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1

My invention relates to apparatus for control-
ling highway crossing sighals, and particularly
to apparatus for protecting against momentary
losses of track circuit shunt in highway crossing
signal control systems which embody an energy
storinig device, sueh for example as @ capacitor,
for delaying the starting of the operation of a
highway crossing signal when g train approaches
within a given distance of the intersection of
o highway with a railway track.

It is important that a highway crossing signal
be operated long enough before the arrival of a
train gt the intersection of a highway with a
railway track, to provide ample warning to users
of the highway thdt a train is approaching, so
that users of the higshway will have sufficient
time to get into the clear. It is;, however, desir-
able that a highway crossing signal be not op-
erated so long before the arrival of a train af
the intersection. as to unduly delay users of the
highway and thereby cause them to become care-
less about obeying the indications given by high-
way crossing signals..

It is well-known practice to install insulated

joints for dividing a railway track: into approach -

and crossing track sections adjacent an inter-
section of g highway with: & railway track, for
starting: the operastion. of a highway crossing
signal in: response to the arrival of 4 train within
a given distance of the highway crossing, and for
continuing the operation  of the highway cross-
ing signal while the train is moving over the
crossing. If train movements are ini both direc-
tions over the track, an approach control section

is provided ini each direction from the intersec- :

tion. Operation of a highway crossing signal is
started when a train approdching: an intersection
enters the corresponding approach control sec-
tion, and is continued until the train: vacates the
crossing track section. . . s

- From the standpoint of maintenance costs of
insulated track joints, as well as of the original
enst of installing them, it is desirable to keep
from dividing a railwagy track into any more
sections than can be avoided. If, for some other
purposs, such, for example, ag the control of a
railway signal, insulated joints are already in-
stalled in o railway track in the vicinity of an
intersection of & highway with the railway track,
but at 2 location which is farther from the
intersection or crossing than is necessary for
providing ample warning to users of the high-
way when a traimm is approaching the intersection,
4 capacitor-resistor atrangement can be used for
delaying the starting of the operation of a high-
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way crossing signal for a desired period of time
after the leading end of a train approaching the
intersection has passed over these insulated
joints.

It has been found, however, that in a high-
way crossing signal control system in which a
capacitor-resistor arrangement is employed for
delaying the starting of operation of a highway
crossinig signal when a train enters an approach
eontrol track section, there mdy be a dangerous

condition if there should be a momentary loss

of track circuit shunt of the approich control
track section. This is becatise the capacitor in
the capacitor-resictor arrangement may become
recharged because of a momentary loss of track
ircuit shunt, and delay still further the starting
of the operation of the highway créssing signal.
If the momentary loss of shunt of the track eir-
cuit for an approach track section shéuld occur
near the end of the delay period normally pro-
ided by the capacitor-resistor srrangement, the
resulting delay period might be aliost double the
normal delay period intended, so that the high-
way crossing signal would provide very little, if
any, warning of the dpproach of & frain before
the train arrived on the crossing track section.
An object of my invention is therefore the
provision of means for protecting against &
momentaty loss of shunt of the track cireuit for
an apyroach control section i a highway cross-
ing signal control system in which & capacitor-
resistor arrahgement is used for delaying the

- starting of operation of & highway crossing sighal
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after a traiw enters the approsch control section.

A festure of my inventiomn, for accomplishing
this olject, is the provision of means to prevent
the capacitor from becoming recharged, in the
event of a momentary loss of shunt of a corre-
sponding approach contrel track section, uhtil
the Tapse of g period of time which is longer than
the guration of any momentary loss of track cir-
cuit shunt which might be expected to occur.

1 shall describe four forms of apparatus em-
bodying my invention, and shall then point out
the novel features thereof in claims.

Inr the sccompanying drawings; Fig. 1 is' a dia-
grammatic view showing one form: of appatatus
embodying riy invention, in which g railway track
which is intersected by a highway designated by
the reference character H, is divided to form a
crossing track section, designdted by the refer-
ence character XT, at the highway, and a first
and a second approach control track section, des-
ignated by the reference characters IT and 2T,
regpectively, adjacent the opposite ends of the
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crossing track section XT; in which a first and
a, second control stick relay, desighated by the
reference characters EP and WP, respectively,
are of the slow pickup type; in which a repeater
relay, designated by the reference character EPR,
is controlled by a front contact of the first con-
trol stick relay EP, and is made slow releasing
by a capacitor and a resistor connected in series
with each other in a path which is in multiple
with the winding of the repeater relay EPR; in
which relay EP is controlled by means includ-
ing a back contact of the repeater relay EPR;
and in which a crossing signal control relay, des-
ignated by the reference character XR, is con-
trolled by a circuit which includes contacts of
the repeater relay EPR and the first control stick
relay EP; Fig. 2 is a diagrammatic view showing
a modified form of apparatus, also embodying
my invention, in which a control stick relay of
the track repeater stick relay type, designated by
the reference character {TPS, is also of the slow
pickup type; in which a second repeater relay,
designated by the reference character ITEP, is
controlled by a front contact of relay {TPS, and
is made slow releasing by a capacitor and a re-
sistor connected in series with each other in a
path which is in multiple with the winding of
the second repeater relay I'TEP; and in which a
crossing signal control relay XR is controlled by

g circuit which includes contacts of the relay :

{TPS and the second repeater relay ITEP; Fig. 3
is a diagrammatic view showing a modification of
the control circuits for relay ITPS shown in
Pig. 2; and Fig. 4 is a diagrammatic view show-
ing a modification of the control circuits for re-
lay {'TEP shown in Fig. 2.

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

Referring further to Fig. 1 of the drawings, a
highway crossing signal, designated by the refer-
ence character XS, which may be of any suitable
design, but which, as shown in the drawings, is
of the flashing light type, is located adjacent the
intersection of the highway H with the railway
track. I shall assume that train movements
over the stretch of track from left to right, as
shown in the drawing, are in the eastbound di-
rection, and that therefore train movements in
the opposite direction, from right to left, are in
the westbound direction.

The rails of the railway track are divided by
insulated joints 3 to form the crossing section
XT at the intersection of the highway with the
railway track, the first or easthound approach
centrol section I'T adjacent the west end of sec-
tion XT, and the second or westbound approach
control section 2T adjacent the opposite or east
end of section XT.

Each of the track sections {T, XT and 27T is
provided with a track circuit which includes a
sultable source of current, such as a battery 4,
connected across the rails adjacent one end of
the section, and a track relay, designated by the
reference character R preceded by the reference
character for the corresponding section, con-
‘nected across the rails adjacent the opposite end
of the section.

The first slow pickup control stick relay EP,
‘which may also be referred to as an eastbound
control stick relay, has a pickup and a stick cir-
cuit, both of which are controlled by a front con-
tact § of the first approach track relay {TR, and
‘the pickup circuit is also controlled by a front
contact 8 of the crossing track relay XTR and
by a back contact 7 of the repeater relay EPR,
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Repeater relay EPR is controlled by front con-~
tact 9 of relay EP. An energy storing device,
such for example as a capacitor, designated by
the reference character £, and a resistor, desig-
nated by the reference character r, are connected
in series with each other in a path which is in mul-
tiple with the winding of relay EPR, and there-
fore relay EPR is rendered slow to release when
its control circuit becomes opened by contact 9
of relay EP.

A first or eastbound direction stick relay, desig-
nated by the reference character ES, has a pick-
up circuit controlled by back contacts 41, 42 and
44 of relays EP, XTR and WS, respectively, and
by the front point of a contact 43 of relay WP.
Relay ES has two stick circuits, one of which is
controlled by back contacts 41 and 42 of relays
EP and XTR, respectively, and the other of which
is. controlled by the back point of contact 43 of
relay WP.

A second or westhound - direction stick relay,
designated by the reference character WS, has
pickup and stick circuits which are similar to the
pickup and stick circuits just described for re-
lay ES.

A crossing signal control relay, designated by
the reference character XR, is controlled by front
contacts of relays XTR, EP, EPR, WP, WS and
ES, and is normally energized.

A flasher control relay, designated by the refer-
ence character FR, is controlled by a back con-
tact 38 of relay XR, and is normally deenergized.
Relay FR. is of the well-known type having a mov-
able contact element 49 which, while relay FR is

v energized, oscillates between a first position in

which it engages a first fixed contact element a,
and a second position in which it engages a sec-
ond fixed contact element b.

As shown in the drawing, highway crossing sig-
nal XS comprises two lamps fe and 2¢, the light-
ing circuits for which include contacts 40a and
400 of relay FR, respectively, and a back contact
39 of relay XR. Lamps le and 2e, on account of
being controlled by contact 39 of relay XR, are
not lighted until relay XR becomes deenergized,
causing its contact 38 to be closed in the circuit
for energizing relay FR, and causing its contact
39 to become closed in the lighting circuits for
signal XS. Lamps fe and 2¢ of signals XS will
then display a flashing indication, on account of
being repeatedly lighted, alternately, through
contacts 40a and 40b respectively, of relay FR.

The various confrol and lighting circuits may
be energized by current from any suitable source

. such, for example, as a battery Q, shown in Fig. 1,

having terminals B and N.

In the modified form of apparatus shown in
Fig. 2, first and second, or easthound and west-
bound direction stick relays, designated by the

; reference characters 28R and ISR, respectively,

are confrolled to become energized when east-
kound and westbound trains enter the approach
control sections T and 27T, respectively, whereas
the direction stick relays ES and WS, shown in
Fig. 1, do not become energized until an east-
bhound or a westbound train, respectively, enters
the crossing track section XT. The direction
stick relays ES and WS in Fig. 1, and the direc-
tion stick relays 1SR and 2SR in Fig. 2 are all of
the slow release type.

The slow pickup control stick relay {TPS of
the track repeater stick type, in Fig. 2, has a
pickup and a stick circuit, both of which are

‘controlled by a front contact {9 of the first

approach track relay {TR. The pickup .circuit
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for relay ITPS includes alse a hack contact 21

of the second repeater relay {TEP.

‘The second repeater relay ITEP is controlled
by a front contact 22 of relay I'TPS, and is made
slow releasing, similarly to relay EPR in Fig. 1,

by a capacitor ¢ and a resistor r connected in

series with each other in a path which is in mul-
tiple with the winding of relay I TEP,

Figs. 3 and 4 show modifications of the control
circuits for relays 1TPS and | TEP, respectively,
of Fig, 2. In Fig, 4, an additional approach con-
trol track section, designated by the reference
character 07T, is provided, having a track relay,
designated by the reference character 9TR.

Having described, in general, the arrangement
and conirol of the apparatus shown by the
accompanying drawings, I shall now describe, in
detail, its operation.

As shown in the drawings, all parts of the appa~
ratus are in the normal condition, that is, each
of the track sections is unoccupied, and therefore
track relays TR, XTR, 2TR and 0TR are ener-
gized; relays EP, WP and EPR, shown in Fig. 1,
are energized; relays {TPS and ITEP, shown in
Tigs. 2, 3 and 4 are energized; relay XR is ener-
gized; relays ES and WS, shown in Fig. 1, and
relays ISR and 2SR, shown in Fig. 2, are deener-
gized; and relay FR and signal XS are
deenergized.

As shown in Fig. 1, relay EP is ener
ifs stick ecircuit passing from terminal B, through
contact § of relay TR, contact 6 of relay EP,
and the winding of relay EP to terminal N.
Both the pickup and the stick circuit for relay
WP are closed, the pickup circuit passing from
terminal B, through contacts 10 and (2 of relays
2TR and XTR, respectively, and the winding of
relay WP to terminal N. The stick circuit for
relay WP is the same as the pickup circuit just
traced, except that it includes contact 1§ of relay
WP instead of contact i2 of relay XTR. Relay
EPR is energized by its circuit passing from ter-
minal B, through contact § of reiay EP, and a
resistor r in series with a capacitor ¢ in. 2 path
in multiple with the winding of relay EPR, to
terminal N. Relay ZR is energized by a circuit
passing from terminal B, through contact (3 of
relay XTR, contact {4 of relay EP in multiple

with contact {5 of relay EPR, contact {7 of relay :

WP, and the winding of relay XR to terminal N.

As shown in Fig, 2, relay ITPS is energized by
its stick circuit passing from terminal B, through
contact 18 of relay TR, contact 20 of relay {TPS,
and the winding of relay {TPS fo terminal N.
Relay {TEE is energized by its circuit which
includes contact 22 of relay ITPS, and is other-
wise similar to the circuit traced for relay EFR
in Fig. 1. Relay XR is here snergized by a cir-
cuit passing from terminal B, through the front
point of contact 23 of relay XTR, contact 24
of relay {TEP in multiple with eontact 25 of
relay ITPS, contact 27 of relay 2TR, and the
winding of relay XR to terminal N.

As shown in Fig. 3, relay {TEP is energized by
a circuit which is the same as the circuit shown
for relay {TEP in Fig. 2. The stick circuit by
which relay I'TPS is snergized, as shown in Fig.
3, passes frem terminal B, through contact 28 of
relay TR, confact 3% of relay (TIPS, and the
winding of relay {TPS to terminal N.

As shown in Fig. 4, relay {TEP is energized
by a stick circuit passing from terminal B,
through contact 34 of relay ITPS, contact 885

of relay {TEP, and a iesistor r in Vseries'-with a ]

ized by °
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capseitor ¢ in a path in multiple with the wind-
ing of relay {TEP to ferminal N.

I shall assume that, with apparatus embody-
ing my invention arranged as shown in Fig, 1,
an eastbound train enters section IT, deener-
gizing relay {TR. The stick circuit traced for
relay EP will therefore he opened at contact 5
of relay I'TR, causing relay EP to be deenergized.
Front contacts 6, 9, 14 and 4! of relay EP will
therefore be opened.  With contact 8§ of relay
EP opened, relay EPR will be disconnected from
terminal B, but relay EPR is slow to release, be-
cause of the path through resistor r and capaci-
tor ¢ in multiple with the winding of relay EPR.
Therefore, although contact 14 of relay EP is
opened, the circuit for relay XR will temporarily
remain closed through contact 15 of relay EPR,
so that relay XR will remain energized for a brief
period of time after the easfbound train enters
section IT.

By the time that contact {5 of relay EPR opens,
the train will have arrived at a location desig-
nated on the drawing as the starting point. The
distance of this starting point from the enter-
ing end of section IT will of course vary for dif-
ferent trains, according ito their speed, so that
the higher the speed of the train the farther the
starting point will be from the entering end of
section T, and the nearer it will be to the inter-
section of the highway H with the railway track.
The parts of the apparatus are so proportioned
that, for a train traveling at highest speed, the
starting point will be far enough from the in-
tersection for signal XS to provide ample warn-
ing to users of the highway.

When contact 15 of relay EPR opens, 1elay
XR will become deenergized, since contact 14 of
relay EP is already open. With relay XR de-
energized, relay FR will be energized by a circuit
passing from terminal B, through contact 38 of
relay XR, and the winding of relay FR to terminal
N. Relay FR, upon thus becoming ensrgized, will
oscillate its movable contact element 46 to re-
peatedly engage alternately the fixed contact
elements ¢ and b. With relay XR deenergized,
and with the movable element 40 engaging the
fixed contact element a, lamp 2¢ of signal XS will
be lighted by a circuit passing from terminal 3,
through contact 39 of relay XR, contact 48a of
relay FR, and lamp 2e to terminal N. When
movable contact element 40 engages the fixed con-
tact element b, lamp le of signal XS will be
lighted by a similar circuit passing from terminal
B, through contact 39 of relay XR, contact 40b
of relay FR, and lamp le o terminal N.

When the train enfers section XT, deenergiz-
ing relay XTR, contaet 8 of relay XTR will be-
come opened in the pickup circuit for relay EP,
which is, however, already deenergized on ac-
count of contact 5 of relay {TR being open.
Contact 12 of relay XTR will now be opened in
the pickup circuit for relay WP which will, how-
ever, remain energized by its stick circuit pre-
viously traced. Contact {3 of relay XTR will
now also be opened in the circuit traced for relay
XR, which is, however, already deenergized on
account of contacts 4 and 15 of relays EP and
EPR, respectively, being open.

With relays EP and XTR deenergized, relay
ES will become energized by its pickup circuit
passing from terminal B, through the back point
of contact 41 of relay EP, contact 42 of relay
XTR, front point of contact 43 of relay WP,
contact 44 of relay WS, and the winding of re-
lay ES to teminal N. Relay ES, upon becoming
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energized, will complete a first stick circuit, pass-
ing from terminal B, through the back point of
contact 41 of relay EP, contact 42 of relay XTR,
contact 45 of relay ES, and the winding of relay
ES to terminal N,

When the frain enters section 2T, deenergizing
relay 2TR, relay WP will become deenergized be-
cause of the opening of contact 18 of relay 2TR.
With relay WP deenergized, a second stick circuit
will be completed for relay ES, this circuit pass-
ing from terminal B, through the back point of
contact 43 of relay WP, contact 45 of relay ES,
and the winding of relay ES to terminal N.

When the train leaves section XT, relay EP
will become energized by its pickup circuit pass-
ing from terminal B, through contact 5 of relay
I{TR, contact T of relay EPR, contact 8 of relay
XTR, and the winding of relay EP to terminal .
Relay EP is of the slow pickup type, and there-
fore its front contacts will not become closed
until after the lapss of a brief period of time.
Relay EP, upon closing its contact §, will com-
plete its stick circuit previcusly traced.

When contact 8 of relay EP becomes closed,
relay EPR will become energized by ifs circuit
previously traced. Contact 41 of relay EP, upon
becoming opened at its back point, will open the
first stick circuit traced for relay ES. Relay ES
will, however, now remain energized by its second
stick circuit, previously traced. Whean contact
14 of relay EP becomes closed, relay XR will be-
come energized by a eircuit passing from terminal
B, through contact {3 of relay XTR, contact {4
of relay EP, contact 18 of relay ES, and the wind-

ing of relay XR to terminal N. Relay XR, ubon 3

becoming energized, will open its contacts 38 and
39, thereby deenergizing relay FR and signal XS.

When the train leaves section 2T, permitiing
relay 2TR to again becoime energirzed, relay WP

will become energized by its pickup circuit pre- 4

viously traced. Relay WP is, however, of the slow
pickup type, and therefore will not close its front
contacts until upon the lapse of a brief period of
time after contact 10 of relay 2TR becomes

clesed. When contact {1 of relay WP becomes

closed, the stick circuit previously traced for re-
lay WP will be completed. Relay WP, upon open-
ing its contact 48 at the back point, will open
the second stick circuit traced for relay ES, caus-
ing relay ES to be deenergized. All parts of the
apparatus will therefore now again be in the
normal condition. )

I shall now assume that, with all parts of the
apparatus again in the normal condition, an east-
bound train enters section 1T, effecting deener-
gization of relay EP, I shall assume further that,
just before relay EPR. releases its contacts, a
momentary loss of shunt of the track ecircuit for
section {T occurs, so that relay {TR closes iis
contact 5 for a brief period of time. Contact 1
of relay EPR, upon becoming closed at the end
of its release period, will again complete the
pickup circuit previously traced for relay EP.
With contact {5 of relay EPR now open, relay
XR will become deenergized, and therefore relay
FR will be energized, and the lamps of signal XS
will be displaying a flashing indication,

Relay EP, being of the slow pickup type, will
not again close its front contacts before the end
of the momentary loss of track circuit shunt, at
which time, contact § of relay {TR will again he
opened, causing relay EP to again be deenergized
without having closed its front contacts. Since
contact {4 of relay EP therefore does not becoms
closed during the momentary loss of shunt, relay

20
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XR will remain deenergized, and the operation
of sighal XS will be continued without interrup-
tion because of the momentary loss of track cir-
cuit shunt.

I shall next assume that all parts of the appa-
ratus are again returned to the normal condition,
and that again an eastbound train enters section
iT, causing relay EP to be deenergized. I shall
assume further, that a loss of shunt of the track
circuit for section T occurs after relay EPR has
released its contacts. Therefore, the pickup eir-
cuit for relay EP will be completed as soon as
relay TR closes its contact 5 because of the
momentary loss of track circuit shunt. However,
since relay EP is of the slow pickup type, it will
not close its front contacts before the momentary
loss of shunt has ended and relay { TR has again
opened its contact 5. Contacts 14 and 15 of re-
lays EP and EPR, respectively, will therefore re-
main open, and relay XR will remain deenergized,
so that the operation of signal XS will be con-
tinued without interruption during the momen-
tary loss of track circuit shunt while a train is
approaching the intersection.

I shall assume that, with the modified form of
apparatus embodying my invention, as shown in
Tig. 2, an eastbound train enters section 1T, de-
energizing relay {TR. With contact 19 of relay
{TR then open, relay I'TPS will become deener~
gized, so that its contact 28 will be opened in the
control circuit for relay XR. With contact 22 of
relay 1 TPS open, the circuit for relay [TEP will
alsc be opened, but relay !'TEP will be slow to
release because of the resistor r and the capacitor
t connected in series with each other in a path
in multiple with the winding of relay ITEP, and
therefore relay |'TEP will not at once release its
contacts. With relay I'TR deenergized, relay 2SR
is now energized by its pickup circuit passing from
terminal B, through the front point of contact
48 of relay 2TR, back point of contact 48 of relay
ITR, back point of contact 52 of relay ISR, and
the winding of relay 2SR to terminal N.

Contact 24 of relay (TEP, upon becoming
opened at the end of the release period for relay
{TEP, will cause relay XR to be deenergized.
With relay XR deenergized, relay FR will be en-
ergized, and signal XS will be controlled to dis-
play a flashing indieation as previously described
in connection with the operation of the apparatus
shown in Fig. 1.

When the train enters section XT, deenergiz-
ing relay XTR, contact 23 of relay XTR will be-
come opened at its front point in the circuit pre-
viously traced for relay XR which is now, how-
ever, already open at contacts 24 and 28 of relays
ITEP and ITPS, respectively. Contact 23 of
relay XTR, upon becoming closed at its back
point, will complete a first stick circuit for relay
28R, this circuit passing from terminal B, through
the back point of contact 23 of relay XTR, con-
tact 51 of relay 28R, and the winding of relay
2SR to terminal N.

When the train enters section 27T, deenergiz-
ing relay 2TR, the pickup circuit traced for re-
lay 2SR will become opened at the front point of
contact 48 of relay 2TR. Relay 2SR will, how-
ever, remain energized by its stick circuit previ-
ously traced.

When the train leaves section I'T, a second
stick circuit will be completed for relay 2SR,
this cireuit passing from terminal B, through the
front point of contact 49 of relay TR, back point
of contact 48 of relay RTR, front point of con-
tact 52 of relay 28R, and the winding of relay
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ISR to terminal N. Alse, When the traif 162
section I'T, relay {TPS: will becomé energized by
& pickup eircuit passing from terminsl B, throiigh
contact (9 of ieélay ITR; confact 21 of relay
{TEP, and the winding of rélay {TPS to terminal
N. Relay I'TPS, on account of being slow to- piek
up, will not close its contact 25 in thé clrcmt for
relay XR until after the lapseé 6f a brief period: of
time.

When the train léaves section XT, contact 27 of
rélay XTR will beconie clogéd at ity frofit poifit
in the cn cult prev1ously traced for relay R

relay FR and sxgnal XS tobe deenergm d.
Wheti: the: train ledves sectioti 2'1‘ coiitdet 27
of relay TR w111 again, be closed m 'the cn cuit

gized because its second Sulck c1rcu1t W

opetied at the’ back poirit of cohtact 48° of relay

2TR. All parts of the’ gpparatus will therefoie

dgain be in the normal condition.

I shall now assume that w1th apparatus ar-
t -

of shunt of the tFack cireiiit for section |
so that the pickup cireuit for relay I'TPS
ously’ traced’ will agdin be" closed. Relay ITPS

ofl gccount of beiilg: of the slow plckup type, will *

not close ity front contaets’ before the périod of
the miomientary” loss 6f shuiit has ¢iided, aind
therefore reldy {TPS" will' agaih be deenerg1zed
because of the opeiiffig of cofitact 19 ot relay

ITE. The front contacts’ of relay ITPS will *

therefore remam open,. and contact 24 of reldy
ITEP will rem#in open aftey having becotie
opered at the end.of its reléase. permcf Relay XR

tHerefore remains. deenerglzed durlng the' o~

mentary loss of shunt, so that relay FR. Wil re-

main energized, and. signal’ XS will conitinue to
display the. fiashitig’ Tight 1nd1eat10n dunng the
period. of the momentary: 10ss’ of track  cireiiit
shunt.

T’ shall assuine that; with’ apparatus shown' in. -

Fig: 2 miodified as shown in. Fig..
train enters sectioni 1T deener
and eﬁectmg energ1zat’10n of rela . ZSR and that

a_nw eastbound

eration of signal, X8 has started there is‘a mo-
mentary loss. of shunt of the track. cncult for
sectioni 1T, With. relay ITR energized because
of the momentary. loss of track circuit shunt, re~

lay 28R will Become deenergxzed because. of- the 5i

opening. of its plckup circuit through the. back
point.of ‘contact 49 of relay !TR On account of
relay 2SR being slow to release the- prckup Cir=
cuit for relay lTPS w111 nét-become: closed for a
brief period: of time. long enough for contact 32 of
relay. 2SR to become- closed.. Relay: {TES; on-ac-
count of eing of the: slow plckup type, can then
not close 1ts contacts. before the lapse of. a fur-
ther brief: penod of -tinis,. durmg which. the mo-
nientary, Toss of shunt- will have ended: Contact

2% of relay ITPS can therefore not become closed,

and. complete the’ circuit. for energlzmg relay.
{TEP and. charging the capacltor t. during the
period” of the momentary loss ‘of shunt’ of the

track circuit.. Relay {TEP will therefore release ;

its. contacts,.ahd so’ "the.operation’of cro SSing sig-
nal XS will be started, regardless. of the. oceur-
refice of a-momentary: 1oss of track circuit. snunt.

Tt.follows that, with the arrangement hown in

[~
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to the glow piekup tifme of relay ITPS i the ar-
iént Shown in Fig. 2 for protecting agdinst
entatry loss of shunt 6f the track circuit for
section 1T

If the apparatus shown in Fig: 2 modifisd as
SRewi. in Fig. 4; felay ITEP canhot become en-
erglzed in résponse to éner ﬂrlzatlon of relay ITES;
after having Been deenerg zed by sn easthound
train; whilé' the train oceupies section T after
hEvifig Vacated séction 0T, iintil section XT be-
eoines occup1ed by the eastbound train, The
pigkuy’ eircuit for relay {TEP whieh becomes
closed whrle the tra occupies s'e'cti’on X'I’ p’ass‘es‘

ITPS contact "7 of 1°lay XTR,; and the wmdmg
of #8613y I'TEP in mu1t1ple with & path which in-
cliides 4 resistor r and 4 éapacitor ¢ to terminal
N~

¥ r8liy ITEP becomes deetiergized in response
fo a westbound train; it will again become ener-
gized whilé the westbound trdin odcupies ssetion
0T after leavmg géetion I'T. The pickup circuit
for relay (TEP at that time passes from termmal
B; throush contact 34 of relay ITPS, coritact 8

3 of relay O0TR, and the winding of relay ITEP 1n

mitltiple With 4 path’ throu@h resistor + and de-
pacitor ¢ to: terminal N:

THaVE deseribed the operatxon of the apparatus
shown i’ the dccompanying draw -
ypical sets 6f conditions. It ig ‘believed that
i view of the foregomg descrlptmn, the opera~
tlon' of the apparatus can be readlly traded for

the scope of the" appended‘ g alms W1tho ]
partmg from the sp1r" ‘and scope of my 1nvent10n

trol sect1on dadja ent the opp051te end" of said
i$ing se each of sald sectmns bemg pro-
W -

and a- second slow’ plckup con ol stlcl< 1elay,
repeateir relay, a control: ciriit for sald repeater
relay controlled by &- -front: eontact of said first’
control stick relay and 1ncludmg & capacitor and
a- registor conneoted in series” with each other
in-a path in-mia t1p1e with' the wmdmg of sald re-
peater velay; & pickup and 2 stick circuit for said’
first’control s ck’ relay each controlled by a front
contact-of the track Telay for said first’ approach
control sectlon and said-pickup: dircuit also con=~

5 trolled by & back contact of said ‘repeater relay

and: by a-frolit-contact of the’ ‘track rélay for said
crossmg ‘seétion; a p1ckup and a stick circuit for
sald second confral’ stick 1e1ay eaeh controlled
by*a front: contact_ £ theé track relay for said sec-’

*ond approach coitrol section’ and said pickup cirs

cuiit’ alsg” conit: 16d" by* s front contact of the
raek rélsy for sald crossmg sectlon 2 ﬁrst slow

e
Fig. 3, the slow release time of relay 2SR is added 75" while said’ first’ control stlck relay is deenerglzed'
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and to then remain energized while said train
occupies said second approach control section, a
second slow release direction stick relay controlled
to become energized if a train enters said crossing
section while said second control stick relay is de-
energized and to then remain energized while the
train occupies said first approach control sec-
tion, and means including a front contact of said
repeater relay in multiple with a front contact of
said first control stick relay and with a front
contact of said second direction stick relay and
also including a front contact of said second ccn-
trol stick relay in multiple with a front contact
of said first direction stick relay for controlling
said highway crossing signal.

2. In a confrol system for a highway crossing
signal adjacent the intersection of a highway with
a railway track which is divided into a crossing
section including the intersection and a first ap-
proach control section adjacent one end of said
crossing section and also a second approach con-
trol section adjacent the opposite end of said
crossing section, each of said sections being pro-
vided with a track circuit including & source of
current and a track relay which is normally en-
ergized but which becomes deenergized in re-
sponse to occupancy of the corresponding sec-
tion by a train, the combination comprising, s
first and a second slow pickup contrel stick relay,
a pickup and a stick circuit for said first control
stick relay each controlled by a front contact of
the track relay for said first approach control
section and said pickup circuit also controlled
by a front contact of the track relay for said
crossing section, a pickup and a stick circuit for
said second control stick relay each controlled by
a front contact of the track relay for said second
approach. control section and said pickup circuit
also controlled by a front contact of the track
relay for said crossing section, g first slow release
direction stick relay controlled to become ener-
gized if a train enfers said crossing section while
said first control stick relay is deenergized and to
then remain energized while the train occupies
said second approach control section, a second
slow release direction stick relay controlled to
become energized if a train enters said crossing
section while said second control stick relay is de-
energized and to then remain energized while

the train occupies said first approach control !

section, and means including a front contact of
said first control stick relay in multiple with a
front contact of said second direction stick relay
and including a front contact of said second con-
trol stick relay in multiple with a front contact
of said first direction stick relay for controlling
said highway crossing signal.

3. In a control system for a highway crossing
signal adjacent the intersection of a highway
with a railway track which is divided into a eross-
ing section including the intersection and an
approach control section adjacent one end of said
crossing section, each of said sections being pro-
vided with a track cireuit including a source of
current and a track relay which is normally
energized but which becomes deenergized in re-
sponse 10 occupancy of the corresponding sec-
tion by a train, the combination comprising, a
slow pickup stick relay, a repeater relay, a con-
trol circuit for said repeater relay controlled by
a front contact of said slow pickup stick relay
and including a capacitor and a resistor con-
nected in series with each othar in a path in mul-
tiple with the winding of said repeater relay, a
pickup and a stick circuit for said slow pickup
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stick relay each controlled by a front contact of
the track relay for said approach control section
and said pickup circuit also controlied by a back
contact of said repeater relay and by a front con-
tact of the track relay for said crossing seetion,
and means including a front contact of said re-
peater relay in multiple with a front contact of
said slow pickup stick relay for controlling said
highway crossing signal.

4. In a control system for a highway crossing
signal adjacent the intersection of a highway
with a railway track which is divided into a cross-
ing section including the  intersection and an
approach control section adjacent one end of
said crossing section, each of said sections he-
ing provided with a. track circuit including a
source of current and a track relay which is nor-
mally energized but which becomes deenergized
in response to occupancy of the corresponding
section by a train, the combination comprising,
a slow pickup stick, a repeater relay, a control
circuit for said repeater relay controiled by a
front contact of said slow pickup stick relay and
including a capacitor and a resistor connected in

5 series with each other in a path in multiple with

the winding of said repeater relay, a pickup and
a stick eircuit for said slow pickup stick relay each
controlled by a front contact of the track relay
for said approach control section and said pickup
circuit also controlled by a back contact of said
repeater relay, and means including a front con-
tact of said repeater relay in multiple with a
front contact of said slow pickup stick relay for
controlling said crossing signal.

5. In a control system for a highway crossing
signal adjacent the intersection of a highway
with a railway track which is divided into a cross-
ing section including the intersection and a first
approach control section adjacent one end of said
crossing section and also a second approach con-
trol section adjacent the opposite end of said
crossing section, each of said sections being pro-
vided with a track circuit including a source of
current and a track relay which is normally ener-
gized but which becomes deenergized in response
to occupancy of the corresponding section by &
train, the combination comprising, a slow pickup
stick relay, a repeater relay, a control circuit for
said repeater relay controlled by a front contact
of said slow pickup stick relay and including a
capacitor and a resistor connected in series with
each other in a path in multiple with the winding
of said repeater relay, a pickup and a stick cireuit
for said slow pickup stick relay each controlled
by a front contact of the track relay for said first
approach control section and said pickup circuit
also controlled by a back contact of said repeater
relay, a first slow release direction stick relay con-
trolled to become energized when 3 train occupies
said first approach control section while a second
slow release direction stick relay is deenergized,
means for effecting energization of said second
slow release direction stick relay when a train
cccupies said second approach control section
while said first slow release direction stick relay
is deéenergized, and meang including a front con-
tact of said slow pickup stick relay in multiple
with a front contact of said repeater relay and
also in multiple with a front contact of said sec-
ond slow release direction stick relay for con-
trolling said highway crossing signal.-

6. In a control system for g highway crossing
signal adjacent the intersection of a highway
with a railway track which is divided into a cross-
ing section including the intersection and a first
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approach control section adiacent one end of said
crossing section and also a second approach con-
trol section adjacent the opposite end of said
crossing section, each of said sections being pro-
vided with a track circult including a source of
current and a track relay which is normally en-
ergized but which becomes deenergized in re-
sponse to cccupancy of the corresponding secticn
by 2 train, the combination comprising, a first
and a second slow pickup control stick relay, a

repeater relay, a control circuit, for said repeater

relay controlled hy a front contact of said first
control stick relay and including a capacitor and
a resistor connected in series with each other in
a path in multiple with the winding of said re-
beater relay, 3 pickup and a stick cireuit for said
first. control stick relay each controlled by a
front contact of the track relay for said fivst
approach control section and said pickup eircuit
also controlled by a back contaet of said repeater
relay and by a front contact of the track relay for
said cressing section, & pickup and a stick circuit
for said second control stick relay each controlled
by & frent contact of the track relay for said
second approach confrol seetion and said pickup
clreuit alse controlled hy a front contact of the
track relay for said crossing section, a first direc-
tien stick relay controlled to become energized
if a train enters said crossing section while saig
first control stick relay is deenergized and fo then
remain energized while said train occupies said
second approach contrel section, a second direc-
tion stick relay controlled to become energized if
g train enters said crossing section while said sec-
ond eontrol stick relay is deenergized and to then
remain energized while the frain occupies said
first approach control section, and means Includ-
ing a front contact of said repeater relay in myl-
tiple with a front contact of said first qontrol
stick relay and with a front contact of §a1c_§l sec-
ond direction stick relay and also including a
front contact of said second confrol stick re}ay
in multiple with a front contact of said first
direction stick relay for controlling said highway
crossing signal. ]

7. In a control system for a highway crossing
signal adjacent the intersection of a. h-;ghway
with a railway track which is divided into a
erossing section including the intersection ang a
first approach eontrol section adjacent one end
of said crossing section and also 8 second ap-
proach control section adjacent the opr,S,lte.end
of said cressing section, each of said sections
being provided with a track circuit including a
source of current and a frack relay which is nor-
mally energized but which becomes deenergized
in response to occupancy of the corresponding
section by a train, the combination comprising,
8 slow pickup stick relay, a repeater relay, a con-
trol circuif for said repeater relay controlled by a
front contact of said slow pickup stick relay and
including a capacitor and a resistor connected in
series with each other in a path in multiple with
the winding of said repeater relay, a pickup and
a stick circuit for said slow pickup stick relay
each controlled by a front contact of the track
relay-for said first approach control section and
said pickup circuit also controlled by a back con-
tact of said repeater relay, a first direction stick
relay controlled to become energized when g train
oceupies said first approach control section while
a second direction stick relay is deenergized,
means for effecting energization of said second
direction stick relay when a train occupies said
second approach control section while said first
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direction stick felay is deenersized, and means
including a front contact of said slow pickup
stick relay in multiple with a front contact of
said repeater relay and also in multiple with a
front contact of said second direction stick relay
for controlling said highway crossing signal.

8. In a eontrol system for a highway crossing
signal adjacent the intersection of g, highway
with a railway track which is divided into a cross-
ing section ineluding the intersection and an ap-
proeach eontrol section adjacent one end of said
erossing section, each of said sections being pro-
vided with a traek circuit including a source of
current and a track relay which is normally
energized but which becomes deenergized in rew
sponse to eccupancy of the corresponding section
by a train, the combination comprising, 3 slow
pickup stick relay, a slow release repeater relay,
means inecluding a front contact of said slow
bickup stick relay for controlling said slow re-
lease repeater relay, a pickup and a stick eircuit
for said slow pickup stick relay each controelled by
a front contact of the track relay for said ap-
proach control section and said bickup circuit
also controlled by a back contact of said slow
release repeater relay and by a front contaet of
the track relay for said crossing section, and
means including a front contact of said repeater
relay in multiple with a front contact of said slow
Dlekup stiek relay for controlling said highway
erossing signal, ’

9. In a control system for a highway crossing
signal adjacent the intersection of a highway
with a railway track which is divided inte a
crossing section including the intersection and
an approach control section adjaeent one end of
said crossing section, each of said sections being
brovided with a track circui including a souree
of current and a track relay which ig normally
energized but which becomes deenergized in re-
Sponse to occupancy of the corresponding section
by a train, the combination comprising, a slow
pickup stick relay, a slow release repeater relay,
means including a front contact of said slow

3 bickup stick relay for controlling said slow re-

lease repeater relay, a pickup and a stick eircuit
for said slow pickup stick relay each controlled by
a front contact of the track relay for said ap-
proach control section and said pickup cireuit
also controlled by a back contact of said slow re-
lease repeater relay, and means including a front
contact of said repeater relay in multiple with g
iront contaet of said slow pickup stick relay for
eontrolling said highway crossing signal,

10. In a conirol system for a highway crossing
signal adjacent the intersection of g highway
with a railway track which is divided into a cross-
ing section including the intersecticn and g first
approach wcontrol section adjacent one end of
sald crossing section and salso a second approach
eontrol section adjacent the opposite end of said
crossing section, each of said sections being pro-
vided with & track circuit including a source of
current and g track relay which is normally en-

. ergized but which becomes .deenergized in re-

sponse to occupaney of the corresponding section
by a train, the combination comprising, a slow
pickup stick relay, a repeater relay, means ins
cluding a frong contact of said slow pickup. stick
relay for controlling ensrgization of said repeater
relay ‘and for rendering said repeater relay slow-
to release, a pickup and a stick eircuit for said
slow pickup stick relay each controlled by a front
contact: of the track relay for said first approach
control section and said pickup circuit also con-
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trolied by a back contact of said repeater relay,
a first and a second direction stick relay, pickup
circuit means for effecting energization of said
first direction stick relay while said first ap-
proach control section is occupied by a train and
while said second direction stick relay is deener-
gized, stick circuit means for then retaining said
first direction stick relay energized while said
second approach conirel section is occupied,
pickup circuit means for effecting energization of
said second direction stick relay while said
second approach control section is occupied by
2 train and while said first direction stick relay is
deenergized, stick circuit means for then retain-
ing said second direction stick relay energized
while said first approach control section is cccu-
pied, and means ineluding a front contact of said
slow pickup and stick relay in multiple with 2
front contact of said repeater relay and also is
multiple with a front contact of said second di-
rection stick relay for controlling said highway
crossing signal.

11. In a control system for a highway crossing
signal adjacent the intersection of a highway
with a railway track which is divided into a cross-
ing section including the intersection and a first
approach control section adjacent one end of said
crossing section and also a second approach con-
trol section adjacent the opposite end of said
crossing section, each of said sections being pro-
vided with a track circuit includmng a source of
current and a track relay which is normally ener-
gized but which becomes deenergized in response
to occupancy of the corresponding section by a
train, the combination comprising, a slow pickup
stick relay, a slow release repeater relay, means
including a front contact of said slow pickup
stick relay for confrolling said repeater relay, &
pickup and a stick circuit for said slow pickup
stick relay each controlled by a front contact of
the track relay for said first approach control
section and said pickup circuit also controlled by
2 back contact of said repeater relay, a first direc-
tion control relay controlled to become energized
while said first approach control section is oc-
cupied and a second direction control relay is de-
energized, means for energizing said second direc-
tion control relay while said second approach
control section is occupied and said first direction
control relay is deenergized, and means including
a front contact of said repeater relay in multiple
with a front eontact of said slow pickup stick
relay and also in multiple with a front contact of
said second direction stick relay for controlling
said highway crossing signal.

12. In a control system for a highway crossing
signal adjacent the intersection of a highway
with a railway track which is divided intoc a cross-
ing section including the intersection and a first
approach control section adjacent cne end of said
crossing section and also a second approach con-
trol section adjacent the opposite end of said
crossing section, each of said sections being pro-
vided with a track circuit inciuding a source of
current and a track relay which is normally ener-
gized but which becomes deenergized in response
to occupancy of the corresponding section by a
train, the combination comprising, a slow pickup
stick relay, a slow release repeater relay, means
including a front contact of said slow pickup
stick relay for controlling said repeater relay, a
first, direstion control relay, a second direction
control relay, means controlled by the track relay
for said first approach control section and by
said second direction stick relay for energizing
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said first direction stick relay while said first ap-
proach control section is occupied and said sec-
ond direction stick relay is deenergized, control
means including means controlled by the track
relays for said crossing track section and said
second approach control section for then retain-
ing said first direction stick relay energized while
either said crossing track section or said second
approach control section is occupied, means con-
trolled by the track relay for said second ap-
proach control section and by said first direc~
tion stick relay for energizing said second direc-
tion stick relay while said second approach con-
trol section is occupied and said first direction
stick relay is deenergized, control means includ-
ing means controlled by the track relays for said
crossing track section and said first approach
control section for then retaining said second
direction stick relay energized while either said
crossing track section or said first approach con-
trol section is occupied, a pickup and a stick cir-
cuit for said slow pickup stick relay each con-
trolled by a front contact of the track relay for
said first approach control section and said pick-

5 up . circuit also controlled by a back contact of

said repeater relay and by a back contact of said
first direction stick relay in multiple with a back
contact of the track relay for said crossing sec-
tion, and means including a front contact of
said slow pickup stick relay in multiple with a
front contact of said repeater relay and also in
multiple with a front contact of said second di-
rection stick relay for controiling said highway
crossing signal.

13. Tn a control system for a highway crossing
signal adjacent the intersection of g highway with
a railway track which is divided into a crossing
section including - the intersection and a first
approach control section one end of which is ad-
jacent one end of said crossing track section and
also a second approach control section adjacent
the opposite end of said first approach control
section, each of said sections being provided with
a track circuit including a source of current and

 a track relay which is normally energized but

which becomes deenergized in response to oc-
cupancy of the corresponding section by a train,
the combination comprising, & slow pickup stick
relay, a slow release repeater relay, a pickup and

@ stick circuit for said slow pickup stick relay

each controlled by a front contact of the track
relay for said first approach control section and
said pickup circuit also controlled by a back con-
tact of said repeater relay, & pickup and a stick
cireuit for said repeater relay each controlled by
a, front contact of said slow pickup stick relay and
the pickup circuit also controlled by a back con-
tact of the track relay for said crossing section in
multiple with a back contact of the track relay
for said second approach control section, and
mesans including a front contact of said repeater
relay in multiple with a front contact of said
slow pickup stick relay for controlling said high-
way crossing signal.
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