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My invention relates to railway signaling ap-
paratus and has particular reference to the or-
ganization of such apparatus into novel and im-
proved signaling systems wherein the control and

5 operation of signaling devices are materially im-
proved.

This application is a continuation in part of
my copending application Serial No. 227,807 filed
on August 31, 1938 for Railway signaling appa-

10 ratus now U. S. Patent No. 2,199,957, granted
May 7, 1940.

In the control of signaling devices by track re-
lays incorporated into the ordinary track cir-
cuits, difficulty has been experienced in obhtaining

15 certainty of operation because the effectiveness
of a train shunt upon a track relay is dependent
upon many variable factors, among which are
the speed and weight of the train, the condition
of its car wheels, and the presence of rust and/or

20 film on the surface of the track rails. The

problem has become particularly acute in connec-

tion with the protection of highway crossings
for tracks over which trains operate in either
direction, because of the possibility that a high
speed or lightweight train might lose its shunting
effectiveness at or near the crossing and thus
alter the directional control set up for the signal
to effect its improper operation.

It is an object of my present invention to pro-

30 vide novel and improved signal control means
wherein the shunting sensitivity of the control
track circuits is improved so that improper signal
operation will not be effected by momentary losses
of train shunt in a control section.

35  Another object of my invention is the provision
of novel and improved mesans for controlling di-
rectional operating means whereby to assure
against loss of directional set-up upon momentary
Insses of train shunt in a control section.

40 ‘'To achieve the above-mentioned and other im-
portant objects and characteristic features of my
invention which will become readily apparent
from the following description, I propose to em-
ploy a track relay, an auxiliary relay and a signal

45 control relay, the latter two relays each being
provided with delayed response characteristics.
The auxiliary relay is controlled by the track
relay and is utilized either alone or in conjunction
with the signal control relay to control the shunt-

50 ing sensitivity. of the track relay, and the track
relay is utilized, either alone or jointly in con-
junction with the auxiliary relay, to control the
slow acting signal control relay. The signal con-
trol relay is proportioned to have a longer delayed

55 response period than. the auxiliary relay to in-

W
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sure that in the event of a loss of train shunt, the
shunting sensitivity of the track relay is affected
prior to effecting control over the control relay.
When the track and auxiliary relays are jointly

employed to govern the control relay, the delayed -

response periods of both the auxiliary and the
control relays are available and must be expended
in sequence before operation of the control relay
can be effected, thereby avoiding false operation
of the signal due to an intermittent train shunt
of high resistance in a control section.

I shall describe several forms of apparatus
embodying my. invention, and shall then point
out the novel features thereof in claims.

In the accompanying drawings, Fig. 1is a dia-
grammatic view showing novel and improved rail-
way signaling apparatus embodying ny invention
as applied to the control of a highway crossing
signal. Figs. 2, 3 and 4 are diagrammatic views
illustrating modified forms of the apparatus
shown in Fig. 1, each also embodying my inven-
tion.

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

Signaling apparatus of the type heretoiore pro-
posed for controlling highway crossing signals
crdinarily employs the usual track circuits where-
in the connecticn of a track relay acress the rails
of the associated section contains no provision for
varving the energization of the relay once it has
picked up. Such track relays are, therefore,
normally energized at an energy level which is
somewhat above their pick-up energy level and
which is considerably above their drop-away
energy level, hence such relays require a train
shunt sufficiently effective to by-pass the incre-
ment of energy above the release or drop-away
energy value of the relay. This requires not only
a relatively low resistance train shunt, but also
requires the shunt to be effective for an ap-
preciable time interval since the relay flux requires
an appreciable time to die down from the normal
energy level to the release level.

Apparatus embodying my invention diminishes
the possibility of improper operation of the con-
trolled signal resulting from a momentary loss
of train shunt or from an intermittent high re-
sistance train shunt in the control section. Ef-
fective maintenance of the operation and di-
rectional control of a signal is made possible by
reducing the normal energy level of the track
relay below its pick-up value, both by decreasing
the effective turns of and by inserting resistance
in series with the operating winding of the relay
after it picks up, thereby enabling a higher re-
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sistance train shunt to release the relay. The
decrease in number of turns and the addition of
resistance in series with the winding of the track
relay not only decrease the energy level but also
cause a more rapid flux decay on account of a
decrease in inductance to resistance ratio, thus
decreasing the release time of the relay. It fol-
lows that when a track relay picks up on a loss of
shunt within a control section, the relay is at
once transferred {o its holding ecircuit, whereby
its energization will be immediately reduced so
that it will be more likely to release again be-
fore the directional control means which it
governs has had an opportunity to become af-
fected. .

Referring to Fig. 1, the reference characters 1
and la designate the track rails of a stretch of
railway track over which trains move in either
direction, and which is intersected at grade by a
highway H.

The reference character S designates a traffic
controlling signal, here shown as a highway cross-
Signal S is preferably located ad-
jacent the intersection and may be any one of
the usual types, but as here shown is an audible
signal in the form of an electric bell.

The track rails 1 and la are divided by means
of the usual insulated rail joints 2 to form con-
trol sections D—E and E—F. Sections D—E and
E—F preferably extend in opposite directions
from the intersection and, preferably, the sections
are of such length suitable to provide an adequate
warning period to highway users of the approach
of a train to the intersection. Each section is
provided with a track circuit comprising a source
of current, such as track battery 3, connected
across the track rails at one end of the section

in series with the usual current-limiting . im-

pedance (not shown), and the winding of the
primary relay of a primary-secondary relay com-

bination connected across the track rails at the -

other end. The track circuit for section D—E
includes the operating winding of relay TR{
which is illustrated in Fig. 1 in the form of two
coils 6 and 8 corresponding to the two coils of the
usual track relay, and the track circuit for sec-
tion E—F includes the operating winding of relay
TR2, shown as the two coils 6a and 8a.

As shown in Fig. 1, the upper terminal of coil

‘6 of relay TRI is connected with rail | over

a wire 67 and the upper terminal of coil 8 of
relay TRI is connected with rail la over a wire
8n. Preferably, the connection of the coils of
relay TRI to the track rails includes a series
resistor (not shown) as is the usual practice.
The two lower terminals of coils 6 and 8 of
relay TRI are at times connected together over
a series circuit ‘including front contact 1! of a
relay Ql, to be referred to later, and back con-
tact 12 of an interlocking relay XR, also to be
referred to later. A resistor 9 is connected be-
tween an intermediate terminal of coil 6 of relay
TR! and the lower terminal of coil 8 of relay
TR{ at such times as back contact {3 of relay
Q! is closed. In like manner, the upper ter-
minal ef coil §a of relay TR2 is connected with
rail | over wire §r and the upper terminal of coil
8a of relay TR2 is connected with rail fa over
wire 8r; the connection of the track relay coils
to the track rails preferably including a series
resistor (not shown). The two lower terminals
of coils 6a and 8z are at times connected to-
gether over g series circuit including front con-
tact {4 of a relay Q2, to be referred to later, and
back contact 15 of interlocking relay XR. A

2,231,504

resistor 9a is connected between an intermediate
terminal of coil 6a of relay TR2 and the lower
terminal of coil 8a of relay TR2 at such times

as back contact 18 of relay Q2 is closed. It is’

readily apparent that the pick-up circuit of each
track relay includes its entire operating wind-
ing and excludes the associated resistor 8 or 9a,
as the case may be, whereas the holding circuit
of each relay includes only a portion of its oper-
ating winding connected in circuit with the asso-
ciated resistor 9 cor %a. It can be seen, there-
fore, that whenever a track relay is connected
across. the rails of its associated section by its
pick-up circuit, the full operating winding of
the relay is available to energize the relay and
hence such relay is provided with a high energy
level sufficient to pick up the relay even under
unfavorable ballast conditions. However, when-
ever g track relay is connected across the track
rails in its holding circuit, the reduced number
of coil turns available to energize the relay and
the interposition of a resistor in circuit with
such-coil turns decrease the energy level of such
relay to a value only sufficiently above its release
value to assure reliable operation of such relay
under the various ballast conditions. It is to
he understood, of course, that my invention is
not restricted to the particular form of primary-
secondary relay combination described above and

chosen to serve as an illustration, but that the

scope of my invention embraces any. of the usual
primary-secondary relay combinatiocns wherein
the primary relay is provided with a holding
circuit and a pick-up circuit including a con-
tact of the secondary relay.

The relays QI and Q2 are associated respec-
tively with relays TRI and TR2, and preferably
are provided with slow releasing characteristics.
Relay QI is energized over a simple circuit in-

cluding back contact 17 of relay TRI, and so ~
‘serves as an auxiliary or secondary relay for

relay TRI. Relay Q2 is energized over a sim-
ple circuit including back contact 18 of relay
TR2, and so serves as an auxiliary or secondary
relay for relay TR2.

The interlocking relay XR, referred to previ-
ously, may be of any suitable type, such as,
for example, the relay covered by United States
Letters Patent No. 1,799,629, granted to W. K.

Lockhart and T. J. O’'Meara on April 7, 1931, ¢

This type of relay is well-known and is char-
acterized by the provision of two windings Wi
and W2 so arranged that when the left-hand
winding W is deenersgized, the downward move-
ment of the armature associated therewith oper-
ates a mechanical locking device which keeps

‘the armature associated with the right-hand

winding W2 “locked. up” in approximately its
mid position, so that a subsequent deenergiza-
tion of winding W2 while winding Wi is still
deenergized cannot close back contact {9, How-
ever, if the right-hand winding W2 is first to
be deenergized, then back contact 20 is pre-
vented from closing when the left-hand winding
W1 becomes deenergized during the interval
that winding W2 is still deenergized. Wind-
ing Wi is provided with back contact 12
which is so arranged as to be closed when wind-
ing WI is in either its full released or its
“locked up” position. Back contact 15 of wind-
ing W2 is similarly arranged to close in either
the “locked up” or full released position of wind-
ing W2.. Winding WI is energized over a cir-
cuit passing from one terminal B of a suitable
source of current, such as a battery not shown,
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through front contact 4 of relay TRI, back con-
tact 2f of relay QI and the winding Wi of
relay XR to the other terminal C of the source
of current. Winding W2 is energized over a
circuit passing from terminal B through front
contact 5 of relay TR2, back contact 22 of relay
Q2 and the winding W2 of relay XR to terminal
Q. The windings Wi and W2 preferably are
provided with slow pick-up characteristics.

Signal S is provided with an energizing cir-
cuit passing from terminal B through back con-
tact 19 or back contact 20 of relay XR and the
winding of signal S to terminal C. It can be
seen, therefore, that back contact 29 of winding
Wi and back contact 19 of winding W2 function
as signal control contacts, winding Wi serving
as an operating relay for governing signal S for
eastbound traffic, and winding W2 serving as
an operating relay for governing signal S for
westbound traffic. The interlocking feature -of
relay XR, as will appear more clearly later,
serves as directional means for preventing wind-
ing Wi from functioning as an operating relay
for westhound traffic, and prevents winding W2
from functioning as an operating relay for east-
bound traffic.

The apparatus of Fig. 1 assumes its normal con-
dition, that is, the condition illustrated in the
drawings, when the stretch of track D—F is un-
occupied. In this condition of the apparatus, re-
lays TRI, TR2 and windings Wi and W2 of relay
XR are energized, and relays Ql, Q2 and signal S
are deenergized. It should be noted that when
relays @I and Q2 are deenergized, relays TR and
TR2 are connected across the track rails in their
holding circuits whereby the energy levels of such
relays are reduced nearly to their respective re-
lease values.

T shall now assume that an eastbound train,
that is, a train operating from left to right as
viewed in Fig. 1, enters section D—E. When this
happens, relay TRI is shunted and quickly re-
Jeases whereupon its front contact 4 is opened to
interrupt the energizing circuit for winding Wi so
that winding W1 releases, and back contact {7 of
relay TRI is closed to complete the energizing
cireuit for relay Q! so that relay Q! picks up.
The releasing of winding W1 closes back contact
29 to complete the energizing circuit for signal S
and thereby initiate the operation of the signal,
and winding W/! also closes back contact 12 to
prepare the pick-up circuit of relay TRI. The
picking up of relay Q! opens back contact {3 and
closes front contact |1 to shift track relay TR

5 from its holding to its pick-up circuit.

If the resistance of the train shunt varies inter-
mittently as the train passes through section
D—E, the primary relay TRI might pick up and
release, following the variations of train shunt
resistance, but the operating winding Wi will net
pick up and operate signal control contact 29. In
the case of the ordinary track relay controlling an
operating relay, the operating relay usually will
pick up and release in response to each fluctua-
tion of the track relay, thus such relay momen-
tarily opens the signal control contact to cause
momentary interruptions and improper operation
of the controlled signaling device. With the ap-
paratus of Fig. 1, however, after a train enters the
section and causes relay TR! and winding Wl to
release and relay Q! to pick up, if a high resist-
ance train shunt oceurs so that the track relay
TRI{ picks up over its pick-up circuit, the auxil-
jary relay Qi will release at the end of its slow

release pericd to open its front contact if and

3
to close its back contact 13 thereby shifting the
track relay from its pick-up circuit to its holding
cireuit and so reducing its energization. This re-
duced energization will, under ordinary variations
of train shunt, be sufficient to release the frack
relay. Since winding W is energized -over a cir-
cuit which includes a back contact of relay Qf as
well as a front contact of track relay TRI, such
winding is but momentarily energized in the event
of a loss of shunt because ordinarily the track re-
lay releases immediately upon keing shifted to its
holding circuit. It should, however, be noted
that this arrangement provides improved assur-
ance against improper operation of the signal
control contacts in the event of loss of shunt, in-
asmuch as the slow response period of both the
auxiliary relay and the signhal control winding
must stuccessively elapse prior to effecting opera-
tion of such control contacts. Thus, the entire
slow release interval of relay @l is.available in
which the train shunt may be restored before the
track relay is shifted automatically to its holding
circuit. . Then, since winding W1 is supplied with
energy only after relay Q! releases to connect
track relay TR{ in its holding circuit, the entire
slow response period of the signal control winding
W is available in which the track relay flux is
permitted to die down and the track relay o be
released prior to the signal contact being oper-
ated. It follows that when winding Wi is com-
bined with track relay TR! and auxiliary relay
Q! in the manner set forth hereinbefore, such
relays cooperate to avoid false operation of traflic
controlling devices due to an intermittent train
shunt of high resistance in a control section.

When the train enters section E—F, relay TR2
quickly releases, thereby opening front contact 3
to open the energizing circuit for winding W2 so
that winding W2 releases its armature to its
“locked up” position wherein back contact 19 is
prevented from clesing. Relay TR2 also closes
its back contact {8 to complete the energizing cir-
cuit for relay Q2, and when relay Q2 picks up,
relay TR? is shifted from its holding circuit to its
pick-up circuit.

In the event that intermittent variations of
train shunt occur while the train occupies both
sections D—E and E—TF, one or the cther or both
of the track relays might pick up and release but
the operating winding W will not pick up and so
interrupt the signal operation, nor will winding
W2 pick up to affect the directional set-up for
signal 8. That is to say, if relay TR! picks up
due to a high resistance shunt, the relay is trans-
ferred to its holding circuit and releases prior to
winding Wi picking up, as explained hereinbe-
fore. If relay TR2 picks up due to high resist-
ance shunt, relay Q2 releases at the end of its slow
release period to connect relay TR2 across the
track rails in its holding circuit, thereby reducing
the energization of relay TR2 with the result that
relay TR2 releases to reopen the circuit for wind-
ing W2 and thus prevent the directional control
of signal S from being altered.

When the train vacates section D—E, relay
TRI picks up to interrupt the circuit of relay Qi
whereupon the latter relay releases fo connect re-
lay TR across the track rails in its holding cir-
cuit, and with relay TRI picked up and relay Qf
released, the energizing circuit of winding Wi is
completed so that winding Wi picks up to ter-
minate operation of signal S. With the train en-
tirely within section E—F, an intermittent varia-
tion in train shunt might result in relay TR2
picking up and releasing, but winding W2 does
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‘not at once pick up and so does not affect the

directional control of signal S, as explained here-

When the train vacates section E—F, relay TR2
picks up to cause relay Q2 to release and winding
W2 to pick up so that the apparatus is restored
to its normal condition.

The operation of the apparatus of Fig. 1 for a
westbound train is similar to the operation just
described for an eastbound train, and it is be-
lieved that the latter operation will be apparent
from the foregoing description together with an
inspection of Fig. 1 without further ‘detailed de-
scription.

Referring now to Fig. 2, a modification of the
apparatus of Fig.:1 is shown wherein a single nor-
mally deenergized secondary relay Q cooperates
with relay XR to control a pick-up circuit for
both track relays TRI and TR2, the slow release
secondary relay @ being energized over a simple
circuit including back contact 17 of relay TR! or
back contact 18 of relay TR2. The slow release
period of relay Q, as will be explained herein-
after, preferably is shorter than the slow pick-up
periods of the windings W1 and W2 of relay XR.

Winding ‘Wi is provided with an energizing
circuit which may be traced from terminal B
through front contact 4 of relay TRI, back con-
tact 24 of relay @ and winding W1 of relay XR
to terminal C, and at times back contact 25 of
relay ‘TR2 provides an alternate path around
back contact 24 of relay @ in the circuit of wind-
ing Wi. Winding W2 is normally energized over
& circuit which extends from terminal B through

- front contact § of relay TR2, back contact 26

of relay @ and winding W2 of relay XR to ter-
minal C, and at times back contact 21 of relay
TRI provides an alternate path around back
contact 26 of relay Q in the circuit of winding
W2. The operating circuit for signal S is the
same as traced in connection with the appsaratus
of Fig. 1. )

In the normal condition of the apparatus, as
illustrated in Fig. 2, signal control windings Wi
and W2 are energized, auxiliary relay Q is de-
energized, track relay TRI is connected across
the rails of its associated section over its normal
holdirg circuit which is completed at back con-
tact 28 of relay Q, and track relay 'TR2 is con-
nected across the rails of its associated track
section over its normal holding circuit which in-
cludes back contact 29 of relay Q. If, now, relay
Q becomes energized in response to a train en-
tering either one of the track sections and shunt-
ing the track relay associated with such section,
then that track relay is shifted to its pick-up cir-

.cuit while the other track relay is maintained in

its holding circuit. For example, if an east-
bound train enters section D—E to shunt relay
TRI, relay Q becomes energized and winding Wi
Is released to set signal S into operation.  Wind-
ing W2, however, remains energized since back
contact 27 of relay TRI is closed to hold the
energizing circuit for winding W2 completed at

-that point when back contact 26 of relay Q is

opened upon the energization of the latter relay.
Relay TRI now is connected across the rails of
section D—E in its pick-up ecircuit, which cir-
cuit includes, in addition to to full coils § and §
of relay TR/, a circuit path connecting such coils
together and extending from coil 8 through front
contact 38 of relay Q and back contact {2 of
winding Wi to coil 6. Relay TR2 is maintained
in its holding circuit by a circuit path which ex-

tends from coil 8a of relay TR2 through froni

2,231,504

-contact 31 of relay Q, front contact 32 of wind-

ing W2 and resistor 9a to a mid tap of coil 8a.
In the event of a loss of shunt while the train
occupies section D—E, the slow response periods
of both the auxiliary relay Q and the winding
WI of the interlocking relay XR controlling the
signal are available and must sequentially elapse
prior to affecting the operation of signal S and
the directional control set up by the releasing
of the armature of winding Wi. Hence, if relay
TR picks up on a loss of shunt in section D—E,
the releasing of relay Q at the end of its slow
release period transfers relay TRI! to its hold-
ing circuit to reduce its energization so that re-
lay TR is again released, but because of the
slow pick-up characteristics of winding W1, such
winding does not become picked up should the
energizing circuit for such winding be completed
momentarily during the short interval that re-
lay TRI is picked up and relay Q is released.
The apparatus of Fig. 2 accordingly functions
in the manner previously pointed out in detail
in connection. with Fig. 1 to insure that a loss
of shunt in a control section does not affect the

-.operation of the controlled signal and of the di-

rectional control established for such signal.
When the train enters section E—F, relay TR2 is
shunted and winding W2 releases to its inter-
locked position, wherein relay TR2 is connected
in its pick-up circuit by a circuit path extend-
ing from coil 8¢ through front contact 31 of re-
lay Q and back contact 15 of winding W2- (closed
in the interlocked as well as the full released
position of winding W2) to coil 8az. At this
time, that is, with sections D—E and E—F both
occupied by the train, relay Q is removed from
control of each of the windings of relay XR since
back contact 21 of relay TRI is closed to pro-
vide a shunt path around the opened back con-
tact 26 of relay Q interposed in the control cir-
cuit of winding W2, and back contact 25 of

relay TR2 shunts the opened back contact 24

of relay Q interposed in the enegizing circuit of
winding Wi. It is readily apparent, therefore,
that when the train vacates section D—E and
relay TR! picks up over its pick-up circuit path,
winding W is energized over its alternate path
including front contact 4 of relay TRI and back
contact 25 of relay TR2, and as a result opera-
tion of signal S is terminated. Relsy TR{ now
is connected in its holding circuit by a circuit
path extending from coil 8 through front con-
tact 38 of relay Q, front contact 83 of winding
Wi and resistor 9 to a mid terminal of coil 6
of relay TRI.

When the train occupies section E—F in re-
ceding from the intersection, relay Q is restored
to control of winding W2 since back contact 27
of relay TR{ is opened. It is readily apparent,
therefore, that in the event of a loss of shunt in
section E—F, the slow response periods of relay
Q and winding W2 are sequentially available to
insure against improper operation of signal S
and against loss of the directional control of
the signal which was established in response to
the prior release of winding W! actuating the
locking mechanism of relay XR to the condition
wherein the subsequent release of winding W2
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When the train vacates section E—F, the ap-
paratus of Fig. 2 is restored to its normal condi-
tion since the picking up of relay TRi causes
relay Q to release at the end of its slow release
period to transfer both track relays to their re-
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circuits of windings W1 and W2.

2,231,504

spective normal holding circuits, and with relay
TR2 picked up and relay Q released, the ener-
gizing circuit of winding W2 is completed where-
upon that winding picks up at the end of its slow
pick-up period.

From the foregoing description of the appara-
tus of Fig. 2, it is readily apparent that the re-
lease sensitivity of both track relays is controlled
through the medium of a single auxiliary relay
copperating with the associated windings of the
interlocking relay. It further is apparent that
the single auxiliary relay of Fig. 2 functions in
a manner similar to the individual auxiliary re-
lays provided for each track relay in Fig. 1 to
exert a control over the associated signal control
winding of the interlocking relay whereby there
is sequentially available the slow response pe-
riods of both the auxiliary relay and the signal
control winding prior to the signal control con-
tact and the directional set-up of the inferlock-
ing relay being affected.

Fig. 8 illustrates g modified arrangement of
the apparatus of Fig. 2 wherein a normally ener-
gized slow pick-up relay TP replaces the normally
deenergized auxiliary relay Q of Fig. 2. Relay
TP is normally energized over a circuit extend-
ing from terminal B through front contact 4
of relay TRI, front contact 5 of relay TR2 and
the winding of relay TP to terminal C.

Since the auxiliary relay of Fig. 3 normally is
energized, such relay controls the windings of
relay XR through the medium of control cir-
cuits corresponding to similar circuits traced in
Fig. 2, except that front contacts 35 and 37 of
relay TP replace back contacts 24 and 26 of re-
lay Q interposed respectively in the energizing
Also, relays
TRI and TR2 normally are held in their respec-
tive normal holding circuits over front contacts
38 and 39, respectively, of relay TP.

It is believed that the operation of the appara-
tus of Fig. 3 will be readily apparent from an
inspection of the drawings taken in connection
with the foregoing description of the apparatus
of Fig. 2, it being noted that the function of each
back contact of relay Q in Fig. 2 is performed
by a front contact of relay TP in Fig. 3, and con-
versely the function of each front contact of
relay @ in Fig. 2 is performed by a back contact
of relay TP of Fig. 3.

Tt should be pointed out that relays Q and TP
are each illustrated in Figs. 2 and 3 as control-
ling the release sensitivity of the track relays by
means of dependent front and back contact ar-
rangements of the continuity transfer or make-
before-break type. These contact arrangements
are to be preferred since they permit the track
relays to be connected at all times in circuit with
the track rails, consequently there is avoided the
danger that a track relay might lose its energiza-
tion during the travel of the armature of the
auxiliary relay from its back point to its front,
or vice versa. Accordingly, it should be pointed
out that although such contact arrangements are
not shown provided for auxiliary relays Qi and
Q2 in Fig. 1, it is contemplated that in actual
practice continuity transfer type contacts may
be provided on such auxiliary relays to control
the release sensitivity of the associated track re-
lays.

Fig. 4 illustrates a further modified arrange-
ment of the apparatus of Fig. 2, wherein the
track relays TRI and TR2 normally are con-
nected across the rails of the associated section
over holding circuits wherein the resistors 9 and
Sa are permanently connected between the lower
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terminals of one coil and a mid terminal of the
other coil of the relay. In Fig. 4, a single slow
releasing normally deenergized auxiliary relay Q
is employed to cooperate with the two windings
of the interlocking relay to control the release

sensitivity of the track relays by at times com-

pleting for such relays pick-up circuit paths con-
necting the lower terminals of the two relay coils
together. A pick-up circuit path for relay TRI
may be traced from coil 8 through front contact
42 of relay Q and back contact 12 of winding Wi
to coil 6; and similarly a pick-up circuit path
for relay TRZ extends from coil 8a through front
contact 43 -of relay Q and back contact 15 of
winding W2 to coil 6a of relay TR2. :

It is believed that the operation of the ap
paratus of Fig. 4 will readily be apparent from an
inspection of the drawings, it being noted that
operation and directional control of the signal is
maintained by virtue of the slow pick-up char-
acteristics of the windings of the interlocking
relay and the relatively shorter slow release char-
acteristics of relay Q. For example, with a train
in section D--E, g momentary loss of shunt might
permit the track relay TRI! to pick up but since
relay Q releases because of its relatively quicker
release period prior to winding Wi picking up,
the pick-up circuit of relay TR! is opened and
the energy level of such relay is decreased so
that relay TRI will be shunted quickly upon the
restoration of a2 moderately low resistance train
shunt across the track rails. Relay TRI thus
will release again prior to the expiration of the
slow pick-up interval of winding W1 with the re-
sult that operation and directional control of the
signal is not affected. Similarly, a loss of train
shunt in section E—F while the train is occupy-
ing both sections D—E and E—F, does not re-
sult in loss of directional control. In the event
of a loss of shunt in either section D—E or E—F
while the train cccupies both sections D—E and
E—F, the interlocking mechanism of relay XR
functions to maintain operation and directional
control of the signal since such mechanism is
arranged in such manner that once the armature
controlled by winding W2 is released to its mid
or locked position, both windings of relay XR
must be energized again before the armature of
winding W2 can drop to its full released posi-
tion. It is obvious that the slow pick-up charac-
teristics of winding W2 will operate in a similar
manner to prevent false operation of the signal
if, with the train entirely on section E—F, relay
TR2 becomes energized due to a loss of train
shunt.

It is to be understood that while apparatus
embodying my invention has been described in
connection with the control of highway crossing
signals, such apparatus is equally suitable for

controlling any railway signaling device that it .

is desired to be protected against improper opera-
tion due to intermittent or high resistance train
shunts in a control section.

Although I have herein shown and described
only a few forms of rallway signaling apparatus
embodying my invention, it is understood that
various changes and modifications may be made
therein within the scope of the appended claims
without departing from the spirit and scope of
my invention. .

Having thus described my invention, what I
claim is:

1. In combination with a stretch of railway
track intersected by a highway .and provided with
two track sections which extend in opposite di-
rections from the highway, a highway crossing
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6
signal located adjacent said intersection, two
track relays one for each of said track.sections,
two track circuits one for each of said sections
and each normally effective to create in the asso-
ciated track relay a first energy level which is
sufficient to maintain that relay picked up but
which is insufficient to pick up that relay, an in-
terlocking relay having two windings each hav-
ing -a 'slow pick-up period and each controlled by
a different one of said two track relays, circuit
means controlled by each of said two windings
for operating said signal, auxiliary relay means
controlled by both of said two track relays and
having a slow response period which is shorter
than the slow pick-up period of the windings of
said interlocking relay, and circuit means for
each of said two track relays controlled by said
auxiliary relay means and by the associated in-
terlocking relay winding for conditioning each
track relay to create a second energy level which
is sufficient to pick up such track relay.

© 2. In combination with a stretch of railway
track intersected by a hichway and provided with
two track sections which extend in opposite di-
rections from the highway, a highway crossing
signal located adjacent said intersection, two
track relays one for each of said track sections,
two track. circuits one for each of said sections
and each normally effective to create in the
associated track relay a first-energy level which
is sufficient to maintain that relay picked up but
which is insufficient to pick up that relay, slow
acting auxiliary relay means controlled by said
two track relays, circuit means controlled by said
auxiliary relay means for at times conditicning
each of said two track relays to create a second
energy level which is sufficient to pick up that
relay, an interlocking relay having two windings
one for each of said two track relays, circuit
means controlled by each of said two windings
for operating said signal when a train approaches
the intersection in either of said two sections but
preventing such operation when the train recedes
from the intersection in the other of said two

5 sections, and two energizing circuit means one

for-each of said windings and each circuit means
controlled by the associated track relays and by
said ‘auxiliary relay means at the expiration of
its slow response period, whereby the slow re-
‘sponse . period of said auxiliary relay mears is
utilized upon loss of shunt in .either of said sec-

tions to prevent improper energization of the

winding of the interlocking relay associated with
such section.

3. In combination with a stretch of railway
track intersected by a highway and provided
with two track sections which extend in opposite

directions from the highway, a highway cross-

ing signal located adjacent said intersection, two
track relays one for each of said track sections,

two track circuits one for each of said sections
‘and each normally effective to create in the

associated track relay a first energy level which

is sufficient only to maintain that relay picked

up,.two slow acting auxiliary relays one for each
of said frack relays, circuit means controlled by
each of said auxiliary relays for at times condi-
tioning its associated track relay to create a
second energy level which is sufficient o pick
up such relay, an interlocking relay having two
windings one for each of said two tracks relays,
circuit means controlled by each of said two

‘windings for operating said signal when a train
approaches the intersection in either of said

two track sections but preventing such operation

2,281,504

when the train recedes from the intersection
through the other of said two sections, and two
energizing circuit means one for each of said
two windings and each circuit means controlled
jointly by the associated track relay and by its
associated auxiliary relay at the expiration of its
slow response period, whereby the slow response
pericd of the auxiliary relay is utilized upon loss
of shunt in either of said sections to prevent im-
proper energization of the winding of the inter-
locking relay associated with such section.

4. In combination, a track relay, a slow acting
auxiliary relay, a slow acting operating relay,
means controlled by said track relay for energiz-
ing said auxiliary relay, means controlled jointly
by said track relay and by said auxiliary relay
for energizing said operating relay, a holding
circuit controlled by said auxiliary relay for es-
tablishing in said track relay a given energy level
sufficient to maintain such track relay picked
up, a pick-up circuit also controlled by said aux-
iliary relay for creating in said track relay a
second energy level sufficient to pick up such
track relay, and a signal control contact governed
by said operating relay.

5. In combination, a track relay, a normally
deenergized slow release auxiliary relay, circuit
means controlled by a back contact of said track
relay for energizing said auxiliary relay, a nor-
mally energized slow pick-up control relay, cir-
cuit means controlled by a front contact of said
track relay and a back contact of said auxiliary
relay for energizing said control relay, a holding
circuit including a back contact of said auxiliary
relay for creating in said frack relay a given en-
ergy level sufficient only to maintain that relay
in a picked-up condition, a pick-up circuit in-
cluding a front contact of said auxiliary relay
for creating in said track relay a second energy
level which is sufficient to pick up that relay, and
a signal control contact controlled by said con-
trol relay.

6. The combination with a section of railway
track having a source of current connected across
the track rails at one end, a track relay normally
connected in a low energy level circuit across
the track rails at the other end, and a normally
deenergized slow release auxiliary relay provided
with an energizing circuit controlled by said
track relay, of a normally energized slow pick-up
signal control relay, circuit means for energizing
said signal control relay including in series a
front contact of said track relay and a back con-
tact of said auxiliary relay, circuit means con-
trolled jointly by said auxiliary relay and by
said signal control relay for connecting said
track relay across the track rails of said section
in a high energy level circuit, and a signal con-
trol contact controlled by said signal control
relay., )

7. The combination with a section of railway
track provided with a source of current, a track
relay, a normally deenergized slow release aux-
iliary relay controlled by a back contact of said
track relay, a slow pick-up signal control relay,
and a signal control contact governed by said
signal control relay, of circuit means including
in series a front contact of said track relay and
a back contact of said auxiliary relay for ener-

gizing said signal control relay, and circuit means 7

controlled by said auxiliary relay and by said
signal control relay for connecting said track
relay. across the rails of said section in a low or
a high energy level circuit according as said aux-
iliary relay is released or picked up.
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8. In combination with a siretch of railway
track intersected by a highway and provided
with two track sections which extend in oppo-
site directions from the highway, a highway
crossing signal located adjacent said intersec-
tion, two track relays cne for each of said track
sections, two track circuits one for each of said
sections and each normally effective to create
in the associated track relay a first' energy level
which is sufficient only to maintain that relay
picked up, a slow acting auxiliary relay con-
trolled by contacts of each of said two track re-
lays, an interlocking relay having two windings
one for each of said two track relays, circuit

means controlled by each of said two windings -

for operating said signal, energizing circuit
means for each of said two windings normally
controlled by a front contact of the associated
track relay and by a contact of said auxiliary
relay closed at the expiration of its slow response
period whereby in the event of loss of shunt in
a track section operation of such winding is
avoided for the slow response period of said
auxiliary relay, other circuit means controlled
by a front contact of the associated track relay
and a back contact of the other track relay for aft
times energizing each winding of said interlock-
ing relay whereby to terminate operation of said
signal by such winding after a train passes the
highway intersection, and two circuit means one
for each track relay and each circuit means
controlled jointly by the associated winding and
by said auxiliary relay for conditioning the as-
sociated track relay to create in such relay a

. second energy level which is sufficient to pick

up such relay,

9. The combination in a highway crossing sig-
nsling system of the class wherein a highway
crossing signal positioned adjacent a railway-
highway intersection is controlled by railway
trafiic through the medium of two track relays
each normally connected in a low energy level
track circuit provided for a different one of two
track sections located on opposite sides of the
intersection, of slow acting auxiliary relay means
controlied by both of said track relays, an infer-
Jocking relay having two windings one for each
of said track relays, circuit means controlled by
each of said two windings for operating said
signal, circuit means controlled jointly by said
auxiliary relay means and by the associated track
relays for energizing each of said two windings
at the end of the slow response period of said
auxiliary relay means whereby to prevent im-
proper operation of said signal in the event of a
Joss of shunt in either of said two sections, and
circuit means controlled jointly by said auxiliary
relay means and by the windings of the inter-
locking relay for selectively connecting each of
said track relays in circuit with the rails of its
associated section to create in that relay a high
energy level.

10. The combination in a highway crossing
signaling system of the class wherein a highway
crossing signal is controlled by railway traffic
through the medium of two track relays each
normally connected in a low energy level track
circuit provided for a different one of two track
sections which are located on the opposite sides
of g railway-highway intersection, of two slow
acting auxiliary relays each controlled by a dif-
ferent one of said track relays, an interlocking
relay having two windings one for each of said
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track relays, circuit means controlled by each
of said two windings for operating said signal,
each of said two windings having an energizing
circuit including in series a contact of the asso-
cated track relay and a contact of its associated
slow acting auxiliary relay closed at the expira-
tion of the slow response period of such relay,
and circuit means controlled by each of said
auxiliary relays for connecting its associated
track relay in circuit with the rails of its asso-
ciated track section in a high energy level cir-
cuit.

11. The combination in a highway crossing
signaling system of the class wherein a highway
crossing signal is controlled by railway traffic
through the medium of two track relays each
normaily connected in a low energy level frack
circuit provided for a different one of two track
sections located on the opposite sides of a rail-
way-highway intersection, of a slow acting aux-

iliary relay controlled by both of said track re-

lays, an interlocking relay having two windings
one for each of said track relays, circuit means
controlled by each of said two windings for op-
erating said signal, circuit means for energizing
each of said two windings controlled jointly by
the associated track relay and by said auxiliary
relay at the end of its slow response period
whereby to prevent improper operation of said

signal in the event of loss of shunt in either 3

of said track sections, other circuit means for
energizing each of said two windings controlled
jointly by both of said track relays in such man-
ner that each winding is deenergized when and
only when the track section of its associated
track relay is occupied, and circuit means for
each of said track relays controlled jointly by
said auxiliary relay and by the associated wind-
ing of the interlocking relay for connecting such
track relay to the rails of its associated track
section in .a high energy level circuit.

12. The combination in a highway crossing
signaling system of the class wherein a highway
crossing signal is controlled by railway traffic
through the medium of two track relays each
having only a portion of its winding connected
in a track circuit provided for a different one
of two track sections located on opposite sides
of a railway-highway intersection, of a slow act-
ing auxiliary relay controlled by both of said
track relays, an interlocking relay having two
windings one for -each of said track relays, cir-
cuit means controlled by each of said two wind-
ings for operating said signal, circuit means for
energizing each of said two windings controlled
jointly by the associated track relay and by said
auxiliary relay at the expiration of its slow re-
sponse period whereby the slow response period
of said auxiliary relay is available to prevent
improper cperation of said signal in the event of
loss of shunt in either of said track sections,
other energizing circuit means for each of said
two windings controlled by a front contact of
the associated track relay and a back contact
of the other track relay for terminating opera-
tion of said signal after a train passes the high-
way intersection, and circuit means controlled
jointly by said auxiliary relay and by the wind-
ings of said interlocking relay for interposing
the full winding of each of said track relays in
the track circuit of its associated section.

PAUL N. MARTIN.
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