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To «ll whom 7t nialy conceri:

citizen of the United States of America, re-

siding at Edgewood Park, in the county of
Allegheny and State of Pennsvivania, have
invented or discovered new and usetul lm-
provements in Railway Signaling Svstems, of
which the following is a specification.
Referring to the drawings, which form a
part of this specification, Iigure 1 15 a dia-
grammatic view of my invention; Kig. 2, a
diagrammatic view of a second form of gen-
erator of pulsating current; Fig. 3, diagrani-
matic representations on the magnetization
of the core of a coil when traversed by both
an alternating and a direct current; Fig. 4, a
view showing the same thing as Fig. 3 when
a pulsating and a direct current are used.
Fig. 5 is a representation of the value of a
current that is used so that the
combined values of pulsating and direct cur-
rents would equal the combined values of the
direct and alternating currents; kig. 6, a
view similar to Fig. 4 with the generator of
as the originator of pulsating current;
Fig. 7, a diagram showing the value ol an
alternating eurrent necessary to produce the
counter electromotive force shown by the
curve @ when the core is acted on by direct
current: and Fig. 8, a view similar to Ifig. 4,
showine in dotted lines adisplacement of
phase that might exast. ' |
My invention relates to a system of rail-

~ way signaling which employs an alternating

35

40

or direct current for driving the railway-ve-
hicle and a pulsating current for the track or
signaling current. A pulsating current has a

character widely different from an alternat-

ing or a direct current and can be cgenerated
in different ways. It can be produced by
such generators as are shown on ¥igs. 1 or 2,
or by the mercury-vapor arc, or by other
means. . . .

An alternating current has a wave form of
sinusoidal character, and each wave length
rises and falls between a maximum and -a

* minimum, one above zero and the other be-

5.

53

low it, as shown by the line ¢, Fig. 3. A pul-
sating current has an entirely ditferent wave
form, which is shown by the line a, lig. 4,
where the wave form lies wholly on one side
of zero. A direct or continuous current is
represented by the horizontal dotted lines on

Figs. 3 to 8, in which the horizontal lines rep-

resent different current strength, magneto- j tion when

|
i

| motive force, or electromotive forve,
Be it known that I, Lotis . THULLEX, a ] -

——rerwr—

case aay be.

Referring for the present to Iig. 1, 1, 2,
alnd 3 represent blm*{{-sections of a railway,
the rail 4 being in this instance shown as con-
tinuous, while the opposite rail is divided
into the sections 5, 6, and 7 by insulated
joints 8§ and 9 or otherwise. llowever, both
rails may be divided into insulated sections,
if desired. 10 represents a rotary generator
of pulsating current and has the two seg-
ments 11 and 12 to indicate diagrammntic-
ally that there will be two pulsations at . 1
revolution of the generator.
of the generator are respectively connected
to the mains 13 and 14, across which are con-
nected the primary coils 15 of the transtorm-
ers 16, there being one of the latter for each
block. The secondaries 17 of the transforms-

ers are connected across the rails, oné end of

the secondary being connected to the rail 4

and the other %o its respective section of the
other rail. 18 represents diagrammatically
relays of the motor or other type bridged
across the rails of the respective block-sec-
tions. These relays are not operative by the
vehicle-propulsion current, whether it be di-
rect or alternating, but only by a pulsating
current. The relays have the current-closers
19, which control the signals 20 in a well-
known manner. '
in which the signals are located are.closed the
signals indicate a clear track; but if thus local
circuit is for any reason opened the signal 1n
such cireuit at once indicates ‘‘danger.” In-
ductive windings 21 conneet the rails at each
end of each section; but they may be ditfer-
ently arranged and may be constructed as
shown in my application Serial No. 214,744.
22 represents the trolley-wire, third rail, or

other means of distributing motive current,

which is supplied by the generator 23 of di-

rect or alternating current, one brush being

connected to the feeder 22 and the other to
therail 4. 25 represents the vehicle provided
with the trolley-pole 26, carrving the trolley 27,

The operation is as follows: The generator
10 is supposed to be supplying the trans-
formers 16 with pulsating current, which the

secondaries 17 impress on the rails ot the
block-sections, whence it passes through the’

relays, causing them to hold thewr armatures
30 as to close the local circuits, including the
signals. This is the condition of cach sec-
there is no train on that section.

The two brushes

So long as the local circuits

as the

60
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- When, however, a train enters a section, the | rent strength is measured on a perpendicular-

~ trucks short-circuit the relay for that sec-
tion, whereupon the local circuit is broken
‘and the signal indicates “danger.”” As soon
5 as the rails of the section are cleared the
~ transformer-circuit again enterstherelaysand
- the loecal, eircuit is again closed, causing the
signal to'indicate ‘“safety.” | -
- I will now explain the advantages which a
1o pulsating signaling current offers in systems
- 1mvolving the principles of the present in-
~ vention S -
- If a direct current be impressed on a wind-
-~ 1ng having an iron core, the latter will be-
15 come magnetized to an extent depending on
~ the strength of the current and the reluc-

- tance of the magnetic circuit. If an alter- |

‘nating current be simuitaneously impressed

- upon the winding, the impedance of the
20 winding to the alternating current will be in-
versely as the total magnetization of the core
produced by the combined action' of both
currents. o - | | |

Referring to Fig. 3, let the horizontal lines |

25 represent the total magnetization of an iron
~core traversed by a direct and an alternat-
ing current. Each line represents a density
~of one thousand magnetic lines'of force per
~square centimeter. ~The line a represents
3c the value of the magnetization at any point
. of the cycle when the winding is traversed by
- an alternating -current only. The dotted
-~ horizontal line shows the magnetization of
' ~the core, if traversed by-a direct current of
35 solme known'value. The line b shows the
© magnetization of the core when the winding
18 traversed by both an alternating current
- - and a direct current. As will be seen,.the
~ value of the magnetization will reach a high
40 value at one part of the cycle and go down to
- zeéro at anotherpart. - . .
- In Fig. 4 1s shown by the curve @ the mag-
netization of the core, due to a pulsating cur-
. rent of the same strength as the alternatin
45 current in Fig..3, and Toy the dotted curve
" the magnetization of the core when the wind-
ing also carries a direct current of the same
strength as the direct current in Fig. 3.  The.
- . maximum value of the magnetization, with
50 the combined alternating and direct current,
7 -1s eight thousand lines, (see Fig. 3,) while the
- maximum value of the magnetization with

" the combined pulsating and direct current |

-~ 18 but four thousand lines. (See Fig. 4.)
- 55 Therefore with the combination of the pul-
. sating. and ‘direct currents the maximum

- magnetization of the core is far less than with

. the combined action of the alternating and
~ direct currents. The unit of time on all
60" these curves is measured on the horizontal

by any common scale.

rents. This is plainly shown by Figs. 4 and

Referring to Fig. 3, at any one instant, as

at ¢, the strength of the alternating current,

e ourrent

to said lines. Therefore the m&inetizaﬂ;ion, -
the electromotive  force, or  the _
“strength. at any instant is equal to the dis-

tance at that instant on said perpendicular -70.'_

and therefore the magnetization theréby on

the core, 1s zero. At the same instant the di-

rect-current strength, and therefore the mag-

netization thereby on the core, is four thou-

sand, and the sum of the two magnetizations
1s four thousand. At another instant, as at

@, the alternating current produces a mag-
netization of four thousand and the direct
current a magnetization of four thousand: or
the two currents producing a total magneti-

zation of eight thousand lines, a..d-as thisis

measured at the maximum point of the mag-

netization dueto the alternating current it

1s also at the point of total magnetization

from the combined currents.

In Fig. 4 and in practice the direction of -

the pulsating current is made to traverse the
windings 21 in opposition to the direct cur-

rent.  Therefore the total magnetization or
the current strength is equal to the difference
between the direct and the pulsating cur-

5, 1n which @ represents the magnetization
due to the pulsating current, the dotted line
e the value of the direct current, (in all cases

netization due to the two currents. |
~ Fig. 5 shows the value of a pulsating cur-

value of the combined direct and pulsating

currents would be equal to the combined
maximum value of the direct and alternating

currents. This shows that a pulsating cur-

rent having twice the strength of the alter-

nating current could be used with the same

direct current and still have the total maxi-
| mumvaluesequal.-* Thisfigureis self-explan-
atory and needs no further comment. .
-~ FKig. 6 shows the characteristic of a pulsat-

ing ¢urrent produced by the generator 28 of

pulsating. current, Fig. 2. In this case the
ulsating current attains its maximum value

but once in a revolution, as-the current is

‘produced only when the strip 29 is in contact-

with a brush. In Figs. 4, 5, and 8 the pul-
sating current attains its maximum value
twice in a revolution. In Fig. 6 the pulsat-

95

shown constant,) and b the resultant mag- |
100,

rent that could be used so that the maximum

105
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ing current is zero for half a revolution; butI

do not restrict myself to any particular form
of pulsating current or to any means of gener-
ating same, as my invention broadly 1s any

way of using a pulsating current in connec-

125 .

- lines. For instance, the distance from ¢ to e | tion with a closed track-circuit of any de- .
seription for railroads, both steam and elec-

may be considered a unit of time and for con-

vemence in this case may be considered to | trical. .~ =

L]

= -equal one second. The value of the magneti- | - The dotted curves f in Flgs 5 and 8 show -

~ 65 zation, the electromotive force, or the cur- | the relation of the current and electfomocive

130




~ force that could exist; but the displacement |

. more or

~force equals the impressed electromotive.

10

837,164

in phase indicated by the curves could be far
tirely upon the capacity on inductance of the
circuit. ' T _

By Fig. 7 I show how a high saturation is
objectionable in an impedance-coil. In gn

impedance-coil thé counter electromotive

force. To establish this counter electro-
motive force, it is a well-known fact that a
certain number of magnetic lines of force per

. second must be looped within the winding.

20

35
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Should the core become nearly saturated by

the direct current, it can then be readily seen
that but few more lines could. be' orced
through the core by the alternating current

and that it would require a strong current to

‘force these lines through the core, as the
oreater the density of the lines in the core

the less the permeability of the iron, and
therefore the greater the magnetic reluc-

tance of the magnetic circuit.

In Fig. 7 the dotted line ¢ represents the
electromotive force necessar{- to produce the
desired direct current and t

shown constant. The curve @ shows the

value of the counter electromotive force

necessary to equal the impressed electro-

motive-force resistance of the coil being neg-

lected. The curve g shows the value of the

alternating current necessary to produce the

counter electromotive force shown by the

curve @ when the core is acted upon by the

direct current. The ¢urve b shows the mag-
netization of the core due to the.combined
action of the direct and alternating currents.
" If the magnetization of the core i1s not car-
ried very high—say to four thousand lmes
per square inch—the current required to
magnetize the core would be quite small and
could be represented by the curve a. The
higher the magnetization by the direct cur-
rent the greater the flow of alternating cur-
rent when coil is also subjected to an alter-

nating electromotive force, and if the mag--

netization is carried very high by the direct

current the value of the alternating current

Lt
e,

HO

- ourrenst.

Cthe amupedance of the rail to current of a

L
e
'r;_‘

is therefore nearly infinitely great. As it is
desirable to keep the alternating current at
its lowest value, it can be readitfy seen that
the megnetization of .the core must be kept
quite low, in the vicinity of four thousand

Jines per square mch, at ordinary frequencies.

" Tt is desirable that the inductive bond 21
farthest from the transformer should take

‘but little current.  In this bond the pulsat-

ing current traverses the winding in the op-
nosite direction to the direct or propulsion
The veason less current is desirabie
at this point is on account of the drop aue to

x T e - - . l J".-..] '1 s '- 1 { -~ '* : I T
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less than shown. It depends en-

point is not objectionab

+ ren e desired mag-
" netization due thereto. In thisinstanceitis.

should exist at the relay end with a mini-
mum voltage at the transformer end.
The pulsating current in the inductive

former end as the propulsion-current, and
therefore takes more energy; but at .this

&

"bond is in the same direction at the trans-

70

point the additional energy is not objection- .

able, as it is applied at a lower voltage than

would be possible with an alternating cur-

rent, and the consumin% of energy at this
@

can be designed to meet this condition
 Having described nmy invention, I claim—
1. In railway signaling wherein a closed
track-circuitisnormally preserved, the motor-
return current traverses the rails and the
track and car-propulsion currents traverse the
same inductive devices, means for impressing
upon the track-circuit a signal-operating pul-
sating current and means for impressing upon

the motor-circuit a current return of different

character. . -
2. In railway signaling -wherein a closed
track-circuitisnormally preserved, the motor-
return current traverses the rails and the
track and car-propulsion currents traverse the
same inductive devices, means for impressing

upon the track-circuit a signal-operating pul-
sating current and upon the motor-return

circuit a current of different character, and

' causing thie signal and motor-return currents
to traverse the inductive device 1n opposite

directions. |

3. In arailway signaling S}?steni emplofring |

a closed track-circuit, a generator of pulsat-

ing current therefor, a car-propulsion motor

operative by a direct or an alternating cur-

rent having a track-return, and inductive de-

vice traversed by both currents.

4. In arailway signaling system employing
a closed track-circuit, a generator of pulsat-
ing current therefor, a car-propulsion motor
operative by a direct or an alternating cur-
rent having a track-return, and inductive de-

vices traversed in opposite directions by both-

currents. 8

, as the apparatus-

15
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5. Inarailway signaling system employing

a closed track-circuit, a generator of puisat-

&

‘ing current therefor, a car-propulsion motor
‘operative by a direct or ah alternating cur-

rent having a track-retarn, inductive devices
and sicnal-actuating mechanism bridged in

the rails of each block-section and means for

permitting the flow of the return-circuit from
one section to an adjacent sectton. -

‘6. In combination in a signaling system, a -

closed track-circuit, a source of current pui-

sating in character, and a signal operative by

such current.
7. In combination in a signaling system, a

rails, means for producing a pulsating current

115 -

120

125
track-circuit permanently connected to the

for said circuit, and a signal operative Uy

such current. | .
8. I combination in asignaling system, &



~closed track-cireuit, a source of current for

- IO

propelling a car on the track, a source of pul-
sating current, and means whereby the sig-
nal is controlled by the latter current. |

9. In a signaling system for electric rajl-

- ways, the combination of a lurality.of block-
- sections, both rails of whicE

are used. for the

return propulsion-current, a track-cireuit for

-each block-section, a source of pulsating eur- | re .
track-rails. - .. - N U
' 13. A track-circuit for railway’ signaling

rent for each track-circuit, a source of eurrent.

for propelling cars on the track, means be-~

- tween adjacent block-sections for permitting
‘the propulsion-current to pass fromoneblock-

section to another, but forming a path of high

impedance to the pulsating current.
10. In an electricrailway signaling system

having a closed track-cirenit, a plurality of

o block-sections, a, source of pulsating current

20

~.block-sections.
25 J1 L ad1y
- temscomprising a source of unidirectiona

- errcuit for ch

for supplying the rails of each section, a-sig-
nal for each block-section controlled by said

current, a souree of direct current for propel-

ling the cars, and means for .Eermittmg the .
Empu_lsion—current;tp traverse O_thrails of the

- 11. ‘A track-circuit for f&iiw&ﬁ?signaliﬁ%-sys'-.;

rent-supply, automatically-operated  means

‘between 1t and the track-rails of the track- |
anging one of its characteristics,

and-a translating device responsive-only to 3o
‘the operating-current in the track-rails. -
- 12. A track-cireuit for rallway signaling
| sysiems eomprising a source of unidirectional
current-supply, a charging-circuit for said
-source, means between the source of continu-
‘oussupply and the track-rails forchanging one
of its characteristics, and a translating device

sponsive to its- operating-current in the

40

sysbems'comﬁyrising a source of umidirectional
current-supp 1t T

source, means between it and the track-rails |
‘for- altering a characteristic of the unidirec. =
| tional current, sla,

sponsive to the altered current. ' o
- 14. A track-circuit for railway _signaling -

, & charging-circuit for said

and a translating device re- 45 -

systems com?rijsing a source of unidirectional

{-eurrent-suppl _ locate
connection of the source of supply with the

-track-rails ' whereby 'its’ character of unidirec-

| tion is changed, and a translating device.

|- Signed at Pittsburg this 16th day of May,

cur- |, |

,_ an Interrupter located in a - o
50

. Witnesses: -

K. N. BARBER, - T
- AnNA Ri Bearry. T
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