No. 617,325. - | Patented lan. {0, 1899.
- F. C. ESMOND. _

RAILWAY SIGNAL SYSTEM.

- {Application filed Mar. 17, 1898.} |
(No Model.) | | 8 Sheets—Sheet |I.

Fie. 1.
.

WITNESEES- — P *ﬁ””lw 36 |
SN S

LI oedoat k)

e R

- THE HORRA!S PETERS CO., PHOTO-LITHO., 'WASHINGTON, 0. &



Patented Jan. (0, 1899.

F. C. ESMOND.
RAILWAY SIGNAL SYSTEM.

No. 617,325.

(Apﬁlicatiﬂn filed Max. 17, 1896.)

6 Sheets—Sheet 2.

(No Model.)

o_©-

|

‘THE NORRIS PETERS COQ., FHOTD-LYTHO., WASHINGTON, D. C.




No. 617,325. N ‘Patented Jan. 10, 1899.
' _ F. C. ESMOND. _

BAILWAY SIGNAL SYSTEM.
| o . (Application filed Mar. 17, 1886.) |
(No Model.) - | . . 8 Sheets—Sheet 3.

K JHR |
- %é% ]
¥ IDLSE S : -
3 'E?Hﬁ nlﬁi ' 4
Rﬁ ﬁl é\‘& EBIE'% 1
=Y 18 - | B
| -X \ | & : : . v
RN R 1oy RJWARD R S X
S . . i "
AR R & - % 3
NI IR is)z I-.'*"" g o -
|| LA
~m A s 18 |
R --
WitNesses- | |3 INVENTOR -
MM. 31§ T .
7 B IR GEt

- | - | _ ./¢//7.




No. €617,325. Patented Jan. 10, 1899,

F. C. ESMOND.
RAILWAY SIGNAL SYSTEM.

| - (Application filed 'Ma.r. 17, 1898.) .
No Model. | | -
(No Model.) _ - 6 Sheets—Sheet 4.

Sweter
q
Statior |
Llorricerses

I l y
DOWN TRACH

\
| ;.-"j; + |
l ol |
3 v 3
| N 3
. : N
ry &b- J T e————— |
> %3 ;
R (@
| m
2N CHl S
.,‘::" T :
WARS G
] m—
O E}';::!:':':?_I ﬁ

e
| 73 aﬂ/ac&'rg%ﬂa&.

...... - .
------------------
. 1 . . L T




- No. 617,325. Patented lan. 10, 1899.

F. C. ESMOND.
RAILWAY SIGNAL SYSTEM.

(Application filed Mar. 17, 1806.)

(No Model.) | . | 6 Sheets—Sheet 5.
| U J
' A

|

a | .
h J"I. \ -ty

= | | =

e !!

| B

g |

' . [T O o ' Chil L g M e
' e L R L N Rtk i



No. 617,325.

Pétenfe'd.lan; 10, 1899.

F. C. ESMOND.
‘RAILWAY SIGNAL SYSTEM.

(Application filed Mar. 17, 1866,

6 Sheets—Sheot 3:. |

(No Model.)

:

\ .
-L_- -
b

-

H_.I_..l.l_l s =g Sk daler vewn apy aar wnr e e s sk bl AL S = B rum

”~
I - ’
”

»

| “ llllllll .m

gk ey all mie. ok i Il._.l...L

i
H.l_.hl_ - el M g g A g o e et ank ol S e e
.I.‘L.Il_ t 8% % § ¥ W] Jl.-lll. LB L k] A i o A R A RS e S
| TN - - .

-
|
1
nl

il

S . W
{
-
]
i
.
|
. N ——
|
1
|
|
|
t
i
j
I
{
|
|
i
I
|
i
i
|
o
9
=\
Y
9 ‘

\
\
5
e |
=2
9

1 Fa
-

I

liﬁ

-

i

-
o

T

.

_
|
!
= :
- -
|
|
| 20- =
, . _ , -
) 1 8
1 ) ) :
| 1y O 1
. I . '
_- | : - .
. mnho m,.... T __
_ |
| \ mwO:l.ll_ " -
oy
....f.... ﬂ " \ho m.. - _ m s
N ( I 1
..,......_......... __ “mo m e “ . “ e
;
o “ _mOI" e -
“w . | . ! |
. | |01O0— I !
N | .= .
o 1 _ '
hat m 14 A Y T
U I B < e < U, .
h-_--_...I._.l_._ - e i .__l__.l.-l..ll — A R T ..lllll...l-”.-_i....l i.* I“I.III I—-rli."I e e e e e s s ll.i..ln.l.l.ll.ll..ll.llﬁl lllllllllll

L

Wil7zasses,

L. T Shew

THE NORRIS PETERS CO.. PHOTO-LITHO., WASHINGTON, D. C,




10
- Invention.

phore-arm.

20
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PaTENT OFFICE.
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ELECTRIC TRACTION AND SIGNAT COMPANY,

OF WEST VIRGINIA.

RAILWAY SIG NAL SYSTEM.

SPECIFIPATION forming part of Letters Patent No 617 325, cla,ted J anuary 10 1899

Application filed March 17, 1896, Serial No, 588,557,

(Nn model.)

To -all whom it :fnc&g/ CONCETTY.!
Be it known that I, FREDERICK C. ESMOND,

a citizen of the United States, residing at New
York, (Brooklyn,) State of New York, have
invented new and useful Improvements in
Railway Signal Systems, of which the follow-
ing is a specification, reference being made to
the accompanying drawings, in which—

IFigure 1 18 a diagram illustrating the line-

circuits and fundamental features of my
IFig. 2 is a diagram illustrating
train apparatus.
ing three successive blocks.
eral plan of the local track-circuits. Fig. 5
1llustrates a double-track system. Fig. 6 is
an 1llustration of the supplementary sema-
Fig. 7 shows the report-blank
used in my system.

Fig. 4 1s a gen-

IFig. 9 illustrates the method of indicating a
break in the track. Iig. 10 illustrates the
arrangement of brushes on the locomotive
and the method of shifting the train-circuits
from one set of brushes to the other.

My invention relates to a system of elec-
tric railway signaling which is automatic
1In every respect and not only enables the
engineer of a train to be notified of the pres-

~ence of a foregoing or approaching train

30

35

ahead of him, but &lso 18 automatically tested
at eachoper atlon sothat any disarrangement
of the system is 1mrned1ately noted and pro-
vision made for at once advising the nearest
station-master, so that it may be repaired.
My system, moreover, provides both a warn-
ing and a danﬂex signal to the engineer, dis-

| tinguisha,ble acmrding as the bhreatening

40

50

train is a foregoing—that is, one preceding,
in the same direction—or an approaching
one—that is, one coming in the opposite di-

rectmn-—--cmd also m&kes a record in a locked

register in the event of his overrunning a
da,nﬂ'el-swnal

My qystem also involves the employment
of but two line-wires for a single-track road,
although a variety of signals are tra,nsmltterl
and tra,ms run in elther direction, this being
accomplished by having at each station tera
minating a block several branch circuits be-
tween the two main lines, in each of which

Fig. 3 1s a diagram show- -

Fig. 8 illustrates the.
arrangement for indicating detached cars..

there are circuit-eontrolling devices which
may be manipulated so that either one of the
branch circuifs may be employed at a given

moment In conjunction with the main lines
and with such corresponding branch at the 55
next station as may be closed at the
- moment to send an impulse of current for a

S e

distinective purpose, the other branch circuits

-at both stations being open at the time.
It is. to be noted that I designate as a 6o

‘““block” in this specification the space be-
tween two succeeding stations, .at each of
which is located the apparatus by means of
which a train upon arriving thereat sets at

that point apparatus for giving a signal to a 65

succeeding train and also sets at the station
in advance apparatus for giving a signal to
an approaching train from the ¢ Oppomte di-
rection. Kach block has two line-wires co-

extensive with the block, which, together with 70

the several cross branches between them at
each station, form a distincet insulated sys-
tem, although the cross branches at the end
of one block overlap to a certain extent the

cross branches at the beginning of the next 7s

block.  Therefore the mrmuts of stucceeding
blocks are related somewhat hke the links of
a chain. .

The source of current for operating the sys-

tem consists of a storage battery or other suit- 8o
able generator placed upon each locomotive,

and the current therefrom is delivered to the

circuits along the road.by means of brushes
on the locomotives adapted to bear on con- -
tact plates or sections set in the track and 85

connected tothe main-line wires and to local
circuits along the track. Thereisa geries of

such contact-brushes carried by the locomo-

tive and adapted toengage respectively with

the contact-plates as the train passes along. go
These contact-plates are variously locatedin

the track with relation to the rails and are
variously connected to the ‘¢ track-circuits,”
by which term I include both line and local

circuits, while on the locomotive two of the g5 - .

series of contact- brushes, which may be
termed *‘ battery-brushes,” are connected, re-
spectively, tothe two terminals of the battery,
while the remaining brushes of the series are

all connected to one battery-terminal, each mc;*
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brush including in its respective circuit a
magnet arranged to produce a characteristic
signal when the corresponding brush comes
in contact with its contact-plate in the track.
These latter brushes may be distinguished as

‘magnet-brushes.” It will be understood
that by reason of the various track-circuits
connecting the contact-plates a circuit will be
at times completed from one battery-terminal
and 1ts brush to the opposite battery-termi-
nal either directly by way of the other bat-
tery-brush or else by way of one of the re-
maining brushes and its corresponding sig-
nal-magnet. Part of this circuit will be ex-
ternal to the train and the remaining part
will be within the train. It is further char-
acteristic of my system that an advancing
train on reaching a certain point establishes
certain of these partial external circuits at
points immediately preceding and also at ad-
vance points, which cireuits will be completed
by a following or by an approaching train and
certain signals thereby operated, provided
that the following or approaching train comes
too close to the other. 'These condifions,
which have been established by the train, are
subsequently removed when the said train
reaches the next station, so that the following
train will be free to proceed without inter-
ruption, orif it has been blocked and brought
to a standstill 1t will be released and allowed
to proceed, while an approaching train wili
have been stopped and side-tracked or other-
wise taken out of the way.

I will also add that such seeming comph-
cations of circuits and apparatus as are un-
avoidable in so comprehensive a system are
placed so as to cause no trouble to the engi-
neer, fireman, and others unskilled in such
matters. It is their duty simply to learn the
indications, which are very simple, and not
concern themselves about the details of the
system. |

Signals to be Gheen.

The indications given by my system are all
received by the engineer and fireman of the
train and are mostly received in the cab by
means of the aforesaid brushes and corre-
sponding magnets, although certain indica-
tions are or can be given by track-lights or
semaphores In a track-circuit between the
plates corresponding to the two battery-
brushes. These signals in the cab are di-
videdinto two classes—engineers’ signals and
firemen’s signals.

Fngineers’ signals.—Theengineers’signals
are given by different-colored lamps on the
train, thrown into circuit with the generator
by the means described, and each is accompa-
nied by the ringing of a bell to attract atten-
tion. Althou ﬂ“‘h if desired, a different assign-
ment of (30101',5 for the sever a,l indications may
be made, I have for illustration chosen the
following, to wit: Bluelight—notice of a fore-
going train received by the engineer upon ar-
riving at the warning-point. Green—notice

617,325

| of a foregoing train received by the engineer

upon arriving at the danger-point, also that
the train has overrun a danger-signal of a fore-
ooing train and the fact refrlstered Red and
blue combined—notice of an approaching
train received by the engineer upon arriving
at the warning-point. Red and green com-
bined—notice of &pproachmﬂ' train received
by the engineer upon arriving at the danger-
point. Redalone—notice Lhat train hasover-
run a danger-signal of an approaching train
and the fact registered. The warning-sig-
nals are received first and simply ring the
bell and light the blue lamp for a foregoing
and the red and blue lamps for an approach-
ing train. The danger-signals, however, not
only ring the bell and illuminate the green
light for the foregoing and red and green
lights for an approaching train, but also par-
tially set the brakes, while if the engineer
should run over a signal of this kind the red
light would appear for an approaching and
the green light for a foregoing train. "The
brakes would also be fully set, the steam shut
off, and a record made against him in the reg-
1ster. -

Firemen’s signals.~——These signals are in

general the testing-signals which give notice

of any disarrangement or failure to act of the
apparatus at any point. There are a series
of lamps corresponding to those in the engi-
neers’ signals, which when lighted give notice
that the corresponding engineer’s signal has
failed to act and that something 1s wrong.

Each failureis not onlysignaled, butrecorded

in the fireman’s register, and it 1s his duty to
immediately fill out a printed blank, giving
the number of his train, the number of the
block where the trouble has been encoun-
tered, and the time and the station at which
the blank is delivered. These blanks are in
duplicate, one kept by the fireman until the
end of his run and the other delivered to the
nearest station-master, so that the one serves
as a check upon the other,while the registers
afford a check upon both. Additional com-
munications can be provided for by addi-
tional contact-brushes on the locomotive and
additional contact-plates in the track ar-
ranged to cobperate therewith.

I'*'am apparatus.—I will first describe in
detail the apparatus on the train, it being
understood, as above mentioned, tlmt 1t in-—

cludes a batter} or other source of current

and a series of brushes adapted to sweep
along a corresponding series of plates in the
track atcertaintimes. Itshouldalsobemen-
tioned that on a single-track road, such as this
system 1s primarily adapted for, the contact-
plates for trains in one direction are all set
in the track at one side of a central line be-
tween the rails, while those for trains in the
opposite direction are set in the space on the
other side of said central line. I therefore

‘provide that the set of brushes on the train

may be shifted from side to side, so as to cover

| always the right-hand half of the inter-rail
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space 1n the direction of movement. The
same result may be attained by having a dou-
ble set of permanently-placed brushes and
switching the train-circuits from one set to
the other upon reversal of direction. This lat-
ter arrangement I have illustrated in Fig. 10.

Each magnet-brush forms, as mentioned

above, the terminal of an independent branch

circult leading from one pole of the battery—
for instance, the negative—and including a

magnet. The same pole of the battery 18
also connected to one of the two battery-

brushes for delivering current in like manner

to lamps or sema,phores along the track, while
the opposite or positive pole is connected to
the other battery-brush, so that for any.in-

dication the positive battery-brush and at
least one other must bear on their track con-
tact - plates and the circuit be completed
through such connections between the con-
tact-plates as are provided for the particular
indication to be given.

that there 18 always a partial or incomplete
track-circuit of some kind between each of
the contact-plates corresponding to the posi-
tive battery - brush (referred to herein as

" brush 2) and one or more of the plates cor-

‘elreuits 3 to 13,we
COTY espondmﬂ' magnet 1° T* to T* and passes

responding to the respective signal-brushes,

it being also noted that the plates are ar-
Tan ﬂfed in sets (distinguished as A B C to N)

and that the set at any one point comprises

‘the two or more plates corresponding to the

Indication it is desired to produce at that
point.

The train appamtus is fully illustrated in
the diagram of Fig. 2. At the bottom of the
figure are the cu_cmts leading to the several
brushes and numbered from 1 to 14, The
battery is included between 1 and 2, the lat-
ter receiving the positive and the former the
negativeend. If wetrace the several brush-
ind that each proceeds to a

thence to the common line 25 at the top of the
diagram, which is connected by the line 26,

~passing down at the left of the ball to thenega-

tive pole of the battery. Each magnet acts
as a relay to close one or more bmnch Cir-
cuits, including lamps, brake-magnet, regis-
ter, or other devmes employed in 1138 particu-
lar mdwatwn and also in every case a branch
circuit including a bell or other audible at-
tention-caller. Thus circuit of brush 3 leads
irst to magnet T3 and thence to line 25 and
by line 26 to negative battery-pole, and when-
ever the br ush 3 is connected by a track-eir-
cuit to brush 2 a complete circuit will be
formed by the two partial circuits, and mag-

net 1° will become active, and its armatm e

will close two branch circuits between -the
common positiveline 27 and the common nega-

tive line 25—to wit, branch 30, including en- |
gineer’s blue lamp, a,nd branch 28, meludmn'

the bell. In like manner maﬂ‘net T¢, in cir-
cuit with br ush 4, controls br anch 40, 1nclud-

Ing engineer’s gv een lamp, bell branch 28, and

] Thereforein deserib-
1ng the train apparatus it will be understood
cluding fi

also branch 29, including tlie upper third of

the coils of brake-magnet O." Magnet T°, in

circuit with brush 5, controls branch 50, in-:

cluding engineer’s red and blue lamps and

also bell branch 28 and brake branch 29.

Magnet T in circuit with brush 6, controls
branch 60, including engineer’s red and green
lamps, branch 24, including the upper and
middle thirds of the coils of brake-magnet O,
and bell branch 28. Magnet T, in circuit
with brush 11, controls braneh 110, which,

like branch 40, mcludeq engineer’sgreen lamp,
branch 22, Wthh meludes engineer’s regls—

ter, branch 23, which includes all the coils of

brake-maﬂ'neb O and steam-magnet P, also
bell bmnch 28. Magnet 12, In circuit with
brush 12, controls branches 22, 23, and 28 just
like magnet 11, but also controls branch 120,

including a red lamp. The remaining mag-.

nets control the fireman’s signals, as follows:
Magnet T controls branch 70, including fire-
man’s blue lamp, bell branch 28, and register
branch 21. Magnet T® controls branch 80 in-
reman’s green lamp, bell branch 28,

and reﬂ‘lster branch 20. Magnet T controls
branch 90, includingtwo la,mps, red and blue,
and register branch 19, including also bell
branch 28. Magnet TV controls branches 100
and 18, including fireman’s red and green

Jampsandregister, alsobell branch 28, Mag-
net T controls branches 130 and 17, includ-
ing fireman’s red and green lamps and regis-

ter, also bell branch 28, and in like mannerad-
ditionalindicationscan be given by additional
brushes and magnets.

merals IIIIIV VIVII, respectively, these nu-

merals indicating the track-magnet whoseac-

tion is tested and the test indicated (in the
event of a failure) by the corresponding fire-
man’s signal.

eral track-magnets may be learned, as well as
the colors corresponding thereto. Fromthese
tables it appears that magnet V is the un-

locking-magnet of a danwer signal of an ap-

proaohmﬂ' train and tha,t the eolors for this
signal are red and green. Thefireman’ssig-
nal for this magnet V 18 the one at the ex-

treme left, controlled by magnet T¥ and

brush 13. From the tables i1t appears also
that track-magnet VI is the sefting-magnet
for the same signal of which magnet V is the
unlocking - mag net Ther efore the corre-
sponding fireman’s signal will have the same
colors, but will be d1st1nfrmshed by the Ro-
man.numeralVI and by the indication of the
register. In the same way the other fire-
man’s signals (marked, respectively, 1I, VII,
and I1I) should have the several colorsmarked
on the drawings, Fig. 2. -

] have not Shown in detail the.signal con- -
trolled by brush 14; but it is just llke those
which are shown,-having, however, its own -
- As will be deseribed
hereinafter, it 18 a signal indicating a failure
of track-magnet], which, as appears from the

distinguishing-marks.

Lo

These fireman’s sig-
nals are distinguished also by the Roman nu-

By reference to the tables ac-
companying Fig. 4 the function of the sev-
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tables, is the unlocking-magnet for a warn-
ing-signal of an approaching train, with red
and bluae colors.

Track contact-plates.—As above mentioned,
there are at succeeding pointsalongthe track
respective sets of contact-plates, each set in-
cluding plates corresponding to two or more
brushes. These sets are lettered A B, &c.
Thus set A includes plates A® A% and A,
corresponding to brushes 2, 3, and 5, and at
this point (known as the ‘“ warning-point”’) if
the partial track-circuit is closed between
plates A®? and A3 or between A® and A®° the
above-described signals produced by brush &
or brush 5will be given. Thus when the par-
tial track-circuit is closed between plates A”
and A? by wire «? armature X° and wire a®
there will be produced the following signal,
to wit: the bell and engineer’s blue lamp,
which, as above mentioned, is a cautionary
signal indicating to the engineer when he ar-
rives at the warning-point that there is a
foregoing train in the block ahead. If the
partial track-circuit is closed between A°and
A% by wire ¢?, armature X2 and wire «°, the
engineer receives the signal controlled by
brush 5 and magnet 1°, which operates his
red and blue lamps, rings the bell, and throws
on his brakes to a slight extent. This is a
danger-signal, giving notice to the engineer
when he arrives at this warning-point that

there is an approaching train on the block

ahead.

Set I3. This set includes plates I3 and 13%,
corresponding to brushes1 and 2. 'T'his sim-
ply delivers the battery-current by wires 0’
b*to a track-magnet ITI, but does not produce
a signal in the cab. The function of this
magnet is to set the warning-signal for a fol-
lowing train, which that train will receive
upon arriving at plates A® and A“.

Set C. Thissetincludes plates C:and C',and
the partial circuit between these two platesis
closed through armatures X?and- X*whenever
there has been a failure in the action of the
preceding set I3, and in that event there will
be a signal given in the cab, to wit: the one
controlled by brush 7, in connection with
brush 2 and magnet 1, consisting of the fire-
man’s blue lamp and bell. This notifies the
fireman that there has been a failure to set
the blue warning-signal for the engineer of
the succeeding train, and the fireman will at
once proceed to notify the nearest statiou-
master that there has been a disarrangement
or failure of the apparatus.

Set D. This set includes plates D', D= D,
and D°* which plates should be a quarter or
half mile in length and placed at what is
known as the ‘‘danger-point.” In the first

place, by means of the plates D' and D? and
the corresponding brushes 1 and 2, connected
to the battery-terminals, a current will be de-
livered to the track-circuit by wires d' and d-.
This track-circuit, as shown in- Kig. 4, in-
cludes a white semaphore-lamp, this being
the only function of the circuif, which simply | fully applied.

[ illuminates a dial-plate, giving the number

of the section, so that both the engineer and
fireman can know to what point they have
arrived, and in the event of any disarrange-
ment being indicated the fireman will know
what is the number of the section he 1s to re-

 port. Inthesecond place,if thepartial track-

circuit between plates D? and D* is closed it
will indicate that there is a foregoing train
on the block ahead in dangerous proximity.
The said track-circuit when closed is from
plate D?, by wire d?, to armature X' of magnet
VII, (setting magnet, ‘‘danger, foregoing
train,”) thence by wire e, wire d*, to plate D

“This will give a signal in the cab controlled

by brush 4 and magnet 1%, which includes the
engineer’s green lamp, (‘‘danger from fore-
going train,”) the bell, and a section of the
brake - magnet. The same conditions will
also throw into circuit the green semaphore-
licht on the track, thus giving an additional
notice to the engineer. The circuit for this
oreen lamp is from plate D?, by wire %, to ar-

mature X7 of magnet VII, (setting magnet,-

‘“danger, foregoing train,”) to green lamp, to
wire d', to plate D’. In the third place, if the
partial track-circuit is closed between plates
D? and D? it will be due to the presence of
an approaching train on the block ahead in
dangerous proximity. This circuit is from
plate D? by wire d?, to armature X°of magnet
V1, (setting magnet, “danger, approaching

‘train,”) to wire d° to plate D*. This will set

the signal controlled by the corresponding
brush 6 and magnet T¢ which comprises the
red and greenlamps, (‘‘danger from approach-
ing train,”) the bell, and two-thirds of the
brake-magnet. The red light will also ap-
pear in the semaphore by reason of a branch
current from the circuit last traced, starting
at armature X° and passing to the red lamp,
to wire d’, to plate D'. These indications,

produced at the set D, (the danger-point,)

from a threatening train will be continued so
long as the train signaled is on the quarter
or half mile covered by the plates, and it will
be the duty of the engineer to stop and wait
until the lamps go out, his bell stops ringing,

and his brake is released, which notifies him

that the conditions produced by the danger-
ous proximity of the other train have been
removed and that he is free to proceed.

Set, E. This set includes plates E#, I£1, and
ER, corresponding to brushes 2, 11, and 1Z,
and is for the purpose of stopping the train
and registering against the engineer if he
should overrun the danger-point D while a
foregoing or approaching train is on the block
ahead. Inthe first place,if the partial track-
circuit is closed between plates E? and I,
through wire d?, armature X7, and wire e', by
reason of the presence of a foregoing train
the signal controlled by brush 11 and magnet
T will be given—thatis, the green lamp will
show, the engineer’s register will be operated,
the steam will be shut off, and the brakes
In the second place, if the in-
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terfering train is an approaching one the par-
tial track-circuit will be closed between plates
E? and E* by wire d? armature X° and wire
% and the signal controlled by brush 12 and
magnet T will be given—that is, the red
lamp only will show and, just as the signal
11, the engineer’s register will be operated,
the steam shut off, and the brakes fully-ap-
plied.

Set F. This set includes plates F' and K=,
corresponding to brushes 1 and 2, to which
plates the battery-current is delivered, just
asin set B and set D. The track-cireuit be-
tween these plates I’ and F?, as will be more
fully deseribed hereinafter, includes, by wires
1%, amagnet VII, which closes by armatures
X7and locks the partlal circuit between plates
D? and D* of preceding set D, so that a sue-
ceeding train will be swnaled upon arriving
at said point D, in the manner already de-
seribed, unless the train which did the lock-
ing has passed off the block and thereby, as
will be deseribed later, has unlocked the cir-
cuits which it locked when passing over the
set I7. -
Set . Thisset, again,is one comprising but
the two battery tmck-plates G’ and G‘r2 and
the carrent from the train is received by these
two plates and transmitted ahead over the
main circuit-wires 8" and S* if the train is
proceeding from left to right, or S* and S* if
1t is proceeding from right to left, Fig. 4, to
the end of the block, where it there acts on
setting-magnets II and VI on the opposite
side of the track to set the warning and dan-
ger signals for an approaching train—that is,
each train when at G sets signals ahead of
itself, which signalsare unlocked when a train
reaches the sueeeedmﬂ" set; J.

Set II. This is also one including only the
battery coniact-plates ' and H**, and by
means of them an impulse is sent rearward

‘over the main line S® and S* for a train pro-
ceeding from left to right, Fig. 4, or S’ and

S* for a train proceedmﬂ' from 1‘10"1113 to left, to

unlock the warning and danger swnals (by-

means of magnefs IV and VIII Flt, 4 )Wthh
had been set and locked by the train at set
I> and set ¥ at the preceding station. |
Set I. This comprises plates I' and 1? and
I and I19, The first two include in their cir-

~cult, by wires 2’ and +°, a magnet IX, whose
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funetlon 18 to close a branch circuit throu gh

magnet VIII, armature X8 and wires % f2

between the two main lmes by means of |

which the signal set in advance of the train
by set G at the beginning of the block can
be subsequently unlocked when the train
reaches the succeedmn‘ set J. For conven-
lence the wire ¢* is shown in Fig. 4 as con-
nected on one side to the line S° bV way of
plate G* plate I, and wire f* .and on the
other side to line S? by way of wire /2 DPlates
I* and I° produce the signal controlled by
brush 8 and magnet T® when the circuit be-
tween the plates IS closed by wire ¢°, arma-
ture X7 and wire %, and this circuit is closed

-

only when there has been a failure at set

on the part of magnet VII to lock the danger-
signal at set D for a following train. This
gives the fireman a green lw'ht (controlled
bV brush 8 and magnet T5)) notlfvmﬂ' him that
the engineer’s green Swnal (“danﬂ'el fore-
going train’ ") is out of order or has failed to
act, Plates I°and I’ afford a similar test by

wires ¢, armature X° and wire 7 on the op-
eration of magnet VI when energized from

set G of the pr ecedmﬂ‘ end of the block, by
means of which the swna,l was set for an ap-
proaching train ahead on the opposite side of
the track by the train itself when passing set
G at the preceding end of the block.
has been a failure to set this signal, (engi-

neer’s red and green, ‘‘danger, apploaehmﬂ'

train,”) the cireuit between pla,tes I and IV is

_._elosed at armature X® and the fireman gets
the signal from brush 10, magnet T, red and

green lamps, which shows him that the corre-

sponding engineer’s signal is out of order or

has failed. |
Set J. This set also has but the two plates
corresponding to brushes 1 and 2—to wit,
plates J' and J°. These plates in like man-
nerreceive a currentfrom the battery on the
train, and the track-circuit between them in-
clades wires 7" and 7%, a magnet V, which, like
the second magnet in set F 1S on the opp081te

‘side of the tmck and its functlon 1S to un-

lock, when the tra,m reaches this set J, the
da,nﬂ‘el -signals which the train had sef in ad-
vance of 1tself upon entering the block for

the purpose of signaling an approaching

train coming to meet 1t. Thls magnet 1S on
the other side of the track from its plates J’
and J?, because, as already stated, the ap-
proachmw train reeewes its signals from that
side. -

Set K. This set includes plates K? and K13,
and the track-cireuit between these plates, in-
cluding wire %%, plate D% wire d% armature
Xb wire d?, wire L3 is not closed unless there

has been a failure of the magnet V, connected
with platesJ’ and J?, to perform its duty and

unlock the armature of magnet VII, control-

ling the danger-signal which had been set in
| advance by the tram in passing over the pre-

ceding set G. This gives the fireman a test

or check on the opera,tlon of this part of the -

apparatus, and if it has not acted the red
and green lamps appear, showing him that
this danﬂ‘el-smnal for an approaehmn‘ tI‘&lIl

1s out of order
Set L. This set includes plates L? and L7,

and the circuit between them, including hne_

I?, armature X?, and line %, is only closed in
the event of a failure at G to set the signal
ahead by means of magnet II.

Set M. This set comprises plates M’ aud
M?, and the track-circuit between them in-
cludes wires M’ M? and a magnet I on the

other side of the track, whmh serves to un-

lock the combmatmns established .by the
train itself at the point G in the plecedmn

block through the agency of magnet II——ﬂmt. |

If there
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is, the train upon entering the block set sig-
nals, both ¢ warning ” and ¢ danger,” 1n ad-
vance of itself to head off a train coming in
the opposite direction, and now it is neces-
sary to unloek such signals, which is done
by the magnet I, included between plates M’
and M2, forthe warning-signal, and the mag-
net V, between plates J' and J%, for the dan-
oer-signal. o

Set N. This set comprises plates N* and
N and the circuit between them, including
wires n? ¢, armature X2, and wires ¢® 1'%, is
only closed in the event of a failure of mag-
net at point M to do its duty and unlock the
circuits. If there hasbeen such a failure, the
fireman gets a red and blue lamp, as already
described, showing him that there has been
a miscarriage in the action of the warning-
signal for approaching trains.

ITaving now described the various signals
on the train and along the track and having
also described their meaning and the general
character of the track-circuits controlled by
the different sets of contact-plates, I will
now take up these cireunits in detail and de-
scribe thelr exact arrangement.

Lane-circuits.—In Itig., 1 will be found a

diagram which includes these circults sep-

arated out from the local circults, so as not
to be confused thereby, although certain-lo-
cal circuits immediately controlling or con-
trolled by the line-circuits are also shown to
assistin the illustration. Krom this diagram
the general underlying principle of my sys-
tenm may be readily understood. Referring to
thisdrawing,it will be understood thatasingle
block is shown with the apparatus at each
end, the two ends being duplicates of each
other. I have left out all of the apparatus
pertaining to the block behind and the block
ahead of the one illustrated; but it will be un-
derstood that in general the line-circuits of
succeeding blocks overlap one another some-
what like the links of a chain, as appears in
Fig. 3, wherein three sections or blocks are
shown with the two main lines for-each block
and the various branch circuits. The latter
are not carried out in detail, it simply being
understood that in each branch a cireuit-
controller of some kind is included and that
each circuit-controller is designed to operate
and closeits branch circuitat amoment when
all the others at the same end of the block are
open, but at a moment when one of those at
the opposite end of the block is closed. Thus
the circuit-controllers act successively or at
different periods of time as regards those at
the same end of the bloek, but simultaneously
with one or more of those at the opposite end.
In Fig. 1 it appears that the contact-plates
which have been chosen toillustrate the line-
circuits are in G’ and G- in set &, and, on the
other side of the system, IH' and H* in set II.
Jeginning at either the right or the left, 1t will
be seen that the circuit leading from plate A®
to plate A’ passes through the armature of

magnet IT and is only closed when the arma- | seribed as closed by the magnet IX,in circult

= |

ture of this magnet isin ilsattracted position.
It therefore follows that on the arrival of the
{rain at set A, which is the warning-point,
no signal will be received by the brush 5
(warning of an approaching train, red and
blue lamp) unless said approaching train
upon entering the block from the opposite
end has in some manner caused setting-mag-
net II to close the partial signal-operating
circuit between plates A* and A°. This the
approaching train does when it reaches the
set G upon entering the farther end of the
block, the plates G’ and G* being of conrseon
the opposite side of the track from the mag-
nets controlled thereby. From the battery of

70

75

the approaching train a current is sent from

the plates G’ and G*® over the line-wires '
and S* energizing setting-magnets Il and VI,
which are in branch circuits. The armatures
of these magnets are locked in their attracted
position and remain so until the train which
set them arrives and unlocks them in passing
off the block by exciting momentarily the un-
locking-magnets. So long, however, as they
remain locked a train upon arriving at A* and
A5 from another block will receive warning
of the approaching train which set the sig-
nal and upon arriving at the point D will re-
ceive from plates D* and D® in like manner
a danger-signal. . If no approaching train has
energized the magnets IT and VI and set the
partial signal-operating cireuit, no signal ot
conrse will be received. The funection which
I have just described as performed by the
plates G’ and G* at one end of the block is ex-
actly the same as that performed by the same
plates at the other end—that is, they set the
warning and danger signals ahead on the op-
posite side of the track for the purpose ot
notifying an approaching train comingin the
opposite direction. If,therefore, a train has
passed a warning-point and a danger-point
without being signaled and in passing over
G' and G*has set warning and danger signals
ahead of itself to head off an approaching
train, the next contact- plates encountered
which affect the line-cireuit are I' and I° in
set I. The circuit between I' and I includes
the magnet IX, and its function is simply to
close and lock a cross-circuit between line-
wires S’ and 82, including unlocking-magnet
VIII for releasing armature of magnet VII,
for it will be remembered that the train in
passing plates I’ and I'* has set, by means of
magnet VII, the partial signal-operating cir-
cuits connected with plates D' -and D* at the
danger-point, so that a following train will
receive a danger-signal upon arriving at set
D, indicating a foregoing train. It is there-
fore obvious that some means must be pro-
vided for unlocking this danger-signal set by
magnet VII when the train which set the sig-
nal has reached the end of the block, other-
wise the track will be permanently blocked.
This is the function of the branch circuit in-
cluding magnet VIII, which I have just de-
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with the plates I’ and 1?. This closed branch
circuit is, as it were, left by a train behind
itself with an unlocking-magnet VI1II for the
danger-signal included therein, so that when
it reaches the farther end of the block it will

‘have a line-c¢irenit in the rear, which can be

used for unlocking the danger-signal which
the train itself set upon entering the block-to
head off a following train. In like manner
magnet 1II when operated by a train passing
plates B’ and B” closes a circuit through 1its
own unlocking-magnet IV. The next and
last contact-plates to be considered are H' and
I1%, npon the opposite end of the block from
those already described, so that a train will

“not reach them until it approaches the end

of the block. It isby meansof these contacts

H and H? that a currentis sent rearward over

the main line to unlock by means of magnet
IV the warning-signals for a foregoing train
which the train itself set by means of mag-

net IIT when passing over plates B’ and B?,

and also to unlock by means of magnet VIII
the danger-signal which the train itself set
by means of magnet VII, as just deseribed,
in passing over plates F' and F*. By this de-
vice the train upon reaching the end of a
block clears the block behind of both warn-
ing and danger signals, so that a following
train may proceed without interruption.

- Local track-circuits.—Coming now to the
track local circuits, for which it will be neces-
sary torefer to Iig. 4, the first one to be noted
is the partial signal-operating circuit included
between contact- plates A? and AS,
warning of a foregoing train, just as A< and
A’ gave a warning-signal for an approaching
train. 'This circuit is from plate A* by wire
a®* and (if magnet III has been actuated) to
the armature X3 of the said magnet to the
wire ¢, plate A%, Thenext circuit to be con-
sidered is that between B’ and B?. This cir-
cuit simplyincludes the magnet 111 by means
of the wires b’ °. This sets the partial cir-
cuit for a warning-signal which each train
leaves behind it to bereceived by a following
train at plates A® and A unless the train
which set the signal has passed off the block
and unlocked it. We next come to contact-

plates C*and C.

‘which tests the operation of magnet I1Lin set-

il

.......

ting the warning-signal forthe following train,
as just described. If this magnet has failed
to act, its armature X° will be left in the po-
sition shown in the drawings, and the circuit
will then be completed between plates C* and

‘C"by means of wires ¢?, armature X3 armature

X4 wirese’,and plate C". Inthateventthefire-
man will receive a signal from brush 7 notify-
ing him that the engineer’s warning-signal to
the train behind him has not been: set
magnet III has acted properly, there will of
course be no circuit between plates C*and C.
The next local circuit is that between plates
D"and D*. Asalready indicated, this circuit
simply includes the white semaphore-light by

means of wires ' and d?, leading thereto from i unlocked.

----------

Between them is the circuit

If the

=gl

This i8 a |

The next local circuit 1s be-
This is the partial signal-

plates D’ and D~
tween D* and D™

operating ecircuit which gives notice at the

danger-point of a fmeﬂ‘omﬂ train, just as D?
and D ogive notice at the same pomt of an
approachin o train.

This eircuit is by line d?

70

to armature X’ (assuming that magnet VII

has been set by a preceding train in passing
over plates I and F? and its armature still
unlocked) by wire e!! and d* to plate D*. 1In
the same event plates E* and E!! will be con-
nected through a circuitby the wire d?, arma-
ture X7, and wire !, This will notlfy the
engineer that he has run over his danger-

swnal and will also operate his register, Lh row .

on'his brakes, light the green lamps, and
shut off steam. This is accomplished by
means of the brushes 2 and 11 on the locomo-

tive, ineluding magnet T, which operates

the signal already described. On the other
hand, if the threatening train is an approach-

ing one the setting-magnet VI instead of VII

will have its armature attracted and locked,

and there will then be a circuit between plates

E? and E** by means of line d?, armature X°,
and wire d° This will give the same result,
except that the red lamp will be lighted in-
stead of the green. This is due to the oper-
ation of the swnal controlled by magnet T

on the 1oeomob1ve included in circuit between |

brushes 2 and 12. -

Plates F' and F%, as I have already stated,
are the ones by means of which a train sets
the danger-signals for a following train. The
cireuit between these two plates includes the
magnet VII, the eircuit being by wire f' to
man*net VII thence for a short distance to

the right, over rearward main line s°, to wire

ﬁ which leads to plate F~.

Plates G' and G* are, as I have alr eady eX-

plained, the ones by means of which the train
sets the signals ahead of itself, by means of
magnets IT and VI, to warn and fo block an
appmaehmn‘ train.

Plates J' and J*¢lead to uuloekmo*-maﬂnet
V for magnet VI on the opposite side of the
system, the function of which is to unloek the

signal which the train had set in advance of
1135611? to head off an approaching train by set-
ting a danger-signal for said train through
the agency of magnet VI. The circuit be-
tween pla,te% J' and J? includes sunply the
wires 7' and 7* and the magnet V.

Plates K2 and K3 test the oper ation of mag--

net V, included in the circuit between plates
J' and J? , whose function is, as just stated, to
unlock the dan ger-signals which the train ha,d

previously set: a-hea,d of itself on entering the
If this magnet has not operated prop-
‘erly, there will be a circuit between plates K*
and K“ as follows: by line k£* and d° to ar-

block.

mature ‘{“ on the opposite side of thesystem,

to wire d?, to wire k'3, to plate K. This will
ogive the fireman a signal from brush 13, al-
ready described, indicating that the danger-

signal for an approaching train has not been
If the. magnet has acted in ifs
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proper fashion, the deseribed circuit will of
course be opened by the armature X°.

I have already deseribed the operation at
plates I'and I*and at 1I' and H* There will,
however, be a circuit between plates I* and I°
which tests the operation of magnet VII at
plates ' and IF%, which, as [ have already de-
scribed, sets the danger-signal to block a fol-
lowing train. If magnet VII has not acted
properly there will be a circuit by line %, ar-
mature X% line 2%, and plate I°.

Plates I* and 1.° include Dbetween them a
circuit which tests the action of magnet 1l
in setting a warning-signal for an approach-
ing train. 1t will De 1*emenlbered that the
train, which we are assuming has reached the
plates I and 1.7, set this signal ahead of itself
when entering the previous block and pass-
ing over plates G’ and G* therein. The frain
having now arrived atthe point where the ad-
vanced signal had been set now malkesa test,
by means of plates L' and L”, of its own action
upon entering the block. If magnet Il has
failed to act, there will be a circuit from

plate L* by line {* on the opposite side of the

system to armature X>, by line {” to plate L,
and this will give the fir eman a signal fmm
brush 9, (alre ady described,) 111(110::%111# to
him the failure of the signal at the warning-
point to an approaching train. Of course if
magnet II has acted properly the fireman
will receive nosuch signal. Plates M' and M?
simply inelude between them the unlocking-
magnet I for magnet IT by means of lines m'
and m°.
described as having been tested at plates L~
and L°. Plates n®and n' simply test the ac-
tion of magnet I, included between plates M’
and M=*. If thismagnethasacted asintended,
there will be no circuit between plates n* and
nt*. If, however, it has failed to act, there
will be a cireuit from plate N* by lines n?,
plate A% line «’, armature X3, lines ¢? line
nt, plate N

The signal controlled by brush 14, which
connects with plate N*, has been already de-
seribed. 1t is the same as that controlled by
brush 13, except for the number and register
record.

In Fig. 10 I have illustrated the method of
bringing into circuit only the contact devices
upon the right-hand side of the locomotive
which connect with corresponding contact-
plates in the right-hand half of the track.
In this figure, R represents the pilot of the
locomotive, which carries a double set of
brushes 1 2 3, &e., which may be of any de-
sired construction and which are arranged, as
shown in the drawings,with the numbers run-
ning from the center outward in each direc-
tion. Kach brushiselectrically connected to

a plate Son aswitchboard. Opposite the se-
ries of plates on the switchboard is a corre-
sponding series of contact-fingersl’,which are
connected in pairs to the wires leading to the
various indicator-magnets in the cab. The
lower half of the series of contact-fingers are | lampsabove described.

This magnet unlocks the signal just -

I

shown as bearing against the corresponding

lower half of the plates 5, while the upper set
of contact-fingers and plates are out of en-
cagement with each other. This bringsinto
circuit the series of brushes on the right-
hand side of the locomotive, but leaves those
on the left-hand side open-ended. If, how-
ever, the movement of the locomotive is to
be reversed, the handle W 1s thrown and the
series of contact-fingers thereby shifted to
bring the upper set into contact with the cor-
responding plates 5. This will bring into cir-
cuit the brushes on the other side of the lo-
comotive, which, in the manner already de-
sceribed, will cooperate with the track con-
tact-plates on the corresponding side of the
track. Three of these contact-plates are
shown in the drawings in p(}swmn to engage,
respectively, with the brushes1, 2, and s. ]:1(3-
tween these plates 1 and 2 a track-magnet is
indicated, while between plates 2 and 3 a
partial circuitisshown with its continuily in-
terrupted by an armature-lever.

It will be understood that so far as con-
cerns the mechanical details of my system I
make no claim herein toany particular forms,.
Thus any desired connection between the
brake O, Iig. 2, and the lever in the cab con-
trolling the brake-valves may be employed,
while the same 1s true of the magnet I7 and
the steam-valves. Likewise I make no claim
herein to any particular form of register for
the engineer or the fireman. In Fig. 2 I have
indicated a register consisting simply of a
ratchet-wheel carrying a pointer and oper-
ated by a pawl on the armature-lever. Any
other suitable form may Dbe utilized. The
same general remark is true of the semaphore-
lamps indicated in Fig. 4. The different-col-
ored lamps will simply be grouped behind a
disk of differently-colored glass correspond-
ing to the color of therespective lamp-signals.

In Fig. 4, as already noted, I have placed
at the upper left-hand corner two tables, one
oiving a schedule of the colored signals and
the other oiving a schedule of the tr rack- -1mag-
nets with their respective functions and dis-—
tinguishing-marks. In a double-track road
the arrangement which I have described will
simply be duplicated, a system like that
shown in Figs. 1 and 4 being provided for each
of two par allel tracks; but 111&;‘5 ad of employ-
ing two distinet line-wires for each track I
use but three, one for each track—tfor in-
stance, S*for one track aud S° for the other-—
and the third a common wire for the two
tracks, combining the opposite S° of the one
track and S* of the other. Such an arrange-
ment is simply indicated in Fig. 5, the several
branch circuits between the line-wiresat each
end of a block being represented with their
track-plates or other circuit-controlling de-
vices. The operation will be readily under-
stood from the foreroing specification.

I have shown in Fig. 6 a semaphore-arm to
be used in conjunction with the semaphore-
Thissemaphore-arm
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is pomtwely operated by two magnets ]3*“ and I trically by any unwarranted obstruction—for

C®, the latter beingincluded in the circuit of a
sebtlnﬂ' maﬂ*net—-—fm instance, VII—and the
former in Lhe circuit of the corresponding un-
locking-magnet—iforinstance, VIII. A weight
18 promded on the end of an &ngle lever, the
shorter arm of which consistsof a link engag-
iIng with a pin on one end of the ermature-le-
ver. 'The movement of the armature-lever
throws the weight from one side to the other

- over a dead-center, so as to hold the sema-

20

phore-arm positively in its upper or lower po-

sition after it has been actuated by one or the
other of the two magnets. In the position
shown by the full lines in Fig. 6 the sema-

‘phore has been operated and thrown into its

upper position by magnet C°, included in the
circultof the settin mma&*net mdlea,tm g “dan-
ger” from a foregoingtrain. It will obviously
remaln in this position until the unlocking-

- magnet has acted, when the magnet B® in-
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cluded in the same circuits with the unlock-
ing-magnet, will drop the semaphore into the
position shown by dotted lines in Ifig. 6, in-
dicating ‘‘safety,” and it will remain in this
position until again set by the operation of
the magnet C° A similar semaphore-arm
may be provided at the warning - points as
well and also for the signals of an approach-
ing train, one magnet being included in the
setting-circuit for a signal and the other in
the unlocking-circuit. These will be supple-
mentary to the cab-signals.

In Fig. 7 I have Shown a dupheate report-
blank to be used by the fireman upon receipt
of any indication from his testing apparatus
that there has been a failure in the operation
of any part of the system. It will be his duty
to fill out both blanks, keeping one for him-
self and delivering the other to the nearest
statlon-master. The blank which he keeps
will be delivered to the superintendent at the
end of the run and will be checked by the in-
dications in his registers.

In some cases it will be necessary to pro-
vide also special indicating apparatus on the
train of the kind already deseribed for de-
tecting the presence of loose cars on the line
or the event of a broken rail or washout.
For thispurpose the apparatus shown in Figs.
3 and 9 will be used. In Fig. 8, as an addi-
tion to the devices already described, the two
ralls of the track are shown as electrically
divided into sections of any desired length.

Neareachend of the rail-section will be placed

contact-plates O'and 0%, a pair of such plates
being set in each half of the track and the
plates on one block being connected, respec-
tively, to the rails on the next block—that is,
plate O' connected to one rail and plate O® to
the opposite rail. On each locomotive will be
carried contact-brushes corresponding to the
plates in the track, and these brushes will be

- connected to indicating apparatus of the kind

already described, but provided with distin-
guishing characteristics. 1n theevent of the

two rails in any section being connected elec- |

. e UL oty

!

tween contact-plates P" and P~
will be brushes corresponding to the contact-

instance, by the wheels and axles of a car

dropped by a train—the partial circuit be- 70

tween O" and O° will be closed, and upon the
approach of a train in either direetionearryf
ing brushes corresponding to said plates O’
and O? the partial circuit will be completed;

as hereinbefore described; by the train ap-
paratus, and a signal will be received by the
fireman or by the engineer. In Fig. 9 1is

1llustrated the additional devices for indi-

cating a broken rail. In this arrangement
the traek rail to be tested will be eleetrleally
divided into sections and each section will
be connected to one of the described line-
wires, so as to form part of a closed circuit,
which will be interrupted and an indication
thereby given whenever the rail is broken or
its continuity otherwise interrupted, as by
an open drawbridge.

wire r passing to the armature. of magnet A
at each end of the section and wire 7' con-
necting said armature to 8% The line-wire
will also be connected to track contact-plates
R’ and R* through the armature of magnet
74, the same cn'emt including magnet Zg and
tWO wires 10 and 46 bmnchmﬂ' from the said
armature to plates R’ and R"‘ respectively.
A third circuit from the line-wire S° extends
through the magnet Z*to contact-plates Q and
is ,ma_rked 5. The magnet Z? is included be-
On the train

plates after the manner already described,

while one terminal of the battery will also be |

connected to the axle W of the locomotive.
If we now assume & train moving from left
to right with the parts in position shown in
the hﬂ"ure it will first encounter plates P’ and

Pe and in the manner already described a
current will be delivered to these plates and

the magnet Z? will be operated. This will
mterrupt at this point the connection between
the rail R and the line S3, but it will establish
and lock a new eenneetlon between the lines
S% and S by wire 13, including unlocking-
magnet Z'.. The br ash 1 will then eneounter
plate Q, and if the rail R 1s continuous, as it
normally should be, a circult will be estab-
lished from the battery on the train to brush
1, and thence by plate Q and magnet Z* to
the line S® and at the other end of the section
from the line S% to the rail R by the wires 7+
and thence to the car-wheels and the opposite
terminal of the said batftery on the train.
This will operate magnet 74 which acts to

break the described c1reult between plates R"

and R* and at the same time to establish a

connection through magnet Z3 from line S*to

line S* by wire 15. If, however, the rail R is

broken, the described circuit eannot be made

and the circuit will remain closed between
plates R'and R4,sothat when the train reaches
the said plates the partial circuit between said
plates will be completed by the cab-circuit,

terminating in brushes 1 and 4, and ineluding |

8o

In Fig. 9 the lower rail |
R is normally connected to line-wire S° by a
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magnet V, which, in the manner already de-
secribed, will close a branch circuit and give
an indication. If the train does not receive
any indication of a broken rail because of the
interruption between R’ and R?, it will pro-
ceed until it reaches the plates I’ and I2in
the manner described and sends rearward the
unlocking-current for all of the signals which
it set upon entering the block. The same
current will energize magnets Z' and Z° and
the parts will be restored to their normal con-
dition. The contact plates and brushes for
this break-detecting feature will be placed so
as not tointerfere with the plates and brushes
already described, being located to this end
at points relative to the track-rails that are
not covered by other plates and brushes. The

same 18 true also of the devices illustrated in
Fig. 8.

What I claim as new, and desire to secure
by Letters Patent, is—

1. In a railway swn&l system the combma-
tion of two contact- plates along the track at
or near the beginning of a block and insulated
from each other and from the ground, an elec-
trical connection between said plates, includ-
ing a setting-magnet, a second pair of con-
tact-plates, a partial circuit between said sec-
ond pair of contact-plates, which is normally
open, but arranged to be closed in the event
of a signal being given, a circuit-closer in
said partial circuit controlled by the setting-
magnet in such manner as to close the par-
tial circuit when the magnet isenergized, and
apparatus on each train consisting, first, of
a generator of electricity having its opposite
terminals connected respectively to two
brushes adapted to bear on the first pair of
plates respectively, so as to deliver current
thereto, and, secondly, signaling devices re-
sponsive to current passing therein placed in
a circuit including a generator and having
its terminals connected respectively to two
brushes adapted to bear on the second pair
of contact-platesrespectively, so as tothereby
complete the partial circuit between them
whenever the said partial circuit is closed by
the action of the setting-magnet.

2. In arailway signal system the combina-
tion of two contact-plates along the track at
or near the beginning of a block and insulated
from each other and from the ground, an elec-
trical connection between them including a
setting - magnet, a second pair of contact-
plates, a partial circuit between sald second
pair of plates, a circuit-closer in said partial
circuit controlled by said setting-magnet in
such manner as to close the partial circuit
when the magnet is energized, means for
locking the se‘rtlnw-man‘net dlll‘lI]“‘ the pas-
sage of a train throu gh the block, an unlock-
ing -magnet thelefm %) d1st1nc.t circuit for
Said unlocking—nwgnet provided with con-
tact-plates, and apparatus on each train con-
sisting, first, of a generator of electricity
having its Opp()Slte termmals connected re-

ting-
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| first-mentioned pair of contact-plates respec-

tively and also upon the contact-plates con-
nected to the said unlocking-magnet, so asto

‘deliver current thereto and second]y signal-

ing devices 1esp0nswe to current passing
therein placed in a circuit including a genera-
tor and having its terminals connected re-
spectively to bmshes adapted to bear on the
second pair of contact-plates respectively, so
as to thereby complete the partial circuit be-
tween them whenever the said partial circuit
18 closed by the action of the setting-magnet.
. In a railway signal system the. (,ombma,-
tlon with a partial GlI‘CUIt- having track con-
tact-plates and controlled by a passing train
through the medium of said contact-plates,
of a Settmrr-maﬂ'net in said circuit, a second
partial eucmt ha,vmrr track eonmct plates, a
circuit-closer therem controlled by said set-
ting-magnet, a third partial circuit also hav-
ing t1 a,ck contact- -plates and provided with a
circuit-closer controlled by the operation of
said setting-magnet,and train apparatuscom-
prising, ﬁrsb a ﬂ‘enemtm and contact-brushes
for dehvermﬂ current to said ecircuit which
contains the setmnn‘-magnet secondly,signal-
receiving devices having brushes for connect—
ng W’lth the track contact—-plates in said sec-
Ond circuit, and, thirdly, indicating devices
having brushes for connecting with the track
contact -plates in said third cncuw
4. In a railway signal system the combina-
tion with a partial circuit having track con-
tact-plates and containing a setting—magnet,
of a second partial circuit having track con-
tact-platesand controlled by said setting-inag-

net, a third partial circuit having tr a,ck COon-

taet-pl&tes and containing a cireuit - closer
controlled by the operation of said setting-
magnet, a fourth circuit having track con-
tact-platesand containingan unlocking-mag-
net for the said settin fr-maﬂnet towethel Wlth
train apparatus comprising, ﬁlst a gener-
ator and contact-brushes for delivering cur-
rent to the circuit containing the said setting-
magnet and also to the said thlrd and four th

-*c1rcu1ts secondly, signal-receiving devices
- having brushes for connecting with the track-

contacts in said second circuit and, thirdly,

indicating devices having br ushes for con-

necting with the track- contacts in the said
third circuit.

5. In a railway signal system the combina-
tion of two contact-plates along the track at
or near the beginning of the block an elec-
trical conneetwn between them 1nclud1n &1
setting-magnet, a locking device for said set-
aﬂ'net a mcw'net conm olling said lock-
ing dewce a line-circuit and a qecond pair of
eon‘ract plates therefor at the end of the block
adapted to receive current from the train, a
third pair of contact-plates at a point adga,-
cent to the first pair at or near the beginning
of the block, an electrical connection betﬁ een
the third pa,ir of plates controlled by the said
setting-magnet and eonstituting, when closed,

qpectwely to brushes adapted to bear on the | a parti Ebl cu*cmt, and apparatus on each train
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consisting first, of two contact-brushes and
a generator of electricity having its oppo-
site terminals connected respectively to said
brushes which are adapted to bear on the first
pair of plates respectively so as to deliver
current thereto and secondly, of signal-re-
ceiving devices in a circuit having its ter-
minals connected respectively to brushes on
the train adapted to bear on the third pair of
contact-plates respectively, so as to thereby
complete the partial circuit between them
whenever the said partial circuitis closed by
the action of the setting-magnet.

6. In a railway signal system the combina-

tion of a partial electric circuit terminatin gat
contact-plates located atawarning-pointat or

near the beginning of a block, a second par-

tial electric circuit terminating at contact-

plates located at a danger-point succeeding

the said warning-point, means controlled by
a passing train for closing said partial eir-
cuits, and distinctive swnahnn* devices 1n-
cluded in separate c1rcu1ts on a following
train adapted respectively to complete the
saild partial circuits at succeeding points and
be thereby operated.

7. In a railway signal system the combina-
tion of a local Waming-eireuit, a local dan-
ger-circuit, means for sefting and locking

them by a passing train, distinctive signal-
receiving devices on a followmw train, a hne-ﬁ

circuit, unlockmﬂ‘-magnets, and contactq for
controlhnﬂ' the said line-circuit and unlock-
mtr-maﬂ'nets from the end of the block.

8 In a railway signal system the combina-
tion of a local wmnlnﬂ‘-cwcult a local dan-
ger-circuit, means for setting and locking
them by a passing train, distinctive signal-
receiving devices on a following train, a line-
circuit extending to the end of the block, un-
locking-magnets in said line-circuit, testing

dewces for the unlocking action and in dleat-—

ing apparatus contr olled thereby.

| 9. In a railway signal system the combina-
tion of a partial electric cireuit terminatin gat
contact-plates located ata warning-point at or
near the beginning of a block, a second par-
tial electric circunit terminating at contact-
plates located at a danger-point succeeding
the said warning-point, a setting-magnet for
closing each partial cireuit controlled by a
passing train, a circuitfor each setting-mag-
nethaving a pair of contact-plates, both pairs
being located at a point succeeding the point
at which the corresponding signal is to be

received,

10. In amﬂway signal system the combina-
tion of contact- plates B’ B*, setting-magnet
I1I, and lock therefor, contact—plates A? A3,
circuit-wires o? a’, unloekmﬂ' magnet 1V, line-
wires S° and S eontact-plates ' and H* at
the opposite end of the block, contacts 1 and
2 on a foregoing train with a generator con-
nected thereto, and contacts2 and 3 on a fol-
lowing train with signal apparatus in ¢ireult

| therﬂ“ 1th.

11. Inar mlway signal system the combina-
tion of a partial warning-cireuit and contact-
plates therefor, a partml danger-circuit and
track eontact-plates therefor, means for set-

'70 __

ting and locking said circuits by a passing
train,a third partial circuit and track contact- -
plates therefor placed at a succeeding point

and train apparatus consisting of distinective
warning,danger and overrunning signals with.
corresponding contact - brushes adapted to
connect respectively with the aforesaid con-
tact-plates and thereby receive corresponding
signals in the event of such having been set
by. a foregoing train. |

12. Ina ra,ﬂway signal system the combina-
tion of a partial warning - circuit, a partial
danger-circuit, means for_setting and locking

the said circuits by a passing train, a third

partial circuit at a succeeding pomt and ap-
paratus on the train consmtmg of distinctive
warning and danger signals and register, and

‘train-controlling devices operated by thesaid

third partial circuit in the event of the train
passing a received danger-signal..

13. In arallway S1g11a1 system the combinas-
tion of a signal apparatus adapted to be set

75
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and locked by a passing train to signal a fol--

lowing train, of a register for the following

train, operating apparatus for said register
placed at a point succeeding that at which

the said signal is received and adapted, in

95

like manner, to be set by a passing train si-

multaneously with. the signal apparatus.
14. In arailway signal system the combina-
tion of a signal apparatus adapted to be set

and locked by a passing train to signal an
approaching train, of a register for the ap-
proaching train and operatmﬂ' apparatus for

said reglqtel placed at a point succeeding
that at which the said signal is received and
adapted in like manner to be set by a pass-
ing train simultaneously with the swnal ap-
paratus

15. Ina ra,ﬂwa,y swndl 8y stem the cembma,- |

tion with a line- elrcmt of contdct plates
therefor at or near the beﬂ*inninﬂ' of a bloek,
the said plates being pla,eed upon one side of
the track, a setting-magnet in said circuit at
the far ther end of the block a partial eircuit

controlled thereby, a cirenit - closer in said
partial circuit operated when said magnet is
energized, contact-plates for said _p&l‘tl&l cir-
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cuit on the opposite side of the track from -

the aforesaid contact-plates and at the far-

ther end of the block, train apparatus. pro-
vided with brushes on one side of the track

for delivering the current to the first-men-
tioned track cont&ct -plate and brushes on the

opposite side of the train to be signaled for

receiving current from the othel contact-
plates. =

120

125

16. Inarailway signal system the combma-h_ |

tion of a line- clrcult contact - plates there-
for at or near the begmmnﬂ' of a block, a set-
ling-magnst in said circuit at the farther end

136

of the block, a partial circuit controlled by
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said setting - magnet, an unlocking - magnet
and a testing device and indicator for the un-
locking operation. |

17. Inarailwaysignal system, the combina-
tion of a line-circult, contact - plates there-
for forming its two terminals and placed on
one side of the track at the beginning of a
block, a setting-magnet in said circuit at the
farther end of the block, a partial circuit nor-
mally open, but closed by said setting-mag-
net when energized, contact-plates for said
partial circuit on the opposite side of the
track, a lock for said partial cireuit, an un-
locking - magnet for said lock and contact-
plates for said unlocking-magnet placed on
the same side of the track with the first-
named contact-plates. |

18. In arailway signal system the combina-
tion of a line-circuit, contacts therefor at or
near the beginning of a bloek, two magnets
in separate branches from said circuit at the
farther end of the block, a partial circuit con-
trolled by each of said magnets respectively
and contact-plates for the said partial circuits
placed respectively at succeeding points and
adapted to deliver warning and dangersignals
to an approaching train in the event of the
respective partial circuits being closed by the
action of their controlling-magnets.

19. In arailway signal systein the combina-
tion of line-wires S? and S, contact-plates G’
and G* at the beginning of a block, setting-
magnets II and V1 at the farther end of the
block,partial circuits controlled by said mag-
nets, contact-plates A*and A°terminating one
partial circuit and contact-plates D? and D¢
terminating another partial circuit and train
apparatus having brushes 1 and 2 connected
to opposite battery-terminals and adapted to
connect with said plates G' and G® respec-
tively, and having also brushes forming ter-
minals adapted to connect with plates A*and
A% and contacts 2 and 6 connected respec-
tively to distinctive warning and danger sig-
naling apparatus. | |

20. In arailwaysignal system the combina-
tion of line-wires S° and S*%, contact-plates G’
and G*? at or near the beginning of a block
upon one side of the track, a magnet VI in-
cluded in said circuit at the farther end of |
the block,a partial circuit controlled by said
magnet, contact-plates D* and D forming the
terminals of said partial cireult and placed
on the opposite side of the track and train
apparatus provided with battery - brushes.
adapted to deliver current to plates G’ and
G? and with signaling apparatus adapted to
connect with plates D* and D°.

21. Inarailwaysignal system the combina-
tion of two sets of contact-platesat a common
point along the track, one set forming the
terminals of a partial cireuit controlled by
a foregoing train, and the other set forming
the terminals of a partial circuit controlled

by an approaching train, and train apparatus
comprising distinctive signals having termi-
nals adapted to connect with the two sets of I
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contact-plates respectively, whereby the di-
rection of movement of an obstructing or
threatening train 1s indicated.

22, Inarailway signal system the combina-
tion of two sets of contact-plates at a warn-
ing-point, two corresponding sets of contact-
plates at a succeeding danger-point, one set
at each point to be controlled by a foregoing
and the other set by an approaching train,
and train apparatus comprising distinctive
warning and danger signals both for forego-
ing and approaching trains, and contact-
brushes forming the circuit-terminals of the

respective signals and adapted to connect

with the corresponding contact-plates along
the track.

23. In arailway signal system the combina-
tion of contact-plates forming the terminals
of a local circuit, contact-plates forming the
terminals of a line-circuit extending to the
succeeding block, a setting-magnet in the lo-
cal circuit controlling a partial circuit at the
same point and a setting-magnet in the line-
circuit controlling a partial circuit at the far-
ther end of the block, contact-plates for the
said partial eircuits respectively and train
apparatus having generator-terminals adapt-
ed to deliver current to the setting-magnets
and signaling-terminals adapted to connect
with and complete the said partial circuits re-
spectively and thereby operate corresponding

‘signals.

24, In arailway signal system the combina-
tion of two line-wires extending along the
block, one or more branches at each end of
the block normally closed and containing sig-
nal-setting magnets, a branch c¢ircuit at each
end having normally open terminals adapted
to receive current from a generator on a pass-
ing train, and circuit-breakers in each of the
normally closed circuits arranged to be oper-
ated by a passing train before the delivering
of current therefrom to the terminals of the
normally open branch,whereby the said train
may operate the setting-magnets in the nor-
mally closed circuits at the farther end of the
block without operating the corresponding
magnets at the beginning of the block.

25. In arailway signal system the combina-
tion of two line-wires, one or more normally
closed branches between them including sig-

nal-setting magnets, a normally open branch

at each end of the block adapted to receive
current from a passing train, one or more lo-
cal circuits also arranged to receive current
from a passing train, and containing signal-
setting magnets controlling local partial ¢ir-
cuits -for operating signals on a following
train, and circuit-breakers in the normally
closed branch circuits controlled by the set-
ting-magnets in the local circuit, whereby the
setting of local signals for a following train
automatically opens the normally closed
branch cireuits at the beginning of a block,
and permits the delivery of current to ter-
minals of the normally open branch at the
same point for the purpose of operating the
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~sald plates and deliver current to the said
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signal-setting magnets in the normally closed | connected to the signaling appa,latne thereon

blaneh ouomts nt the farther end of the
block.

26. Inarailwaysignal system the combina-
tion with 1nd10at1nrr apparatus.of automatic
testing devices for the operation of said ap-
pdratns one or more indicators controlled
by said testing devices and a recording-reg-
1ster for each of the said indicators.

27. Inar ailway signal system the combina-
tion with "a series of visual indicators dis-
tinctively colored, a series of testing-indica-
tors corr espondlncr to the said Vlsual indica-
tors respectively and correspondingly colored
and a separate recording-register for eaeh of
sald testing-indicators.

28, Inar mlway signalsystem the combina-
tion with one or more semaphore-lamps ad-
Jacent to the track, of a circuit therefor, con-
tact-plates connected thereto, a setting-cir-

cuit with a magnet therein eontrollmﬂ' the

said lamp-circuit,a train- generator conneoted
to brushes adapted to dehver current to the
sald setting-circuit and a second train-gen-
erator with brushes adapted to bear upon the

lamp-cireuit.

29. Inarailway signal system the combina-
tion with a partial tlaek circuit including a
semaphore-lamp and normally open, a cir-
cult-closer therein, a second partial track-

circuit at a suceeedmn* point containing a

magnet placed in prommlty to said cireuit-

closer so as to operateit and train apparatus
comprising a generator and two contact-
brushes connected respectively to its termi-
nals and adapted to complete the two partial

- ¢lreuits in succession so as to deliver the gen-

erator-current to the said second partml Ccir-
cuitf 1nvar1&bly and to the said normally open
partial circuit- whenever it is elosed by the
action of the said magnets.

50. In arailway swnal system the combina-
tion with two partlal electric circuits termi-
nating in contact-plates located at the same
point a,lonn' the railway, of circuit-closing de-
vices for eaoh of said partial elroults, one
being controlled by a foregoing and the other
by an approaching train, dlstmet,we signals
on the receiving-train, inciuded respeotwely
1n circuits havmﬂ' oontaet brushes arranged
to connect, with the plates terminating the
respective partial circuits, and eorrespondmo*

semaphore-signals controlled by the said par- |

tial circuits 1eepeetlve1y, whereby the direc-
tion and movement of a threatening frain is

indicated, both by the semaphore and by the

train mgnals |

ol. In arailway signalsystem the combina-
tion of electrical indicating apparatus on a
train, track-signal-setting cirenits terminat-
ing at contact-plates placed upon one side of
the track, similar signal-operating circuits

'tern}lnatlno at contact-plates located on the

opposite side of the track for approaching

trains and on the same side of the traclk for
following trains, and a series of train-brushes |

and provided WIbh sh1ft1nn' devices for re-
versed direction of movement of the train,

whereby each train always makes connection

with the contact-plates on the same side of

the track, with reference to the movement of

the train.
32. Inarailway swnel system for a double-

track road the eomblnatlon of three line-wires,

one for each track and the third a common

line for the two tracks, two or more branch

‘circuits at each end of & block between the

common line-wire and each of the individual
line-wires, and circuit-controllers in the said
branches operated at different times with re-
spect to the branches at one end of the block,
but during the same period of time with re-
spect to the branchesat the opposite end of the
block, whereby distinct signals may be trans-
mitted successively over the respective indi-
vidual line-wires in either direction.

33. Ina railway signal system for a double-
trackroad the combi natwn of three line-wires,
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comprising an individual wire for each track

and a common wire for the two tracks, a nor-
mally open branch between the common wire
and one of the individual wires at one end of
the block and terminating in contact- plates
arranged to receive eurrent from a passing

train, one or more normally closed branch

circuits at the opposite end of the block on

05

each track containing a signal-setting mag-

‘net, and signal- elreults, one for each track

oontrolled by the said magnets respectively.

34. The train apparatus herein described
consisting of a generator,a contact-brush con-
nected to one terminal thereof, two or more
additional brushes connected to the opposite
terminal thereof and a brake-magnet having
its coils divided into sections eontrolled re-
spectively by the said two or more brushes.

35. The combination with magnet T placed
on the train and forming part of the train ap-
paratus, a generator on the train, a circuit
therefrom including the said magnet T4, a
corresponding oontaot brush, a tra,ek (311"(311]13
for completing the generator- elroult a brake-
magnet and a reg 1ster magnet in Seper&te
bra,nohes from the ﬂ‘enera,bor and a circuit-
closer in each. blanoh cont.rolled by the said
magnet T, |

36. The combination with magnet T* placed
on the train and forming part of the train ap-
paratus, of the ftrain- generator, a ‘circult
therefrom including the said magnet T2, a
contact-brush connected to the said circuit, a

‘brake-magnet, a steam-magnetand aregister-

magnet each having an individual cireuit,
circuit-closers in said individual circuits re-
spectively, all controlled by the said magnet

T® and a track-circuit for oompletlng the
generator-circuit through thesaid magnet T

37. The eombinetion with a series of en-

gineer’s signals arranged to give distinctive

indications, of corresponding setting and un-
locking magnets for the several signals, dis-
tinct testing-circuits for the several setting
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and unlocking magnets, and a corresponding
series of indicators controlled by the sev-
eral testing-cireuits, each indicator being pro-
vided with an individual recording-register.

38. Thecombination with swnalmw devices
arranged to be set by a passing train and to
oive a sw*nal to a following train, of a testing-
cireuit, a circuit- eontmller therein arranwed
to be opelated by the said passing tram in
setting the said signaling device, and an in-
dicator controlled by ‘rhe said testing-circuit

and arranged to be operated at a succeedmo*

pmnt
The combination with a signaling de-

vwe m'rm]ged to be set by a passing train and

617,325

to give a signal-to an approaching train, of a

testm f—”"-GllCUlt a cireult- eontroller therem ar-
mnﬂ*ed to be operated by the said passing
tram in setting the said signaling device, and
an indicator controlled by the said testmn-
cirenit and arranged to be operated at a sue-
ceeding point.

In witness whereof I have hereunto set my
hand, in the presence of two subscribing wit-
nesses, this 14th day of March, 1590.

FREDERICK C. ESMOND.

VWitnesses:
CHARLES C. DODGE,
T.. T. SHAW.
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