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To all whom it MAY CONCErN.: - -
Be 1t known that I, Lovis H. THULLEN, a

Edgewood, i the county of Allecheny and
State of Pennsylvania, have invented cer-
tain new and useful Improvements mn Signal-
Ing Systems for Rallways, of which the follpw-
Ing is a spectfication. o

My invention relates to signaling systems

for railways and especially to railways, the

track rails of which are meluded 1in and form
part of the return path or conductor to the
generator for the current employed-for pro-
pelling motor cars along the railway. '

1 will describe a signaling system embody-

g my mnvention and then point out the

- novel features thereof in claims. .
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The accompanying drawing, 1s a diagram
matical representation of a portion of an elec-
tric railway, the track rais of which are di-
vided by msulation to form block or track
sections and are used as a part of the return
path or conductor to the generator of the pro-
puision current, and a signaling system ap-
plied thereto and emhodying my invention.

Referring now to the drawing, A desig-
nates a portion of a railway which is divided
into sections, X, Y, Z, etc. These sections

‘are generally termed ‘‘block or track sec-

tions’’ and I will hereinafter refer to them as

“hloeck seetions.”” These block sections are

formed by inserting insulation a 1 some form

at determined points in one or both of the

track rails, the one arrangement being the

equivalent of the other so far as block sec-"|

tioning is concerned, and both being well
known in the art. In the drawing 1 have
shown insulation ¢ inserted in both of the
track rails. - '
x, 2! designate the track raiis of block sec-
tion X, 7, 9! the track rails of block section Y,

and so on.

P designates a generator of current for pro-
pelling the cars, which may be either an A. .

cenerator or a D. C. generator.

T designates a trolley or third rail connect-

‘ed with one pole of the power generator and

o{

extending along the railway in a usual and

well known manner.

As the track rails-of the railway, one or
both, are to form part of the return path or

conductor for the propulsion current em-
ployed for the motor cars and still contain in-

‘| vision for conducting the car propulsion cur-

rent from the track rails of one block section

accomplish by means of inductive bonds, lo-

cated at the insulated points which inductive
bonds comprises a core and a winding or

winding surrounding the core, each induc-
tive bond being of such construction and ar-
rangement as to afford a path of low ohmic
resistance for the propulsion current, from
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‘to the track rails of an adjacent block see-
“tion, around the points of insulation. Thisl

690

69

the track rails of one block section to the

track rails of another block section. A form
of bond which I preferably employ is de-
scribed and illustrated in U. 5. Patent No.
838,916, granted to me Dec. 18th, 1906, and
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which is also diagrammatically illustrated in

my applications filed February 5th, 1904, Se-
rial Nos. 192,145 and 192146.
ductive bonds generally stated eacn com-
prise a laminated iron core which may or may
not have an open magnetic circuit and a cop-
per winding of few turns. The ends of the
winding of a bond are connected with the

two track rails of the block section, and a

conductor extends from the middle ot the
winding, and which conductor 1s arranged to
be connected to the middle point of
winding of an adjacent bond.

In the drawing I have diagrammatically

illustrafed the bonds and their connections.
B, B!, B?, B3 etc. designate the bonds. .

b designates the core and b' a winding sur-

y - '
rounding a leg of the core.

v a v - . )
b* designates a conducter joining the mad-

dle This

oints of two adjacent windings.

These 1n-

the
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conductor as will be seen may be common to

two adjacent windings. The track rails of
the railway, of course, will be connected to

the generator in the usual and well known
manner understood . this art. Thus 1t will
be seen that the current taken from the feed

95

conductor T and after passing through the -

car motors to the rails will flow through the

rails and winding of the bonds in the direc-

tion indicated by the plain arrows.” It wiil
be seen that the propulsion current i its
passage through the windings of the bonds
flows In at their ends and out at 1ts middie

| point or in at its middle point and out at its

ends in reverse or opposite directions, the
result being that the core is not appreciably
ma.grm‘r.ize(i so that the bond may be used as

sulation to form block sections, I make pro- | a path of impedance for alternating signaling

100

105



o

889,561

currénts which indy be used.in the track cir- | itig eurrent is indicated by the featliered- ar-

cuits. This has beenall set forth in my ap yli-

- cations hereinbefore referred to, Serial Nos.
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192,145 and 192,146. It will also be seen
that the propulsion current flows in the same
direction in both traffic rails of a block sec-
tion and in the same direction through all the
block séctions. | . |

The foregoing, it will be seen, is directed

more p&rticulaﬁ, r to the arrangement of the

track in the return path or conductor of
Héwer_ circuit Wheteby

naling system. .

In the signaling system I employ a track
circuit for each block section which, as usual,
comprises a source of signaling current, a re-

sections to form the block sections of the sig-

lay and the rails of the block section or por-

tions of them. I preferably employ an al-
ternating current in each track circuit for the
signialing current, and in the event that alter-
nating curreiit is used for propulsion pur-
poscs the alterfiating current of the track
circuit may be of a different frequency or
phase or both from the phase and frequency
of the propulsion current, or when alternaf-

‘ing current is used for propulsion urposes I

36

ingy use direct current in the track circuits.

In atiy event, the félay or translating device

1s constructed to Féspond to control its signal

to the signaling ¢urrént or it iiay be so pro-

tected by the apparatus oF deviees which
will prevent its being operated by the pro-
pulsion current. = S
P! designates a generator of alternating
signaling current, p, p', feeder mains extend-

Ing from the generator along the line of rail-
way and Q, Q!, Q? ete. step-down trans-

40

formers. 'The primary windings of these

transformers are in multiple circuit with the
feeders p, p', and their secondary windings
are connected with the track rails of the block

. sections.  One such transformer is provided

45
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- natimg signaling curreiit.
able apparatis or devices
to protect the elay againist the action of the

99

for each block section and.is the source of
signaling current for the track circuit of the
block section. ©~ _—

R, R, éte. desi%:la“,’pe relays, one being pro-
vided for the track circuit of each block sec-
tion. The construction of thege relays is
such that they will only respond to the.alter-

f necessary,; suit-
may be employed
propulsion current. - A form of relay which

may be used is illustrated in my application
filed October 13, 1903, Serial No. 176,836.

- The track circuit for a bloek section, for ex-

60

ample block-section X, may be traced as fol-

lows: Starting from one terminal of the see-

~ondary winding of the transformer for that
~ block section it is, wire 1, track rail 2!, wire 2

65

coils of the relay, wire 3, track rail z and
wire 4 to the other terminal of the secondary
winding.  The flow of the alternating signal-

the propulsion current.
ows along 1t yet it is divided into insulated

—

' rows, and it will be seen that the flow is in
' opposite directions in the track rails of a

block sectioni. ~ Each relay controls a local
circuit of a raillway signal in a manner well

‘understood in the art.- Each local circuit
- comprises a source of current (not shown)

and an electro-magnetic part comprised in or

formins part of the rallwav sional overatine
= . T -

mechanism. A loecal circuit may be traced
as follows: Starting from the railway signal
it 1s wire 30, contact points controlled by
track relay, wire 31, contact points controlled
by a relay E, E!, etc. to be hereinafter re-

| ferred to; and wire, 32, to railway signal..

S, S, etc., ‘designate railway signals of
any desired type. I have diagrammatically
lllustrated ‘them as being of the automatic

semaphore type. When the alternating sig-

naling current of a track circuit is present in
the c¢oils of the relay included in that circuit
the relay responds to keep closed the loeal
circuit and théreby causes the semaphore or
other signal device of the railway signal to
indicate a safety condition. . When,however,
the alternating signaling current is absent
from the coils of the relay, as when it is short
circuited by the wheels and axles of a car
upon the rails of the track circuit, the relay
responds to open the local circuit and causes

. the semaphore to indicate & daneer condition.

This 1s all well understood in the art.
The point of location of the transformer in
the track circuit, the type of relay employed

88 well as the manner of energizing the coils
of the rélay from the alternating signaling

current ini the track circuit is immaterial so
far as my invention 1§ concerned. All that
1s required is that the relay shall respond to
control a railway signal as to one of its opera-
tions by the alternating signaling current of
the track eircuit when no train is in a block

section aiid to another operation of the rail-

way signal when the relay is not energized by
the alternating signisling current of the track
circutt, for example, when the alternating
signaling current is shunted fromr it by the
wheels and axle of & car. -

As both track rails of a block section are
insulated at-its ends from the track rails of

naling current in one block section will not

adiaceﬁt block sections, the alternating sig-
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react on or affect the alternating'sigualing |

current of an adjacent block section. In
other words, the several track circuits of the
block sectipn: are electrically independent of
one another by reason of the insulations a.
In the event, however, that one or both of
the insulations a between two adjacent block

sections should break down to such an extent
48 to establish an electrical connection be-

tween the two adjacent rails at that point it
may be possible that the alternating signal-
ing current of one block section would find a

path through the rails where- the insulation
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had broken down and thus effect the relay pf '

one or both of the block sections to have it in
turn control a railway signal to give a false
mdieation.  To guard against this, in the
present invention I provide means which,
when an insulation @ breaks down, controls a
railway signal, for example, opens a local

cireutt, and thus have the railway signal Posli-

tively give a dabhger indication. The means
which L preferably employ is a relay, one
being located between each two adjacent
block sections.  As shown, this relay is actu-
ated to keep a local eireuit closed by the dif-
ference of potential existing at the ends of
the track rails of two adjacent block sections;
which “diiference of potential is due to the
alternating signaling currents flowing in the
two track circuits of the adjacent block sec-
tions, and to open a local circuit wherein this
difference of potential is destroyed, due to

the breaking down of one or more insulations

at this pomt.  The connections of the trans-
tormers with the rails of the several block
scetions are such that at any given instant
the polarity of the alternating signaling cur-
rent of one track circuit is opposite at the
same Instant to the polarity of the alternat-
ing signaling current in the adjacent track
circuits.  FFor example, in block section Y,
the polarity of the track rails at any one in-
stant 1s mdicated by the usual signs at the
ends of the track rails and the direction of
low of the alternating signaling current is
mdicated by the feathered arrows at one in-
stant.  At-the same instant, the polarity of
the track rails in the adjacent block sections
15 also ndicated by the usual signs, and the
direction of flow of alternating signaling cur-
rent 13 also indicated by the feathered arrows.

it will be understood, of course, that at the

next mstant, by reason of the use of an alter-

nating signaling current in the track circuits’

the polarity of the rails will be reversed, as

will also be the direction of flow of the current

m the several track circuits. For simplicity
andd clearness 1 have only illustrated the
polarity of the rails of a bloek section at one
mstant. Thus it will be seen that at the
ends of the track rails of two adjacent block
sections there will be a difference of potential
the two adjacent track circuits. .

K, E' ete: designate the means hereinbe-
fore referred to, which I have stated are pref-
crably i the form of a relay. In factit is a
type of motor the armature of which carries
an arm e* controlling one or more contacts
colprised in a local circuit of a railway Sig-
nal, and which motor comprises a field coil e

due to the alternating signaling current in

and an armature coil ¢! in both of which cur-

rent has to flow simul_t&neously in the'sfa,me'
direction to have it mové its armature in one

direction. - A reversal of the flow of current

in one or the other of the windings or no flow

of current in one or the other of its two wind- |

ample Y), by a wire 11.

S

ings causes or permits of a reverse movement
of the armature, which reverse movement of

| the armature is availed of to open the local
circult. As shown, one terminal of the field
winding e 1s connected with an end of a track

rail in one block section (for example X, by a
wire 10, and the other terminal with anend of a
track rail in an adjacent block section (for ex-

armature winding ¢! is connected with an end
of the other track rail in block section X by

a wire 12, and the other terminal with an end

ot the other track rail in block section Y by a
wire 13. Thus a circuit through both coils of
the relay E will be established, each of which
circuits may be traced as follows: Starting
from wire 1 of a transformer Q, Q, etc. in a
block section (for example Q*), 1t is, track rail
Yy, wire 13, armature coil ¢!, wire 12, track
rall x, wire 4, transformer Q, wire 1, track

One terminal of the
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rail x, wire 10, coil ¢, wire 11, track rail * and -

wire 4 to transformer.

formers Q, Q. It will also be noted that a

| track relay is supplied with signaling current
from the transformers of two clock sections,
| but the track relays are of such design that.

when one transformer is short circuited from
it, the relay will not release its armature to
open thesignal circuit as it will yet have cur-
rent from one transformer which will be suffi-
cient to hold closed the contact ¢*. The
same may be true of the relays E, E!, etc.

In-the event that the relays E, B, etc. be
designed to open a local circuit when one of
their operating transformers is short cir-
cuited, the signaling system illustrated is
what is termed an ““overlap system”’.

‘ It will ‘benotedthat
this circuit has the voltage of two trans--
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example, a train in block section X short eir- |

cuits current from the transformer Q from

the track relay R and relay E, causing these

relays to have their armatures move to open

“the local circuit of railway signal S so that the

| section Y, transformer

is short circuited from the track relay R! and
the relay E!, thus o pening ‘

signal device thereof will move to a position
indicating danger. When the car or train

105

moves out of block section X, and into block.

rallway signal S! so that 1ts signal device will
move to ‘a position indicating danger. The
short circuiting by the train in block section
X of the transformer Q! also affects the relay

K, which being deprived of the current and
the transformers required

voltage from one o
for its operation, does not move its armature

‘to close the local circuit of railway sional S.

|

Fa

Thus the signal device of & railway signal will

be held in a position indicating danger so

long as a car or train is in_the block section

guarded by that railway signal or in the block
section next i advance. =

* ~duppose now that the mSulation-betWeen

the track rails z and'y of block sections X and

Y should break down to such an extent as to

Q! of block section ¥

the local circuit on-

115
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S 15 would be short circuited, and as no current

-4 to transformer Q*.
insulation between rails ' and 4* broke down

<k

es??blisll an electrical pat-h,betweeﬁ these two !
rails.

I this case the armature coil ¢! would
be short circuited, and as no current would
flow in the armature, it would move to open
the local ecircuit of railway signal S. This
circuit for the current from the transformers
Q, Q, through the relay E under the above
conditions would be, wire 1 of transformer Q’,

rall y, rail o, wire 4, transformer Q, wire 1,

rail ', wire 10, coil ¢, wire 11, rail 4! and wire
In the event that the

to an extent to form an electrical path be-
tween these two rails, then the field coil e

~would flow in 1t, the armature would again

‘move to open the local circuit of railway sig-

nal S. In the event that both insulations a

should break down sufficiently to establish
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electrical paths between the track rails of the
two block sections the track relays as well as

the relays E, E*, etc. operated from the trans-

formers'Q, Q!, of these block sections would
operate to open the local circuits of the rail-

“way signals in which they are included.
- 1 do not hmit myself to this particular

type of relay as it is apparent that any relay
or several relays,. coulpdp
be operated in one direction-(to close a cir-
cuit on a raillway signal) by the difference of
potential of the signaling current in the rails

at the ends of two adjacent block sections,

and operated in the reverse direction to open

the circuit when that difference of potential
1s In any way destroyed., Nor do I lmt

- myself .to any particular form of connection
~  of relay to the tracks, or the transformer to

40
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the track as the latter: could be connected

so that the same polarity at any one instant,:
would be the same on both sides of the insu- |
lated yoint in which case the leads of the're-

lay ‘and armature would be cross-connected

such as from the field of relay the lead ‘wire |
10 would-be connected to rail 2! and the lead |-

wire 11 would be connected to rail g and the
lead wiresfrom ‘armature winding :could be

connected as follows: Lead wire 12, would be

~connected to rail = and lead wire 13:to rail ¥

50
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“What I claim as my invention is:

*

1. In a signaling system, the combination
with two block sections the track rails’of one.
section being insulated at its ends from the
track rails of the adjacent block section, of a-
signaling current flowing in the rails-of each’

block section, in such directions as to main-
tain a difference of potential between ‘the

‘track rails of the two. block sections at the
points of insulation, a relay for each block |

section, and a relay at each point of insula-
tion the armature of which 1s operated 1n one
direction by . the maintained difference: of
potential and 1s operated 1n a reverse -direc-

tion when tche-dilferemerof POtenti&l iS de-
. stroyed. o Y

be used, that would

889,561

2. In a signaling system, the combination

ralls of a block section being insulated at its
ends from the track rails of the adjacent
block sections, a signaling current for each

- block section, the signaling current in one

block section flowing in a direction opposite
to the flow of the signaling current in an ad-

65
-with a plurality of block sections, both track

70

‘Jacent block section whereby a difference of -
otential is maintained at the ends of two
lock sections between the track rails of the

two block sections, a relay between two .

block sections operated by such difference of

erated to open the signaling circuit when
such difference of potential is destroyed.
3. In an electric raillway system, a source

‘of current of one character, vehicles operated
thereby, a circuit for said current formed in

part by the track rails and conducting the

sald current 1n one direction, the track rails.
being each divided -by insulation to form .

block sections, reactance bonds the coils of
which are connected across the track rails of
the block sections, conductors connecting the
middle points of adjacent coils, a signaling

current, for each block section, flowing in op-

posite directions in the track rails, and said
signaling currents maintaining a difference
of potential at the points of insulation be-
tween the track rails of adjacent sections, a

railway signal controlled from each signaling
current, and means located at insulation

points and operated as to one movement by

the difference of potential between adjacent
‘block sections and operated as to another

movement when such difference of potential
1s destroyed for also controlling the railway
signals. | - - -
4. In a signaling system, the combination
of two-block sections, both track rails of one

block section being insulated at 1ts ends from -
the track rails of the other section, an alter-

nating signaling current for each block sec-
tion the flow of the signaling current in block
section at any one instant being opposite to
the flow of the signaling current in the other

“block section at the same instant, whereby

a difference of signaling current potential is
maintained between the rails at the adjacent

" ends of the block sections, and a relay device
operated as to one of 1ts movements by the

said -difference of potential and operated as

-t0 another of 1ts movements when said differ-

ence of potential is destroyed. _
5. In a signahng system, the combination
of two block sections, both track ralls of one

block section being insulated at its ends from

the track rails of the other section, an alter-
‘nating signaling current for each block sec-

tion the flow of the signaling current. in gne

block section at any one instant being oppo-

‘potential to close a signaling circuit and op-.

90
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site to the flow. of the signaling current in

-~ | the other block section at the same instant,
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difference ut signaling current
al is maintained between the rails at
acent ends of the block sections, and

potent
the ad'

a relay device comprising field and armature |
coils one terminal of the field coil being con-

nected - to one rail of a block section and one

terminal of the armature coil being connected
with the other rail of the same block section
and the other terminals being connected with
the track rails of the other block section, and
said relay Dbeing operated as to one of its
movements by said difference of potential

andt-operated as to another of 1ts movements |

when said difference of potential is in any
way destroved.

6. In an eléctric railway system a source
of current of one character, vehicles operated
thereby, a eircuit for said current formed in
part by the track rails and conduecting the
sald current in one direction, the track rails
being divided by insulation to form block
b('(,tmns

said current around insulation points, a

signaling current for each block section ﬂow— |

ing in oppeslte directions in the track rails
thoreef and said signaling currents main-

taining a difference of potential at the ends

~ of the adjacent block section and between
. the lines of rails of the two adjacent block

30

sections, and means located - between ad-

jacent block sections and operated as to one
movement by the difference of potential be-

tween the lines of rails of adjacent block sec-

~tions and eperated as to another movement

39

when eu(,h difference  of potentlal is de- |

reactance bonds for' conducting

stroyed end sald means contrellmg reﬂwey'-

signals.
7. In g swnehng system, the combinatiorn

with a plurality of block sections, the rails

of one section being insulated at its ends from
the track rails of the adjacent blocksection,

a signaling current ﬂewmg in the rails of

40

ea,eh block section, a relay connected to both

block sections, and a means whereby the
breaking down of an insulated joint, will

45

operate a signal thet controls the trafhic 1 n

sald block.

8. In a 31%113,11110' system “the combination

with a plurality of block sections, the rails of

one section being insulated at its ends from

the track rails of the adjacent block section,
of a signaling current for each block sectlon

a relay connected to both block sections that

governs the traffic through said sections.

- 9. In a signaling system, the combination
with a plurahty of block sections, the rails
of one section being Insulated at its ends from

the track rails of the adjacent block section,

of a signaling current for each block sectmn
a relay connected to both block sectlens
and a means for operating the signal of an
ad]acent block when a train is in the block.

In testimony whereof I have signed my:

name to this specification in the presence of
two subscribed witnesses.

LOUIS H. THULLEl\I

Wltnesses |
A HERMAN WEGNER
HENRY R BAUER
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