Instead of a half-wave dry type rectifier, one
may, as shown in Fig. la, employ a vibratory rec-
tifler 27 connected across s shunting resistance
28, control being effected by shunting the resist-
ance by a switch 29 or stopping the vibrator by a
switch 29’.

Another means of introducing the equivalent
of a direct current component is shown in Fig.
1b. It employs a rectifier 34 and current limit-
ing resistance 35 which may be connected across

9,155,843

the line by a switch 38, Itnemry & series
impedance 37 may be inserted.

The approximate wave forms of the currents
in the circult of Fig. 1 are indicated in Pig. 2,
phase shifting being ignored, and differences in
absolute values slightly exaggerated. The alter-
nating current sine wave 30 has an axis X,
When the switch 16 is pressed part way down so
as to un-shunt the rectifier, the wave form is
that indicated at 31, producing distortion. The
axis of this wave is displaced, as indicated at x.
The average direct current component is indi-
cated by this displacement. When the switch 18
is pressed all the way down so that the coll 14
is shunted, the amplitude of the wave form 3I
is increased as indicated at 32 and restored to
the original effective value.

When the train is standing still on the track,
no current is drawn by the propulsion motor.
The lamp load may be so small that insufficient
direct current voltage is developed in the recti-
fler to operate the relay. In order to load the
rectifier, the control box, which normally in-
cludes the structures between the transformer
and the track, is provided with an auxiliary re-
sistance 38 connected to a normally open switch
38. Closing switch 39 will load the rectifier and
send the direct current through the relay so that
the whistle or other accessory may be operated.

In the arrangement shown in Fig. 3, the rec-
tifier and auxillary circults are replaced by a
battery such as a dry cell for obtaining the direct

current, -Here the wire {8’ corresponding to the

wire I8 of Fig. 1 is connected to a switch arm 40
which is adapted to pass over three contacts 41,
42 and 48. The switch arm is broad enough to
bridge two adjacent contacts. Contact &1 is con-
nected to the transformer lead 44 by a battery
such as a dry cell 45. The lead #4 is connected
directly to the contact 43 by a wire indicated at
46, and is connected to the contact 42 through
a small resistor 47.

When the switch arm 40 is in contact with 43,
alternating current is supplied to the load cir-
cuit and when it is shifted so that it engages

. only the contact 41, alternating current on which

is superposed a small direct voltage 1s supplied
to the load circuit. The impedance offered by
the battery to the alternating current is very
small so that the battery is not overheated there-
by. In intermediate position, the battery 4% is
short-circuited through the resistance 47 so that
the circuit is not opened. The relay operates the
same as above described.

In PFig. 4 the sinusoidal alternating current
wave Is indicated at 48, and the direct current
potential at 49. ‘The resulting wave form is indi-
cated at 50.
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In both the circuit arrangements above indi-

cated, it will be noted that the operation of the
whistle or other accessory is achieved without
opening the load circuit. This is particularly
important in toy trains having automatic revers-
ing mechanism, as any opening of the circuit,
even momentarily, will operate the reversing
mechanism.

The relay 28, 24 is indicated in detail in Mgs.
5,6 and 7, It is provided with a coll 60 having

65

one end connected by a wire 61 with an insulated -

terminal plate 62 and the other end grounded.
This terminal plate is adapted to be connected by
a wire 62’ with the collector shoe bearing on the
third rail. The terminal plate 62 is also con-
nected through the field and armature of the
motor or other accessory 25. The opposite side
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of this accessory is connected to an insulated
relay contact 63 whose lower end is bent out-
wardly as indicated at 64.

The coil 60 is placed about a core 65 and the
core is mounted in between a U-shaped body or
yoke 66 and magnetic shunt 61 having low re-
sidual magnetism. The core 65 carries copper lag
rings 68 and a core-head 69. The armature is
indicated at 70. It is secured to an armature
spring Ti by rivets indicated at 712. The arma-
ture spring has the configuration shown in Fig.
7. It has two hinge-forming extensions 13, 13
adapted to pass through openings 74 in the hinge
plate 15 and downwardly struck prongs 16 to pre-
vent removal of the armature. These spring
extensions are tensioned to exert a lifting action
on the adjacent end of the armature and hold
it against the yoke 66. The armature spring has
a U-shaped slot indicated at 717 and extends
through a slot in the plate 79. It has a contact
80 opposite the extension 64 on the contact mem-
ber 63 so as to ground the accessory 25.

For the purposes above described, the relay is
designed so as not to close on any alternating
current voltage obtainable from the transformer.
Where the maximum normal voltage is 25 volts,
the closing voltage for the relay is kept above 28
to 30 volts.

It will be noted that the relay has a path of
low reluctance for the alternating current flux,
and that the leakage flux through the air gap to
the armature is kept to a minimum by the design
of the core head and the copper lag rings. In
the design, the portion of the core passing
through the lag rings is made of very small cross-
section so as to increase the efficiency of the lag
rings and produce a large drop in magnetomotive
force through the air gap. On direct current
the lag rings become ineffective and there is suf-
ficient leakage flux in the air path (owing to the
proportioning of the main core and shunt paths)
to attract the armature mechanically and to hold
the armature in the raised position.

Owing to the manner in which the armature

- is mounted at the pivot point, considerable lifting

force is exerted at the hinge point by the springs
78 so0 as to obtain a good electrical and magnetic
contact between the armature and adjacent end
of the yoke. This good magnetic contact is avail-
able without in any way affecting the pull re-
quired to raise the armature, except for the slight
amount of friction infroduced at the hinge.

In the arrangement shown in Fig. 8, the relay

armature 81 is provided with an extension 82.

carrying a ratchet pawl 83 cooperable with a
ratchet wheel 84 on a drum 85. This drum may
carry contacts for controlling auxiliary circuits in
accordance with the position to which it is moved
by the relay. With this type of relay, an opera-
tion is effected each time a direct current im-
pulse is impressed on the line.

The electromagnetic device shown in Figures
5 to 8, inclusive, forms the subject matter of
my divisional application, Serial No. 263, 386 filed
Mar. 22, 1939.

It is obvious that the invention may be em-

bodied in many forms and constructions within

the scope of the claims, and I wish it to be under-
stood that the particular forms shown are
but a few of the many forms. Various mod-
ifications and changes being possible, I do not
otherwise limit myself in any way with respect
thereto.

What is claimed is:

1. A remote control system having a load,

3

an alternating current source of predetermined
maximum potential and uniform frequency for
operating said 'load, a relay in shunt with the
load, the relay being incapable of operating on
said alternating current potential and frequency
but operable on a small direct current potential,
a resistance shunted rectifier in series with the
relay, source, and load, a normally closed shunt
about the rectifier whereby a small direct cur-
rent potential may be introduced into the circuit
when the normally closed shunt is opened, the
resistance shunted rectifier then having insuffi-
cient reactance to interfere with operation of the
load, and a translating device whose circuit is
controlled by the relay when operated by said di-
rect current source.

2. A remote control system as claimed in cla.lm
1, having an impedance normally in series with
the source, and a switch for short circuiting the
impedance when the rectifier shunt is opened.

3. A remote control system as claimed in claim
1, having an impedance normally in series with
the source, and a switch for short circuiting the
impedance when the rectifier shunt is opened,
the voltage drop in the impedance being sub-
stantially equal to the voltage drop in the rectifier
so that the voltage supplied to the load is sub-
stantially the same when the rectifier is short
circuited and the impedance not shunted as it
is when the rectifier is not short circuited and
the impedance is short circuited.

4. A remote control system as claimed in claim
1, having an artificial load for the rectifier where-
by direct current may be had for operating the
relay when the first mentioned load dra.Ws in-
sufficient current.

5. A remote control system having a load, an
alternating current . source of predetermined
maximum potential and uniform frequency for
operating said load, a relay in shunt with the
load, the relay being incapable of operating on
said alternating current potential and frequency
but operable on a small direct current potential,
a half wave rectifier provided with a resistance
shunt and a normally closed shunt whereby a
small direct current potential sufficient for ac-
tuating the relay may be introduced into the
circuit upon the opening of the normally closed
shunt and while the alternating current is sup-
plied to the load.

6. In combination, a track having two rails in-
sulated from one another, a vehicle having cur-
rent collectors, a vehicle carried propulsion motor
and relay both connected to the track for energiz-

ation when the track is energized, a vehicle car- .

ried accessory having one side of its circuit con-
nected to one rail and the other side connected to
the other rail only when the relay is energized, a
source of alternating current connected to the
track for operating the motor, the alternating
source being of uniform frequency and incapable
of operating the relay to close the accessory cir-
cuit, and means to introduce a small direct cur-
rent potential into the track supply circuit without

“opening said track supply circuit or interfering

with the flow of power to the propulsion motor
whereby the relay may be operated to connect
the accessory to the alternating current source
for operation thereby.

7. The combination set forth in claim 6, where-
in the direct current potential is derived from
a rectifier connected between the alternating
current source and one rail so as to be in series
with the motor.

8. The combination set forth in claim 6, where-
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in the direct current potential is derived: from a
rectifler connected between the alternating cur-
rent source and one track so as to be in series
with the motor, and having in series therewith
an impedance adapted to be shunted when the
rectifier is operated.

9. The combination set forth in claim 6, where-
in the direct current potential is derived from =a
rectifler connected hetween the alternating cur-
rent source and one track so as to be in series
with the motor, and having a supplemental load
adapted to be connected to the rectifier when the
propulsion motor is disconnected.

10. The combination set forth in claim 8,
wherein the direct current potential is derived
from a battery normally out of circuit but con-
nected between the source and one rail through
a switch.

11, In combination, a load, an alternating cur-
rent source of predetermined maximum potential
and uniform frequency for supplying power to
said load, a relay comprising a coil connected to
said source and in parallel with the load, a mag-
netic structure of low reluctance for alternating
current flux, an armature unaffected by said al-
ternating current flux whereby the coil may be
continuously in circuit with said source, and cir-
cuit controlling means actuated by the armature,
an accessory in shunt with the coil and in cir-
cuit with said circuit controlling means and the

alternating current source, and a source of low .

voltage direct current which may be introduced

- at will In series with the load and the coil with-
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out opening the load circuit or interfering with
the flow of power to said load, the direct current
source producing a direct current flux which at-

tracts the armature and operates said means .

whereby the accessory is energized from said
source.

12. A remote control system having a load, an
alternating current source of predetermined
maximum potential and uniform frequency for
operating said load, a relay in shunt with the
load, the relay being incapable of operating on
said alternating current potential and frequency
buf operable on a small direct current potential
whereby the relay may be continuously in circuit
with said source, means adapted to be connected
in series with the alternating current load and
independent of the source for altering the wave
form of the currents flowing through the relay
and load without opening the circuit to said load
or interfering with the flow of power to said load
and whereby the equivalent of an unidirectional
current is supplied to the relay windings effective
to operate the relay while still subject to the al-
ternating current, and a current consuming device
operable by cwrrent from the alternating cur-
rent source and whose circuit is controlled by
the relay when operated by sald unidirectional
current,

13. A remote control system in accordance
with claim 12, wherein the means for altering
the wave form is a rectifier.

14. A remote control system in accordance with
claim 12, wherein the means for altering the wave
form is a battery. .

15. In combination, a load, an alternating cur-
rent source of predetermined maximum poten-
tial and uniform frequency for supplying power to
said load, a relay comprising a coil connected to
sald source and in parallel with the load, 2 mag-
netic structure of low reluctance for alternating
current flux, an armature unaffected by said al-

ternating current flux whereby the coil may be
continuously in circuit with sald source, and cir-
cuit controlling means actuated by the armature,
an accessory in shunt with the coil and in circuit
with said circuit controlling means and the al-
ternating current source, and a rectifier which
may be introduced at will in series with the load
and the coil without opening the load circuit or
Interfering with the flow of power to said load,

the direct current source producing a direct cur- |

rent flux which attracts the armature and oper-
ates said means whereby the accessory is ener-
gized from said source.

16, In combination, a load, an alternating cur-
rent source of predetermined maximum poten-
tial and uniform frequency for supplying power
to said load, a relay comprising a coil connected
to said source and in parallel with the load, a

‘magnetic structure of low reluctance for alter-

nating current flux, an armature ung®ected by
sald alternating current flux, whereby the coil
may be continuously in eircuit with said source,
and circuit controlling means actuated by the
armature, an accessory in shunt with the coil
and in circuit with said circult controlling means
and the alternating current source, and a battery
which may be introduced at will in series with the
load and the coil without opening the load circult
or interfering with the flow of power to said
load, the direct current source producing a direct
current flux which attracts the armature and op-
erates said means whereby the accessory is en-
ergized from said source,

17, In combination, a load, an alternating cur-
rent source of predetermined maximum potential
and uniform frequency for supplying power to
said load, a relay comprising a coil connected to
said source and in parallel with the load, a mag-
netic structure of low reluctance for alternating
current flux, an armature unaffected by sald al-
ternating current flux whereby the coil may be
continuously in circuit with said source, and nor-
mally open relay contacts actuated by the arma-
ture, an accessory in shunt with the coil and in
circult with said contacts, and the alternating
current source, and a source of low voltage direct
current which may be introduced at will in
series with the load and the coil without open-
ing the load circuit or interfering with the flow
of power to said load, the direct current source
producing a direct current flux which sttracts
the armature and closes the relay contacts to
energize the accessory from said source.

18. In combination, a load, an alternating cur-
Tent source of predetermined maximum potential
and uniform frequency for supplying power to
said load, a relay comprising a coil connected to
said source and in parallel with the load, a mag-
netic structure of low reluctance for alternating
current flux, an armature unaffected by said al-
ternating current flux whereby the coil may be
continuously in circuit with the said source, in-
dexing mechanism actuated by the armature, and
a circuit controller in series with the alternating
current source and operated by the indexing
mechanism, and a source of low voltage direct
current which may be introduced at will in series
with the load and the coil without opening the
load circuit or interfering with the flow of power
to said load, the direct current source producing
a direct current flux which attracts the arma-
ture and operates the indexing mechanism.

JOSEPH L. BONANNO.
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