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Gur invention relates to railway signaling ap-
paratus, and particularly to apparatus of the type
comprising a highway crossing signal located at
the intersection of a railway and a highway and

5 controlled by traffic conditions in the adjacent
stretch of railway track.

A feature of our invention is the provision of
apparatus for establishing a directional control
in response to a train travelling over a stretch

10 of railway track, and wherewith release of such
directional conftrol is accomplished by two in-
dependent means. Another feature of our in-
vention is the provision of novel ard improved ap-
paratus of the type here involved wherewith in-

15 creased sensitivity of the track circuit is effected
and loss of directicnal control due to g relatively
high train shunt resistance is avoided.

We will describe four forms of apparatus em-
bodying our invention, and will then point out

20 the novel features thereof in claims.

In the accompanying drawings, Fig. 1 is a dia-
grammatic view illustrating one form of ap-
paratus embodying our invention, and where-
with directional control is effected through the

o5 medium of an interlocking relay. Fig, 2 is a dia~-
grammatic view illustrating a second form of ap-
paratus emboedying our invention, and where-
with directional control is effected through the
medium of stick relays. Figs. 3 and 4 are dia-

5 grammatic views of modified forms of the ap-
paratus of Fig. 2, and which forms of apparatus
algo embody our invention.

Similar reference characters refer to similar
parts in each of the views.

a3 Referring first to Fig. 1, the reference charac-~
ters § and {2 designate the traffic rails of a
streteh of railway track which is intersected at
grade by a highway H. By means of the usual
insulated rail joints, the traffic rails | and {2

40 are divided into two track sections D—E and
E—7F, the junction E of these two track sections

eing at or near the intersection with the high-
way H. BEach of these track sections is provided
with a track circuit comprising a source of cur-

45 rent connected across the traffic rails at one end
of the section and a track relay connected across
the traffic rails at the cpposite end of the section.
As here shown, the source of current for each of
these track circuits is a battery designated by the

o reference character 2, the battery 2 for the track
circuit for the section D—E being connected
across the traffic rails at the left-hand end of the
seetion in serfes with a relay RD and a resistor 3,
and the batiery 2 for the track circuit for the

55 section E-—F being connected across the rails at

(CL 246-—130)

the right-hand end of the section in series with a
rélay RF and a resistor 4. The relays RD and RF
are each of the low resistance type which is so
adjusted that the normal flow of current sup-
plied by the track battery 2 when the section is
unoccupied. is not sufficient to energize the wind-
ing of the relay to a degree where its armature
is picked up, but that the increased flow of
current caused by a train occupying the section
and shunting the traffic rails ‘is sufficient to
energize the relay to a degree where its armature
is lifted out of engagement with its back contact.
Consaquently, the back contacts 5 and 6 of the
relays RD and RF, respectively, are normally
ciosed and are opened in response to a train oc-
cupying the respective track section. The track

10

15

relays TRI and TR2 of the track circuits for the .

sections D—& and E—, respectively, are located
at the junction of the two sections and the op~
erating winding of each relay is connected with
the rails of the section in series with a resistor,
a resistor T being interposed in the connection of
the relay TR{ and a resistor 8 being interposed in
the connection of the relay TR2. As will be ex-
plained more fully hereinafter, the resistors 7.and
8 are each at times short-circuited, the short-
circuit connection for the resistor 7 comprising
wires § and {8 and a front contact it of a relay
7ZR1{, and the short-circuit connection for the
resistor 8 comprising wires {2 and 13 and a iront
contact £4 of a relay ZR2,

Directional control is established through the
medium of an interlocking relay designated by
the reference character I. The operating wind-
ings of the relay I are supplied with current from
any -convenient source such as a battery not
shown and whose opposite terminals are desig-
nated by the reference characters B and C. The
left-hand operating winding 5 of relay I is nor-
mally supplied with current over a simple circuit
which includes a front contact {6 of the track
relay TRI{, and the right-hand operating wind-
ing {7 of relay I is normally supplied with cur-
rent over a simple circuit which includes a front
contact 8 of the track relay TR2. Interlocking
relay I may be one of several different types for
such relay. Many arrangements for interlock-
ing the armatures of the two electromagnets of
such relay being well known in the art, it is
deemed sufficient for the present:application to
point out that in accordance with usual practice,
the armatures {19 and 28 of relay I are operated
by the operating windings 15 and 11, respectively,
the arrangement being such that with the oper-
ating windings 15 and !T both energized koth
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2
armatures {9 and 20 are lifted out of engage-
ment with the respective back contacts 2f and
22. When the winding {5 is deenergized and
winding 17 remains energized, the armature (9
falls due to its own weight into engagement with
its back contact 21 and in falling it actuates the
interlocking feature between the two armatures
so that subsequent deenergizing of the winding
17 to release its armature 20, the armature 20 is
mechanically held from falling into engagement
with its back contact 22. Should the winding 15
be reenergized while the winding 17 is still deen-
ergized, the interlocking feature still retains the
armature 28 out of engagement with its back
contact 22 but that reenergizing of the winding
17 subsequent to such reenergizing of the winding
15, lifts the armature 26 and releases the inter-
locking. Should the winding {7 be deenergized
and winding {5 remsain energized, the armature
20 is free to fall into engagement with the back
contact 22 and in so deoing it actuates the inter-
locking feature and the armature 18 is held from
falling into engagement with its back contact 21
in the event the winding {5 should subsequently
be deenergized. Release of the armature 19 is
accomplished in a manner similar to that just
explained for releasing the armature 28. The
relay I is preferably slightly slow acting, that is,
both sides of the relay are provided with short
slow release and slow pick-up periods and which
periods are substantially equal. The directional
control effected by the relay I and the manner of
releasing such directional control will be ex-
plained when the operation of the apparatus of
Fig. 1 is described.

As here shown, the relay I controls the opera-
tion of a highway crossing sighal S located at
the intersection of the highway H with the rail-
way track. Signal S may be of any standard
type for such highway crossing signals and is
here shown as an audible signal in the form of
an electric bell. The signal S is provided with
two operating circuits one of which extends from
the B terminal of the source of current over
the armature {§ operated by winding {3, back
contact 2!, wire 23, magnet of signal S, and to
the opposite terminal C of the same source of
current. The second operating circuit extends
from the B terminal of the current source over
the armature 28 operated by winding 17, back
contact 22, wire 23, magnet of signal S, and to
the C battery terminal. It follows that the sig-
nal S is normally silent and is set into operation
when either one of the operating windings 15
or {71 of the interlocking reldy I is deenergized
and its respective back contact is closed.

The relay ZR1! is associated with the track cir-
cuit of the track section D—E, and the relay
ZR2 is associated with the track circuit for the
section E—F, and each of these relays ZRI and
ZR2 is provided with slow pick-up and slow re-
lease characteristics. Both relays ZR({ and ZR2
are normally deenergized, and are energized by
virtue of a circuit governed by the associated
track circuit. Looking at relay ZRI, an energiz-
ing circuit may be traced from the B terminal
of the current source over back contact 5 of relay
RD, line wire 24, back contact 25 of track relay
TR, wire 28, winding of ‘relay ZRI and to the
opposite terminal C of the same source of cur-
rent. A similar circuit is provided for the relay
7ZR2 and which is traced from the B terminal of
the source of current over back contact & of relay
RF, line wire 27, back contact 28 of frack relay
TR2, wire 29, winding of relay ZR2 and to the
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battery terminal C. The function of these two
slow pick-up slow release relays ZRI and ZR2
will shortly appear.

In describing the operation of the apparatus
of Tig. 1, we shall first assume that both track
sections D—E and E—P are unoccupied, the ap-
paratus is in the position illustrated, and an east-
bound train, that is, a train moving from left to
right, enters the stretch of track snown in the
the drawings. When the train enters the section
D—% and shunts the traffic rails, the track relay

‘TR is deenergized and its armature is released.

The fact that the resistor T is normally inter-
posed in the connection of the winding of relay
TRI! establishes a relatively low working value
of current for that relay with the result that the
current flowing in the winding of the relay is
quickly reduced to the drop-away value of current
and the relay is reieased even in the case of a rela-
tively high train shunt resistance. The current
supplied by the battery 2 to the rails of the sec-
tion D—X is increased due to the train shunt and
the relay RD is picked up. The release of the
track relay TRI{ opens the front contact 1§ in the
circuit for the operating winding 5 of relay I
and that winding is deenergized and its armature
§9 is released at the end of its release period to
fall into engagement with the back contact 2t
and to actuate the interlocking feature of the re-
lay in the manner explained hereinbefore. The
signal S is now set into operation to warn the
highway users since its operating circuit which
includes the contact §2—21 of relay I is closed.
Thus, operation of the signal S is effected and the
directional control is established upon the east-
bound train entering the section D—E. When
the eastbound frain advances and enters the sec-
tion E—F, the track relay TR2 is quickly released
since the resistor § is normally interposed in the
connection with the winding of that relay and
the working value of current supplied thereto is
relatively low., The current supplied to the rails
of the section E—F' is now increased due to the
train shunt and relay RF is picked up. The re-
lease of the track relay TR2 opens the energizing
circuit for the winding {7 of relay I and that
winding is deenergized, but the armature 28 con-
trolled by the winding 47 is restrained from fall-
ing into engagement with its back contact 22 by
virtue of the inferlocking feature of the relay.
When the rear of the train passes out of sec-
tion D—E, the current supplied hy the battery 2
to the rails of that section is reduced and the
relay RD releases its armature and closes the back
contact & The parts are so proportioned and ad-
justed that ordinarily the current supplied to
the winding of the track relay TR{ through the
resistor 7 is less than the pick-up value of cur-
rent and hence its armature remains in engage-
ment with the back contacts after the train va-
cates the section D—FE. TUnder this condition,
current is supplied to the relay ZR! over the cir-
cuit including the back contact & of relay RD and
the back contact 25 of relay TR{ and relay ZR{
is picked up at the end of its slow pick-up period.
Current is also supplied to the winding {5 of relay
I in paraliel with the winding of relay ZR!{ over
a circuit traced from battery terminal B, back
contact § of relay RD, line wire 24, back contact
25 of relay TRI, wire 25, back contact 38 of relay
ZR!f, a second back contact 2f of relay TR,
winding {5 and to the opposite battery terminal
C, and winding {5 is energized and the armature
19 is lifted at the end of its slow pick-up period
out of engagement with the back contact 21 with

<t

10

15

20

25

30

35

40

45

50

[,
[543

60



10

15

20

30

40

45

50

55

60

75

2,080,801

the result that operation of the signal S is stopped
since the interlocking feature of the relay I re-
strains armature 28 from making engagement
with the back contact 22. The relay ZR! on pick-
ing up and closing its front contact 11 completes
the short-circuiting path around the resistor 1,
and the track relay TRI is picked up due to the
increased flow of current supplied to its winding.
Relay TRI, on picking up, opens the circuit to
the relay ZRI and that relay is deenergized and
its armature is released at the end of its slow re-
lease period. Winding {5 of relay I is now re-
tained energized over its normal circuit which
includes the front contact {6 of relay TR{. Itis
clear that even for a light weight high speed train
whose train shunt resistance may be relatively
high, the release of the track relay TR2 and de-
energizing of winding {7 and release of its arma-
ture 28 prior to the picking up of armature {9 are
assured due to the high sensitivity of relay TR2
and due to the fact the pick-up period of arma-
ture 19 is equal to the release period of arma-
ture 26 with the result that a loss of directional
control is avoided. In other words, a loss of di-
rectional control for such light weight high speed
train is avoided and operation of the signal S
while such a train recedes from the crossing is
prevented.

When the eastbound train recedes from the
highway crossing and vacates the section E—F,
the relay RF is released but the relay TR2 or-
dinarily remains down due to the fact that the
current supplied to its operating winding through
the resistor 8 is less than the pick-up value of
current for that relay. The relay ZR2 is now
supplied with current over the back contact 8 of
relay RF and the back contact 28 of relay TR2
and relay ZR?2 is picked up at the end of its slow
pick-up period. The winding {7 of relay I is
supplied with current in parallel with the wind-
ing of relay ZR2, the circuit being traced from
the B battery terminal over back contact 8, line
wire 27, back contact 28 of relay TR?2, wire 29,
back contact 32 of relay ZR2, a second back con-
tact 33 of relay TR2, operating winding {7 and
to the opposite batiery terminal C. The winding
{7 on being energized, raises its armature 28 and
releases the interlocking feature of the relay I.
The relay ZR2 on picking up, closes at its front
contact {4 the short-circuiting path around the
resistor 8 and the relay TR2 is picked up due to
the increased flow of current supplied to its wind-
ing. Relay TR2 on picking up deenergizes the
relay ZR2 by opening the back contact 28 and
relay ZR2 is released at the end of its slow re-
lease peried. Winding {7 is now retained ener-
gized over its normal circuit which includes front
contact 18 of track relay TR2. Hence, the ap-
paratus is restored to its normal position subse-
quent to the eastbound train vacating the sec-
tion E—F.

It is tc be noted that in the event the track
circuit for the section E—F should fail while the
easthound train is passing therethrough due to
a broken rail, loss of energy from battery 2 or
a broken coil wire for the relay TR2, the winding
17 is supplied with current over the circuit in-
cluding the back contact 32 of relay ZR2 and
armature 20 is picked up and the directional
control is released prior to the picking up of the
relay ZR2. In the event of such failure, relay
ZR2 is picked up at the end of its slow pick-up
period and is retained energized, and the circuit
for the winding {7 is opened at the back contact
32 and the armature 28 is again released. Since

3
the interlocking feature of relay I was released
when the winding 17 was reenergized and the
armature 20 picked up, the armature 28 is now
free to drop into engagement with the back con-
tact 22 and operation of the signal S ig effected
to indicate such failure of the track circuit for
the section E—F. In addition to the above re-
lease of the directional control through the me-
dium of the circuit including the back contact 82
of relay ZR2, the winding 17 is energized and
the directional control is released by the circuit
including the front contact {8 of track relay TRE.
In cther words, two independent circuits either
one of which is effective to release the directional
control are provided. It follows, therefore, that
two separate circuits for releasing the directional
control are provided, one of which circuits is
effective notwithstanding a failure of the usual
track circuit, and the signal S is operated to both
indicate such failure and to warn highway users.
Hence, the highway users are not without warn-
ing in the event a westbound train, that is, a
train moving from the right to the left, should
later approach the highway, whereas, if release
of the directional control is made dependent upon
the track circuit alone as has been the custom
heretofore, a failure of the frack circuit such as
recited above leaves the directional control set
up and the signal S would not be operated if &
westbound train approaches the highway. Again,
a normal condition of relative high sensitivity for
the track circuits is provided, and an increased
current flow for picking up the track relay is
available but which increased flow of current is
not effected until the track section is vacated.

It is clear the apparatus of Fig. 1 will func-
tion for a westbound train, that is, a train mov-
ing from the right to the left, in a manner simi-
Iar to that just described for an eastbound train.

In Fig. 2, the stretch of railway track is inter-
sected by the highway H and is arranged into
track sections D—E and E—F the same as in
Big. 1. The track ecircuits for each of the two
track sections is the same as in Fig. 1 excent for
the fact that the relays RD and RF are omifted,
and the resistors T and 8 are each provided with
two short-circuiting paths to be described here-
inafter. :

The directional control of the operation of
the highway crossing signal S ¢f Pig. 2 is accom-
plished through the medium of two directional
stick relays TSI and TS2, the relay TS{ being
effective for eastbound traffic and the relay TS2
being effective for westbound traffic. T.ooking
at the eastbound directional relay TS1, this relay
is controlled by virtue of a pick-up circuit and
a stick circuit both of which are supplied with
current from a battery 34. The pick-up circuit
may be traced from the battery 34 through wind-
ing of the relay TSI, back contact 35 of the west-
bound -directional relay TS2, back contact 8§ of
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track relay TRI! and thence back to the battery

24. The stick circuit includes the hattery 34,
winding of relay TSI, its own front contact 37,
resistor 86, wire 38 to the rail | of section B—F,
thence through the wheels and axles of a train
occupying that section to the rail {2, wire 89,
back contact 48 of relay TR2 and to.the battery
34, 1t is to be seen, therefore, that the eastbound

directional relay T'S! is picked up in response to 7

an eastbound train first occupying the section
D—F and is then held energized when this train
subsequently occupies the section E—F ogver itg
stick circuit which is completaed through the train
shunt. Purthermore, it is to be noted that the
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holding current is less than the pick-up value
of current due to the resistor 86 being interposed
in the stick circuit. The westbound directional
relay TS2 is likewise provided with a pick-up
circuit and a stick circuit, the pick-up ecircuit
including battery 41, operating winding of the
relay, back contact 42 of the eastbound direc-
tional relay TS, back contact 43 of the track
relay TR2 and thence to the battery 41; and the
stick circuit including battery &1, winding of re-
lay TS2, its own front contact 44, resistor 81,
wire 45 to the rail | of section D—E, thence
through the wheels and axles of a train occupy-
ing that section to the rail f2, wire 46, back con-
tact 47 of relay TR! and to the opposite terminal
of battery 41. Hence the westbound directional
relay TS2 is picked up in response to a westbound
train first occupying the section E—F and is then
held energized when that train subsequently oc-
cupies the section D~—E by virtue of its stick cir-
cuit which includes the train shunt, the current
supplied over the stick circuit being less however
than the pick-up value of current due to the re-
sistor 87 being interpeosed in the stick circuit,.

As will appear when the operation of the ap-
paratus in Fig. 2 is described, the directional re-
lays TS! and TS2 cooperate with the track re-
lays TRI{ and TR2 for governing the operation of
the highway crossing signal S, and the short-
circuiting connections around the resistors 1
and 8.

In describing the operation of the apparatus in
Fig. 2, we should first assume that both track sec-
tions are unoccupied, the apparatus occupies the
position illustrated in the drawings and an east-
bound train approaches the highway crossing.
‘When the eastbound train enters the section

- D—E and shunts the track relay TR that relay

40

60

¢

Bt

75

is quickly released, the release being expedited
due to the fact that the resistor 7 is normally in
circuit with the operating winding of the relay.
The track relay TRI upon being released closes
its back contact 48 and completes an operating
circuit for the signal S which circuit also in-
cludes a back contact 49 of the westbound di-
rectional relay TS2, wire 56, and magnet of the
signal 8. Thus the signal S is set into operation
to warn the highway users immediately follow-
ing the eastbound train entering the section D—E.
The track relay TRI upon being shunted also
closes its back contact 3§, and the eastbound di-
rectional relay TS{ is picked up over the pick-up
circuit previously traced. When the eastbound
train advances through the track section D—E
and enters the track section E—F, the track re-
lay TR2 is shunted and is released, its release
being expedited due to the fact the resistor 8 is
normally interposed in the connection with the
operating winding of that relay. The shunting
of the traffic rails of the section E—F by the train
also completes the stick circuit for the directional
relay TSI and hence that relay is retained ener-
gized even after the rear of the train passes the
crossing and vacates the track section D—E.
Since the relay TSI is thus retained energized and
its front contact 5f is closed, the resistor 7 is
short-circuited by a connection which includes
wire 52, front contact 5{ of relay TS{ and wire

3 with the result that full rail voltage for the
section D—F is applied to the operating winding
of the relay TRI{ to pick up that relay when the
train vacates the section D—E, When the relay
TRI{ is picked up and its back contact 48 is
opened, operation of the signal S is stopped since
the operating circuit for signal S which includes

2,080,801

the. back contact 54 of frack relay TRZ, and the
back. contact 55. of relay TSI is now ineffective
due to the back contact 5% being held open.. It is
to be noted that should a second train enter the
section D—E and shunt the track relay TRI, the
signal S is again set into operation. Also should
the battery 34 fail and the directional relay TS
is not energized, the signal S would be operated.

When the eastbound train recedes from the
highway crossing and vacates the section E—F,
the full rail voltage of that section is applied to
the operating winding of relay TR2 to pick up
that relay since the resistor 8 is now short-cir-
cuited by a path which includes wires 56 and 57,
front contact 58 of track relay TR!, wire 59, front
contact 69 of relay TSI, and wire §{. When the
train vacates the section E—F, the current sup-
plied to the directional relay TSI over its stick
circuit is materially reduced due to the removal
of the train shunt from the section E—F and
that relay is released at the expiration of its slow
release period. The relay TSI upon releasing
opens the short-circuiting connection for the re-
sistor 8 at its front contact 69, and also opens the

short-circuit connection for the resistor 7 at its ¢

front contact 5i. It is to be seen, therefore,
that signal S is operated until the rear of the
train passes the highway crossing, the direction-
sl relay TSI is effective to stop the operation of
the signal S while the train recedes from the
crossing and is effective to short-circuit the re-
sistors 7 and 8 so that the track relays TRI and
TR2 are picked up by full rail voltage of their
respective track circuits. It is to be noted that

shoulg the track circuit for the section E—F fail -

during the time the eastbound train is passing
through that section, the directional stick relay
TS1 is released when the train vacates the sec-
tion E—F notwithstanding the fact that the track
TR2 may fail to pick up. With the track relay
TR2 down following the release of the directional
relay TSI, the operating circuit for the signal 8
which includes the back contact 54 of relay TR2
and the back contact 55 of relay TS{ is closed
and the signal is cperated and the failure of the
track circuit is detected. It is to be further
noted that the polarity of the track battery 2 for
the section E—F and that of the battery 38 are
as indicated by the plus and minus signs on the
drawings, and energization of the relay TSI over
the stick circuit with these two batteries in series
is avoided. Again, since the frack relay TR2
controls at its back contact 40 the stick circuit for
the relay TSI, release of the directional control
in response to the picking up of the relay TR2
is-assured. A westbound train approaching the
highway H and entering the secticn E—F shunts
the track relay TR2 and that relay is released,
the releasing of the relay being expedited due to
the resistor 8. The release of relay TR2 closes
its back contact 54 and completes the operating
circuit for the signal S which includes the back
contact §5 of relay TSI, and the signal S is set
into cperation immediately following the west-
bound train entering the section E—F. This time
the westbound directional relay TS2 is picked
up while the train approaches the highway cross-
ing. When the head end of this westbound train
passes beyond the highway and enters the track
section D—H, the track relay TR{ is released,
{he releasing of the relay being expedited due to
the resistor 7, and the westbound directional re-
lay TS2 is retained energized over its stick cir-
cuit which includes the train shunt in section
D—E. When the train vacates the section E—F
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full rail voltage for the section E—F is applied to
the winding of the relay TR2 to pick up that re-
lay since a short-circuit path is now completed
around the resistor 8 and which path includes
5 wires 58 and 84, front contact §3 of relay TS2,
and wires §2 and S{. When the relay TR2 is
picked up, operation of the signal S is stopped
since the other coperating circuit which includes
the back coniact 48 of track relay TR is now in-
10 cffective due to the fact that the back contfact
49 of relay TS2 is open. When this westboun:
train vacates the section D—E, full rail voltage
is availakle for picking up the track relay TR!
due to the resistor 7 being now short-circuited by
15 & path which includes wires 52 and 81, front con-
tact 82 of relay TR2, wire 83, front contact 84
of relay TS2 and wires 85 and 53. Since the
stick circuit for retaining the relay TS2 energized
includes thie train shunt of the train in the sec-
tion D—E, the energizing current from this re-
lay is materially reduced when the ftrain vacates
the section and the relay is released. Again, it
i to be noted that the directional control is re-
leased notwithstanding the fact that the track
circuit l1ast occupied by the train may fail and its
track relay may remain deensrgized. Conse-
quently, with the apparatus constructed as shown
in Fig. 2, two circuits for releasing the directional
control are provided for each direction of traffic,
and in each case one of the circuits is effective
even in the event a failure of the usual track cir-
cuit cccurs.  Also a normal condition of relative-
1y high sensitivity for the track circuits is estab-
lished and the full rail voltage for picking up a
35 frack relay is made available through the medium
cf the adjacent trazk circuit and the directional
control,

In the form of invention disclosed in Fig. 3,
the streich of railway track is intersected by the
highway H and is divided into two track sections
D—F and 8—F the same as in Fig. 1, and these
track sections are provided each with a frack
circuit the same as in Fig. 1 except for the fact
that the resistor interposed in the connection
45 With the frack relay is omitted. Directional con-
trol of the operation of the highway crossing
signal S is aceomplished by virtue of directional
stick relays TS3 and TS4, the relay TS3 being
effective for eastbound traffic and the relay TS4
keing effective for westbound trafic.
rectional relays are each controlled by a pick-
up circeuit and a stick circuit, the pick-up circuit
for each relay being rendered effective to ener-

ize ifs relay in respose to a train approaching
a interzection in the corresponding direction,
the stick circuit of each relay being effec-
2 to retain its relay energized while the train
moving in the corresponding direction travels
vay from the intersection. The pick-up cir-
uit for the directional relay TS3 consists of the
minal of the current source, back contact
ck relay TR, line wire 68, front con-
2y RD, line wire 88, hack contact
osing directional relay TS4, winding
¥ and to the opposite terminal C of
the current source. The sbtick circuit for the
relay TS3 consists of the B terminal of the cur-
rent source, hack contact T8 of track relay TR2,
Jine wire 71, front contact 72 of relay RF, line
wire 73, front contact 74 of relay TS3, operating
winding of the relay and te the terminal C of the
current source. The pick-up and stick circuits
for the directional relay TS4 are of a similar
nature, the pick-up circuit consisting of the bat-
tery terminal B, back contact 78 of relay TR2,
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line wire T!, front contact 72 of relay RF, line
wire 73, back contact 75 of relay 'TS3, winding
of the relay TS4, and to the opposite terminal
C of the current source; and the stick circuit
consisting of the B terminal of the current source,
back contact 65 of relay TRI, line wire &6, front
contsct 87 of relay RD, line wire 88, front con-
tact 78 of relay US4, operating winding of the
relay and to the opposite terminal C of the cur-
rznt source. :

The highway crossing signal S of Fig. 3 is pro-

. vided with two operating circuits one of which

includes the back contact 77 of track relay TRI
and the back contact 78 of the westbound direc-
tional relay TS84, and the other of which includes
the back contact ¥9 of track relay TR2Z and the
back contact 88 of the eastbound directional re-
iay T88. . ) .
The operation of the apparatus of Fig. 3 is as
follows: With the apparatus in the normal posi-
tion, that is, in the positien illusfrated in the
drawings, when an eastbound train approaches
the highway crossing and enters the track section
D—E, the track relay TR is released to close its
back contacts, and the current supplied to the
relay RD is increased causing that relay to pick
up and close its front contact 67. The closing
of the back contact 85 of relay TRI and the front
contact 67 of relay RD causes current to be sup-
plied to the eastbound directional relay TS3 and

that relay is picked up. The closing of the back.

contact 17 of relay TR{ completes an- operating
circuit for the signal 8, and the signal Sis set into
operation. When this eastbound train passes
over the highway crossing and enters the track
section E—F, the track relay TR2 is released to
close its back contacts and the current supplied
to the relay RP is increased causing that relay
to close its front contact 72. The directional re-
lay TS3 is now retained energized over the stick
circuit which includes the back contact 79 of re-
lay TRZ and the front contact 72 of relay RF. It
is to be noted that the westbound directional re-
lay TS4 is not at this time picked up due to the
fact that its pick-up circuit is held open at the
back contact 7% of the eastbound directional re-
lay TS3. When the train passes to the right
of the highway crossing and vacates the section
D--E and the track relay TR! is picked up, the
operation of the signal S is stopped since one of
the operating circuits is held open at the back
contact 17 of relay TR{ and the other operating
circuit is held open at the back contact 88 of the
directional relay TS3. When this train moves
to the right and passes out of the section E—F,
the track relay TR2 is picked up and the current
supplied to the relay RF is so reduced that that
relay releases its armature to open the front con-
tact 72. Since the stick circuit for the direc-
tional relay TS3? includes both the back contact
18 of relay TR2 and the front contact 72 of re-
lay RF, the relay TS3 is released and the appara-
tus is restored to its normal position. It follows
that with the apparatus of Fig. 3, a failure of the
track circuit for the section E—F while an east<
bound train is passing therethrough does not
leave the directional control set up, since the re-
lay RF is released and the directional control is
released thereby. In the event of such failure
of the trdck circuit for the section E—F and the
track relay TR2 remains deenergized, release of
the divectional relay TS3 is effective to close an
operating circuit for the signal S calling atten-
tion to such failure. Purthermore, should a
westbound train subsequently approach the cross-

5 .

10

15

20

25

30

35

40

45

50

60

70.

75




6

(13

10

40

45

55

60

76

ing, the highway users would not be without
warning. It is clear that operation of the ap-
paratus of Fig. 3 for a westbound train is simi-
lar to that just described for the eastbound train,
the relay RD in this instance functioning to
check the release of the directional control as
the westbound train moves away from the high-
way crossing,

In the form of the invention disclosed in Fig.
4, means for checking the release of the direc-
tional control is accomplished by auxiliary track
circuits located beyond the operating track cir-
cuits. As here shown, the stretch of railway
track intersected by the highway H is divided
into two track sections D—E and E—F adjacent
the highway the same as in the former cases and
each of these sections is provided with a track
circuit. An auxiliary track section D{—D is lo-
cated to the left of the section D—E and is
equipped with a track circuit which includes a
track relay R3. In a like manner an auxiliary
track section F—FI is located at the right of the
section E—F and is equipped with a track circuit
which includes a. track relay R4.

The directional control of the operation of the
signal § of Fig. 4 is accomplished by two direc-
tional stick relays TS5 and 'TS$§ which are prefer-
ably slow releasing in character. These direc-
tional relays are each controlled by a pick-up and
a stick circuit, which circuits are governed by
traffic approaching toward and moving away
from the highway intersection in a manner simi-
lar to the control of the directional stick relays
of Fig. 3 except the stick circuits include contacts
centrolled by the relay of the auxiliary track
sections. To be explicit, the eastbound direc-
tional relay TS5 is governed by a pick-up circuit
consisting of the terminal B of the current source,
back contact 88 of track relay TRI, back contact
81 of the westbound directional relay TS8, wind-
ing of relay TS5, and to the opposite terminal
C of the current source; and is provided with a
stick circuit which may be traced from the ter-
minal B of the current source over back contact
92 of track relay TR2, front contact 93 of relay
TS5, line wire 94, front contact 95 of track relay
R4, line wire §6, and winding of the relay TS5 to
the opposite terminal C of the current source,.
The pick-up circuit for the westbound directional
relay T'S§ consists of terminal B of the curreni
source, back contact 92 of relay TR2, back con-
tact 87 of relay TS5, winding of relay TS8 and
to the opposite terminal C of the current source;
and its stick circuit extends from the B terminal
of the current source over back contact 88 of
relay TRI, front contact 88 of relay TS8, line
wire 99, front contact 180 of track relay R3, line
wire 181, and winding of the relay TS6 to the
opposite battery terminal C.

Assuming the apparatus of Fig. 4 is in the posi-
tion illustrated and an eastbound train ap-
proaches the highway crossing and enters the
track section D—X, the track relay TRI is re-
leased and that relay upon releasing and closing
its back contact {82 completes an operating cir-
cuit for the signal S and the signal is set into op-
eration, this circuit also including a back contact
{83 of the westbound directional relay TS§. The
closing of the back contact 98 of track relay TRI{
causes current to be supplied to the eastbound
directional relay TSE and that relay is picked up.
When this train passes beyond the highway
crossing and enters the section E—F and shunts
the track relay TR2, the clesing of the back con-
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tact 82 of track relay TR2 completes the stick
circuit for the directional relay TS5 with the re-
sult that this relay is retained energized subse-
quent to the rear of the train passing to the right
of the highway and vacating the track section
D—E. Operation of the signal S is stopped when
the rear of the train vacates the section D—E
and the track relay TRI is picked up, since the
other cperating circuit for signal S which in-

.cludes the back contact 88 of track relay TR2 is

now rendered ineffective by the back contact 89
of directional relay TS being held open. When
this eastbound train vacates the section E—F,
the track relay TR?2 is reenergized and the stick
circuit for the directional relay TS5 is opened at
the back contact 92 of that relay to release the
directional control. Furthermore, the stick cir-
cuit. for the directional relay TS5 is opened to
release the relay when the eastbound train enters
the auxiliary section F—F{ and shunts the track
relay R4. It is to be seen, therefore, that the
track relay R4 of the auxiliary track section
checks the release of the directional control and
is effective to release such control notwithstand-
ing the track circuit for the section E—F may fail

while the eastbound train is passing there-’

through and the track relay TR2 may remain
deenergized.

When a westbound train approaches the high-
way H of Fig. 4 and enters the section E—F, the
relay TR2 is shunted and the signal S is set into
operation by the operating circuit including the
back contact 88 of relay TR2 and the back con-
tact 8% of relay T35, This time the westbound
directional relay TS$ is picked up since its pick-
up circuit is closed at the back contact 92 of re-
lay TRZ2. With the reiay TS$ thus picked up, it
is refained energized when this westhound train
passes to the left of the highway and occupies
the section D—E. Then when the westbound
train vacates the section D—E and the relay TRI
is picked up, the directional relay TS is released
and the apparatus is restored to its normal posi-
tion. Furthermore, when the westbound train
enters the auxiliary section DI—D and shunts
the track relay R3, the stick circuit for the di-
rectional relay TS$ is opened at the front contact
{00 of relay R3 and hence this auxiliary section
serves to check the release of the directional con-
trol.

In practicing the form of our invention dis-
cicsed in Fig. 4, the length of the track sections
adjacent the highway, and the location of the
auxiliary track sections will be selected to assure
that the auxiliary section is not occupied by the
head end of a train moving away from the cross-
ing prior to the rear of the train passing beyond
the crossing and vacating the section preceding
it. In other words, these two auxiliary track sec-
ticns may not be located adjacent the operating
sections but may be located at some more re-
mote point should it seem desirable to do so.

Although we have herein shown and described
only four forms of apparatus embodying our in-
vention, it is understocd that various changes
and modifications may be made therein within
the scope of the appended claims without de-
parting from the spirit and scope of our inven-
tion.

Having thus described our invention, what we
claim is:

1. In combination, two adjacent track sections
each provided with a track circuit including a
normally energized track relay, a signal, an op-
erating circuit for said signal and including a
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contact controlled by one of said relays and said
contact closed in response to a train shunting
said one reiay, a directional control device oper-
ative to render said operating circuit ineffective
but normally in an inactive position, circuit
means controlled by the other track relay when
shunted prior to the shunting of said one relay
to render the directional device active, and two
independent release means controlled by the
train to restere the directional device to its in-
active position and each effective subsequent to
the train vacating the track section associates
with said one relay.

2. In combination, a streteh of railway track
including an insulated track section, a track cir-
cuit for said section including the fraffic rails
and a normally energized track relay, a signal,
4n operating circuit for operating said signal
and including a contact controlled by said relay
and said contact closed in response to a train
shunting the rails of said section, a directional
control device operative to render said operating
circuit ineffective but normally in an inactive
position, circuit means including the traffic rails
on one side of the section operative to render
the directional device active in response to a
train approaching said section from said one
side, and two independent release means con-
trolled by the train to restore the directional
means to its inactive position and each effective
when the train moves away from the section on
the side opposite said one side.

3. In combination, a stretch of railway track
provided with an insulated track section, a track
circuit for said section including a normally
energized track relay, a signal, an operating cir-
cuit for said signal including a contact controlled
by said relay and closed in response to a train
shunting the relay, directional control means op-
erative to render the operating circuit ineffective
but normally in an inactive position, circuit
means controiled by a train approaching the sec-
tion from one side to render the directional means
active, a first release means controlled by said
relay subsequent to the train moving through the
section to restors the directional device to iis
inactive position, and a second release means
controlled by the train moving away from the
section on the side of the section opposite said
one side to restore the directional device if the
first means fails.

4. In combination, a strefch of railway track
intersected by a highway and provided with an
insulated track section on one side of the high-
way, a track circuit for said section including a
normally energized track relay, a highwsay signal
located at the intersection, an operating circuit
for said signal including a contact controlled by
said relay and closed in response to a train shunt-
ing the relay, & directional device including a
magnet which when energized is effective to
render said operating circuit ineffective, an ener-
gizing circuit controlled by a train approaching
the highway from the side opposite said section
for energizing said magnet, a stick circuit for
said magnet including a back contact of said
track relay for energizing said magnet as the
{rain is moving away from the highway crossing
and for deenergizing the magnet subsequent to
the train vacating the section, and other means
controlled by the train moving away from the
highway through said section and effective to
deenergize said magnet subsequent to the train
vacating the section.

5. In combination, a stretch of railway track
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intersected by a highway and provided with an
insulated track section on one side of the high-
way, a track circuit for said section including a
normally energized track relay, a highway signal
located at the intersection, an operating circuit
for said signal including a contact controlled by
said relay and closed in response to a train shunt-
ing the relay, a directional device including a
magnet which when energized is effective to
render said operating circuit ineffective, an ener-
gizing circuit controlled by a train approaching
the highway from the side opposite said section
for energizing said magnet, and a stick circuit
for said magnei-including the traffic rails of the
section and the train shunt of a train occupying
said section.

6. In combinatlion, a stretch of railway track
intersected by a highway and provided with an
insulated track section on one side of the high-
way, a track circuit for said section including a
normally energized track relay, a highway signal
located at the intersection, an operating circuit
for said signal including a.contact controlled by
said relay and closed in response to a train shunt-
ing the relay, a directional device including a
magnet which.when energized is effective to ren-
der said operating circuit ineffective, an energiz-
ing circuit conirolled by a train approaching the
highway from the side opposite said section for
energizing said msagnet; and a stick circuit for
gaid magnet including a back contact of said
track relay, the traffic rails of said section and
the train shunt of a train occupying said section.

7. In combination, a stretch of railway track
intersected by a highway and provided with an
insulated track section on one side of the high-
way, a track circuit for said section including a
normally energized track relay, a highway signal
located at the intersection, an operating circuit
for said signal including a contact contrclled by
said relay and closed in response to a train shunt-
ing the relay, a directional device including a
magnet which when energized is effective to ren-
der said operating circuit ineffective, an energiz~
meg - circuit controlled by a train approaching
the highway from the side opposite said section
for energizing said magnet, another contact, a
stick ecircuit for said. magnet including a back
contaect of said track relay and the closed posi-
tion of said other contact, and means controlled
by the train in moving away from the highway
crossing through said section and effective for
opevating said other contact to an open position
subsequent to the train vacating the secticn.

8. In combination, & streich of rallway track
intersected by a highway and provided with an

insulated track section on one side of the high- -

way, a track circuit for said section including a
first relay connected across the traffic rails at
one end of the section and a current scurce and
a second relsy acrially connected across the
traffic rails at the other end of the section, a
highway crossing signal located at the intersec-
sion, an operating circuit for said signal including
a back contact of said first relay, directional con-
trol means including a magnet which when ener-
gized is effective to render said operating circuit
ineffective; an energizing circuit controlled by
a train approaching the highway from the side
opposite said section for energizing said magnet,
and a stick circuit for said magnet including a
back contact of said first relay and a front con~
tact of said second relay.

9. In combination, a stretch of railway track
intersected by a highway and provided with an
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insulated track section on one side of the high-
way, a track circuit for said section including a
first relay connected across the traffic rails at one
end of the section and a current source and a
sceond relay serially connected across the traffic
rails at the other end of the section, a highway

‘crossing signal located at the intersection, an

interlocking relay, circuit means for energizing
one winding of the interlocking relay and includ-
ing a front contact of said first relay, an operat-
ing eircuit for said signal including a back con-
tact of said one winding, other circuit means in-~
cluding a track circuit located on the side of the
highway opposite said sections for energizing the
other winding of said interlocking relay, a slow
acting relay, an energizing circuit for said slow
acting relay including a back contact of said one
relay and a back contact of said second relay, and
a pick-up circuit for at times energizing said one
winding of the interlocking relay and including a
back contact of the slow acting relay.

10. In combination, a stretch of railway track
intersected by a highway and provided with an
insulated track section on one side of the high-
way, a track circuit for said section including a
first relay connected across the traffic rails at
one end of the section and a current source and a
second relay serially connected across the traffic
rails at the other end of the section, a highway
crossing signal located at the intersection, an in-
terlocking relay, circuit means for energizing one
winding of the interlocking relay and including a
front contact of said first relay, and operating
circuit for said- signal including a back contact
of said one winding, other circuit means including
a track circuit located on the side of the highway
opposite said section for energizing the other
winding of said interlocking relay, and release
means for at times energizing said one winding
of the interlocking relay and including a back
contact of said second relay.

11. In combination, a stretech of railway track
intersected by a highway and provided with two
track sections one on each side of the highway,
a track relay and a stick relay for each track
section, a highway crossing signal located at the
intersection, a pick-up circuit for each stick relay
including a back contact of the associated track
relay, a stick circuit for each stick relay including
the traffic rails of the section other than that
with which the relay is associated and the train
shunt of a train occupying such other section,
and two operating circuits for said signal one of
which includes a back contact of the track relay
for one section and a back contact of the stick
relay for the other section and the other of which
circuits includes a back contact of the track re-
lay for said other section and a back contact of
the stick relay for said one section.

12. In combinaticn, a stretch of railway track
intersected by a highway and provided with two
track sections one on each side of the highway, a
track circuit for each section including a first
relay connected across the traffic rails at one
end of the section and & current source and a
second relay serially connected across the traf-
fic rails at the other end of the section, a stick
relay for each section, a highway crossing signal
located at the intersection, a: pick-up circuit for
each stick relay including a back contact of the
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first relay for the associated section, a stick circuit
for each stick relay including a front contact
of the second relay of the section other than the
associated section, and two operating circuits for
said signal one of which includes a back contact
of the first relay for one section and a back con-
tact of the stick relay for the other section and
the other of which circuits includes a back con-
tact of the first relay for said other section and
a back contact of the stick relay for said one sec-
tion. - :

13. In combination with a section of railway
track and a source of current conneclted across
the rails of the section, a track relay and a slow
acting relay, a resistor, means for serially con-
necting the operating winding of the track relay
and the resistor across the rails of the section,
means for short-circuiting said resistor including
a front contact of the slow acting relay, another
relay having g winding connected with said source
and responsive to a train occupying the section,
and circuit means for energizing the slow acting
relay controlled by said other relay.

14, In combination, two adjacent track sections
each provided with g track circuit which includes
a track relay having an operating winding con-
nected across the traffic rails of its section, a re-
sistor interposed in the connection between a rail
and the winding of one of the relays, and ecircuit
means controlled by the other track relay for
at times short-circuiting said resistor.

15. In a track circuit for an insulated track
section the combination comprising, a first relay,
8 resistor, means for serially connecting a wind-
ing of said relay and the resistor across the
traffic rails at one end of the section, a second re-
lay, a source of current, means for serially con-
necting a winding of said second relay and the
current source across the traffic rails at the other
end of the section, and circuit means including
a contact of the second relay for at times short-
circuiting said resistor.

18. In a track circuit for an insulated track

section the combination comprising, a first relay,.

a resistor, means for serially connecting a wind-
ing of said relay and the resistor across the traffic
rails at one end of the section, a second relay, a
source of current, means for serially connecting
a winding of said second relay and the current
source across the traffic rails at the other end
of the section, a normally deenergized slow acting
relay, circuit means including a back contact of
each of said first and second relays for energizing
the slow acting relay, and other circuit means
including a front contact of the slow acting relay
for short-circuiting said resistor.

17, In combination, two adjacent track sections
each provided with a track circuit which includes
a track relay having an operating winding con-
nected across the traffic rails of its section, two
resistors one interposed in the connection of the
winding of each of the track relays, directional
means controlled by said track relays and selec-
tively responsive to the direction of trafiic through
said sections, and circuit means controlled by said
directional means for at times short-circuiting
both of said resistors.

EARL M. ALLEN.
PAUL N. MARTIN.
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