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To all whom it may conceri.

Be it known that I, CHARLES K. BENNETT, &
citizen of the United States, residing at New
York, in the county of New York and State of
New Yorlk, have invented certain new and use-

ful Improvements in Block-Signal Systems,
of which the following is a full, cleal and ex-

“act deseription.
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My invention relates to block-signal systems
for raillways.

By the ordinary block-signal systems lamps
are displayed or semaphores operated by the
movement of the trains within the differ-
ent blocks: but it is believed that relay-mag-
nets for closing the different operating-cir-
cuits are almost universally employed. A
perfect block-signal system should make use
of the usual tracl-rails and should require
these to be charged to only a low-potential
difference in order to avoid excessive leakage
through the indifferent insulation afforded by
the ties. On the other hand, the lamps or
semaphore-signals should be operated by a

current of fairly high voltage, so that their

operation may be absolutely positive and the
potential drop overline-wiresnegligible. Va-
rious methods have been proposed to make
these results possible; but,so faraslamaware,
they have involved the use of relays, con-

tactors, circuit-breakers, or similar devices.

The use of relays, contactors, circuit-breakers,
and all such devices is highly objectionable in

a block-signal system. All such devices are

liable to fail at any moment by reason of par-
ticles of dust which may lodge between the
contacts. Moreover, the delicate parts are
often necessarily exposed to damp and un-

favorable conditions in subways and road-
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beds and frequently get out of order and re-
quire the services of an expert to restore them
to operation. A further disadvantage of such
devices is the danger to human life which
arises from any mechanism liable to fail 1n a
block-signal system. |

It is the purpose of my invention to secure

all the essential and desirable features of a

block-signal system, making use of the ordi-
nary tracks and charging them to low poten-
tial, and to have the lamps or semaphore-sig-

‘nals in a high-potential circuit, and, 1n addi-

tion to all these desirable features, to abso-
lutely eliminate relays, contactors, circuit-
breakers, and all such appliances of every
form.

‘A fuarther object of the invention is to se-
cure a system which shall be applicable to any

road, either steam or electric, which shall be

of maximum simplicity, and certain in opera-
tlon. ,

A further object is to secure a system by
which an indication may be glven 1n case any
breakage or burn-out should occur to damage
the apparatus.

60

A further purposeis to provide an appara-

tus which can be repaired by any track-hand

without requiring the services of an expertin
case of failure thereof.

My invention consists in the constr uctlon
combination, location, and arrangement of
parts and apparatus, as will be later more tully
described, asshown in the accompanying draw-
ing, and finally particularly pointed out in the
appended claims.

The drawing illustrates in diagrammatic
representation, a portion of a track having a
signal system embodying the prineciples of my
invention applied thereto.

In its broad aspects my invention contem-
plates the use of a transformer whose second-
ary circuit includes portions of the track-rails
and whose primary circuit includes the lamps
or other display apparatus. Hach transtormer
is energized from any convenient source of
altermtmw carrentand should be of the *“ step-
down” variety, the low - potential windings
being included in the track-rail circuits.

Referring now to the drawing and to the
various reference-signs appearing thereon, ot
which the same signs indicate like parts wher-
ever they occur, A denotes a portion of a sin-
ole-track railway ot any sort divided 1nto suc-
cessive sections or blocks. HKach block com-
prises two distinet and separate " subdivi-

. 22 ‘5 b ) -
sions,” or " subsections,” as I shall term them,

and in the drawing 1 have illustrated one com-

plete block hcwmo* two subsections B’ and B”.

One of the rails, which T have designated as
A’, is preferably continuous thr oughout 1tS
length, although this is not essential, and this
rail may constitute a ground cormectlon
throughout the line. The other rail A® is
provided with insulated joints C'" and C° and
D, which divide it according to the blocks,
and the subsections, respective 1\? E and I de&,-
ionate separate tr ansformer% hav lng primar y
wmdmocs »" and »° and secondary wmdmo% §
and s

cluded in circuits which include the different
track-subsections and also the lamps or other
indicators, as will be later more particularly
described.

At points along the track I provide a plu-

These transformers are sepamtelv n-
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rality of signal devices, (designated as 1, 2, 3,
4, 5, and 6 in thedrawing.) Any number of
these signal devices may be used and at any
required interval or space; but 1 prefer to
employ ordinary incandescent lamps, which
shall be displayed in various signal - boxes
having colored glass or lenses therein, so that
a light of proper color may be displayed un-
der any given conditions. In the embodiment
of my invention illustrated in the drawing I
have employed three signals for each subsec-
tion, and each signal comprises two indicator-
boxes with lenses and colored glass on one or
both sides in the manner which is clearly
illustrated in the figure—that is to say, signal
No. 1 comprises two boxes, both of which are
adapted to show a red light in a left-hand di-
rection only. Signal No. 2 has two boxes,
one of which shows a red light in a left-hand
direction, while the other of which may show
a white light in either direction. Section 3
is similar to section 2, and sections 4, 5, and
6 correspond to sections 1, 2, and 3, except
that their relative position is reversed. With-
in each of the boxes is the signal device, which
preferably constitutes an ordinary incandes-
cent lamp or a pair of such lamps in multiple,
so that one of them may burn out without
causing the signal to fail. I will now de-
scribe the manner in which the lamps or in-
dicators are connected in the various circunits,
so as to perform the features of my invention.
F' and " designate the separate indicators
of signal No. 1, which I will hereinafter refer
to as a ~lamp” in each case, it being under-
stood that in practice 1 prefer to form two
lamps 1n multiple 1n the box and wish to in-
clude within my invention electrically-oper-
ated shutters, semaphores, and electrically-
operated signals of every other description.
F* and G* indicate the lamps in section No. 9.
of which F” shows white in both directions
and (° red in only a left-hand direction. In
like manner the lamps of the successive sig-
nals are correspondingly designated. In the
form of my invention shown lamps G, G*
and (” are included in the same mrc,ult, all
being connected in multiple therein, and the
same multiple eireunit includes hmms B, B°,
and F° of the other subsection. 7 and 2 indi-
cate the line-wires which constitute the mains
for this multiple circuit. The lamps F', ¥,
and F*® lie in another multlple circult, Wthl
also includes lamps G*, G°, and G°. The line-
wires which include this multiple circuit are
designated as /” and /" on the drawing, it being
understood that // constitutes a common re-
turn-wire. ltisobviousthat separate return-
wires could be used or /' could be made the
neutral wire of a three-wire system. These
features are immaterial for the purposes of
my invention, 1t being merely essential that
non-cor rGSpondmﬁ' lampq in the different sub-
sections be connected into the same multiple
circuits.

Kach of these multiple circuits is
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placed in the series with one of the primary
coils »" and »° of the transformers E and E:
The connections of these circuits can be read-
1ly traced onthedrawing asfollows: Starting
from the alternating-current main /%, the cir-
cuit is led to #°, where it divides, part going
through primary »" and part going through
primary »° into the line-wires 7* and /*; from
thence 1t passes through the lamps of the cir-
cuits above stated and returns through com-
mon return-wire ¢’ to point 2, where it returns
to the alternating-current main /.

The general arrangement of an apparatus
adapted to carry the method of my invention
into operation having now been described, T
will particularly set forth the successive steps,
acts, and processes of operation which consti-
tute my said method.

An alternating current of any desired vol-
tage, but preferably of about two hundred
volts, is impressed in the mains /' and 7', which
extend throughout the entire railroad. Sep-
arate generators forthe different blocks could
of course be used; but I prefer to employ
continuous mains impressed with a constant-
voltage alternating current. The alternating
current is led into a group of lamps (., (72
and (° of one subsection and another non-
corresponding group of lamps F, %, and F°
of the other subsection, all arranged in mul-
tlple., and from thence it passes into primary
»* of transformer E?, and from thence back
to thealternating-current main. In like man-
ner current is constantly passing through sec-
tions F', F*, and F°, G', G, and (°, and pri-
mary »  of transformer I/. The secondaries
s and s° of the transformers are thereby im-
pressed with a certain electromotive force,
and this electromotive force is led to the rails
A” of the subsections B" B?, so that they are
malntained at an alternating difference of po-
tential from the rail A’. _

The transformers E and ' may be wound for
any desired potential relations, which would
depend largely on the actual conditions which
might arise in practice; but I have found a
practical ratio to be a step-down of ten to one
from the primary to the secondary, so that
while the mains /' and /' are maintained at
two hundred volts the track-rails are main-
tained at a difference of potential of substan—
tially twenty volts alternating current.  The
orcdinary track-rail is a suﬂimentlv good con-
ductor to carry a heavy current at twenty
volts, so that the potential is maintained
throughout the section in spite of consider-
able leakage through the ground and ties.
Under normal conditions when no trains are
passing the leakage is relatively unimportant
and there 1s practically no load on either of
the transformers I and E~ .

The actions in the transformer-primaries
under no-load conditions will now be briefly
considered in order that the operation of my
invention may be properly understood. It
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will be understood by those skilled in the |

art that when a transformer is operating un-
der no-load conditions no current passes 1n
the secondary and the transtormer acts ex-
““kicker,” merely in-
terposing a very heavy mductwe resistance
acrossits terminals. Theeffect of thisinduct-
ive resistance 1s twofold. As 1s well known,
it causes the current to lag considerably be-
hind the impressed electromotive force, so
that at times the current is in a contrary di-
rection to the impressed electromotive force
and work 1s being given back to the mains.
In this way although a certain current passes
through the primary coil of the transformer
it 1s what is known as a " Wattlass current,”
since work. 1s first done by the main circuit
and then returned to the main circuit, so that

the summation or integral of the work 1s nef

in theory at any rate and is very low in prac-
tice. The heating effect of the Wattlass cur-
rent is, however, identical with that of any
electrlcal current, and accordingly the phe-
nomenon of the extmomshment of the lamps
in the method of myv invention, when no load
18 being taken off of the transf()rmers, must
not be confused with the Wattlass-current
phenomenon. The extinguishment of the
lamps 1s due to a different phenomenonr of
transformers under no-load conditions which
will now be explained.

As above stated, the effect of a transfm mer
under no-load conditions in a circuit is to
merely 1tmpose inductive resistance. This
causes the current to lag considerably behind

- the 1mpressed electromotive force, and such

current generates a counter electromotive
force in the primary winding due to the phe-

- nomenon of self-induction, as will be under-
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stood by those skilled in the art. The effect
of the counter electromotive forece 1s to op-
pose the impressed electromotive force, so
that the resultant electromotive force 1s to
cut down, and the actual current very much
reduced. It 1s incidentally true that thisisa
Wattlass current, so far as the alternating
mains are concerned; but this feature i1s not
important in the present case. On account of

- the opposing action of the counter electro-

50

motive force, as above desecribed, the current
through the transtormer-primaries under no-
load conditions is cut down, and since all of
the signals lie 1n circuits which include said

- primaries the effective current through the
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65 from left to right passes onto the subsection

lamps 1s proportionately diminished, and 1n

practice it is diminished to such an extent |

that the lamps are wholly extinguished and
cease to display any signal.

The conditions will now be considered when
trains are passing on the track, and I will first
consider a single train coming. from left to
right, and subsequently I will consider the
condition when the single track 1s employed
for trains in both directions. A train coming

~and ‘A’ through all the axles of the cars.

3

B’ and immediately short-circuits the rails A”

The
immediate effect of this is to throw a load
upon the transformer E', the secondary ¢ of
which is now virtually short-circuited. The
effect of imposing a load on the transformer
1s to neutralize the counter electromotive
force or self-induction of the primary wind-
ing, and as this becomes cut down the entire
impressed electromotive force of two hundred
volts from the alternating-current mains * /'
becomes effective to send current through the
primary winding p', so that the current there-
in 1S very much mcrﬁased This current.
however, 1s obliged to pass through the 1‘01-
lowing mﬂltiple circult of lamps, which all
become at once illuminated: Lamps F', ¥
and F? become illuminated on subsection B,
and lamps G, G°, and G° become illuminated
on said section B®. Referring to the draw-
ing, 1t will be seen that this results in signal
No. 1 showing red, No. 2 white, and No. 3
white in the direction of the approaching
train. Nos. 4, 5, and 6 all show red 1n the
opposite direction. Accordingly the engineer
on said train sees nothing in front of him but
white ligchts throughout the series, which in-
dicates that the track is clear and further
shows that the apparatusisin working order.
Under these circuinstances the engineer pro-
oresses and finally passes onto subsection B
This at once 1mposes a load on transformer
E? and causes white signals to be displayed in

sections 4 and 5 ahead of the approaching

train, at the same time keeping a red signal
displayed in section No. 1, which prevents
any second traln from entering the block
while the first train is at any point therein.
The red lamp is also constantly displayed at
section No. 6 to prevent any train from the
opposite direction entering the block. Ac-
cordingly perfect protection is realized for a
single train within the block at all times, and
at the same time the white display - lamps
keep the engineer constantly notified that the
apparatus is 1n proper working order. A
condition might arise in practice, however,
upon a single-track railway where two trains
from opposite directions entered the two cor-
responding subsections B’ and B® of a block
at the same instant. This might happen by
reason of the fact that as the trains entered
the block, no signals of any sort being lighted,
which is the normal condition of the appara-
tus, both engineers would simultaneously en-
ter, lw‘htmﬂ‘ up all of the white lamps F*, F¥,
) O ‘and B, which is the signal for both of the
engineers to proceed .at full speed. A col-
lision in this case 1s, however, avoided by the
following signals which are displayed: The
train on subsection B’ shows a red light in
sional 1, a white light in signal 2 and also in
sional 3 and also showsa red light 1n sections
4 and 5. This forms the danger indication

In

for the approaching train on section B~
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like manner the train on section B® shows a
red light in sections 2 and 3, which is the
danger-signal for the approaching train on
section B'. Inthis way the trains are notified
of the danger in spite of the fact of their
running by the signal-lamps 1 and 6, due to
their simultaneous entrance on the block.

Should my apparatus fail to operate at any
time, 1t can only be by reason of the burn-out
of the signal-lamps, since these are the only
parts which are liable to failure in my sys-
tem. In the practice of my invention I em-
ploy ordinary incandescent lamps for the sig-
nals, so that in order to restore the apparatus
to working order it 1s merely necessary to
plug in new lamps, which can be done by any
one. Themethod ofhaving two lamps in mul-
tiple in each signal-box insures that a signal
will be giveninspite of a burn-out in any single
lamp.

While 1 have particularly described my
method of block-signaling as applied to sin-
ole-track systems in which trains enter the
blocks from opposite directions, it is equally
adaptable to the ordinary two-track installa-
tions, and in this case the method of ‘‘sub-
sections” above described may or may not be
used. It is of course apparent that with a
two-track railway the blocks on each track
may be simply constructed to correspond with
any one of the subsections above deseribed.
It 1s also apparent that each signal may com-
prise a single box, of red or white, as the
case may be, instead of two boxes in separate
circuits. Itisalsonot important to use lamps,
since any form of signal or indicating device
may be substituted therefor, and it will be
understood that any desired number or dispo-
sition of them can be made to suit the condi-
tions which arise in practice. I do not, there-
fore, desire to be limited or restricted to the
particular method or to the particular fea-
tures of construction which 1 have described.

What I claim is—

1. In a block-signal system, a signal, a cir-
cult having means for displaying said signal
when the current varies therein, a step-down

transformer having its primary in said cir- |

cutt, and means actuated by a passine train
for closing the secondary circuit ot said trans-
former.

2. In a Dblock-signal system. a circuit in-
cluding a display-signal and the primary of a
step-down transformer, and a circuit includ-
ing the secondary of said transformer adapt-
ed to be closed by a passing train.

3. In a block-signal system, a circuit in-
cluding the primary of a transformer and dis-
play-signals in series with said transformer
and in multiple arc with one another, and a sep-
arate circuit including the secondary of said
transformer adapted to be closed by a passing
train.

4. In a block-signal system, a transformer
having a step-down ratio of substantially ten
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| to one, a signal device included in series with
the primary of said transtormer, and a cir-

cuilt including the secondary of the trans-
tormer arranged to be cleosed by a passing
train. |

5. A block-signal system comprising a track
divided into sections, each section being sub-
divided into a pair of subsections, a pair of
transtormers 1in each block having their ter-

‘minals connected to the rails of the subsec-

tlons, and two sets of display-signals inelud-
ing signals 1n both subsections in each set,
included in circuits through the primaries of
sald tranformers.

6. A block-signal system comprising insu-
lated track-sections, and transtormers having
thelr secondaries in circuits which include the
ralls ot sald track-sections, and a circuit in-
cluding two signal devices at the respective
ends of a block-section in circuit with the pri-
mary of i1ts transformer.

7. A block-signal system comprising a track
divided into a plurality of insulated sections,
a step-down transformer connected to charge
the rails of a section with a comparatively low
alternating potential difference, and signals
included in circuit with the high-potential pri-
mary of the said transformer.

8. A block-signal system comprising a track
having insulated sections, a step-down trans-
former connected to impress a low alternating
potential difference between the rails of a sec-
tion, and a signal included 1n the primary of
said transformer.

9. In a block-signal system, a track having
insulated blocks or sections each divided into
a plurality of subsections, a pair of trans-

formersconnected to maintain each of said sub-

sections at a low alternating potential differ-
ence, a seb of signals disposed along the entire
section and included in the primary of one
transformer, and a second set of signals also
disposed along the entire section included in
the primary of the other transformer.

10. In a block-signal system, an insulated
track-section, a step-down transformer con-
nected to impress a low alternating potential
difference between the rails of said section, a
plurality of signals arranged 1in multiple with
one another and in series with the primary of
sald transformer, some of sald signals display-
Ing danger and some safety indications.

11. Inablock-signal system, a block-section
having a danger-signal at each end each in-
cluded in the primary of a separate trans-
former, subsections within the block or sec-
tion, and connectionsfrom the transformers to
the subsections whereby the secondary of the
transformer for eithersignal 1s short-circuited
by a train entering the other end of the block.

12. In a block-signal system, an 1nsulated
track-section, a signal arranged at each end of
said track-section and included in the primary
circults of sepdrate transformers, a plurality
of additional signals disposed along the track-
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section and divided into two groups or sets
also included 1n series with the primaries of
said transformers, and means actuated by a

passing train for short-circuiting the second-

aries of said transtormers. |
13. Ina block-signal system, means for dis-
playing signals at both ends of a track-section

operated by an alternating current, a step-

down transformer having its primary wind-
ing in series with satd altematmg—current clir-
cuit, and means actuated by a passing traln
for short-circuiting the secondary winding.

14. In a block-signal system, means oper'-'

ated by an alternating carrent for displaying

a signal at each end of a track-section, a step-
down transformer having its primary wind-
ing in series with the circuit including said
means, and means operable by a train enter-
ing the block for closing the circuit through
the secondary of said tr a,nsformer

In witness whereot 1 subscribemy sw*na,ture

in the presence of two witnesses.

CHARLES E. BENNETT

Witnesses:
Frank S. OBER,
Warpo M. CHAPIN.
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