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To Gil whom it way concern:

Be it known that I, LavrexceE A. Haw-
KINS, a citizen of the United States, residing
at Schenectady, county of Schenectady,
State of New York, have invented certain
new and usefal Improvements in Block-Sig-
nal Systems, of which the following is a Speci-
fication.

My invention consists in an improvement
in the systemn described in an application,
Serial No. 335,209, filed by I. F. Bliss, Sep-
tember 19, 1908, assigned to the General Elec-
tric Company. In that application was de-
seribed a bleek signal systewm forelectrically-~
operated roads having both rails conductively
continuous for all currents in whichsources
of alternating-current were cormected across
the track-rails at intervals, adjacent sources
being of different phase, with track relays
connected across the rails in pairs at points
between the sources, one relay of each pair

- being arranged to drop its armature upon the
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- diagram.

failure of one of ithe two adjacent sources.
For this purpose, each relay, is provided with
two “codperating ‘windings, one connected
across the track-rails, and consequently sup-
plied with the resultant enrrent delivered by
the two adjacent sources, while the other
winding is supplied independently of the rails
with a current which, in o relay of the indue-
tion type, corresponds in phase to that of one
of the adjacent sources. With this a-rran%:,—
ment, upon the failure of either source, the
torque of one relay falls to zero, while the
torque of the other relay reruains normal. By
connecting the contacts of the two relays in
series, the signal controlied by them is put at
danger by the failure of either source.

My invention consists io arcanging a single
relay 50 as to take the place of the pair of re-
lays described in the former application.

My invention will best be understood by
reférence to the accompanying drawings, in
which :

Figure 1 shows diagrammatically a bloek
signal system arranged in accordance with
my invention; and IFig. 2is an explanatory

In Fig. 1, A represents the track-rails,
which may be conduectively continuous for
all currents throughout their length. B rep-
resents the third-rail, or other conductor of
power-current, which is connected to one ter-
minal of the power-generator C; the other

terminal of which is connected to the track-
rails through the diflerential choke-coil e.
This generator may produce direct-current or
low-requency alternating-current.

D represents a three-phase high-frequency
generator, which supplies the signal-current
for the rail-circuits through the transmission-
lines d, extending along the track.

E:, K2, ete., represent transformers, the pri-
maries of which are connected to the trans-
mission-lines d, and the secondaries of which
are connected across the track rails. 1t will
be seen that adjacent transformers ave con-
nected to different phases of the transmission-
lines 4. Small resistances ¢ may be inserted
in series with the secondarics of the trans-
formers to reduce the flow of power-current
through the transformer windings if the track
bonding becomes defective.

1™ and ¥? represent relays each having two
codperating windings; one connected across
the track-rails, and the other supplied with
alternating - curvent independently of the
rails. _

In the drawing T have shown relays of the
well-known induction type each comprising
a short-eireuited secondary j carrying the re-
lay contact, and two primary windings st
and £, the first of which is connected across
the rails through a vesistance j? to reduce the
flow of power-current through the winding,

while the other is connected directly to the

line-wires d or otherwise supplied with cur-
rent independently of the rails.

It will be seen that the relay winding f* is
traversed by current which is the resultant of
the currents supplied to the zails by thie two
adjacent transtormers, The phase of the
current through winding * s adjusted so
that it is ninety degrees cut of phase with the
current in the winding j*. Any suitable
phase-adjusting device, as, for instance, the
non-inductive resistance j, may be utilized
in the circuit of the winding 7 to supply the
desired adjustment. As long as the traek
between two adjacent transformers is clear,
the relay connectad to the frack bevween

-them will consequently have s phase-dis-

placement of ninety degrees of the currents
in the windings, thex by producing an cilect-
ive torque, so as to inaintain its conbact
closed. ~ This is shown in the case of relay I¥,
controlling the signal G* If, however, one
of the transformers is cut off from he relay
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by a proken rail, or is short-circuited by a
train, as shown at H in the drawing, the re-
lay torque will fall to fifty per cent. of its
normal value, or less, if the presence of the
train at H reduces the amount of current sup-
plied to the winding f* by the transformexr 12,
By adjusting the relay so that it will drop its
armature when the torque falls to fifty per
cent. of normal, the relay F* will have dropped
its armature when the train passes the trans-
former E*; thereby putting the signal at dan-
ger indicating that the block is occupied.

The phase relations of the currents in the
relay windings, and the effect of short-cir-
cuiting one adjacent transformer will be
readily understood by an inspection of Fig. 2,
in which o e! represents the voltage impressed
on the rails by the transformer ¥!, and o e,
120 degrees out of phase with o ¢/, the voltage
impressed on the rails by the transformer 2.

o ¢* represents the currents in the rails, due
to the voltage o ¢!, Thiscurrent lags behind
the voltage by a large angle due to the high
inductance of the rail-circuit with the high
frequency that -is preferably employed for
the system. Similarly, o ¢ 120 degrees out
of phase with o ¢/, represents the current in
the rails due to the voltage o ¢*

0/, 60 degrees out of phase with poth o ¢/
and o ¢%, conseqiiently represents the result-
ant current which flows through the track
winding of the relay. C

o f* represents the current which is sup-
plied to the second winding of the relay, dis-
placed ninety degrees from o f*."

-The torque produced in a relay of the in-
duction type;.is proportional to the product
of the currents in the two windings multi-
plied by the sine of the phase-angle between
them, which is normally ninety.degrees, as
shown in Fig: 2. . i

Now, if either transformer fails, one of the
component currents, as for instance, o ¢! will
disappear, and the current through the track
winding of the relay will consesquently be the
current. supplied by the other transformer,
o ¢t The torque of the relay remains pro-
portional to the product of the currentsmul-
tiplied by the sine of the phase-angle be-
tween them. The amounts of the currents
have remained unchanged, but the phase-
angle has shifted from mmety degrees to
thirty, and since the sine of ninety degrees is
1, and the sine of 30 degrees is #, the relay
torque has fallen to one half its normal value.
If a train short-circuiting one transformer
somewhat reduces the current supplied to
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the track winding of the relay by the other
transformer, the relay torque will {all to less
than fifty vper cent. "of normal.
quently, by adjusting the relay sc as to drop
its armature at fifty per cent. of normal
torque, the relay will at all times put the sig-
nal at danger upon the failure of either adja-
cent transformer,
broken rail or beecause of the presence of a
train in the block.
What I claim as new and desire to secure
by Letters Patent of the United States, is:

1. In combination with an electric railway 7o

having both rails conductively’ continuous
for all currents, sources of alternating-cur-
rent connected across the rails at intervals,
adjacent sources being of different phase,
and
singly across the rails belween the sources,
each relay being responsive to control a sig-
nal only when supplied with current from
both adjacent sources. .

2. In combination with an electric railway 8e
having both rails conductively continuous

for all currents, sources of alternating-cur-
tent connected across the rails at intervals,
adjacent sources being of different phase,
and signal - controlling relays
singly across the rails between the sources,

‘each Telay having two coéperating windings,

one connected acrops the track-rails and the
other supplied . independently of the rails

with alternating-current of proper phase for go

effectively operating the relay only when
the track winding is traversed by a current
corresponding in phase to the resuitant cur-
rent delivered by the two adjacent sources.

3. In combination with an electric railway g5

having both rails conductively. continuous
for all currents, sources of alternating-cur-
rent connected across the rails at intervals,
adjacent sources being of. different phase,

and . signal - controlling relays connegted 1oc

singly across the rails between the sources,
each relay comprising e short-cireuited ses-
ondary member: and two primary windings,
one connected across the frack-rails and the

other supplied indepehdently of the rails rosz:

with current substantially ninety  degrees
out of phase with the resultant current de-
livered by the two adjacent sources. .
In witness whereof, I have hereunto st
my hand this 30th day of Novemher, 1906,
LAURENCE A, HAWKINS.
Witnesses: ) - -
Benjaviy B. Horny,
MareareEr B, WoorLLey,
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