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To all whom it moy concerm
Beitknown that we,THOMAS D. WILLIAMS,
of Allegheny City, and JoHN 8. LUcocK, of
Bellevue borough, both in the county of Al-
5 legheny and State of Penngylvania, have in-
vented a new and useful Improvement in Ap-
paratus for Operating Automatic Block-Sig-
nals; and we do hereby declare the following to
be a full, clear, and exact deseription thereof,
1o reference being had tothe accompanying draw-
ings, in which— '
Figure 11is a plan view of a differentially-
. wound polarized relay, showing its connection
and that of 2 sectional line-circuit with a sema-
15 phore-sigual. Fig. 2 illustrates the devices
shown in Fig. 1 when the signals are operated
by a local battery. Fig. 3 represents. the ar-
rangement of sectional circuits and differen-
tially-wound polarized relaysin relationto each
20 other and to a single-track railway, the sig-
nals being omitted for clearness of illustration.
Tig. 4 shows the arrangement of an antomatic
signal system as applied to one track of a
double-track railway, and when the signal is
25 operated by a local battery. TFigs.5 and 6
represent our device for throwing the signal-
operating device in and ont of circuit with the
battery and for reversing the -current, illus-
trating its operation by a passing train, Fig.
30 6 being an enlarged sectional view of the cur-
rent-reversing device.
In theseveral figures like letters refer to the
same devices.
Ourinvention has relation to automatic elec-
35 trie block-signals for railways, in which sema.-
phore or other signals arranged at various
points along the railway-track are operated by
the passing trains, so as to warn other trains
running on the same track in either direction
40 from entering on the block or section of the
road on which the operating-train has entered.
Thepresentinvention isa modification of that
described in another specification prepared
and filed by us; in which we have described an
45 improved system of automatie block railway-
signals, the important feature of that inven-
tion being the use in connection with a source
of electrical energy and an electrically-oper-

ated signal of a differentially-wound polarized
relay. Thisimprovementas described insaid 50~
specification is equally applieable to the use:
of a battery, dynamo, or other electrical gen-
erator, whether located-on some part of the
moving train, or, when a stationary generator

is used, located at each signal-station, and.'ss5
whether the signal is operated directly by the
armature of the differentially-wound polarized
relay placed in the line-circuit or by a local-
battery circuit opened and closed by the ar-/
mature of the polarized relay. . 50

In the specification above referred to, we
have described our improvements as‘applied .~
by means of a local eircnit at each station, and
with the use of an electrical generator located
on each train of cars, and our present inven- 65 .
tion has reference to and is designed to cover
the modifications above referred to..

Our present invention therefore consists in
the use of differentially-wound polarized re-
lays in connection with a source of electrical yo
énergy and electrically-operating signal de-
viee, first, when the battery or other source of
electrical energy is stationary and nbt con-
nected with the train of cars, whether the sig-
nal is operated either directly by the armature. 75
of the differentially-wound polarized relay-—
thatistosay, without theintervention ofalocal- -
battery circuit—or by:means.of such local bat-
tery; and, gseécond, when a local:battery eircuit

-is used to operate the signal at each station, 8c

such eircuit being opened and closed by the
armature of a- differentially-wound polarized
relay, whether the main battery or source of -
electrical energy for each station isstationary

or whether it is transitory, being.located on 85
some part of a train of cars.

In order that our invention may be under-
stood by those skilled in the art, we will briefly
describe so much of the construction and op-
eration of our improved system as is necessary go
for that purpose.

The distinguishing characteristic of our au-
tomatic block-signal system is the use of dif-
ferentially-wound polarized relays in connee-
tion with a battery, (and we unse the term g5
“battery’’ in this specification to mean a gal-
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vanic battery, a dynamo, or any other suit-
able generator of electric current,) and with a
semaphore or other electrically-operated sig-
val, and with suitable line-circuit wires, by
means of which the operation of the signal so
as to indicate either ‘‘safety’”’ or ‘‘danger’’
may be effected and the signal changed by
changing the polarity of the current sent from
the battery. From this it also results that
when the batteries are carried on the trains,
and when two trains on the same track are
running in opposite directions, (as when meet-
ing each other,) the signals operated by one

train will be operated in the reverse direction’

from those operated by the other train, sim-
ply because the relative position of the poles
of the battery to the signals is changed by the
reversal of position of the locomotive or car
carrying the battery. If, however, the bat-
teries are stationary, the reversal of position
of the locomotive or battery-car will not ac-
complish this object, and it becomes necessary
to provide some device which shall make the
requisite reversal of polarity when trains run
in opposite directions on the same track, and
this is one of the purposes of the present in-
vention.

Fig. 1 represents a differentially-wound po-
larized relay, such as we use in our system,
which, for sake of brevity, we shall herein-
after designate as a ‘‘differential 7’ relay. It
consists of an electro-magnet, the two legs ¢ ¢’
of whieh (forming the core of the electro-mag-
net) are wound with two wires, a b, in. oppo-
site directions. The wire ¢ is wonnd around
the legs ¢ and ¢ in one and the same direc-
tion,while the other wire, b, is wound around
the legs ¢ and ¢ in the reverse direction.
These windings or coils we designate, for con-
venience, the ‘“upper’’ (s) and the “‘lower?”’
(D) coils. These coils are insulated from each
other and wound in any convenient relative
position, but always in opposite directions.

“'I'he armature E of the differential relay is piv-

oted at T and extendsbetween the pole-pieces
of the relay ¢ ¢, and at its free end is a pin, g,
which enters a slot, %, in a circular disk, m,
affixed to the center of motion of the revolv-
ing arm B of an electricsignal. The arm Bis
set in-a box or frame, A, and turns freely on
its eenter of motion,which is also its center of
gravity, in order that in moving the signal-
arm the armature E may have only to over-
comethe friction of the pivot, the arm being
balanced on its center. = When the armature
E is attracted toward the pole-piece ¢ of the
polarized relay, the signal-arm B will occupy
a vertical position, and in moving from pole-
piece ¢ to pole-piece ¢ the armature will cause
the signal-arm to perform a quarter-revolu-
tion and assume the position shown by dotted
lines in Fig.1. By this arrangementthe arm
of the signal is operated directly by means of
the polarized relay.

In another applieation, before referred to,
we make use of a local battery and cirenit at
each station to operate the signal, as shown in
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Fig. 2, in which the differentially-wound re-

lay and the semaphore-signal are the same as
deseribed in Fig. 1. At the free end of the
armature I (pivoted at E,as before deseribed)
are two adjustable contact-serews, p p’, one of
which is placed on each side near the free end
of the armature 1. One of these contacts, p/,
is connected by wire ¢ with one pole of the
local battery LB, and the armature B of the
relay is connected by wire i with the other
pole of LB. 1In thislocal cireuit is placed a
local electro magnet, f,thearmature e of which,
when attracted by the magnet, depresses-the
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semaphore-arm C; but when the local magnet -

is demagnetized and the armature ¢ is released
the connter-weight d raises the arm Cto a hori-
zoutal position, When the differential relay
atiracts its armatare I toward the contact p’,
the local circuiti ¢’ is made and the semaphore
is depressed; but when the differential relay
draws the armature E in the opposite direc-
tion toward the contact p the local circuit is
broken and the arm Cis free to act by gravity..
The result, therefore, on the action of the
semaphore is the same whether the arm C is
operated mediately or immediately by the dif-
ferential relay and whether alocal battery and
circuit are used or not. = The core of the differ-
ential relay being a permanent magnet, the po-
sition of the armature B, whether in contact
with p or p’, remains unchanged when the dif-
ferential relay is demagnetized and until a
current is sent through its coils of opposite
polarity or reverse direction from that by
which it was last actuated.

The advantage which we obtain from the
use of a differentially-wound polarized relay
is due to the fact that a current of either sign
(4 or —) passed over the wire ¢ and upper
coil, s, of the differential relay willhave an op-
posite magunetizing effect on the polarized
cores from a current of the same sign passed
over wire b and lower coil, ¢, and also that a
current of a given sign passed through the
upper coil, s, will have the same magnetizing
effect asa current of opposite sign passed over
in the same direction through the lower coil,
t. Now, as the setting of each semaphore
either to signal ‘‘safety’” or ‘‘danger”’ depends
solely on the direction in which the armatuare
B is attracted, and as the direction in which
the armature E is operated depends on the
sign of the current used, or the direction in
which it passes over the coil of the differential
relay, it results that semaphore-signals may be
set in either position, as may be desired, sim-
ply by passing a positive or negative current
over the upper orlower coil of the differential
relay from the battery on a passing train or
from a stationary battery thrown into circuit
by a passing train, and so as to give either a
positive or negative current, according to the

‘direction in which such train is traveling.

Our automatic electric block-signal system
is composed of a number of sectional line-cir-
cuitsarrangedin series, and in case of a single-
track arrangement each section is composed
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of two half-sections, one being on each side of
the track, the half-seetion on one side being
immediately in advance of the half-section on
the other side. ' L

Fig. 3 illustrates the position and arrange-
ment of the differential relays and line-wires
for one complete section, in whieh the line-

‘wire of the.sectional circuit is an unbroken

line, w w' w* «*, while the dotted lines repre-
sent the line-wires of two other half-sections.

Numerals 1, 3,and b indicate signal-stations
on one side of the track, and 2, 4, and 6 sig-
nal-stations on the other side. At each sig-

. nal-station is located an electric signal and a
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differential relay, st, which may be used either
with a local battery, LB, and a local circuit,
i 4/, as shown in enlarged detail in Fig. 2, or
without the local battery and circuit, as shown
in Fig. 1. In Fig. 3 the signals and local bat-
teries aud circuits are omitted in order to pre-

vent confusion, as they are clearly illustrated.
in Figs. Land 2.  Thereis also located between.

two opposite signal-stations a battery, 8B, with
a device for making the electrical counection
between thestations and reversing the current
by the action of the passing train, which de-
viee will be more particularly described fur-
ther.on. ) .
The arrangement used at one station, as de-
seribed, is repeated at every signal-station
along the railroad, the local battery and: cir-
cnit being employed at any station, if desired.
It will be noticed by reference.to. Fig. 3 that
the differential relay at each station forms in
évery instancethe connection in series between
two adjacent stations, that each complete sec-
tional circuit has (in a single track arrange-
ment) four differential relays, oneat each sta-
tion—as, for example, ab signal station 2, an-
other at the next signal-station,4,on same side
of the track, another at signal-station 3 onthe
opposite side of the track, and another at sta-
tion 5,also on the opposite side of the track—
and that the line-wire at station 2 is connected
with the lower coil, {, of the relay, runs to the
upper coil, s, of the next relay at station 4,
thence to the upper winding of the nexbrelay
ab station 3, and thence to the lower winding
of the next relay at station 5, and also that in
each differential relay the upper winding is
connected with the line-wire of one section
and the lower winding with the line-wire of
the adjoining scction. The direction of the.
electrie earrent in a single sectional cireuit is
illustrated by Fig. 8. The ground-wireof the
circait, commencing at G, (station 2,) runs to
the lower winding, ¢, of the differential relay
R: Thence the line-wire w passes to the next
station, 4, on sameé side of the road, connect-
ing with the upper winding, s, of the differen-
tial relay R% Thence the line-wire w’ con-

nects with the battery SB and current-revers-
ing device connected therewith, crossing the
railroad:-track either before or after connection
with the battery SB. The line-wire w’ thence
passes to the differential relay R* ab station 3,
connecbing with the upper coil, and thence by

wire w* to thelower winding of the differential
relay R® at station 5, and thence to ground at
G®.  Thearrangement of the line-wires of the
adjoining sections is the same. (See Fig. 3.)

The operation is as follows, it being ob-
served that the signals located on the right-
hand side of a moving train are those by which

it is to be guided, the signals on its left-hand

side being those which guide a train moving
in the reverse direction: Supposing a train-to
arrive at the point § on the track between sta-
tions 3 and 4, the train moving in the direc-
tion of the arrow in Tig. 3, by the operation
ofdeviceshereinafter described,connected with
battery SB, the. circuit is closed, connecting
stations 3 and 4 on the line-wire w w?, through
the battery SB, and the effect is as follows:

‘The negative current from G atstation 2
traverses the lower coil, ¢, of differential re-

lay R% closing the contacts p’ of the local eir-
cuit, and the semaphore-arm C.at that station
is depressed to indicate ‘‘safety,”” because the
section covered by signal at 2 is-then clear.
The current then passes to the upper coil, s,
of the differential relay R, (at station 4,) when
the armature of this relayopens the contact p’
and breaks the local circnit at that station,

-which permits the semaphore-arm C at- that
station to be raised by gravity to indicate:

‘“‘danger,” thus cantioning trains following the

‘train at § not to enter on' thatsection of the

track. . The current then erosses the railroad-
track through thestationary sectional battery
SB, and the positive current. passes by wire «*

‘to the differential relay I, (at station:3;)

traversing its upper coil, s, and causing the
armature K (either with or without ihe.aid of
the local battery) toset-the signal C at station
3 to ‘“‘safety.” . The current then traverses the
wire ' to the lower winding, ¢, of the differ-
ential relay R°at station 5, operating the arma-

-ture of the differential relay, and thus setting

the signal C at station 5 to *‘danger.”” ' Thus
whenever a train is.on any section of the rail-

70

8o

85

90

fco

103

I10

road the signal on its right at its rear ig'set to

4 danger”’ to warn any train following it not

to enter on that block-section, while the sig-
nal on its left-and in front of it is also set to
“ danger,”’ so-as to warn any train-meeting it
not to enter on that section; and,further, that
as soon as a train has passed astation at which
a ‘‘dange1r”’ signal had been set on its left-hand
side, such signal is immediately reversed and
set-to indicate that the section is clear.

direction to. meet the first- mentioned train
causes the signals to be set in the reverse: di-
rection, so that each (rain is warned by the
signals on its right hand of the approach of
the other train, and is prevented from enter-
ing upon the sume section.

It will be apparent from the description al-

_ready given that. at each station the connec-

tion of the line-wire to the upper or lower coils
of the differential relay determines the setting
of the signal to ‘“‘safety’” or ‘‘danger,”’ and
that on one side of the track, if the connection

In
~like manner a train running in the opposite
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with the upper coil of the differential relay
sets the signal to ‘‘safety,”’. the conneection
with the upper coil on the opposite side of the
track sets thesignal to ‘‘danger?’’ when oper-
ated by & train moving in the same direction,
because, the stationary section-battery SB be-
ing located between the signals on opposite
sides of the road, one is actuated by a positive
current and the other by a negative current;
also, that all the signals connected with the
lower winding of the differential relaysare op-
erated under otherwise similar circamstances
in the opposite direction to those connected
with the npper winding when the current is of
the same sign. In speaking of the upper and
lower windings or coils of the differential re-
lays we must be nnderstood to mean only to
distinguish the two coils which are wound in
opposite directions on the same core, the rela-
tive positions of the coils, which might seem
to be indicated by the words ‘‘upper’’ and
“lower,”” having no effect on the operation.
It is also true and essential to the successfnl
operation of our system that the connection of
the line-wire of cach scetional circuit with the
upper or lower coil of the differential relays
should cause the signals to be operated so as

to indicate in one case ‘“danger’’ and in the

other case ‘‘safety’’ when a train is movingin
one direction, but that when the direction of
the same train is reversed, or when another
trairrruns in the opposite direction on the same
track, the action of the signals shonld also be
reversed, so that'a signal operated by a cur-
rent traversing a coil wound in one direction,
which sets a signal to ‘‘danger,”’ should set
the same signal to ‘‘safety’” when the electric
current is set in motion by a train running in
the reverse direction. This we accomplish by
means of the device shown in Tigs. 5.and 6,
which is placed between every two opposite
stations in a single-track road. and at every
station in a double-track road.

The apparatus we are about to deseribe may
be placed in a box, D, as shown in Fig. 5, and
must be located near to one side of the track
or between the rails, as may be most conven-

~ient, excepting the Dbattery, which may be
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“with its upper and lower coils, §' t.

placed in any convenient position.

Referring to Fig. 6, SB is the section-bat-
tery or other sourece of electrical energy. R
is a differential relay situate at a station on

.one side of the track, with its upper and lower

coils, s ¢, and R’ is the differential relay at the
opposite station on the other side of the track,
A lever
composed of three arms, n o », is pivoted to a
post or in any convenient manper so near to
the railroad-track that the vertical arm «# may
be slightly above the level of the rails and
within reach of arod, k, attached to the bottom
of one car of the train or to the locomotive or
tender, so that as a train of cars passes the
station the rod &, engaging the lever-arm a,
will move it to one side or the other, accord.-
ing to the direction in which the train is mov-
ing. The vertical lever-arm » is rigidly at-

384,811

tached to the horizontal arms 7 o, so that the
movement of the arm » depresses one of the
arms 7 o0 and elevates the other, as shown by
dotted lines in Fig. 6. A coiled spring, ¥/, or
other device attached to the lever direetly
under the vertical arm n serves to keep it
normally in a vertical and the armsr oina
horizontal position. At the outer extremity
of the horizontal arm o is a small block, %, of
ebonite or other insulating material, project-
ing downward, so that when that end of the
lever is depressed, as before described, the
block u, which is covered on each side with
metallic plates v and z, will enter between two
metallic leaf-springs, ¥ 2, as shown by dotted
lines in Fig. 6. A similar ebonite bloek, o/,
with metallic plates ¢ and 2/, is attached to
the outer extremity of the lever-arm », and
similar short metallic leafsprings, ¥ 2/, are
similarly placed to receive the block »' when
the arm » is depressed. When thelever-arms
r o are in their normal horizontal position,
neither of the blocks u u’ is in contact with the
leaf-springs y 2z 3 2/, and the battery SB is not
in circuit. The poles of the sectional battery
SB are permanently connected with the plates
vz and ¢’ ’—one pole to the plates v and v’ and
the other to the plates x and #’. The leaf-
springs y 2 and ¥ 2’ are insulated from ground
and from each other and are connected with
the line-wires—the springs » and 2z with the
line-wire w’, and the springs 2" and y with the
line-wire w®. (See Fig. 6.) When so ar-
ranged, if the train moves in the direetion in-
dicated by the arrow in TFig. 6, it pushes the
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lever-arm n over to the right, causing the ebo-

nite block » to enter between the leal-springs
y and z. This abt once connects the battery
SB with the sectional line-wires. - The posi-
tive current from the battery would then flow
through the plate # and spring z to the station
differential relay B on one side of the track,
while the negative current would flow through
the plate v and spring ¥ to the differential
relay R’ on the other side of the track. This
would instantly operate all the signals in the

sectional cireuit, as before deseribed. The.

arm 7% would resume its vertical position and
the arms » o their horizontal position as soon
as the car which engaged the lever-arm » had
passed; but the relays being polarized their
armatures will retain their positions and hold
the signals in place until they are similarly
actuated in the opposite direction, either by a
reverse movement of the lever or by a change
of current. :

Fig. 4 illustrates the operation of our sys-

tem connected with one track of a double-track. 1

railway and with a local battery and cireuit,
such as shown in Fig. 2, the operation being
similar in kind, but there being only half the
number of signals and differential relays in
each sectional eirenit.

Having thus described our improvement,
what we claim as our invention, and desire to

‘secure by Letters Patent, is—

1. Inablock-signal system, the combination

105

I1C

130




wr

Io

5

20

25

384,811 "5

of a source of electrical energy and a differen-
tially-wound polarized relay in circuit there-
with, and a railroad-signal connected with the
armature of the relay and operated thereby,
substantially as described.

2. The combination of a stationary source of
electrical energy, two or more differentially-
wound polarized relays, each connected with
the line-wires of two adjacent line-circuits or
block-sections, and asignal operated mediately
or immediately by the armature of a differen-
tially-wound polarized relay, substantially as
deseribed.

3. The conibination of a stationary source of
electrical energy normally disconnected from
the line-cirenit, mechanism, substantially as
described, for connecting and disconnecting
the generator to or from the cireunit and for re-
versing the polarity, arranged to be operated
by a passing train, and two or more differen-
tially-wound polarized relays in the battery-
circuit, and two or more railroad-signals, each
arranged in relation to the armature of a dif-
ferentially:wound polarized relay, so as to be
operated thereby, substantially as described.

4. Tn an automatic electriec block-signal sys-

)

tem, the combination of a stationary battery
or source of electrical energy with a lever
placed on or near the line of the railway-track,
such lever having an arm extending so as to

" eome in contact and be turned backward or

forward by a pasting train, and two horizon-
tal vibrating arms, each’ furnished. with two
insulated plates, connected, respectively, with
opposite poles of the battery, two pairs of con-
tacts electrically connected with the line-wires
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of the battery-circuit,and soarrangedrelatively -

to each other and to the insulated plates of the
lever-arm that when one arm. is depressed a
current of one sign and when the other arm
is depressed a current of the opposite sign is
sent over the line-wires to differentially-wound
polarized relays to operate the block-signals,
substantially in the manner hereinbefore de-
scribed.
In testimony whereof we have hereunto seb
our hands this 13th day of April, A. D. 1888,
. THOMAS D.. WILLIAMS.

JOHNXN 8. LUCOCK.
‘Witnesses:

W. B. CORWIN, ‘ :

H. L. GILL. '
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