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32 Claims. (C. 246-130) 
. My invention relates to controlling apparatus each of which is associated with a track relay R 

; : for highway crossing signals, that is, to-apparatus 
for the control of signals which are placed latin 

litersections of railways and highways for the pur 
3, pose of warning users of the highway. When 

train...is approaching a crossing. 
. One of the features of my invention is the pro 

vision of apparatus for preventing a continued 
operation of a highway crossing signal in the event 
that a train should stop within a control. Section 
for Such-signal, before it eaches the crossing or 
in the event that a train having once. Set the 
signal in operation by entering the signal control 
Section should back out of such Section. Another 

: feature of my invention is the provision of appa 
ratus for causing a signal to be operated for ap 
proximately the same length of time when a high 
speed train is approaching the crossing...as when 

2) 
a low speed train is approaching the crossing. 

wili:describe four forms of apparatus. embody 
sing my invention, and Will then point. Out, the 
novel features thereof in claims. 
In the accompanying: drawings, Fig.1 is a dia 

- giannatic view of one, form of...apparatus en 
bodying my invention. Fig. 2 is a similar view of 

... another form of apparatu.S. embodying my inven 

3) 

tion. Fig. 3 is a similar view.of still another form 
of apparatus constructed in accordance with the 
present invention. Fig. 4 is a similar view, of a 

; fourth form of apparatuS constructed in accord 
ance with the present invention. 

Similar reference characters refer to similar 
parts in each of the Several views. 
;Referring to the drawings, and with particular 

5 reference to Fig. 1 thereof, apparatus constructed 
inaccordance with my invention is shown in coin 
bination with a stretch of railway track X which 
comprises i'ails aid fa and which is intersected 
by a highway H protected by a signal S of any 
preferred type. The rails i and a are divided 
by insulated joints 2 to forin a main Section Z-G 
and the rail a is subdivided by similar joints. 3 
into a series of relatively short intermediate sec 
tions Z-A, A-B, B-C, C-D and D-G. A track 
battery 4...is connected across the rails and a 
adjacent the right-hand end of the section Z-G, 
as viewed in the diawings, and a track relay R is 
connected across the rails - and 8 adjacent the 
left-hand end of this. Section. Track relays : R*, 
R3, Ri and R5 are connected in series with the 
relay.R1 by having the terminals of their windings 
connected with the rail a on opposite sides of the 
joints. 3. The apparatus also embodies a plurality : 
of slow-releasing relaySL3, I? and L5 and a Second 
plurality...of slow-releasing relays.JP, J3 and J, 

are...connected in Series. 

having...a corresponding exponent, and each of 
which controls...a time element relay. K. which, in 
turn, controls the operation of the Signal S. 

Normally, that is to say 'When the. Section Z-G 
is unoccupied, the track relays R. are all ener 
gized by virtue of the track circuit in which they 

The slow-releasing re 
lays L are also all energized by virtue of circuitS 

a which receive genergy from a source: having ter 
liminals ac and y and which include front contacts 
5, 8 aid is of the track relays R,R, and R3, re 
spectively. The slow-releasing relays J. are also 
all energized by circuits which include front Con 
tacts 8.9 and ) of the track relays R3, RandR, 
respectively. Under these conditions the signal S 
is ineffective. 

I will assume that an eastbound train proceed 
ing toward the crossing. i. passes the point Zand 
shunts the track relay R1, contact to of which will 
then open the pick-up. circuit for relay. J. I. Will 
also assume that relay J2 is so constructed that if 
an eastbound train moves through section: Z--A 

: at a 'Speed of, for example, not less than sixty 
1niles per hour, the completion of a stick circuit. 
'for this irelay...by back contact 9 of track relay.R.? 
when the trainenters:section A-B will be just in 
time to prevent contacts if and 4 of relay J2from 
opening. 
iTherefore, if: the train moves through section: 

, Z-A at a speed. Of not leSS than Sixty-niles per 
hour, the deemergization of relay R2 when the 
train reaches...point A. Will complete...an operating 
circuit for signal:S passing froin terminal.ac, 
through contact 4 of relay J, contact 5 df relay 35 
R2, contact S. of relay, R3, contact 9 of relay R4, 

scontact 23 of relay R5, back contact. 2á of time 
element relay. K, and the mechanism of signal S 
to terminal y. Signal. S, which is here indicated 
as a highway crossing bell, would, therefore, start 
ringing. . 
At the same time that the :Operating circuit is 

'completed: for ...signal. S, time element relay K. 
becomes ... energized by a circuit which follows 
the circuit. just traced for Signal S as far as con- 4: 
tact:22 of relay. R5, and thence:passing through 
the Winding...of relay: K to terminal y. Relay K 
is of a type which picks up slowly but releases 
quickly, and is designed to respond, when ener 
gized, only at the expiration of a time interval: 
:which is of sufficient: duration to permit a train 
proceeding: at a predetermined minimum rate of 
speed to traverse the length of any One...of the 
sections between points A and G. The energiza 
tion of relay K, as just described, will not there 
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fore cause the back contact 24 of this relay to 
Open and interrupt the signal circuit previously 
traced therethrough, if the train continues, with 
Out stopping, through Section A-B at a rate of 
Speed not less than the minimum rate. 
The opening of front contact 9 of relay R2, 

When the train enterS Section A-B, breaks the 
pick-up circuit for relay J3 which passes from 
terminal ac, through front contact 9, and the 
Winding of relay J3 to terminal y. I will assume 
that relay J3 is so constructed that if an east 
bound train moves through Section A-B at a 
Speed of, for example, not less than fifty miles 
per hour, the completion of a stick circuit for 
this relay by back contact 7 of track relay R3 
When the train enters Section B-C Will be just 
in time to prevent contacts 2 and 7 of relay 
J3 from opening. 
When the train enters section B-C, the deen 

ergization of track relay R3 will open its front 
contact 6, thus interrupting the circuit previ 
Ously traced through this contact for signal S and 
time element relay K. The deenergization of 
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relay R3 also causes its front contact 7 to open 
the circuit for the associated slow-releasing relay 
L controlled by this contact. At the expiration 
of a predetermined interval of time, which is 
Sufficient for relay K to become fully deemergized, 
relay L8 closes its back contact 8. 

Therefore, if the train has moved through Sec 
tion A-B at a Speed of not less than fifty miles 
per hour, the deenergization of relay R3, when 
the train reaches point B, will complete a second 
Operating circuit for signal Spassing from termi 
nal ac, through contact T of relay J3, contact 8 
of relay L3, contact 9 of relay R4, contact 22 of 
relay R5, back contact 24 of relay K, and the 
anechanism of signal S to terminal y. This will 
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cause the Signal S to continue its operation. The 
Signal S may be so designed that the relatively 
Short interval, during which its operating circuit 
is open after the opening of contact 6 of relay 
R8 and before the closing of contact 8 of relay 
L3, will not cause a noticeable interruption in its 
operation. A second circuit for relay K is also 
thus established, which causes this relay to start 
Over again its operation for opening its con 
tact, 24. 
The opening of front contact 8 of relay R3, when 

the train enter's Section B-C, breaks the pick-up 
circuit for J, which is similar to the pick-up 
circuit previously traced for relay J3. I will as 
Sume that relay J is so constructed that if an 
eastbound train moves through Section B--C at a 
Speed of, for example, not less than forty miles 
per hour, the completion of a stick circuit for 
this relay by back contact 6 of track relay R4, 
When the train enters Section C-D, will be just 
in time to prevent contacts 3 and 20 of relay J4 
front opening. When the train enters Section 
C-D, the deenergization of track relay R4 Will 
Open its front contact 9, thus interrupting the 
circuit previously traced through this contact for 
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Signal S and time element relay K. The deener 
gization of relay R also causes its front contact 
6 to open the circuit for the associated slow-re 
leasing relay L. controlled by this contact. At 
the expiration of a predetermined interval of 
time which is sufficient for relay K to become fully 
deenergized, relay L. Will close its back contact 2. 

iherefore, if the train has moved through sec 
tion B-C at a Speed of not less than forty miles 
per hour, the deenergization of relay R4, when 
the train reaches point C, will complete a third 
Operating circuit for signal Spassing from ter 

1,998,175 
minal ac, through contact 20 of relay J, contact 
2 of relay I., contact 22 of relay R5, contact 24 
of relay K, and the mechanism of signal Stoter 
minal y. This will cause signal S to continue its 
Operation. A third circuit for relay K is also 
thus completed which causes this relay to start 
Over again itS Operation for opening its con 
tact. 24. 
When the train enters section D-G, the deen 

ergization of track relay R5 will open its front 
contact 22, thus interrupting the circuits for 
Signal S and time element relay K. The deen 
ergization of relay R5 also causes its front contact 
5 to open the circuit for the associated slow 
releasing relay LP controlled by this contact. At 
the expiration of a predetermined interval of time 
which is sufficient for relay K to become fully 
deemergized, relay L5 will close its back contact 
23, thereby completing a fourth circuit for signal 
SpaSSing from terminal ac, through back contact 
23 of relay LP, contact. 24 of relay K and the 
mechanism of signal S to terminal y. A fourth 
circuit is thereby also completed for relay K. 
When the train departs from section Z-G, the 

track relays all become reenergized, and there 
upon restore the apparatus to its initial condition. 

It follows that if the train proceeds uninter 
ruptedly toward the crossing H at speeds not less 
than those specified for the various Sections, the 
Signal Will Operate except for the periodic inter 
ruptions between the deenergization of the relays 
R and the response of the associated relays L. 

If the train should stop in any of the Sections, 
the time element relay K will respond, at the 
termination of the predetermined time interval 
for Which it is adjusted, and Open its back con 
tact 24, thereby interrupting the signal circuit 
previously traced through this contact. If the 
train, after Stopping, should go ahead and enter 
the next section in advance, it will deenergize the 
track relay R aSSociated with Such Section and 
interrupt the circuit for the relay K controlled 
by the front contact of Such track relay. The 
deenergization of relay K Will again cause the 
Signal S to function as herein before described. 

If, instead of going ahead, the train should 
back out of Section Z-G, Such of the relays R as 
may have been deenergized will successively be 
reenergized in a reverse order and restore the 
apparatus to its normal condition without again : 
causing the signal S to function. This is because 
the front contacts of each relay R close before the 
back contact of the associated relay I opens, and 
consequently the l'elay K is maintained ener 
gized. 

If, instead of proceeding through Section Z. A 
at a speed of sixty miles per hour or higher, an 
eastbound train should move through this section 
at some lower speed, contact f of relay J would 
open before back contact 9 of relay R2 would 
become closed. Hence, although contact 5 of 
relay R2 would become closed in the circuits first 
traced for Signal S and relay K, these circuits 
would still be open at contact 4 of relay J2. 
Hence signal S Would not be operated before the 
train arrived at point B. 

If the train should proceed through section 
A-B at a Speed of fifty miles per hour or higher, 
signal S and relay K. Would become energized by 
the second circuit which was traced through con 
tact f of relay J3 and contact f8 of relay L3. If, 
however, the train proceeded through Section 
A-B at a speed of less than fifty miles per hour, 
contact 2 of relay J3 would open before back 
contact 7 of relay R3 would close. Hence contact 
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i.7 of relay 33 would also open, and would there-- 

-- i through flexible 
relay comprises a core d provided with a sta 
*tionary winding 26 which is constantly energized 
by a battery 2. The terminals of the primary 
winding of each of the transformers"), T3, T4, 
T5 and T are connected with the rail a on op 
iposite - Sides of the insulated joints 3, and the 
* Secondaries of these transformei's are connected 

fore prevent operation of signal S-and energiza 
tion of relay K, although back contact 18 of relay 
L3 were closed. y . . . . . 

| If the train should now proceed through sec 
tion B C at a speed of forty miles per hour or 
higher, signal S and relay: K would become op 
-erated by the third circuit traced through-con 
: tact 20 of relay J4 and contact. 2 of relay . If, 
however, the train proceeded through section 

- B-C at a speed of less than ; forty miles per 
hour, contact if 3 “of relay. J4 would open before 
back contact 6 of relay R4 would become closed. 
Contact 20 of relay J4 would therefore also be 
opened and prevent operation of signal S and 
relay K, although back contact 2 of relayL4 
were closed. - Signal Swill, however, be operated for a given 
period every time relay L5 becomes deemergized 
on account of the presence of a train insection 
D-G, or when relayL5 becomes deemergized for 
any other reason. . 

Sections 2-A, A-B and B-C may be of equal 
"lengths, while relays J2, J3 and J may be con 
structed to have different periods of release ac 
cording to the minimum train speeds of sixty, 
fifty and forty miles, per hour, respectively. A 
modification of this arrangement could provide 
relays J2, J3 and J4 with equal periods of release, 
but with the lengths of sections Z--A, A B and 
B-C varied according to the minimum train 
speeds of sixty,"fifty and forty miles per hour, 
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respectively. - 
The speed of a train moving through sections 

z-A, A-B and B-C determines whether or not 
bell S shall ring when the train reaches points 
A, B, and C, respectively. The Speed of a train 
moving through section C-D does not, however, 
determine whether or not bell S shall ring when 
the train reaches point D. Bell S will ring when 
ever an eastbound train enters section D-G. 
In the forms of apparatus shown in Figs. 2, 3 

and 4, there is no means controlled by the speed 
of a train in one section for determining whether 
or not, the bell will ring when the train enters 
the next section in advance as...in Fig.1. In the 
forms of apparatus shown in Figs. 2, 3 and 4, 
the bell will ring when a train enterS. each Sec 
tion, and will continue to ring while the train 
is in each section unless the train stops or is 

... moving at less than a given minimum Speed 
which, for example, might be fifteen miles per 
hour. The train speed at which the bell. Will 
stop ringing is determined by the time required 
for slow pick-up relays P of Figs. 2 and 3 and 
relay W of Fig. 4 to open their back contacts. 
With the forms of apparatus shown in FigS. 2 

... and 3, sections A-B, B-C, C-D, D-E and E-F 
may be of equal lengths. 
preferably be short. . . . . . . 
With each of the four forms - of- apparatus 

shown, the bell will stop, ringing if a train re 
mains in a section long enough for a slow pick 
up relay, such as relay K of Fig. 1, relay P of 
Figs. 2 and 3, and relay W of Fig. 4, to open its 
back contact. 

in Fig. 2...I have shown another form of appa 
ratus constructed in accordance with my inven 
tion. In this particular construction, I employ a 
series of transformers T designated by appro 
priate exponents, and having primary and sec 
ondary windings a and b, respectively. The pri 
mary a of transformer Ti is connected in Series 
with the track relay R', and the secondary b of 
transformer T1 is connected with the movable 

same source. 
ate and warn traffic on the highway H of the 

relay N2 to terminal gy. 

Section F-G should 

control winding 25 of a galvanometer relay M. 
connections 258 and 25b. This 

in parallel with each other and with winding b 
of transformer T. The apparatus also includes 
two neutral relays N1 and N2 and a slow acting 
relay P which, as here shown, is of the type 
which -releases quickly and picks up slowly. 
Under normal conditions, the track relay R is 

- energized by its track circuit but winding 25 of 
the galvanometer relay M, the neutral relays N. 

- and N2 and the time element relay - P - are all 
deemergized. . . 
With the apparatus in this condition, I will as 

sume that an eastbound train, approaching the 
crossing H, enters section A-G at A and causes 
the deemergization of track relay R. is will 
complete a circuit passing from terminal ac of a 
source of electric energy not shown in the draw 
ings, through back contact, 28 of track reiayi R, 
back contact 29 of time element relay P, and oper 
ating mechanism of signal S to terminal gy of the 

This will cause the signal to oper 

approach of the train. The train, as well as 
shunting track relay R1, also shunts the primary 

The dying dowin of the d. Of transformer Tl. 
current in this primary G causes a lonentary 

right as shown in the drawings and of sufficient, 
magnitude to energize the novable control Wind 
ing 25 of the galvanometer relay IV riotientarily. 
This completes a pick-up circuit for relay N2 pass 
ing from terminal ac, through back contact 23 of 
track relay R1, front contact, 33 of relay M, back 
contact 3 of slow pick-up relay P, back contact 
32 of neutral relay Ni, and winding of neutral 

This causes relay N2 to 
close its front contact 33. 
ASSOOn as the Surge of current in the winding 

25 of the galvanometer relay M. dies out, front 
contact 30 of this relay opens and interrupts the 
pick-up circuit just traced for relay N2. Aow 
ever, immediately upon the opening of front con 
tact 3 of relay M and before back contact 34 of 
this relay has had time to close, a pick-up cir 
cuit for relay Ni and a holding circuit for relay 
N is established passing from terminal ac, through 
back contact 28 of track relay R1, front contact 
33 of relay N2, and the windings of relays N1 and 
N2 in series to terminal y. As soon as back con 
tact 34 of relay M closes, a second pick-up citcuit, 
is established for relay N1 passing from terminal 
ac, through back contact 28 of relay R1, front 
contact 33 of relay N2, winding of relay N1, and 
back contact. 34 of relay M to terminal 1. Both 
terminals of the winding of relay N2 are now con 
nected with terminal y with the result that, relay 
N is shunted and so rendered slow-releasing. 
This delays the opening of front contact, 33 of 
relay N2 for a time interval of sufficient duration 

: to permit front contact 35 of relay N to close. 
The closing of front contact 35 of relay Nicon 
...pletes a stick circuit for this relay passing from 
terminal.ac, through back, contact. 28 of relay R1, 

... back contact 30 of relay M, front contact:35 of 
i-relay, N1, winding of relay Ni, and back contact 
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surge of current to be induced in the secondary to 35 
of the same transformer, flowing from left to 
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34 of relay M to terminal y. The energization of 
relay N1 establishes a circuit for the time element 
relay P passing from terminal ac, through back 
contact 28 of track relay R1, front contact 36 of 
relay N1, and winding of relay P to terminal y, 
but relay P being Slow acting, does not respond 
until a predetermined time interval has elapsed 
of a duration Sufficient to allow a train, moving at 
a certain minimum speed, fifteen miles per hour 
for example, to enter section B-C. 
When the train enters Section B-C, the trans 

former T2 is shunted which causes the galva 
nometer relay M to become energized again mo 
mentarily, as hereinabove described, and to open 
its back contact 30. This interrupts the Stick cir 
cuit for relay Nil, previously traced through this 
contact, thereby causing the deenergization of 
this relay. The deemergization of relay NI causes 
its front contact 36 to open, thus interrupting the 
circuit for relay P long enough to permit this 
relay, which is of the type that releases quickly, 
to become fully deenergized. The deenergization 
of relay Ni also causes back contact 32 thereof to 
close and consequently when relay M closes its 
front contact 30, the circuit for relay N2, pre 
viously traced through these contacts, is com 
pleted. From this point on, the cycle of opera 
tions hereinbefore described is repeated. 
I Will now assume that a train has entered One 

of the sections between the points A and G and 
also that the relay Nil is energized by its stick cir 
cuit previously traced and that the time element 
relay P is energized by virtue of its pick-up cir 
cuit but has not yet responded. Under these 
conditions, if the train should stop, the time ele 
ment relay P Will, at the expiration of the time 
interval for Which it is adjusted, respond and 
open its back contact 29. This will interrupt the 
circuit previously traced through this contact for 
the signal S and cause it to discontinue its oper 
ation. If the train should now proceed into the 
next section toward G, it will shunt the trans 
former T for Such Section and will thus cause the 
energization of the galvanometer relay M which 
Will open its back contact 30 and interrupt the 
stick circuit for relay N1. This will cause relay 
N to open its front contact 36 and interrupt the 
circuit for time element relay P which will again 
close its back contact 29 and reestablish the cir 
cuit for the signal S. 
On the other hand, if the train, instead of pro 

ceeding, should back out of the main section 
A-G, it will successively permit the reenergiza 
tion of Such of the transformers T as may have 
been shunted thereby. The reenergization of any 
of the transformers, however, Will tend to cause 
a Surge of current in the circuit for the galva 
nometer relay M of an opposite polarity Such as 
will tend to maintain the back contacts of relay 
M closed. As a result, the stick circuit for relay, 
N1 is not opened and the circuit for the time 
element relay P previously traced through front 
contact 36 of relay Ni is maintained intact. The 
signal circuit through back contact 29 of relay P 
therefore remains Open. It may be desirable to 
connect an a Symmetric unit r in Series with the 
secondary of each of the transformers T so as to 
prevent the Surge of current produced in the sec 
ondary b of any One of the transformers, caused 
by the shunting of its primary by a train, from 
dissipating itself in the secondary of another of 
the transformers, the primary of which has been 
and still is shunted by the same train. 
Asymmetric units r, arranged as shown, will 

also prevent Surges of current in the reverse 
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direction, from right to left, from forcing the con 
tacts of relay M against their back points when a 
train backs away from CrOSsing H. 

It will be apparent from the foregoing that as 
long as a train proceeds uninterruptedly through 
the Several Sections at a speed not less than a 
predetermined minimum, the Signal S will operate 
Without interruption, but that if the train should 
stop or back out of signal control territory the 
operation of the signal will discontinue. In this 
respect the apparatus functions as an indication 
of the progress of a train approaching the croSS 
ing H. 
In Fig. 3, I have shown another form of appa 

ratus constructed in accordance with my invention 
in which I employ a polarized relay Q instead of 
the galvanometer relay M shown in Fig. 2. In 
this embodiment of my invention, if a train en 
ters section A-B, it will deemergize the track relay 
R and cause it to close its back contact 28, thus 
establishing the signal circuit previously traced. 
The train upon entering section A-B also shunts 
the primary of the transformer T and causes a 
momentary energization of the polar relay Q. 
This causes front neutral contact 37 of relay Q to 
close and establish a pick-up circuit for relay 
N passing from terminal ac, through back contact 
28 of track relay R, front neutral contact 37 and 
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normal polar contact 38 of relay Q, back contact 
3 of time element relay P, back contact 32 of 
relay N, and winding of relay N2 to terminal y. 
The energization of relay N2 causes it to close its 
front contact 33. AS Soon as the Surge of current 
in the circuit for relay Q dies out, front contact 
37 of relay Q opens and interrupts the circuit 
just traced through this contact for relay N2, but 
a pick-up circiut for relay N is established, in 
Series with relay N2, passing from terminal ac, 
through back contact 28 of track relay R, front 
contact 33 of relay N, and windings of relays 
Nl and N2 to terminal y. 
AS Soon as relay. Q closes its back contact 39, a 

Second pick-up circuit is established for relay Ni 
passing from terminal ac, through back contact 
28 of relay R, front contact 33 of relay N2, wind 
ing of relay Ni, and back contact 39 of relay Q 
to terminal y. Both terminals of the winding of 
relay N are now connected with terminal y with 
the result that relay N2 is shunted and rendered 
slow-releasing. This delays the opening of front 
contact 33 of relay N2 for a time interval of suf 
ficient duration to permit front contact 35 of 
relay N to close. The closing of this contact 
establishes a stick circuit for relay Nil passing 
from terminal ac, through back contact 28 of track 
relay R, back neutral contact 37 of polar relay 
Q, front contact 35 of relay Ni, and back neutral 
contact 39 of polar relay Q to terminal y. The 
energization of relay Ni also causes front contact 
36 of this relay to close and establish a circuit 
for time element relay P passing from terminal ac, 
through back contact 28 of track relay R1, front 
contact 36 of relay N, and winding of relay P to 
terminal y. If the train proceeds at a speed not 
leSS than the predetermined minimum, previously 
referred to, it Will enter Section B-C before the 
time element relay P opens its back contact 29 
in the circuit for signal S controlled thereby. 
When the train enters section B C, the trans 

former T is shunted which causes the polar re 
lay Q to become energized again momentarily, 
as hereinabove described, and open its back con 
tact 37. This interrupts the stick circuit for 
relay N, previously traced through this contact, 
thereby causing the deemergization of this relay. 
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The deenergization of relay N1 causes its front 
contact 36 to open, thus interrupting the circuit 
for relay Plong enough to permit this relay, 
which is also of the type that releases quickly, 
to become fully deemergized. The deemergization 
of relay Ni also causes back contact 32 thereof 
to close and consequently when relay Q closes 
its front contact 37 the circuit for relay N2, previ 
ously traced through these contacts, is completed. 
From this point on, the cycle of operations here 
inbefore described in connection with this par 
ticular form of my invention is repeated. 

If the train should back out of any one of the 
Sections, it will permit the reenergization of the 
transformer for that section and will so tend to 
cause a surge of current in the circuit for the 
polar relay. Q. The Surge of current in such case, 
however, will be of opposite polarity to that 
caused by the shunting of the transformer and 
therefore this relay will open its normal polar 
contact 38...and close its reverse polar contact 49. 
This establishes a branch path for the stick cir 
Cuit for relay Nil through everse. polar contact 
40...of relay Q and thus maintains relay Ni ener 
gized and the circuit for relay 9 through front 
contact. 36 of relay N1 intact, notwithstanding 
that back-normal contact, S. which controls the 
main path for the stick circuit for relay Ni is 
Subsequently opened. The time element relay P 
is thus maintained energized and the signal cir 
cuit through its back contact 23 held open dur 
ing the backing movement of the train. 

It may be desirable to connect an asymmetric 
unit, r in Series with the Secondary Winding of 
each of the transformers T. in order to prevent. 
the current generated in any one of these. Sec 
Ondaries from being dissipated in the other sec 
ondaries. Asymmetric units r, if used, will also 
prevent surges of current in the reverse direction 
from energizing relay. Q. 

In Fig. 4, I have shown apparatus, constructed 
in accordance witha, still further, enabodiment of 
ny invention in which I employ an animeter re 
lay U, two neutral relays Wii and W2 and a time 

5 element relay W, which as here shown has a slow 
pick-up and a quick...release, for controlling the 
Signal S, and in which the track X is divided by 
insulated joints 2 to form a single unbroken sec 
tion A-G extending the entire length of the sig 
nal control territory. The relay U comprises the 
usual movable coil 4, the opposite terminals of: 
which are connected with terminal posts, 42 and 
43 by means of flexible connections 43b and 438, 
respectively, and which is mounted for oscillatory 

5 - movement between the pole pieces. 44 of a per 
manent magnet 45: The coil 4 actuates an arm 
46-, one end of: which is connected by a flexible 
connection 4 With a terminal post 48 and the 
Other end of which carries a contact. 49 for en 
gagement. With a -contact. 5: Which is connected 
by a flexible connection 5 with a terminal post 
52. The contact 50 is carried by a slide. 53 mount 
ed in a guideway 54 so that when the coil it is 
energized, the arm 46 Will first carry the contact, 

. . 49 into engagement with the contact 53 and then 
as the current increases, will move the contact, 
and slide bodily in a clockwise direction, as 
viewed in the drawings. When the current, in the 
coil 4 is interrupted, the arm 46 first carries the 
contact 49, out of engagement with the contact 
50 and then engages a shoulder-55-on the slide. 53. 
and returns the slide, and contact 5 to their ini 
tial positions. The tertainal post: 42 of the coil 
4-, is connected directly with the rail a of the 
track X, adjacent the point G, and the other 

terminal 43 of this coil is connected with one ter 
minal of a battery 5S, the other terminal of 
which is connected through a resistor 57 with 
the rail of the track X adjacent the point G. 

In this apparatus, if an eastbound train enters 
Section A-G, a circuit for coil. 4 Will be con 
pleted, passing from one terminal of battery 56, 
through resistor 57, rail, wheels and axles of 
the train, rail , terminal post 42, coil 3, and 
terminal post 43 to the other terminal of battery 
56. This will cause the airin 46 to Swing in a 
clockwise. direction and move the contact 49 
carried thereby into engagement with the con 
tact 59. This will cause the signal Stooperate 
by virtue of a circuit passing from a battery 58, 
through terminal post 48, flexible connection 47, 
arin 46, contacts 49-50, flexible connection. 5, 
terminal post 52, back contact. 59 of time ele 
ment relay W, and operating mechanism of sig 
nal S to battery 58. A circuit is also established, 
passing from battery 58, through an A6 and . 
contacts 49-5), of relay. U, back contact of 
relay V2, and winding of relay Wil to battery 58. 
The energization of relay W. shunts the left 
hand portion of the resistor 57 by establishing 
a circuit passing from battery 56, through front 
contact 6 of relay, W, right-hand portion of 
resistor 57, rail i, wheels and axles of the train, 
rail ?a and coil. 4 of amimeter relay U to battery 
56. This increases, the current flowing in coil 4 
and causes the arm 46 and contacts, 49-33 to 
move forward a certain distance. The energiza 
tion of relay. Wil also causes the energization of 
relay V2 by virtue of a pick-up circuit passing 
from battery 58, through front contact 32 of 
relay V1, and winding of relay V2 to battery 58. 
This causes relay V2 to close its front contact 33 
which establishes a stick circuit for this relay, 
passing from battery 58, through back contact 
64 of time. element relay W, front contact 63 of 
relay V2 and winding of this relay, to battery 58. 
The energization of relay W2 causes it to Open its 
back contact 60 and interrupt the circuit pre 
viously traced through this contact for relay W. 
This causes relay. Vi to open its front contact 
6 and to interrupt the: circuit previously traced 
through this contact which shunted the left 
hand position of the resistor 5, thereby increas 
ing the resistance to the current flow in the coil 
4 and causing the arm.46 to move to the left 
and open contacts 49-50. This does not, how 
ever, interfere with the operation of the signal 
S for the reason that a circuit is now established 
for the signal passing from battery. 58, through 
front contact 60 of relay. W2, back contact 59 of 
time element relay. W, and operating mecha 
nism for signal S to battery 58. The energiza 
tion of relay V2 also causes it to close its front 
contact 65 which establishes a pick-up circuit 
for time element relay W, but this relay, being 
adjusted to operate only after a predetermined 
time interval has elapsed, does not immediately 
respond, 
Now if the train proceeds at a speed not less 

than a predetermined minimum, it will decrease 
the resistance of the circuit including rails and 
a for the coil 4 so that the arm 46 will again 
move to the right and close the Signal circuit 
through contacts 49-5 before the time element 
relay W functions. The time element relay W 
afterward responds and opens its back contacts 
59, and 64, thereby interrupting the circuit for 
signal S. and the stick circuit for relay W2, re 
spectively, previously traced through these con 
tacts. The denergization of relay Wimmediate 
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6 
ly opens its front contact 65, thus interrupting 
the circuit for the time element relay W and 
causing this relay to close its back contact 59 
which again causes the operation of Signal S. 
The interval of time during which the circuit for 
signal S is thus interrupted is only that required 
for the front contact 65 of relay W2 to open and 
the back contact 59 of relay W to close. The 
deenergization of relay V2 also closes its back 
contact 60, thereby reestablishing the circuit for 
relay W1 previously traced. The apparatus is 
thus restored to its initial condition and the 
cycle of operations above described is repeated. 

It Will be noticed that if the train proceeds at 
not less than a given minimum Speed, the Oper 
ation of signal S is not interrupted when the 
signal circuit through the contacts 49-50 is 
opened on account of the opening of contact 6 
of relay V1, a second circuit for the signal being 
then established through back contact 59 of 
time element relay W and front contact 60 of re 
lay V2. The design of the signal S may be Such 
that its operation will be continuous notwith 
standing the periodic brief interruptions in its 
operating circuits by relay W. If, however, the 
train should stop anywhere within Section A-B, 
the contacts 49-50 will not close, and therefore 
when the time element relay W responds and 
opens its back contact 59, the branch path con 
trolled by front contact 60 remains open and the 
signal S will cease operation. If the train should 
proceed after stopping, the decreased resistance 
in the circuit for coil 4 will again cause the 
contacts 49-50 to close and reestablish the cir 
cuit for signal S. - 
Although I have herein shown and described 

only four forms of apparatus embodying ny in 
vention, it is understood that various changes 
and modifications may be made therein within 
the scope of the appended claims Without depart 
ing from the spirit and scope of my invention. 

Having thus described my invention, What I 
claim is: 

1. In combination, a stretch of railway track 
intersected by a highway, a signal for controlling 
traffic on said highway at Such interSection, a 
time element relay for controlling said signal, 
and means controlled by a train proceeding un 
interruptedly over said stretch for successively 
forestalling operation of said time element relay. 

2. In combination, a stretch of railway track 
intersected by a highway, a signal for governing 
traffic over said highway at such intersection, a. 
slow-acting relay for controlling the operation of 
said signal, a track relay for controlling the op 
eration of said slow-acting relay, and means Op 
erable by a train at varying distances from Such 
intersection for periodically controlling the Op 
eration of said slow-acting relay independently 
of said track relay. 

3. In combination, a stretch of railway track 
intersected by a highway, a signal for governing 
traffic over said highway at such intersection, a 
slow-acting relay for controlling the operation 
of Said Signal, a track relay operable by a train 
upon entering said stretch for starting the op 
eration of Said slow-acting relay, and means op 
erable by a train at predetermined time intervals 
for Stopping and l'estarting the operation of said 
slow-acting relay. 

4. In combination, a stretch of railway track 
intersected by a highway, a signal for controlling 
traffic On Said highway at such intersection, a 
Slow-acting relay for controlling said signal, 
means Operable by a train at different locations 
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in said stretch for energizing said slow-acting 
relay, and means controlled by said train operable 
means for causing the deenergization of Said 
Slow-acting relay. 

5. In combination, a stretch of railway track 
intersected by a highway, a signal for Controlling 
traffic on said highway at Such intersection, a 
time element relay for controlling said signal, 
and means operable by a train at different points 
along said stretch for alternately rendering Said 
time element relay effective and ineffective. 

6. In combination, a stretch of railway track 
intersected by a highway, a signal for controlling 
traffic on said highway at Such intersection, a 
time element relay for controlling said Signal, 
and means Operable by a train at time intervals 
of predetermined duration for alternately cauS 
ing the energization and deemergization of Said 
time element relay. 

7. In combination, a stretch of railway track 
intersected by a highway, a signal for controlling 
traffic on said highway at Such intel'Section, a 
time element relay for controlling said signal, 
ineans operable by a train upon entering Said 
stretch for causing the energization of said time 
element relay, and means operable by such train 
at predetermined distances from said intersec 
tion for Successively causing the deenergization 
of Said time element relay momentarily. 

8. In combination, a stretch of railway track 
intersected by a highway, a signal for controlling 
traffic On Said highway at Such intersection, a 
time element relay for controlling said signal, 
a circuit for said time element relay, and means 
Operable by a train at different points in Said 
stretch for successively interrupting said circuit. 

9. In combination, a stretch of railway track 
divided into a plurality of Sections, a signal, a 
time element relay for controlling said signal, 
a circuit for said time element relay, and means 
associated with each of said sections for inter 
rupting said circuit momentarily. 

10. In combination, a stretch of railway track 
divided into a plurality of Sections, a signal, a 
time element relay for controlling said signal, 
and means aSSOciated With each of Said Sections 
for periodically delaying the operation of said 
relay. 

11. In combination, a stretch of railway track 
divided into a plurality of Sections, a signal, a 
time element relay for controlling said signal, 
a contact device associated with each of Said Sec 
tions, a plurality of control relays controlled by 
Said contact devices, a main circuit for Said time 
element relay controlled by each of said contact 
devices, and a plurality of auxiliary circuits for 
said time element relay, each controlled by one 
of Said control relays. 

12. In combination, a stretch of railway track 
divided into a plurality of sections, a plurality of 
track relays connected in series and adapted to 
be successively deenergized by a train proceeding 
through said Sections, a plurality of auxiliary re 
lays each controlled by one of said track relays, a 
signal, a time element relay, a circuit for said time 
element relay controlled by each of said track 
relays, a circuit for said signal controlled by each 
of Said track relays and by said time element, 
relay, and a plurality of additional circuits for 
Said signal each controlled by said time element 
relay and by one of Said auxiliary relays. 

13. In combination, a stretch of railway track 
divided into a plurality of sections, a signal, a 
time element relay for controlling said signal, a 
track relay aSSociated with each of said sections, 
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a circuit for said, time, element relay including: 
a front contact of; each of said:track relays, an: 
auxiliary relay associated with each of Said track: 
relays, a circuit for each of said auxiliary relays's 
including a front contact of the associated track. 
relay, and a plurality. of auxiliary circuits for 
said time element relay each controlled by a back. 
contact, of one of said auxiliary relays.: 

14. In combination, a stretch of railway track 
divided into a plurality of Sections; a signal, a time. 
element relay for controlling said signal, a cir 
cuit for said time element relay, a track; relay 
associated with each of Said Sections for con 
trolling; said circuit, and a relay, controlled by: 
each of said track relays for controlling said cir 
cuit jointly with the aSSociated track relay. 

15. In combination, a stretch of railway-track. 
divided into a plurality of Sections, a signal, a 
time element relay for controlling Said signal, a 
track relay associated With each of Said Sections. 
for controlling said time. element relay, and a 
plurality of slow-releasing relays each controlled, 
by one of said track relays for controlling said . 
signal jointly with said track relays. 

16. In combination, a stretch of railway track, 
intersected by a highway, a signal...for controlling. 
traffic over said highway at Such interSection, a 
plurality of track, relays: arranged at intervals. 
along said track, a slow...pick-up relay, a circuit. 
for-said signal including a front contact of each 
of said track relays and a back contact of Said 
slow, pick-up relay, and a circuit...for Said: Slow 
pick-up relay including said front contacts of Said, 
track-relayS. 

17. In combination, a stretch of railway...track. 
intersected by a highway, a signal for controlling. 
traffic. over: said highway at such intersection, a 
plurality of track. relays arranged at intervals. 
along said track, a slow-pick-up relay, a plurality 
of slow-releasing. relays, a first circuit...for. Said 
signal controlled by said track relays and by Said 
slow pick-up relay, and a plurality of additional. 
circuits for said signal each controlled by certain 
of said track-relays and by-One of Said slow-re 
leasing relays. 

18. In combination, a stretch of railway track 
intersected by a highway, a signal for controlling 
traffic over said highway at Such intersection, a 
plurality of track relays arranged at intervals 
along said track, an auxiliary relay associated 
with certain of said track relays, and a slow-act 
ing relay controlled by said track relays and by 
said auxiliary relays for controlling Said signal. 

19. In combination, a stretch of railway track 
intersected by a highway, a signal for governing 
traffic over said highway at such intersection, a 
slow-acting relay for controlling said signal, an 
auxiliary relay for controlling said slow-acting 
relay, a control relay, a pick-up circuit for Said 
auxiliary relay controlled by said control relay, 
a stick circuit for said auxiliary relay controlled 
by said control relay, and means controlled by a 
train at varying distances from Said intersec 
tion for Successively energizing Said control relay. 

20. In combination, a stretch of railway track 
intersected by a highway, a signal for governing 
traffic over said highway at Such intersection, 
a slow-acting relay and a track relay for jointly 
controlling said signal, an auxiliary relay for con 
trolling Said slow-acting relay, a control relay, 
a pick-up circuit for said auxiliary relay con 
trolled by Said control relay, a stick circuit for 
said auxiliary relay controlled by said control 
relay, and means controlled by a train at varying 

distances; from said intersection for successively 
energizing: said control relay. 

21. In combination, a stretch of railway track 
intersected by a highway, a siginal for governing 
traffic over said highway at Such interSection, a 
slow-acting relay, and a track relay for jointly 
controlling said signal, an auxiliary relay for Con 
trolling: Said slow-actiing relay, a control relay, 
a pick-up circuit for said auxiliary relay con 
trolled by said control relay, a stick circuit for 
said auxiliary relay controlled by said control 
relay; and a plurality of track transformers ar 
ranged at: varying distances from Said intersec 
tion, for Successively energizing Said control relay. 

22. In combination, a stretch of railway track 
intersected by a highway, a signal for governing 
traffic over said highway at such intersection, a 
slow-acting relay for controlling said signal, an 
auxiliary relay for controlling said slow-acting 
relay; a polar relay; a pick-up circuit for said aux 
iliary, relay controlled by said polar relay, a stick 
circuit, for Said auxiliary Irelay controlled by Said 
polar relay, and means controlled by a train, at 
Varying-distances fron said intersection for Suc 
cessively energizing said polar relay. 

23. In combination, a stretch of railway track 
interSected by-a-highway, a Signal for. governing 
traffic over, said highway. at such intersection, a 
slow-acting relay for controlling said signal, a 
first... auxiliary relay for: controlling said slow- : 
acting relay, a Second auxiliary relay, a control 
relay, a pick-up circuit for said second auxiliary 
relay controlled by said, control relay, a pick-up. 
circuit for said...first auxiliary relay controlled by 
Said Second auxiliary relay, a stick circuit for said. 8: 
first auxiliary relay controlled by said control re 
lay, and means controlled by a train at varying. 
distances from said intersection for successively 
energizing Said control relay. 

24. In combination, a stretch of railway track 
interSected by a highway, a signal for governing 
traffic. Over. Said highway at Such intersection, a 
slow-acting. relay for controlling said signal, a 
first auxiliary relay, a second auxiliary relay for 
controlling said slow-acting relay, a polar relay, 
a pick-up circuit for said second auxiliary relay 
Controlled by a front neutral contact and a nor 
mal polar contact of Said polar relay, a pick-up 
circuit for Said first auxiliary relay controlled by 
a front contact of said second auxiliary relay, a 
first Stick circuit for said first auxiliary relay 
controlled by a back neutral contact of said polar 
relay, a second stick circuit for said first auxiliary 
relay controlled by a reverse polar contact of said 
polar relay, and means controlled by a train at 
varying distances from said intersection for suc 
CeSSively energizing said polar relay in a normal 
direction when said train is approaching said 
intersection and for successively energizing said 
polar relay in a reverse direction when said train 
is backing away from said intersection. 

25. In combination, a stretch of railway track 
intersected by a highway, a signal for governing 
traffic Over Said highway at such intersection, a 
control relay controlled by a train in said stretch 
for controlling said signal, a slow-acting relay 
for controlling said signal jointly with said con 
trol relay, a first auxiliary relay for controlling 
Said slow-acting relay, a second auxiliary relay, a 
pick-up circuit for said second auxiliary relay 
controlled by said control relay and by said first 
auxiliary relay, a pick-up circuit for said first 
auxiliary relay controlled by said second auxiliary 
relay, a Stick circuit for said first auxiliary relay 
controlled by said slow-acting relay, and means 
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controlled by said second auxiliary relay for con 
trolling said control relay jointly With Said train. 

26. in combination, an electrical conductor, an 
indication device, means for Supplying current to 
said conductor, means for energizing said indica 
tion device when line gurrent in said conductor 
increases, and means for alternately energizing 
and deemergizing Said indication device When Said 
current ceases to increase faster than a given 
rate and for again energizing said device con 
stantly winen said current again increases. 

27. In combination, a stretch of railway track 
intersected by a highway, a highway croSSing sig 
nal for Said intersection, a slow-release relay re 
Sponsive to the Speed of a train approaching Said 
intersection so that it reniains closed if a train ap 
proaches at high speed but becoines open if a. 
train approaches at a lower speed, means con 
trolled by said relay for operating said signal 
when a train. Inoviing at high speed arrives at a 
given point, and neans for starting operation of 
Said signal when a train moving at a lower Speed 
arrives at a point nearer Said interSection. 

28. In combination, a stretch of railway track 
intersected by a highway, a highway crossing Sig 
nal for said intersection, a plurality of slow 
release relays responsive to the speed of a train 
approaching said intersection, and means coin 
trolled by each of said relays for operating said 
Signal when a train arrives at a corresponding 
distance from said intersection. 

29. In cornbination, a Stretch of railway track 
intersected by a highway, a highway Crossing sig 
nal for Said interSection, a Stick relay having a 
pick-up circuit which becomes opened when a 
train arrives at a given point and having a Stick 
circuit which becomes closed if a train approach 
ing said intersection arrives at a second point 
within a given period of tiae after arriving at 
Said first point, and ille&ins cointrolled by said re 
lay for controlling Said Signal. 

30. In combination, a section of railway track 
including an insulated joint in one rail, a signal 
adjacent one end of Said Section, a track circuit 
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for said section including a battery connected 
across the rails at one end of the section and a 
relay connected across the rails at the opposite 
end of Said Section as well as a Second relay 
connected to the one rail around said insulated 
joint, a slow-release Stick relay, a pick-up circuit 
for said stick relay including a front contact of 
Said first relay, a stick circuit for said stick relay 
including a back contact of said second relay, and 
a circuit including a front contact of Said Stick 
relay for controlling said signal. 

31. In combination, a stretch of railway track 
One rail of which is divided by insulated joints 
into a plurality of Successive sections, a plurality 
of transformers the primary winding of each of 
which is connected to said rail around a corre 
Sponding one of Said insulated joints, a track 
circuit for said stretch including a track battery 
connected across the rails adjacent one end of 
Said stretch and a track relay connected across 
the rails adjacent the other end of said stretch, 
an electrical device, a circuit comprising a plu 
rality of branch paths each of which includes 
a Secondary winding of one of said transformers 
and which are in multiple with each other but 
in series with said electrical device, and a plu 
rality of asymmetric units each of which is con 
nected in a corresponding one of said branch 
paths to prevent current generated in each of said 
Secondary windings from being dissipated in any 
of the other secondary windings. 

32. In combination, a section of railway track, 
a Source of current connected across the rails 
of the track adjacent one end of said section, 
a highway crossing Signal, and means for caus 
ing operation of Said signal when the magnitude 
of the current drawn from Said source is increas 
ing due to the shunting action of a train ap 
proaching the said end of the section and for 
Stopping the Operation of said signal when the 
the magnitude of Such current ceases to increase 
due to the Stopping of Such train in the section. 
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