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My invention relates to coded railway signaling
apparatus and particularly to improved means for
preventing improper supply of energy to a code
following relay.

In some types of coded signaling systems, as
for example, a coded track circuit signaling sys-
tem, a transmitting relay is located at one end
of a pair of conductors and has contacts which
are operated between two positions in one of
which they connect the winding of a code follow-
ing relay across the conductors and in the other
of which they connect a source of energy across
the conductors.

The contacts of the transmitting relay are nor-

mally adjusted so that on movement of the relay -

movable contacts between their two positions, the
circuits established in one position of the relay
contacts are interrupted before the circuits estab-
lished in the other position of the relay contacts
are established.

If the transmitter relay contacts are out of
adjustment, the circuits controlled in both posi-
tions of the relay contacts may be established
simultaneously during movement of the relay con-
tacts between their two positions and energy from
the source may be supplied through the transmit-
ter relay contacts to the winding of the code fol-
lowing relay and may pick up its contacts, while
the supply of energy from the source to the wind-
ing of the code following relay may be interrupted
when the contacts of the transmitter relay com-
plete their movement. " If energy is supplied
from the source to the winding of the code follow-
ing relay over the transmitter relay contacts, the
contacts of the code following relay will pick up
and release and will cause energization of the code
detecting relay governed thereby even though
coded energy is not being supplied over the con-
ductors to the code following relay.

An object of this invention is to provide im-
proved means governed by the ‘contacts of a
transmitting relay for alternately connecting a

source of energy and the winding of a code fol- -

lowing . relay across a pair of conductors, this
means being arranged to eliminate the possibility
that energy from the source will be supplied to
the code following relay in the event the contacts’
of the transmitter relay are defective or out of
adjustment.

A further object of the invention is to provide
improved means of the type described which em-
ploys two movable contacts of the transmitting
relay which are connected together permanently
and which control circuits arranged so that over-
lapping of the fixed contacts associated with one
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of the movable contacts short-circuits the track
battery -and overlapping of the fixed contacts
associated with the other one of the movable con-~
tacts short-circuits the code following relay..

Another object of the invention is to provide
improved means of the type described which em-~
ploys two movable contacts of the transmitting
relay which are connected together permanently
and which control circuits arranged so that in one
position of the transmitting relay contacts a code
following relay is connected across the track rails
and so that in the other position of the fransmit-
ting relay a source of energy is connected across
the track rails independently of the winding of
the code following relay.

A further object of the invention is to provide
improved means of the type described which em-
ploys a first transmitting relay which has con-
tacts movable between a first and a second posi-
tion and governs a second transmitting relay to
cause its contacts to occupy corresponding posi-
tions, and having circuits including two movable
contacts of the second transmitting relay which
are connected permanently together and are-ef-
fective in one position to connect a code follow-
ing relay across the track rails and effective in
the other position provided a contact of the first
transmitting relay is in the corresponding posi<
tion to connect a source of energy across the track
rails independently of the wmdlng of the code
following relay.

Other objects of the invention and features of
novelty will be apparent from the following de-
scription taken in connection with the accom-
panying drawings.

I shall describe two forms of coded signaling
apparatus embodying my invention and shall then
point out the novel features thereof in claims:

In practicing my invention I provide a trans-
mitting relay together with means for recurrently
moving the relay contacts between their two posi~
tions. Two movable contacts of this relay are
permanently connected in series and when hoth
movable contacts are in one position establish a
circuit to connect a code following relay across
the rails of a track section, while when both mov-
able contacts are in their other position they
establish a circuit independent of the winding of
the code following relay to connect a source of
energy across the track rails. These circuits are
arranged so that, if one movable contact simul-
taneously engages both of the associated station-
ary contacts, the winding of the code following
relay will be short-circuited and so that, if the
other movable “contact simultaneously engages
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both of its associated stationary comtacts, the
source of energy is short-circuited to thereby
prevent improper supply of energy from the
source to the code following relay in the event
that either of the contacts of the transmitting
relay is defective.

In a modification, the transmitting relay is
governed by an associated transmitting relay
which also controls the circuit for connecting the
source of energy across the track rails so that a
short time interval is provided between the instant
of interruption of the supply of energy from the
source and the instant at which the circuit for
connecting the code following relay across the
track rails is completed.

In the drawings, Fig. 1 is a diagram of a section
of railway track equipped with coded track circuit
apparatus embedying this invention, and

Fig. 2 is a diagram of a section of railway track
equipped with a modified form of coded track
circuit apparatus embodying my invention.

‘Similarly reference characters refer to similar
elements in each of the two views.

Referring to Pig. 1 of the drawings, there is
shown therein a section of railroad track through
which traffic normally moves in the direction in-
dicated by the arrow, that is, from left to right.
The locomotives which are operated in this track
streteh are equipped with- cab signal apparatus
respongive to flow of coded aliernating current
energy in the track rails. The construction and
operation of the locomotive cab signal apparatus
is not a part of this invention and this equip-
ment may be arranged as shown in Letters Patent

of the United States No. 1,986,679, issued January. &

1, 1935 to Lioyd V. Lewis for Railway Traffic Con-
trolling Apparatus.

The track rails | and 2 of the track section
shown in the drawings are separated from the
rails of the adjoining sections by insulated joints
3. A code following track relay TR is connected
across the section rails at the left-hand or en-
trance end of the section and is operated by coded
energy supplied over the section rails from the
right-hand or exit end of the section. The track
relay TR controls a repeater relay TM, and it
also controls an impulse relay IR which causes
impulses of feed back energy to be supplied to
the rails at the entrance end of the stretch.

An approach relay AR is located at the exit
end of the section and the winding of this relay
is connected across the section rails when the
contacts of the transmitter relay CTM are re-
leased.

As shown, the track section is vacant and relay .
AR is released so energy is supplied over front .

contact 18 of a continuously operating code
transmitter CT and back contact 11 of relay AR
to the transmitter relay CTM and ifs contacts
are picked up. The energy which is supplied to
relay CTM is supplied from a suitable local source,
such as a storage battery, not shown, the ter-
minals of which are designated B and C in the
“drawings.

As the confacts of relay CTM are picked up,
the track battery TB is connected across the sec-
tion rails over the circuit whieh is.traced from
the positive terminal of the battery through the
secondary winding of the track transformer TT,
and over front contacts {4 and {8 of relay CTM
in series to track rail {, while the negative ter-
minal of the battery is connected directly to track
rail 2. At this time, as the contfacts of relay
CTM are picked up, the circuit of the winding of
relay AR is open at contact {5 of relay CTM so
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the relay AR remains released and its contact i1
maintains the circuit of the relay CTM.

The energy supplied from battery TB to the
section rails feeds over the track rails and over
back contact 18 of relay IR to the winding of the
track relay TR and picks up its contact to inter-
rupt the circuits of relays TM and IR so that
they are released. :

After a short time interval contact £9 of code
transmitter CT interrupts the circuit of the relay
CTM and its contacts release to interrupt the
circuit traced above for connecting the track bat-
tery and the secondary winding of the track

- transformer acreoss the track rails while the wind-

ing of relay AR is connected across the track
rails over the circuit which is traced from track
rail { through the winding of relay AR, and back
contacis {5 and (4 of relay CTM in series to
track rail 2.

When the supply of energy from battery TB
to the section rails is cut off, the track relay TR
releases and energy is supplied over its back con-
tact {8 to relay TM, and prior to picking up of
relay TM, is supplied to relay IR over the branch
circuit- which includes back contact {9 of. relay
TM. The energy supplied to relay IR prior. to
picking up. of relay TM picks up the contact of
relay IR, while the relay IR is snubbed by a
rectifier so that the relay contact remains picked
up for a short time interval subsequent to inter-
ruption of the relay circuit. When relay IR picks
up, energy is supplied from the impulse battery
IB through the winding of track relay TR in the
wrong direction to pick up the relay contact.

The track relay TR and the approach relay
AR. are of the polar biased neutral type, the con~
tacts of which pick up when and enly when
energy flows through the relay winding in a se-
lected direction as indicated by the arrow on the
relay. As explained in Letters Patent of the
United States No. 2,286,002, issyed June 9, 1942
to Frank H. Nicholson for Railway Signaling Sys-
tem, this arrangement for supplying energy from
batiery IB through the winding of relay TR pro-
tects this relay against improper energization in
the event the front and back contacts of relay
IR overlap, and also protects the relay TR against
operation by energy inductively discharged from
the track cireuit on interruption of the circuit
of the battery IB.

When relay IR picks up and connects battery
IB across the section rails, energy from the bat-
tery is supplied over the section rails and over
back contacts {4 and 15 of relay CTM to the
winding of relay AR and picks up the contacts of
the rélay AR. On release of relay IR, the supply
of energy from the battery IB to the relay AR
is cut off and relay AR releases and closes its
back contact {! in the circuit of relay CTM so
that energy is supplied to relay CTM during the
next closed period of contact {0 of the code trans-
mitter CT, .

The. contact {0 of the code transmitter CT
continuously operates between its two positions
at a predetermined rate, such as 75 or 180 times
a minute so it is closed shortly alter release of
relay AR. Accordingly, energy is supplied to re-
lay CTM and its contacts pick up to interrupt the
circuit of relay AR and connect the track bas-
tery and the secondary winding of the track
transformer T'T across the section rails with the
resuit that energy from the battery feeds to the
track relay TR and picks up its contact {8. When
the track relay TR picks up, the supply of energy
to relay TM is interrupted and its contacts re-
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lease. A resistance is connected across the ter-
minals of the winding of relay TM snd, on inter-
ruption of the supply of energy to the relay wind-
ing, delays release of. the relay contacts slightly
to compensate for the delay in picking up. of the
relay contacts on the supply of energy to the re-
lay winding and thereby substantially  equalizes
the picked-up and: released periods of the con-
tacts of the relay. TM.:

After a short mterval contact 10 of the code
transmitter CT interrupts the circuit of the relay
CTM and its contacts release to cut off the sup-
bly of energy from battery TB to relay TR and
the contact of relay TR releases to establish the
circuits of relays TM and IR so that the contact
of relay-IR picks up to cause an impulse of energy
to be supplied from battery IB to the relay AR.

As long as the section is vacant, the equipment
continues to operate as described and as-a result
of movement of the contacts of relay TM energy
is supplied through the decoding transformer
DT to the relay H and its contacts are picked
up. The relay H may be employed-for any suit-
able purpose, such as to control a signal; not
shown, for governing movement of traffic in the
stretch. Likewise, movement of the contacts
of the relay AR causes energy to be supplied
through the decodlng transformer ADT to relay
AH and its contacts are picked up with the result
that its contact 20 short-circuits the primary
winding of the track transformer T.  The re-
lay AH is provided with other contacts which
control circuits which may be employed for any
appropriate purpose. ,

When a train enters the section, the track
rails are shunted and energy supplied from bat-
tery TB ceases to operate relay TR and it remains
released so .relay TM is steadily picked up while
relay IR remains released and does not supply
energy from battery IB to the section rails.
Accordingly, relay AR remains released and its
contact 11 maintains the circuit of relay CTM

and relay CTM contmues to be operated by the.

code transmitter CT.

When relay TM is steadily picked up, energj_

is no longer supplied through the decoding
transformer DT to relay H and its contacts re-
lease. Similarly, when relay AR remains re-
leased, energy is not supplied through trans-
former ADT to relay AH and its contacts release
so that contact 20 establishes the circuit for sup-
plying alternating current energy to the primary
winding of track transformer TT from .a source
the terminals of which are designated BX and
CX. Accordingly, during the pick-up periods of
the relay CTM, alternating current energy is
supplied from the secondary winding of the track
transformer TT to the section rails and operates
- the locomotive cab signal equipment.

When the section is vacated, energy supplied

from battery TB to the section rails again op-

erates the frack relay TR while relay IR again
operates to supply energy from battery IB to the
relay AR. As a result of operation of relay TR
the relay H picks up, and as a result of operation
of relay AR the relay AH picks up to interrupt
the supply of energy to the primary winding of
transformer TT and to short-circuit this
winding. ' :

This equipment is arranged. so that if the:
contacts of relay CTM are-out of adjustment

with the result that either of the movable con-
tacts 14 and 15 engages its front and its back
points of contact simultaneously, energy will not
be supplied from battery TB or from the track
transformer TT to the relay AR.

6
:"If.contact 14 engages its front and back points
of contact simultarieously, the track battery and
the secondary winding of the transformer TT are

. short-circuited over the circuit. which is traced
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from the positive terminal of the battery through -
the transformer secondary winding, and thence
to the negative terminal of the battery through
front and: back points of contact of contact. 14,
which are assumed to overlap or-engage. As the
battery-and transformer are short-circuited, en-
ergy will not be supplied to relay AR regardless
of the position of contact 15, and there is no
danger that the contacts of relay AR will be
picked up and released because of the supply of
energy to the relay winding from the battery TB
or the transformer TT..

If contact 15 engages its front and back pomts
of contact simultaneously, the winding of relay
AR is short-circuited through the contact 15,
as is obvious-from the drawing, and the relay
AR will not be operated by energy supplied from
battery TB or the transformer TT. .

If the contacts 14 and I5 are out of adJust-
ment so that front contact 14 and back contact
18- engage simultaneously, energy may he sup-
plied from the battery TB and the transformer
TT through the winding of relay AR to the track
rails. However, the energy supphed from the
battery flows through the winding of relay AR
in the wrong direction to pick up the relay con-
tacts. ‘The alternating current energy supplied
from transformer T'T to the winding of relay AR
is of relatively high frequency, and the contacts
of relay AR may not operate rapidly enough to
respond to this energy, but if they do, the rate
of operation of the contacts is so high that too.
little energy is supplied through the decoding
transformer ADT to relay AH to pick up the re-
lay contacts or to maintain them packed up.
Accordingly, relay AH is released under these
conditions.

_If the contacts {4 and 5 are out of adjust~
ment so that back contact 14 and front contact
18 engage simultaneously, the back rails | and 2
are short-circuited and the relay AR is. certain.

" to remain released.

‘The circuit of the relay AR is arranged so that
energy inductively discharged from the track
circuit on interruption of the circuit of the track
battery will not pick up the contacts of the relay
AR. When the contacts of relay CTM are picked
up, the battery TB is connected across the track
rails with the positive terminal of the battery
connected to track rail | so that energy flows
from the hattery to track rail {, thence o track.
rail 2 and the negative terminal of the bafttery
through the winding of track relay TR, on
through the wheels and axles of a vehicle if the
section is occupied. Because of the inductance
of the track circuit, an impulse of energy is in=
duced in the track circuit when the supply of -
energy from the battery to the track rails is in-
terrupted by opening of front contacts {4 and.
15 of relay CTM, and, on closing of back contacts
{4 and 15 of relay CTM, this energy is supplied
to the winding of relay AR. The energy supplied
at this time flows in the same direction as that
supplied from the battery, and therefore flows
from track rail { to track rail 2, over back con-
tacts 14 and {5 of relay CTM and through the
winding of relay AR from right to left to track
rail 1. This impulse of energy, therefore, flows
through the winding of relay AR in the wrong
direction to pick up the relay contacts so. there
is no possibility that the relay: contacts will be:
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improperly picked up by the energy 1nduc’cive1y
discharged from the track circuit.

. As a result of the supply of energy from the
track battery TB fo the track rails, a charge may
be built up in the track ballast so that the ballast
and the track rails together in effect form a stor-
age battery from which energy may be supplied
to the winding of the relay AR when the relay
winding is'connected across the track rails. ¥ow-
ever, the voltage of the energy supplied from this
source to the relay AR 'is relatively low and
although this energy flows through the winding
of relay AR in the proper direction to pick up the
contacts ‘of relay AR, insufficient energy flows
through the winding of relay AR to pick up the
relay contacts, and the relay contacts will not be
picked up improperly by energy supplied from
this source.

It will-be seen, therefore, that the track bat-
tery and track fransformer and the relay AR are
alternately connected across the section rails by
contacts of the transmitter relay CTM, but that
the ‘connections governed by the contacts of the
relay CTM are arranged so that, in the event the
contacts of relay CTM are out of adjustment,
there is no possibility that the relay AR wil] be
operated by energy from the battery TB or the
transformer TT so as to improperly energize the
relay AR. Similarly, the various parts of the

track circuit are arranged so that the contacts &

of relay AR will not be improperly picked up by
energy inductively discharged from the track cir-
cuit or by energy stored in the track cir cuit. Ac-
cordingly, the relay AH is certain to remain re-
leased unless the relay AR is being operated by
coded energy supplied over the section rails and
the relay AH, therefore, reliably indicates
whether the section is occupied or not.

‘The arrangement provided by this invention is
also adapted for use in track sections where
feed-back energy of both polarities is employed
and Fig. 2 is a diagram showing this modification.
The apparatus of Fig. 2 is generally similar to
that shown in Fig. 1 but differs therefrom in that
two code following approach relays are provided
at the exit end of the section. These relays are
designated ARN and ARR and are of the biased

polar type, like relay TR, but are arranged so that

they respond to feed-back energy of opposite po-
larities. In addition, a repeater relay CTMM is
provided for the transmitter relay CTM to pro-
vide an open cireuit interval following interrup-
tion .of the circuit of the track battery TB and
thus prevent operation of either of the approach
relays by energy inductively discharged from the
track circuit.

At the entrance end of fhe section, a pole
changing relay PC governs the polarity of the en-
ergy supplied from the battery IB to the frack
rails, while a repeater relay IM is provided for
the. impulse relay IR to provide an open circuit
interval following interruption of the. circuit of
the battery IB and thus prevent operation of the
track relay by energy inductively discharged
from the track circuit. The relay PC may be
controlled in any suitable manner, not shown, as,
for example, by traffic conditions in the section
to the left of the section shown.

The apparatus of Fig. 2 is shown in the con-
dition which it assumes when the track stretch is
vacant and an impulse of energy is ‘being supplied
from the track battery to the track relay. At
this time contact 18 of the code transmitter CT
is closed and supplies energy to the transmitter
relay CTM and-its contacts are picked up with

10

15

25

40

50

55

60

85

70

75

8

the result that energy is supplied over its front
contact 25, back contact 25 of relay ARR, and
back contact 2T of relay ARN to relay CTMM and
its. contacts are picked up. As relays CTM and
CTMM are picked up, the track battery TB and
track transformer TT are connected across the
track rails over the circuit which is traced from
the positive terminal of the battery through the
secondary winding of transformer 'T'T, over front
contact 39 of relay CTM, and front con-
tacts 31.and 32 of relay CTMM in series to track
rail {, while the negative terminal of the battery
is connected directly to track rail 2.

The energy supplied from bhattery TB to the
track rails is supplied to the winding of track
relay TR over the circuit which is traced from
track rail { through the track relay winding from
left to right, back contact 35 of relay IR, and back
contacts 36 and 37 of relay IM in series to track
rail: 2. The energy supplied fo the track relay
TR picks up its contact 18 to interrupt the circuit
of relay TM and of relays IR and IM and these
relays are released.

After a short time interval the contact {0 of
code transmitter CT opens and opens the circuit
of relay CTM and its contacts release so that
contact 25 interrupts the circuit of relay CTMM
while contact 38 interrupts the circuit of the bat-
tery TB and cf the track transformer TT. The
relay CTM is snubbed by a rectifier and resist-
ance so release of the relay contacts is delayed
slightly after interruption of the circuit of the
relay winding to compensate for the pick-up time
of the relay and thus equalize the picked-
up and released times of the relay contacts. The
relay CTMM is also snubbed by a rectifier and a
resistor so the contacts of this relay do not re-
lease for a short period after the supply of en-
ergy to the relay winding is interrupted by 1elease
of contact 25 of relay CTM.

In the period between release of relays CTM
and CTMM -the frack rails are short-circuited
over the circuit which is traced from track rail i
over front contacts 32 and 31 of relay CTMM in
series and back contact 30 of relay CTM to track
rail 2. This short-circuiting of the track rails
discharges energy stored in the track ballast and
also dissipates the energy impulse induced in the
track circuit on interruption of the circuit of the
track battery and prevents this energy impulse
from being supplied to the relays ARN and ARR.
Where only one approach relay is employed, as in
Fig. 1, the equipment can be arranged so that the
impulse of energy inductively discharged from
the track eircuit is of the wrong polarity to op-
erate the approach relay, but where two approach
relays, which are responsive to energy of oppo-
site polarities are employed, this method of pro-
tecting the approach relays cannot be employed
and fhe time interval provided by the relay
CTMM is provided for this purpose.

When the supply of energy from battery TB is
cut off, the track relay TR releases and energy
is supplied over its back contact 18 to relay TM,
and is also supplied over back contact 19 of re-
lay TM to relay IR, and, in addition, over back
contact 39 of relay IR to relay IM. The supply of
energy to relays IR and IM is cut off as soon-as
relay TM picks up but the apparatus is arranged
s0 the relays IR and IM will be picked up by the
energy supplied thereto prior to picking up of
relay TM. After relay IR picks up, energy is
supplied to relay IM over the front contact 3%
of relay IR so the relay IM will remain picked
up as long as relay IR is picked up. -The relay
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IR is snubbed by a rectifier so its contacts remain
picked up for a short time subsequent to inter-
ruption of the supply of energy to the relay wind-
ing, while the relay IM is snubbed by a rectifier
and resistance to keep its contacts picked up for
a short period after release of relay IR and con-
sequent interruption of the supply of energy to
the winding of relay IM.

When relays IR and IM are both picked up,‘

the battery IB is connected across the.track
rails so as to supply energy of normal or re-
verse polarity according as the contacts of relay
PC are picked up or released. As shown, the
contacts of relay PC are picked up and when re-
lays IR and IM are both picked up, the positive
terminal of battery IB is connected over front
contact 40 of relay PC, front contact 41 of relay
IR and front contacts 37 and 36 of relay IM in
series to frack rail I, while the negative terminal
of the battery is connected over front contact
42.of relay PC to track rail 2. The energy sup-
plied from battery IB to the track rails is sup-
plied to relays ARN and ARR in series over the
circuit which is traced from track rail | through
the winding of relay ARN from left to right,
over back contacts 82 and 31 of relay CTMM in
series, and through the winding of relay ARR
from left to right to track rail 2.

The energy supplied from battery IB when re-
lay PC is picked up is of the polarity effective to

pick up the contacts of relay ARN but not relay.

ARR. When relay ARN picks up, its contact 217
interrupts the circuit of relay CTMM to insure
that relay CTMM remains released and main-
tains the circuit of the relays ARN and ARR. As
relay CTMM cannot pick up when relay ARN or
relay ARR is picked up there is no possibility
that relay ARN or ARR, when picked up, will be
released as a result of picking up of relay CTMM.
Accordingly, if foreign current is present and
picks up one of the relays ARN or ARR, the re-
lay will be steadily picked up and will not cause
energy to be supplied through the associated de-
coding transformer, as would occur if the relay
were recurrently released because of picking up
of relay CTMM. The relays ARN and. ARR,
therefore, will not operate as code following re-
lays if foreign current is present and the relays
AHN and AHR will both be released.

When relay ARN or ARR is picked up, the cir-
cuit of the relay CTM is not affected and it con-
tinues to be operated by the code transmitter CT.
However, picking up of relay CTM does not affect
the circuit of the relays ARN and ARR, and pick-
ing up of relay CTM with relay CTMM released
does not result in the supply of energy from the
track battery 'TB or the track transformer to the
section rails. -

Returning to' the equlpment at the entrance
end of the section, the relay IR releases after a
short interval and its contact &1 interrupts the
circuit of battery IB and its contact 39 inter-
rupts the circuit of relay IM, but the snub for
relay IM delays release of its contacts for a short
interval. After release of relay IR, but before
release of relay IM, the track rails are short-
circuited over the circuit which is traced from
track rail i over front contacts 36 and 37 of re-
lay IM in series and back contact 81 of relay IR
to track rail 2. The short-circuiting of the track
rails discharges energy stored in the track ballast
and it dissipates the impulse of energy inductively
discharged from the track circuit on interruption
of the supply of the circuit of battery IB and
thus prevents picking up of the contact of relay

20-

10

TR by this energy.. Where the energy supplied
from battery IB.to the section rails'is always of
the same polarity, the arrangement shown in
Fig. 1 may be employed to prevent picking up of
the frack relay by energy inductively discharged
from the track circuit, but where the energy sup-
plied from. battery IB is at times of one polarity-
and at other times of the other polarity, the ar-
rangement shown in Fig. 2 must:be employed.

The relay IM releases shortly after relay IR
and interrupts the circuit traced above for short-
circuiting the track rails and establishes the pre-
viously traced circuit for connecting the track
relay TR across the track rails.

i - When the supply of energy from battery 1B

is cut off, the relay ARN releases and its back
contact 27 is closed to permit energy to be sup-
plied to relay CTMM. .

On subsequent closing of contact i0 of the
code transmitter CT, energy is supplied to relay
CTM, and prior to picking up of relay CTM, is
also supplied to relay CTMM over back contact 25
of relay CTM so that relay CTMM will pick up
concurrently with relay CTM. - When relay CTM

52 picks up, its contact 25 establishes a circuit for
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energizing relay CTMM to keep it picked up as
long as relay CTM is picked up. When relays
CTM and CTMM are picked up, energy.is again
supplied from the battery TB over the section
rails to relay TR and ifs .contact 18 is picked up
to release relay TM, while the equipment there-
after operates ag previously described.

As: a result of operation of relay TM energy
is supplied through the decoding transformer DT
to the relay H and its contacts are picked up.
Similarly, as a result of operation of relay ARN
energy is supplied through the transformer NDT
to relay AHN and its contacts are picked up with
the result that the primary winding of trans-
former TT is. short-circuited over the circuit
which includes back contact 45 of relay AHR
and front contact 46 of relay AHN.

On the approach of a train the contacts of re-
lay PC may be released by means not shown,
thereby changing the polarity of the energy sup-
plied from battery IB. After release of relay PC
the- positive terminal of battery IB-is connected
over back contact 42 of relay PC to track rail 2,
while during the picked-up periods of relays IR
and IM the negative terminal of the battery is
connected over back contact 48 of relay PC, front
contact 4i of relay IR, and front contacts 37T and
36 of relay IM. in series to track rail 1. The en-
ergy supplied from battery IB at this time flows
from rail 2 through the winding of relay ARR.
from right to left, over back contacts 31 and 32 of
relay CTMM in series, and through the winding
of relay ARN from right to left to track rail I.
This energy, therefore, is effective to operate re-
lay ARR but not relay ARN, and as a result the
relay AHR is picked up while relay AHN re-
leases. After relay AHR picks up, the primary
winding of transformer TT is short-circuited over
front contact 45 of relay AHR, while the. opera-
tion of the equipment is otherwise unchanged.

When the train enters the track section shown,
the track relay TR is shunted and remains re-
leased and establishes the circuit of the relay
TM so that its contacts are steadily picked up
and energy is no longer supplied to relay-H and
it .releases while contact 19 of relay TM inter-
rupts the circuits of the relays IR and IM and
they remain released so that energy is no longer
supplied from battery IB to the section rails and
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relays- ARN and ARR both remain released. -Ac-
cordingly, relay AHR releases and relay AHN
remains released and energy is supplied over back
contact 46 of relay AHN and back contact 45 of
relay AHR to the primary winding of track trans-
former TT so.that during subsegquent picked-up
veriods of the relays CTM and CTMM aliernat-
ing current emnergy is supplied from the trans-
former secondary winding to the track rails to
operate . the cab signal apparaius cn the locomo-
tive in the track section.

When the section is vacated, energy from bat-
tery TB again feeds to track relay TR and picks
up its contact {8 and relay TM releases so that
on subsequent release of relay TR energy is sup-
plied over back contact 19 of relay TM to relays
IR and IM and they pick up to supply energy
from battery IB to the section rails. - This energy
pleks up one or the other. of the relays ARN or
ARR, depending on the polarity of the energy,
with the result that oné of the relays AHN or
AHR picks up. to. cut off the supply of energy to
transformer TT and to short-cireuit the trans-
former primary winding. Similarly, as a result
of operation of the track relay TR the relay H
picks up and the equipment is again substantizily
in the condition in which it is shown in the
drawings.

This equipment is arranged so that defects in
the contacts. of relays CTM and CTMM, or ab-
normal operation of these contacts, cannot re-
sult in objectionable supply of energy from the
battery TB. or the transformer TT to the relays
ARN and ARR, or in picking up of either of the
relays -ARN or ARR by the energy inductively
discharged from: the track circuit on interrup-
tion of the. circuit of the track battery.

If the front and back . points of contact of
movable contact §§ of relay CTM engage simul-
taneously, the track battery TB and the primary
winding of the track transformer TT are short-
circuited ang energy will not be. supplied to the
relays ARN and ARR even if the contacts of re-
lay CTMM are released,

If front, contact 30 of relay CTM is closed and
contacts 81 and 32 of relay CTMM are released,
energy cannot be supplied from the battery TB
and the transformer TT to the relays ARN and
ARR since the circuit of the battery and trans-
former is open at fromt contact 3i of ‘relay
CTMM.

If movable contact 31 of relay CTMM engages
its front and back confacts simultaneously, a

cireuit will be established from battery TB and

transformer TT through the winding of relay
ARR during the picked-up pericds of contact 29
of relay CTM.. At such times energy may be sup-
plied from the positive terminal of the baitery
TB through the secondary winding of trans-
former TT, over front contact 38 of relay CTM,
through. front and back peints.of contact of con-
tact 8i of relay CTMM, which. are assumed to
engage. simultaneously, and through the wind-
ing of relay ARR from left fo.right to the nega-
tive terminal of the bhattery. The energy sup-
plied. from the battery to the winding of relay
ARR, flows through the relay winding in the

wrong direction to pick up the relay contacts so

they remain released and this supply of energy
to relay ARR cannot produce an objectionable
result. If energy is supplied from transformer
TT to relay ARR over the circuit {raced above,
the. relay contacts, if they operate at all, will
operate so rapidly that insufficiently energy will
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12
be supplied through the transformer RDT to ré=
lay AHR to pick up its contacts.

Under the conditions stated, namely, when
the front and back contacts of contact 24 engage
simultaneously, if back contaet 32 is closed, en-
ergy may be supplied from batbtery TB. and
transformer TT through the winding of relay
ARN 1o the track circuit. This will also be true
if the contacts of relay CTMM are out of. ad-
justment so that front contact 3f and back con-
tact 82 engage simultaneously. At such times
the positive terminal of the battery TP is con-
nected through the secondary winding of trans-
former TT, over front contact 33 of relay CTM,
front contact 3i and back contact 3% of relay
CTMM, and through the winding of relay ARN
from right to left to track rail i, while the nega-
tive terminal of the battery is connecied to track
rail 2. The energy supplied from the battery
through the winding of relay ARN flows through
the relay winding in the wrong direction to pick
up the relay contacts and there is no danger that
relay ARN will be operated improperly. As ex-
plained above, energy. from the transformer TT
may ke supplied through the winding of relay
ARN but cannot cause energization of relay
AHN.

If the front and back points of contact of

" movable contact 22 engage simultaneously, the

winding of relay AR will be short-circuited and
energy will not be supplied through this wind-
ing regardless of the position of contact 3! of
relay CTMM or contact 3§ of relay CTM. Ac-
cordingly, the contacts of relay ARN remain re-
leased and will noct cause - 1mproper energiza-~
tion of relay AHN.

If front contact 32 and back contact 3i of
relay CTMM engage simuitaneously, the relay
ARR will be connected across the track rails,
but the circuit of the battery TB and of the.
transformer TT is open al front contact 31 of
relay CTMM and energy will not. be supplied
from the battery or the transformer to either
the relay ARR or the frack circuit and relay
ARR. remains released, while the circuit of the
winding of relay ARN is open at back contact
32 of relay CTMM and 1e1ay ARN remains: re-
leased.

The equipment at the exit end of the section
is also arranged so that the impulse of energy
induced in the track circuit. on interruption of
the circuit of the: battery TB will not be supplied
to relay ARN or ARR: and will not operate their
contacts. Energy is supplied from battery TB
to the track rails only when relays CTM and
CTMML are both picked up, and when relay CTM
is picked up its confact 25 establishes a. circuib
for relay CTMM so that the contacts of relay
CTMM remain picked up as long as relay CTM
is picked up. On interruption of the circuit of
the relay CTM by contact {8: of the code trans-
mitter CT the contacts of relay CTM release
with the result that contact: S8 interrupts. the
circuit of battery TB and contact: 25 interrupts
the circuit of the relay CTMM; but because of
the rectifier and resistance snub.connected across
the terminals of the winding of relay CTRMM, the
contacts of relay CTMM remain, picked up: for
a ‘shori interval subsequent to release of relay.
CTM. When the circuit of battery THB is: mter-_
rupted: by opening of front contact 38 ef
CTM, the flow of energy- in the tla:Cx{' mrcmt
ceases and an impulse of energy is induced in
the track cireuit. When contact 39 of relay CTM
engages ifs back contact, the confacts of relay
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CTMM are. still picked up and the track rails
are short-circuited so the energy inductively dis-
charged from the track circuit will be dissipated
through this connection between the track rails
before the relay CTMM releases to. interrupt
this connection and connect the relays ARN and
ARR across the track rails.

The equipment at the entrance end of the
section is arranged so that defects or misad-
justments in the contacts of relays IR and IM
cannot result in improper supply of energy to
relay TR.
engages its front and its back points of contact
simultaneously, the battery .IB will be short-
circuited and energy will not be supplied from
the battery to either the track relay or the track
circuit and the contact of the track relay will
remain-released and maintain the circuit of the
relay TM so that relay H remains released. = .

If front contact 4{ and back contact 35 of
relay IR are closed simultaneously, energy will

not be supplied from battery IB to relay TR as.

the circuit of relay TR is open at back contact

36 of relay IM, if the contacts of relay IM are
25

picked up, or at front contact 37, if the con-
tacts of relay IM are released. -

If movable contact 3T of relay IM engages
its front and back points of contact simultane-
ously, the battery IB will be short-circuited
when contact 41 of relay IR is picked up and
energy will not be supplied from the battery
IB to the relay TR regardless of the position of
contact 36 of relay IM or contact 35 of relay IR.

Similarly, if movable contact 36 of relay IM
engages its front and back points of contact
simultaneously, the winding. of relay TR will be
short-circuited if back contact 35 of relay IR is
closed to establish the circuit of this winding.
As the winding of the track relay.is short-cir-

cuited the relay contact 1s certam to remain.

released.

“As was explained in detail above, the relays
IR and IM cooperate to prevent energization of
relay TR by the impulse of energy inductively
discharged from the track circuit. on interrup-
tion of the circuit of the battery IB.

Although I have herein shown and described:

only two forms of apparatus embodying my in-

vention, it is understood that various changes.

.50
the scope of the appended claims without de--

parting from the spirit and scope of my inven- .

and modifications may be made therein within

tion.

Having thus described my invention, what I
claim is:

1. In combination, a first and a second conduc-
tor extending between two spaced locations, and
apparatus at one of said locations, at least, for
alternately supplying coded energy to said con-
ductors and for receiving coded energy from said
conductors comprising a transmitter relay hav-
ing a first and a second movable contact which
are connected  directly together and are moved
periodically between a first and a second position
substantially in synchronism, a code following
relay having one terminal of its winding con-
nected permanently to said first conductor and
having a contact biased to a first position and
movable to a second position when and only
when energy is received from said conductors
which flows through the relay winding in the
positive to negative direction from said first con-
ductor to said second conductor, a source of
direct current energy having its negative ter-
minal permanently connected to said second con-

_If movable contact 41 of relay IR.
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ductor, said transmitter relay first movable con-
tact being effective according as it is in: its first:
or its second position to connect said transmitter
relay second movable contact to said second con-’
ductor or. to the positive terminal of .said source
of direct current, said transmitter relay: second:
movable contact being -effective according as:it
is in its first or its second position-to .connect
said transmitter relay first movable contact to-
the other terminal of the winding of: said .code
following relay or to said first conductor, and a-
detector relay responsive to the periodic move-.
ment of the contact of said code followmg relay-
between its two positions. :
2. In a coded signaling system in combmatmn :
a first and a 'second conductor extending between:
a first and a second location, a first code following
relay at said first location responsive.to direct cur-.
rent impulses received over said conductors, a first.
source. of direct current.at said first location for:
supplying: impulses to said conductors during the
intervals between the received impulses, said first
source having its. positive terminal connected-
to the first conductor, a second code following
relay having one terminal connected perma-:
nently to said first conductor and a second source
of direct current having one terminal connected:
permanently to said second conductor; both.at.
said second location, a transmitter relay at said
second location having a first and a second mov-:
able contact which are electrically connected to-
gether. permanently and are moved periodically
between a first and a second position substan-:
tially in synchronism, a circuit including both

of said transmitter relay contacts in series for

connecting the winding of .said second code fol-
lowing relay across said conductors when both of -
said transmitter relay contacts are in.their first:
position, a circuit including both of said trans--
mitter relay contacts in series for connecting said -
second source of direct current across said con=

ductors with the positive:terminal of said sec--
ond source connected to said first conductor when

both of said transmitter relay contacts are in

their second position, said second code following

relay having a contact biased to a first position

and movable therefrom to a second position when-

and only when current flows in the positive-to

negative direction through:the relay winding

from the terminal which is connected to said first

conductor to the terminal which is connected to -
said second conductor, and a code detecting relay: -
responsive to code following. operation of sald

second code following relay.

3. In a coded track circuit signaling system, in’
combination, a section of railway track having a -
pair of track rails, and apparatus for alternately:
supplying coded energy to said track rails and
for receiving coded energy from said track rails;
comprising a first transmitter relay having con-"
tacts which are moved between a first and a sec="
ond position, a second transmitter relay having- -
a first and a second movable contact which-are’
electrically connected together and are movable -
periodically between a first and a second position
substantially in synchronism, circuit means gov-
erned by said first transmitter relay for operating
the second transmitter relay to cause its contacts
to occupy their first or their second position ac~
cording as the contacts of the first transmitter
relay occupy their first or their second position,
said first movable contact being effective accord-
ing as it is in its first or ifs second position to
connect said second movable contact to one -of
said track rails directly or through the winding
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of a first code following relay which is responsive
to energy of one polarity only, said second mov-
able contact: being effective according as it is
in its second or its first position to connect said
first. movable contact to. the-other of said track
rails: through the winding of a .second code fol-
lowing: relay. or through a source of energy pro-
vided a:.contact of said first transmitter relay. is
in.its first position. .

4. In a coded track circuit signaling system,
in combination, a section of railway track having
a pair of track rails, and apparatus. for alter-

nately supplying coded energy of a.given relative:
polarity to said track rails and for receiving coded

energy of either of two polarities from the track
rails, comprising a first transmitter relay having
contacts which are moved. between o first and a

seeond position, a second transmitter relay having -

a first and a second movable contact which. are
electrically connected together and are movable

periodically between a first and a second position.

substantially in synchronism, circuit means gov-
erned by said first transmitter relay for oper-
ating the second transmitter relay to-cause its

contacts to occupy their first or their second.

position. according as. the contacts of the first
transmitter relay occupy their first or their sec-

ond position, said first movable contact being:

effective according as:it is.in its first or its sec-
- ond position to connect said second movable con-
tact to-one of said track rails directly or through
the winding of a first code following relay which

is.responsive to energy of one polarity only, said.

second movable contact being efiective according
as it is in its second or its first position to con-
nect said first movable contact. to the other of
said track rails through the winding of a second
code following relay or through a.source of energy
provided a contact of said. first transmitter relay
" 1s in its first. position, said. c¢ode following relays
each having contacts biased to a released position

and movable therefrom to a picked-up position
when- and only when energy flows through the

relay winding in a selected direction, the circuits

for connecting said code following relays.and said.

source: across the track rails being arranged: so

that these relays respond to opposite polarities of:

energy’ supplied over the track circuits and so
that the energy supplied from said source to the
track rails is of the same polarity as that which
is effective to pick up the contacts of saxd second
code-following relay.

et
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5. In a coded track- cireuit s1gnahng systeny, -

in combination, a section-of railway track having:

a pair of track rails, and-apparatus for alternately
supplying-coded energy to said track rails and.for.
receiving-coded energy from said track rails, com-

prising & first transmitter relay having contacts:

which- are moved between a first. and a second: .

position, a second- transmitter relay having a
first and a second- movable contact which are

electrically connected-together and are movable
periodically between a first and a-second position
substantially in synchronism; circuit means.gov-

60
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erned by said first transmitter relay for operating
the second transmitter relay to cause its contacts
to ocecupy -their first or their second. position
according as the contacts of the first transmitter

. relay occupy their first. or their second position,

said first movable contact being effective accord-
ing as it is in its first or its second position to-
connect said second movable contact to one of
said track rails directly or through the winding
of a code following relay, said second movabile
contact-being efiective when in its first position to
connect. said first movable contact to the other
of said track rails through a source of energy
provided a contact-of said first transmitter relay
is in its first position and being effective when in
its second position tp establish a connection be-
tween. said first movable contact and said other
track rail irrespective of the position of the con-
tacts of said first transmitter relay.

6. In a coded track circuit signaling system,
in combination, a section of railway track hav-
ing a pair of track rails; and apparatus for alter-
nately supplying coded energy to said conductors

.and for receiving coded energy from said con-
25

ductors, comprising a first transmitter relay hav-
ing contacts which are moved between a first and
a second -position; a second transmitter relay
having & first and-a second movable contact which
are ‘electrically connected together and are mov-
able periodically between a first and a second posi-
tion substantially in synchronism, circuit means
governed by said first transmitter relay for oper--
ating the second- transmitter relay to cause its
contacts to occupy their- first or their second
bosition according as the contacts of the first
transmitter relay occupy their first or their second
position, a: code-following relay having the firss
terminal of its winding connected to one of said
track rails, said first movable contact being
effective according as it is in its first or-its sec<
ond position to counect said second movable con-
tact to said one frack rail or to the second ter-
minal of the winding of said code following
relay; said second movable contact being effective
when in ifs first- ‘pesition to connect said first- mov-
able confact to the other of said track rails
through a source of energy- provided a contact-of
sald first transmitier relay is.in its first position,
said second movable contact being effective when
in its- second’ position to. establish 2 connection
from ‘said: first’ movabie contact to-said other
track rail irrespective of the position.of the. con-
tacts of sald first transmitter relay.
CHARLES W. FAILOR
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