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UNITED STATES

PATENT OFFICE.

LAURENCE .\ TIAWKINS, OF SCHENECTADY, NEW YORK, ASSIGNOR TO
"~ GENERAL ELECTRIC COMPANY, A CORPORATION OF NEW YORK. -

BLOCK-SIGNAL SYSTEM.

No. 856,467. -

Specification of Letters Patent.

" ‘Patented June 11, 1907,

Application filed January 10, 1807, Seria.l No. 351,605.‘

To -all whom it may concern:

- Be-it known that I, Laurence A. Haw-.

. KINS, a citizen of the United States, residing-

10

20

at Schenectady, county of Schenectady,-
State of New York, have invented certain
new and useful Improvements in Block-"
Signal. Systems, of which the following is a
specification.

My invention relates to block signal sys-
tems for electrically-operated railways, and
its object is to provide a novel system, which
is more economical.in the amount of current
required to operate the signals than the sys-
tems heretofore employed. ’

In electrically-operated railways provided

with'signal systems, it is ordinarily desirable -
to. empﬁoy the rails both for the power-cur-

rent and for the signal circuits. ~With this
object in view, it has heen proposed hereto-
fore: to divide the rails to form the signal-
blocks to employ alternating-current for the
sighal-current. in the track-circuits, ‘and to
provide inductive windings and connections

© ¢ross-conneeting the rails of each block at.
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both ends and connecting adjacent blocks to
each other.  These inductive windings serve
to prevent the flow of the alternating signal
current from.one block to another, while af-
fording a path for the direct power current.
The secondary winding of the transformer
that supplied the alternating signal current:
toa h]uc{{ may be employed at the inductive
winding at one end of the block, and the
primary winding of a transformer at the
other ‘end of the lock, to the secondary’ of
which the track relay is connected, may form
the other inductive winding; or inductive
Bonds may be used inilepenﬁ’ent of the sup-
ply transformer and relay, and connected 1n
parallel with them. In either case the efli-
cieney of transmission from the source to the
relay is exceedingly low. If the transformer
windings are.used for the inductive connec-
tion, these windings must be of large cross-
section to carry the power-current, and, to

prevent saturation by the power-current,

these windings must have a small number of
turns and the core must be large in cross sec-
tion, and interrupted by the air-gcap. Such
a- transformer is necessarily ineflicient. - If
inductive bonds are used in. parallel to the
transformer and relay, these must have a
small number of turns and a magnetic circuit
of small reluctance to prevent saturation by

the power current, and consequently their
inductance is comparatively -small, so that
they form shunts of comparatively low im-
pedance: to both the transformer and relay.
On account of, this low efficiency of trans-
mission the amount of power that is re-
quired for operating a block-signal system of
this character is very great. i

By my invention I am enabled greatly to
reduce the amount of power required, since,

"instead of supplying the signal-current to all
‘the blocks all the time, I so arrange the sys-

tem that current is supplied to a block only

‘when it is necessary to clear a signal, or to

maintain it at clear position in front of an ap-
proaching train. To secure this result I ar-
range the signals so that they stand normally
at danger, and provide a novel control sys-
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tem for the signals, which renders possible

the result mentioned above.

In all prior normal danger signal systems,
of which I am aware, either current flows
continually in all the track-circuits,—the

signal operating circuits alone being open, or

the track-circuit is normally open.  Neither
of these arrangements can be employed in
my system, for 1f current is continually flow-
ing in all the track-circuits, the desired sav-
ing in power is not secured, while opening
the track-circuits is impossible, since the
track-circuits form the return path for the
power current. » .

By my invention I maintain the track-cir-
cuits permanently closed, but place nor-
mally-open contacts in the supply-circuits
for the several track-circuits. Thus, the re-
turn path fer the power-current is not inter-
fered with, and yet no current is employed
in the signal-circuits as long as no trains are
running. By providing means controlled

‘by an approaching train for closing the con-
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tact in the supply-circuit of a block ahead of -

the train, the signal for that block may be
cleared and held at clear until the train en-
ters the block. The amount of current that
is required is directly proportional to the
number -of - trains running, and is never
greater ‘than is necessary to give an indica-
tion to each train of ge condition of the
block or blocks immediately ahead of it.
Consequently, the power consumption is re-
duced to the minimum. ‘
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" My invention will best be understood by

.reference to the accompanying drawing,
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“which shows. diagrammatically & block-sig-

nal system arranged in accordance with my
invention. S o

The track rails are divided to.form signal-
blocks A, A% ete. _ .

B represents an alternating-current gener-
ator, which supplies the signal-current for
the track-¢ircuits through the line-wires b 5!,
which extend along the track.

C', €, etc., represent transformers, the
primaries of which are connected to the line-
wires b b', but are normally open-circuited,

as will be hereafter explained, and the sec-.

ondaries of which are coninected
rails of & block. - :

‘Dt D?, etc., represent transformers, the
primaries of which are connected across the
rails at the other ends of the blocks, and the

aeross the

_ secondaries of which are connected to the
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track-relays, which will shortly be desecribed.

“In the system as shown in the drawing, the
secondary windings of the transformer (! (?,

. ete., and the primary windings of the trans-
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formers D* D? etc.; form the inductive con-
nections between the opposite rails of each

- block and between adjacent blocks. The
- connection between adjacent blocks is pref-

ersbly made at the central points of these
windings, as indicated on the drawings, so
that the power-current in each half of each
winding is neutralized more or less completely
by the power-current in the other half of the
same winding. '

¢ represents the third-rail, or other con-
ductor of power-current, which is connected
to one terminal of the power-generator E.
The other terminal of the
may be connected to the track-rails at the
point of interconnection of any two adjacent
blocks, as shown. ; .

Relays F', F? ‘etc. are provided, which are
arranged to respond to alternating-current

of a given frequency only. I have indicated:

diagrammatically relays of the well-known
induction type, each comprising a short-cir-
cuited secondary member f carrying the re-

lay contacts, and two co-operating-windings-

Jf* and f* the first connected to the second-

ary of one of the transformers D or D?, and -

the other supplied independently of the

track-circuits with alternating-current of the |

" proper phase for producing a torque ‘on the
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short-circuited secondary member. - For this
purpose [ have shown in series with each of

“the windings F* a condenser #*, but it will be:

understood that the desired phase-adjust-
ment may be obtained.in any other suitable

manner. Therelay F* when enercized, closes |
Y ’ o b

the circuit-of the operating mechanism G! of
the home signal H'. ~ The operating mechan-
ism, ‘which is indicated diagrammatically,
may be of any well-known type, and is sup-

lied from any suitable source of current

indicated by -the battery I*. Each home
signal is provided with contacis % and Al

power-generator

~draws up its armatures.

856,467

K* represents a distant signal provided

with an operating mechanism -J! _supplied-

from any suitable source of current L.

- M*, M2, ete., represent electromagnets
which are arranged to be controlled by a
moving train as will hereafter be explained,

~and which, when energized, close the circuits

of the transformers C1, C?, etc., respectively.
The magnets M, M?, etc., each have three
armatures m m' m? and are supplied from

_sources of current O, 02, ete.

"1, 2, 8, ete., represent short insulated con--
tact rails in circuit withthe magnets M- M,

etc., by means of which 2 moving train is
enabled to control these magnets. These
contact-rails are simply for the purpose of

enabling a train to control the circuits. of

these magnets, and any other suitable form
of contact controllable by a passing train may
be substituted for these.contact rails. When
contact rails are used, they are preferably
placed betwéen-adjacent’blocks, S0 ags to re-
duce the number of i

the exception of the windings f? of the track-

. insulated joints required. .
 Normally, all signal cireuits are open, with .
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relays, and consequently the signal operating.

" mechanismis, “relays, and. magnets, are de-

energized and occupy ‘the positions shown in
the drawing. But when & train enters a
block,—for instance, the block Al it con-
nects the rail-contact 1 to the lower rail AL
and thereby closes the-circuit of the magnet

| M2, This circuit may be traced from the
left-hand terminal to the battery 02, through

the magnet winding M?, to the lower rail Ay
through this rail and the wheels of the train
to contact-rail 1, and thence to the right-
hand terminal of the battery. Magnet M?
is consequently momentarily energized and
The armature m?
closes a maintaining-circuit for the magnet

M?, while armature m? closes ‘the primary’

circuit- of the transformer- C?. This circuit
may be traced from line-wire 4!, through the
primary winding of transformer C?, armature
-m? to line-wire b. Transformer (? ‘conse-
quently supplies current to the block A2, and
if this block is not occupied by a-train, and if
no rail is broken, winding /% of relay F2 will
be energized so as to produce a torque in this
relay, and cause it to close its contacts. This

energizes the operating mechanism  G* of -

home-signal H? which draws the signal to

‘clear position. When this signal reaches
“clear position, its movable contact 4 bridges

the stationary contacts, thereby closing the
circuit of transformer (*. This circuit may
be traced from line-wire b through the pri-
mary of transformer (%, through contact m

of magnet M2, and through contact A of home-

stgnal H? to line-wire b Transformer C*
then supplies current to the track-rails As,
and if this block is unoccupied, relay winding
J* of relay F° is energize
signal H?. - When signal H* clears, although

, thereby clearing-
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its contacts b engages the stationary com-:

tacts, it does not; close the circuit of the next
transformer in advance, since this circuit is
olll)en at the contact m of magnet M2, so that
the closing of contact h is of no'effect. Con-
tact A* of signal H*; whenitengages the station-

ary contacts, closes the circuit of theoperating -

‘mechanisni- of distant-signal K. This cir-
_-cuit may be traced from the left-hand ter-
19

ating mechanism J%, and thence to the right-
hand. terminal: of the battery L2 Thus
‘home-signals H? and H* and distant-signal K?
are .clear. - Home-signal H is, of course,
maintained at danger, since relay F! is de-
energized by the presence of a train in block
A'; and since signal H! is at danger, signal
K* must also remain at, dauger, as its circuit
cannot be closed unless signal H! is clear.

Signals H? and K? having been cleared, as
above described, they remain at clear.until
the train passes from block A to A% Indo-
ing so, the wheels of the train cormnect con-
tact-rail 2 to lower rail A!, thereby short-

i5

%O

%5

circuiting magnet M?, and causing it to drop .

its armatures; connect contact-rail 3 to up-
per rail A* thereby energizing magnet l\ﬁ;
and de-eénergize relay F* by short-circuiting
 the' primary of transformer D®. Relay F?
- consequently breaks the circuit of-the oper-
ating mechanism of the signal H?, restoring
it to danger, and the contact k! of this signal

35 1o eause it to go to danger also. Magnet Mz,
- by dropping its armatures, breaks the circuit
of transformer C* at its' armature m?, and
breaks the circuit of transformer C* at its
_armature m. The circuit of transformer C?
is closed, however, at practically the same
instant by the closing of armature m? of
magnet M?, .so -that. relay F? isTmaintained
energized and signal H? at clear. - Further-
more, the closing of armature m of magnet
M? results in clearing distant signal K2, if the
hlock next.in advance is clear. In this man-
ner the proper signals are always displayed
i -front, of the train, but no current is used,
except when it is required for displaying a
5o signal. ~ - , . :
- _Although T have:shown my invention ap-
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+ plied to separate home and distant-signals,
1t i8 obvious that it is equally applicable to
one-arm three-position signals. Further-
more, I-hawe shown the apparatus diagram-
matically, and it will be understood that in
practice. any well known form of apparatus
xay. be employed.  Furthermore, the cir-

lif-connections may be altered to suit dif-
gonditions. = Accordingly, I do not
limit ‘myself to the particular con-

struction “and " arrarigement of parts Here |

. shown, but -4im in’ the appended claims to
. __cover:all'modifications which are within the
63 scope of my inivention.

minalof battery 12 through-contact A* of.
~ signal H* and contact A* of signal H? to oper-

‘breaks the circuit of distant-signal K2, so as’

8

'What I claim as new and desire to secure
by Letters Patent of the United ‘States, is,—

I. In an electrically - operated railway,
track-rails divided to form signal-blocks, in-

ductive windings cross-connecting the rails-
at.-both ends of each block and forming with

the rails a permanently-closed track-circuit

for each block, connections betweén the cir-

cuits of adjacent blocks adapted to form a
return-path for the power-current, means
controlled by a moving train for producing

70

an ' alternating-current in a track-eircuit .

ahead of the train, signals normally at dan--
ger, and a signal-controlling device for each
track-circuit responsive to the alternating-
current when suppligd therete.

2. In _an. electrically - operated railway,

track-rails divided to form signal-blocks, in- -

ductive windings cross-connecting the rails at-
both ends of each block and forming with the
track-rails a permanently-closed track-cir-
cuit for each block; connections between the
track-circuits of adjacent blocks adapted to

form' a return-path for the power-current,"

normally-open circuits for supplying alter- :go

nating-current to the‘several track-circuits,
means controlled by a moving train for clos-

ger, and a signal-controlling device for each
track-circuit responsive to the alternating-
current when supplied thereto. . :
. 3. In an electrically - operated railway,

8o

85

| ing the supply-circuit for a track-circuit .
‘ahead of the train, signals normally at dan-

track-rails divided to form signal blocks, in-

ductive windings cross-connetting the rails
at both ends of each block and forming with

‘the track-rails a permanently-closed” track-

circuit for each block, connections between
the track-circuits of adjacent blocks adapt-
ed to form a return-path for the power-cur-

-rent, circuits for supplying alternating-cur-

rent to the several track-circuits, normally-
open contacts included in said supply-cir-

10¢
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cuits, electromagnets for closing said con- -

tacts controlled by an approaching train, ;

signals normally at danger, and & signal-con-
trolling device for each t-ack-circuit respon
sive to the alternating-current when sup-
plied thereto.

4. In an_electrically - operated railway,
track-rails divided to form signal-blocks, in-

ductive windings cross-connecting the rails .

-at both ends of each block and forming with

the track-rails a permanently-closetl track-
circuit for each block, connections between
the track-circuits of adjacent blocks adapted
to form a return-path for the power-current,
circuits for supplying alternating-current to
the several track-circuits, normally-open
contacts included in said supply-circuits,
electromagnéts for closing said contacts, cir-
cuit-connections for said magnets arranged

120
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to be closed momentarily by an approaching

train, a maintaining-circuit for each magnet
arranged to be closed when the magnet is en-

130
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ergized, signals normally at danger, and a

- signal-controlling device for each track-cir-

ioc

Is.

cuit responsive to the
when supplied thereto.
5. In_an electrically-operated railway,

alternating-current

track-rails divided'to form signal-blocks, in-.

ductive windings cross-connecting the rails
at both ends of each block and forming with
the track-rails 8

circuit for each b
the track-circuits-of ad
to form s return-path

circuits for supplying alternating-current to
the several track-circuits, normally-apen
contacts included in said supply-circuits,

ock, connections between
jacent blocks adapted

electromagnets for closing said-contacts, con- |

nections arranged to be closed by & train for

- momentarily ‘energizing a magnet to close

20,
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the supply-cireuit for a block ahead of the
train, a maintaining-circuit for the magnet
-arranged to be closed when the magnet is en-
ergized, connections for de-energizing the
magnet when the train enters said block, a
signal for the block normally at danger, and

a device controlling the signal and responsive’
" to the alternating-current when supplied to

the track-circuit of the block,

6. In an electrically - operated. railway,
signal-blocks, in-.
ductive windings cross-connecting the rails

track-rails divided to form

at both ends of each block and forming with
the track-rails a permanently-closed track-
cireuit for ‘each block, connections between
the track-circuits of adjacent blocks adapted
to form a return path for the power-current,
normally-open circuits for supplying alter-
nating-current to the several track-circuits,
means controlled by a moving train for-clos-
ing - the supply-circuit for. a.track-circuit

ahead of the train, sighals normally at dan--
ger, and a signal-controlling relay for each-

track-circuit having two co-operating wind-
ings, one supplied: with current from .the
track-circuit when its supply-circuit is closed
and the other normally energized by ‘alter-
nating-current supplied independently of
the track-cireuit.

7. In an electrically - operated railway,

track-rails divided to form signal-blecks, in--

ductive windings cross-connecting the rails
at both ends of each block and forming with
the rails a permanently closed track-circuit
for each block, connections between the
track-circuits of adjacent blocks adapted to
form a return path for the power-current,
normally-open circuits for supplying alter-
nating-current to the several track-cireuits,
signals normelly at .danger adapted to give
caution and clear indications, means con-

trolled by a moving train for closing the sup-'

ply-circuit for a block ahead of the train, and
means controlled by the signal mechanism.of
second block ahead. _

8. In an electrically - operated railway,

for the
cuits for supplying alternating-current to .

permariently-closed track- the several track-circuits, means controlled.

or the power-current,

_transformer for each
-mary normeally open-circuited and its sec-

-adapted to form a path for the

-ing the

& block for closing the supply—cirquit of o

B68,487

trackerails divided to form signal-blocks, in-

ductive windings cross-connecting the rails

at both.ends of each biock and forming with
the rails & permanently-closed track-circuit
for each block, connections between adja-
cent- blocks adapted to form a return path
power-current, norntally-open’ cir-

by a moving train for closing the supply-cir-

device responsive to.the alternating-current
&

70

, 1 for -cir- 75
-cuit for a track-circuit ahead of the train, a

supplied to the track-circuit, a signal. con- .

trolled by said device, and means controlled

by the signal for closing the supply-circuit
for the track-cireuit next in advance, .
9. In an electrically - operated railway,
track-rails divided to form signal-blocks, a
block having its pri-

8o
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ondary: connected across the rails at one end

of a black, a second transformer for each
block having its primary connected - across
the track-rails at the other end of the block,
& signal-controlling relay for each block con-

9Q

nected to the secondary of the second trans- _

former, connections between the transformer-
windings at adjacent ends of adjacent blocks
power-current,
and means controlled by an approaching
train for closing the primary circuit of the
first " transformer of a block ahead of the
train,

. 10. In an electrically-operated railway,

track-rails divided to form signal-blocks, a
transformer for each block baving its pri-
mery normally open-circuited and its sec-
ondary connected across the rdils at one end
of a block, a second transformer for each

‘block’ having its primary -connected across

the track-rails at the other erid of the block,
& signal-controlling relay for each block con
nected to the secondary of the second trans-
former, connections between the transformer
windings at adjacent ends of adjacent blocks
adapted to form a path for the poweér-current,

means controlled by an approaching train

for closing the primary -circuit.of the first

transformer of a block ‘ahead of the train, a
signal for each block controlled by the relay,
and means controlled by the signal.for clos-
rimary circuit of the first trans-
former of the block next in advance.

11. In an électrically-operated ‘railway,
track-rails divided to form signal-blocks, a
transformer for each block having its pri-
mary normally Spen-circuited and its ‘sec-
ondary connected across the rails at one end
of a block, a second transformer for each
block having its primary connected across
the track-rails at the other end of the block,
a signal-controlling relay for each block con.
nected to the gecondary of the second trans:
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former, connections belween the transformer .

windings at adjacent ends -of adjacent
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blocks, adapted to form a path for the power-
currerit, an electromagnet for cach block ar-

- rangedl when energized to close the primary

10

E5

cireutt: of the first transtormer, and cireuit
conneéetions for said magnet arranged to be
closed by an approaching train.

12. In an electrically-operated railway,
track-rails divided to form signal-blocks, in-
ductive windings cross-connecting the rails
at both ends of each block and forming with

the track-rails a permanently-closed track-.

circuit for each block, connections between
the track-circuits of adjacent blocks adapted
to form a return-path. for the power-current,

circuits for supplying alternating-current to |

the several track-circuits; mnormally-open
contaets included in said supply-cireuits, elec-
tromagnets for closing sald contacts, short
insulated sections inserted in the track-rails
and connected to said magnets, and a signal-
controlling deviee for each track-cireuit re-
sponsive to the alternating-current when
supplied thereto.

In witness whercof, I have hereunto set
my hand this $th day of January, 1907.

. LAURENCE A. HAWKINS.
Witnesses: '

Bensamin B. 1oLy,

11eLEN ORFORD.
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