~ W. K. HOWE.
ALTERNATING CURRENT TRACK CIRCUIT SIGNALING,
APPLICATION FILED SEPT, 30, 1911, )

1,056,998. Patented Mar, 25, 1913.

4 REEETS—SHEET 1.

o $WITNESSES: ‘ INVENTOR

WIW #. Foue

-4 A w&try .
y/"w ATTORNEY



: W. K. HOWE.
_ - ALTERNATING CURRENT TRACK CIRCUIT SIGNALING,
- APPLICATION FILED SEPT. 30, 1911, )
1,056,993, Patented Mar. 25, 1913.
L ’ 4 SEEETS—-SHEET 2.

(.4
m

o

35

WITNESSES: INVENTOR

%7’”’”"’” A%ORA/FV




W. X, HOWE,
ALTERNATING CURRENT TRACK CIRCUIT BIGNALING,
APPLICATION FILEL 3RPT, 20, 1911,

1,056,993. Patented

AVAVAY

AV
'l

&g

{4-5'
§
ARG
ARARNA

&S
Vﬁi&a‘:%'

E
A

52

}

2
WY
AN

.
A4
ARAPRIREATRY,

4
oy
%

Fia II.

AV4

%
SRS

A

%

(S ™
3
hiag
48] 44
| %0
*(/“vv

. 7

7

i
/
22
T
!
§
i
!
2
1

A
¥

b
Z
S~

45
.
AN,

[7‘ ERRANG

0 7
% T ?mé‘?

%
A

Lo

- WITHESSES: o INVENTOR y
fa/»;(—%///%M/ lﬁ:/f’j@u_gaw o . _
, vg»,;{

f 7 ORﬁJ:. 14




W. XK, HOWE:

ALTERNATING CORRENT TRACK CIRCUIT SIGNALING,
APPLICATION FILED SEPT. 30, 1911,

1,056,998. Patented Mar. 25, 1913,

4 SEEETS—SHEET 4.

L) .
[y U) : . Ay 251
i+ N ,
_ 1 . T
ﬂ— ’ .
C s k N 3 _%IE'“'
U GV SRt \ L
O =~ v %%
=@ s 2 =
- 0_.._.5 3@ %
2 %

58 ¢
5
)
46
A

X
59
. 20 Gz—leo
of
52
Pad
N1/ke
&S/ 17

.

_——

52
541
5§31
+7

4

49

38—

Fia. IV
8

=]
-
//65
Le7
14
| | 66

- - 41

Ry i Mg

S———
<+ 3 lr;—l-’"
0 .
T \\ -
L83 S
2N
1+ il
s | <
i a0 0 Q \mj@’
B g g T ©
“ o]
X N R
ey
WITNESSES: I/VI/ENTOR

P ‘7’ Zm/iz% | V’M%wfvf
AL an A w



1¢

20

25

and to thereby obtain what is tech

8§

45

560

TN T
UNITE

WINTHROP K. HOWE, OF

B

SIGNAL COMPANY,

T £
Prela

it

4 oD

,058,88

Bo
Appilcation 3

To all whom it may concern:

Be it known that I, Wiwtaaoe
a citizen of the United States, s
of the city of Rochester, in the co
Monroe and State of New Vork,
vented & new and useful Alternat
rent Track-Circuit Signaling, of whi
following is a specification. -

This invention relates to track oi
naling and especially to alternating
track circuit signaling.

One object of this invention is i »
the normal consumption of energy in o t
circuit to a minimum. :

Another object of this inventios
duce the maximum energy consum
minimum.

As is well understood by those skill
the art, the greatest amount of en:
supplied by the well known trac
former used in alternating current ¢
cuit signaling when the transformes }
the track ave practically short cirel
the presence of a train upon the trac
such point.

It 15 an object of this invention to re
the energy consumption under such co

"

g o

o

tions to a value much less than the novin
raclk civey

consumption of energy by the t

A further object of this invention
nullify the extremely bad results causel
the short circuiting of the well known i
lating joints used In track cireuif signs

known as “ broken down joint projectio
Insulating joints in. frocks ave a
source of anncyance, but as yet no u
practical scheme of track circnit signa
without them has been thoroughly perfec
so that they must at present be endared.
1s necessary, however, to provide 2gains
danger caused by the “breaking down
short circuiting of such joints. The ds
resulting from such “breaking down”
in the fact that the electrical-energy in «
track circuit section is liable to falsely op
ate the relay in the next section.  Such op
ation may result either in holding a sigaa!
danger when it should be at clear, or

holding a signal at clear when it should
at danger. The first of these results ig

tremely annoying and would cause g
lay to traffic; the second is of such & »z

it |
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opersted by the signal controlling the track
circuit section in advance so that in one po:
sition of said signal the pole changing
switch will be in such a position <as
to cause current to be fed-to the track
circuit section in the rear having a differ-
ence of phase one hundred eighty elec-
trical degrees removed from the phase of the
current supplied to the track circuit section
when the said signal and consequently the
pole changing switch are in another position.
By employing a relay which will assume a
central position when no current flows there-
through and which will close a contact on
one side of the center when current of one
phase relation flows therethrough and which
will close a contact on the other side of the

center when current of the other phase rela-

cdon flows therethrough, the three positions,
danger, caution and clear, of a signal may be
controlled. In such a system the adjacent
rail end at an insulating joint may be con-
sidered to have like polarity at one time and
unlike polarity at another, depending upon
the position of the sbove mentioned pole
changing. switeh, but it is immaterial

whether they are of like polarity or of un-

like polarity when the joints break down for
either the relay of one section or the cur-
rent supply of the adjacent section Wwill be
short circuited, consequently, the relay in
one section or the relay in the other will
move to the central position and cause a
false danger signal, thus attracting imme-
diate attention to the defect. It must be
readily seen that the method of transposing
the connecticns from the current supply teo
the track circuit in alternate sections would
not provide. for broken down joints in a
three position polarized relay scheme of sig-
naling. If the joints should break down
there would be at times a current in the ad-
jacent secticn of the proper polarity to actu-
ate the relay to cause a false clear signal.
The third method although applicable to a
three position polarized relay scheme of sig-
naling introduces other complications which
at present it is not desired to introduce, in
the way of a larger number of parts in the
insulating joint. Although a diagonal bond
scheme of broken down jnint protection in
a polarized relay track circuit system of sig-

naling thus appears lo be the most practi--

cable methed to wuse, 1t has manifest disad-
vantages. One disadvantage Hes n.the fact
that with g steam road system a path for
any foreign current which may be present at
any part of the line is formed, whichrallows
the current to flow unimpeded the full length
of the line, and as at present most foreign
current is of the direct current type, and

ay flow through the track relays, causing a
magnetic saturation of the magnetic stator
ond so causing a slowing of the rate of move-
ment of the rotor, it is necessary when

1,056,993

diagonal bonds are used to so construct the
relays that they are immune to the effect of
direct current, as for instance by the method
fully shown, described and claimed in the
application of Oscar A. Ross and Anthon 1.
Vogt, Serial No. 593,673, filed November
29nd, 1910. Another difficulty of greater
moment is the fact that with road ballast
having a low insulation resistance the lealk-
age of current from one track circuit section
to another track circuit section in another
track as on a double track road may in wet
weather amount to sufficient to wrongly op-
erate the track relay in the track to which
the leakage current flows, and might under
extreme conditions cause a false clear signal,
as such a construction increases the tendency
for leakage.

Polarized track circuits have not only the
difficulties above mentioned, but also the
difficulties incident to ordinary track cir-
cuits, to-wit: a large normal energy con-
sumption due to the fact that a resistance
must be placed in series with the track leads
from the energy supply in order to limit
the current flow to a safe value when the
track leads are short circuited as by a train
stapding on the track. at the point of con-
nection. As a-train may short circuit the
track leads for a considerable length of
time, a means must be provided to dissipate
the heat generated in the resistance, conse-
quently it has heretofore been necessary to
form such resistance into cast iron grids of
a non-inductive construction and to place
the same at some point close to the track in
a box, to which the outside air has free ac-
cess, thus forming an undesired and sonte-

' times unsightly obstruction on the right-of-

way. Applicant’s invention obviates the
necessity for resistances and heat dissipat-
ing structures and so removes another of the
objectionable features of, alternating cur-
rent track circuit signaling. The use of a
resistance in series with the track leads also
obliges the use of a higher electromotive
force than would otherwise be necessary, in
order to cause the necessary current to flow
in the track circuit to operate the relay,
thus increasing the normal energy consumy-
tion. As applicant’s invention limits the
value of the maximuni current flow in the
track circuit to far below the value which
it attains in systems as installed, it allows
the use of smaller conducting members be-
tween the energy supply and the track and
so effects a much desired economy of high
priced material, and as a series of track cir-
cuit sections would consume very much less
energy than present systems, the line wires
from the central station supplying encrgy
to all of the track circuit sections could he
much reduced in size thereby effecting an-
other economy. The génerator at the cen-
tral’station could also be smaller and con-
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sequently much less expensive in first cost
and to mstall and to opersate. ‘
- In order to explain the principle of the
invention, and to describe the mode of oper-

ation and construction of the particular,
physical ‘embediment of the invention se--

lected by the applicant te iilustrate the
principle of the mvention reference will be
had fo the sccompanying drawings and to
the characters of reference therein, in which,

Figure 1, is a perspective view of o de-
vice used in connection with my system of
track circuil signaling, with one element
shown in section. Fig. 2,'is o diagrammatic
view of a track and the associated mecha-
nism by which my system of track circuit
signaling is effecied, when applied to an
electrically propelled road. Fig. 3, is a

- diagram, similar to Fig. 2, showing the sys-
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tem as applied to a steam propelled road.
Fig. 4, is a disgrammiatic view of g wireless
automatic block si
shows the construction of one of the im-
proved elements of my system, to-wit: the
so calied automatic reactance. '

Upon the base 1 is fastened-the M shaped
member 2, composed of thin sheet iron lami-
nz. The pest 3 rigidly attached to the base
1 has an upper bifurcated end through
which extends a pivot pin 4 supporting a le-
ver 5, having on one end an adjustable
weight 6 and having the other ‘end formed

‘into a hook 7. The hook 7 \passes through

the eye of a‘rod 8, which is fastened to the
center of 'a U shaped rod 9, the lower ends
of the U shaped rod each being fastened to

a plate of non-magnetic material 10 having-

a central cut-away. portion 11 in order that
the plate may pass over the middle limb of
the M shaped member.2.. A coil of insulated
conducting wire 12 preférably made of cop-
per is wound about both limbs of the: U
shaped member 9 and is supported by the
plated0, the ends of the coil being attached
to the binding posts 18 and 14, \If the coil
12 is connected in series with s source of

current of constant electromotive force .and.

an adjustable resistance, with the resistance
so adjusted that not more than a certain
predetermined quantity of current flows
through the coici' there will be no bodily
movement of the coil, but if the quantity of
current flowing through the poil is increased
by cutting out resistance, {lte magnetic field
produced by the current flowing in the coil
12 will, in its-endeavor to flow through the
path of least reluctance draw the coil
downward upon the middle limb of the M
shaped member 2, overcoming the torque
produced by the weight 6 to hold it in its
normal position as shown in Fig. 1. A
gradual removal of the resistance in series
with the supply of current and the coil 19.
will cause the coil 12 to be drawn lower and
lower upon the middle limb.of the member

al system. Fig. 1,

@

2, but the downward movement is resisted
by a greater and greater torque exerted by
the weight 6 as it is apparent that the weight
6 as 1t moves upwardly to a horizontal posi-
tion exerts a greater and greater torque this
torque being proportional to the increasing
torque of the coil 12-as it is drawn down
farther and farther upon the middle limb of
the member 2. In practice the device is o
designed, hewever, that a very slight in-
crease of current is required to start the coil
12 to moving downward. As the coil moves
downwardly upon the middle limb of the
member 2, the reactance of the coil to alter-
nating current is gradually increased. The
increased reactance in the coil caused by its
movement downward upon the middle limb

70
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of the member 2 is a phenomenon well un-

derstood by those versed in the electrical
art. As the reactance of the coil increases,
the same electromotive force which caused
the normal predetermined current to flow
in the coil would necessarily cause less cur-
rent to flow in the coil, but if at the same
time the adjustable resistance in series with
the coil and the source of current were grad-
ually-made less and less by the same amount,
the same electromotive force which caused
the normal predetermined quantity to flow
through the coil when in its upper position
would still cause the same predetermined
amount of current to flow. It is to be ob-
served that although the current in the coil
remains the same, the slectromotive force
across the terminals of the coil changes, for

- the drop of potentizl which formerly existed

across the adjustable resistance has now been
transferred across the terminals of the auto-
matic reactance thus largely increasing it.

The increase in the reactance of the coil re- 3

sults in an increase in the apparent resist-
ance or impedance and also results in a dis-
placement of the phase of the current so that

"1t lags a greater or less extent behind the

electromotive force, therefore, the power
factor of the circuit is changed. In the case

_of the coil just described, as the reactance in-
creases the ohmic resistance of the coil re-

maining the same, the cosine of the angle as
shown upon a system of rectangular codr-
dinates between an abscissa and a line rep-
resenting the phase of the current when the
coil is drawn downward to its greatest extent
1s much less than the cosine of the angle be-
tween the same abscissa and the line repre-
senting the phase of ‘the current when the
coil is in the position as shown in Fig. 1,
consequently, as the power factor is propor-
tional to the cosine of such angles it is very
much greater when it is in the position as
shown in Iig. 1,-and so closer to unity. It
is also to be observed that as the power fac-
tor décreases, under such conditions the eur-
rent ig displaced in phase more and more as

the coil is drawn down upon the middle 1
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limb of the member 2 as the ohnic resistance
remains constant but the re actnnce ot the
coil changes.

- About the coil 12 is placed the copper an-
nulus 15 which is rigidly supported in the
fixed position shown in any approved man-
ner. As it may be possible that the power
factor of the coil 12 when in the upper po-
sition as shown in Fig. 1, is too low, it may
In some cases be necessary to raise it, which
may be done by placing the copper annulus
15 so that when the ¢oil is in its upper posi-
tion 1t will be surrounded by the annulus.
Under such conditions an alternating cur-
rent flowing in the coil 12 will generate a
current in the annulus 15 which will react in
the well known manner npon the coil 12 to

“reduce its reactance and thus the ohmic re-

sistance of the coil remaining the same, in-
creases the power factor and as the power
factor is increased by a change in the react-
ance only, iie current will be brought nearer
in phase with the electromotive force. In
the great majority of cases it will pm}mblv
be unnecessary to use the annulus 15, it be-
ing merely shown and described to 11111&*1' ate
the most perfect embodiment of applicant’s
invention making it applieable to the most
extreme condition.

Upon the front and back faces of the M
shaped member 2 the limiting stops 16 and
17 are adjustably mounted, l)omn held in ad-
justed position by screws as 18, . As the coil
12 is drawn lower and lower upon the mid-
dle limb of the M shaped member 2, the re-
actance gradually increases and t 1e power
factor gradually decreases-and the current is
displaced in phase more and more as the coil
is drawn down upon the middie limb of the
member 2 as heretofore pointed out, bnt in
some cases it may be undesirable to have the
coil drawn entirely down upon the mul(lle
limb of the member 2, ther~fore the adjust-
able stop.s 16 may be tsed to prevent the coil
moving down too far, for in, some cases it
may be advisable to prevent foe great.a de-
erease in the power factor of the circuit con-
taining the coil 12 and this prevent too
great a displacement of the phase of the cur-

rent therein. .

Referring to' I*J.ﬁ. 2, 19 and 20 designate
the two rails of an electric: lly pr opellcd
road, separated at intervals by the insulat-

“ipg joints 21, thus forining blocks eacl of

Lot
S

80

65

which is governed by a signal as 22 or 93 at
the entrance thercof. A generator 24 is lo-
cated as is customary at one end of the line.
ene terminal of which is connectéd by the
wire 25 to a central point of the winding
upon the well known iron core track react-
ance bond 26, the two ends of which are con-
nected as at 27 and 28 to the two rails of

Block at one end thereof. At the other end
of the same block and at the beginning of
the next adjacent block, similar iren core re-

1,066,903

actance bonds are placed connected in the
usual and well krown manner and at the
meeting points of all of the subsequent
blocks reactance bonds aré likewise connect-
ed, thus furnishing an unimpeded two rail
return  for \"uplﬂslon current from the
wheels 29 of an electrically propelled car 30
to the gsource of current 24 at the terminal
station. The motor 81 of the car 30 is con-
ected by one terminal to the axle 32 1.1p0n
which the wheels 29 are placed and the olher
terminal is connected by means of the trolley
pole 33 to the trolley wire 84 which is cou-
nected to one terminal of the %nemt(}r 24 at
the terminal si'ztlon

A source 35 of alternating current is lo-
cated at the central station and is connected
to the two line wires 36 and 37 extending the
tength of the traclk-way. At suitable points
the primary windings of the transformers
38 and 39 are connected to tlm line wires.
The secondary winding 46 of the irauns-
former 39 Supphes the two UOS)thn signal
23 with currvent through the wire 41, pclnt
492, contact arm 44 and wire 45, and also sup-
plm, electrical energy to one winding 46 of
the relay. "The relay 1s of the well known
polyphase type having two windings 46 and
47 and » shell rotor 18 bearing the contact
arm 44 which, when the relay is encrgized is
adapted to bear against the contact 42, The
secondary w mdnw 49 of transformer 38
through the wire 50 connects to one track rail
90 and by means of wire 51 connects to one
end of coil 12 upon the automatic 1'eact'mce
device and from the other cnd of he coil 12
connects by means of wire 52 to the cther
ail 19 of the trackway, thus supplying en-
ergy to the track civenit. At the other end
of the bleck section thus supplied with en-
ergy, oile wire 53 connects with one rail 19

and with one end of winding 47 of the relay

and another wire 54 connects with the other
track rail 20 and with the other end of vind-
ing 47 of the relay.

Aside from the automatic
the system as-shown in Fig. 2, is constructed
and would operate exactly the same as the
commen and well known forms of alternat-
ing current block signaling systems, that is
to say, the p1e<‘el1ce of a train upoxn either
block section B or € would cause in the well
known manner the signal such as 22 or 23
governing the entrance to said block to move
to the danoer position. By the use of the
automatie 1'(41(t‘mcc however, the various
()b](‘(‘(b herein before stated are attained.

In ordinary systems in place of the coil 12
between wires 51 and 52 a non-inductive
grid vesistance is ingerted so that in order to
produce thewwvess:wy available drop of po-

otial across the terminals of wires 53 and

reactance deviece

54 at the points where they are cunnected

with bond 26, a greater voltage must be
present at the teriuinals of the secondary
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coil 49 of the “t_raﬁsformer 38 than would

otherwise be necessary, consequently, the

normal’ consumption of energy in such a
track circuit is greater than cne in which the
¢oil 12 is in series with wires 51 and 52, as
the coil 12 as constructed by applicant is of
a great deal less-ohmic resistance than the
non-inductive grids as ordinarily used,

therefore, the riormal consamption of energy.

by a track cireuit section is decreased.
. As the purpose of the non-inductive grid
resistance is to limit-the amount of current

~ which may flow when the wheels and axles

of a car bridge the terminals of wires 50 and

- 52 and as at times a car may remain in siich
a position for a great length: of time, the

resistance grids must be of a size to prop-
erly limit the current and at the same time

.be so constructed and installed gs to dissi-

g0 Pate the heat generated by the flow ‘of cur-

rent through them under the most adverse
conditions, at the same time .their resist-

. ance must be of as low a practicable value

26

RN 1

#5

as possible in order to.decrease as much as

possible the normal energy consumptjon of
“a track circuit section.” It is impracficable
to so design a non-inductive grid resistance

that. the amount® of current flowing when

the terminals of' wire :50. and 52 are short

circuited by a tfain is no greater ‘than the

-amount ; of current: flowing when no. train
is present upon the track circuit-section. "In.
fact there is an enormous difference between .
the amount of current flowing under normal |
conditions -and the amount flowing upon the.

short circuiting of ‘the -wires 50 and 52 so
that the consumption of current by a track

cireuit section under abnormal conditions is -

" very great. By. thé insertion of the auto-

40

3

matic reactance. in series with wires 51 and

_52._the presence. of a train across the termi-
‘nais of wires 50 and 52 causes the coil 12
to be drawn down upon the middle limb of

the member 2, as shown in Figs. 2,8 and 4,

and . as it is drawn down upon the member

" 9:the imipedance of the coil 12 is increased

-and the coil .12 may. be so designed by prin-
_ciples well. known to electrical engineers

. ‘that the current flowing through coil 12 will

50

be the sane whether a train is present, shor{

“.circuiting the terminals of wires 50 and 52
“or whether no train is present, the train and

55

the track rails taking the place of the ad-
justablé resistance heretofore described in
connection with the coil. As soon as a train
which has short circuited the terminals of

" wires 50 and 52 passes on, the weight 6 re-

" 80

turns the coil to 1its initial position.
As the coil 46 upon the relay is connected
directly, to the secondary 40 ‘of the trans-

“former. 39 and as it is wound upon the mag-

35
|

netic statoi’ of the motor, it is as ordinarily

_constructed’highly reactive and consequently

the power factor is low and the current is
displaced in phase from the -electromotive

force by a considerable electrical angle. In
order to get good operation of the relay it

-is therefore necqssary that the current flow-

ing through winding 47 of the relay be dis-.
placed as little as possible in phase from the

70

electromotive force. With the connections

from the secondary 49 of the transformer 38
through the automatic reactance 12 to the
track-rails 19 and 20 as herein shown, the
circuit containing winding 47 has a high
power factor. This is so because the ohmic
resistance of coil 47 is a very small fraction
of the ohmic resistance of coil 46 and be-
cause the reactance in the circuit including
winding 47 is both very much less than the

75

80

reactance in the circuit including winding -

46, and the circuit including the winding 47
is furthermore highly resistive. The cur-
rént flowing through winding 47 is there-

-fore more nearly in phase with the electro-

motive force. By reason of such facts a

‘vood difference of phase between currents
P

in windings 46 and 47 is maintained’ thereby
resulting in a good torque in the relay.
With the arrangements and constructions
as shown by TFig. 2, if the insulating joints
921 -should -become short circuited a current
would flow from the rails of one section to

‘the- rails of the next section and so through

the track winding of the relay. It must be
readily understood that an operation of the
relay would result, if the current thereby
reaching the track winding of the relay was
displaced in phase, from the current flow-
ing in the local winding of the relay as 46.
As heretofore pointed out, an operation of
the relay under such conditions is objec-
tionable and in some cases absolutely dan-
gerous and heretofore, in order to provide

against such difficulty as already pointed :

out, connections from the line wires to the
track from the supply of energy have been
transposed in adjacent sections thus causing
an operation of the relay under such condi-
tions of broken down insulating joints that
will result in a danger signal not in a clear
signal. As heretofore pointed out such a
method is not applicable to the so-called
“galternating current polarized -track cir-
cuit” and recourse has been had to the di-

.agonal bond heretofore mentioned but the

diagonal bond method of protection also has
its difficulties which have been fully pointed.
out and in addition hds the difficulty that its
connection to the track rails may become
broken without in any way impairing the
normal operation of the system, but such
a broken connection absolutely destroys
broken down joint protection and is ex-
tremely difficult to detect in some cases. In
applicant’s : system, occurrence of broken
down joints furnishes a path of very low
vesistance from the supply of energy in one .
section to the relay in the adjatent section
and therefore acts’ upon the automatic re-
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actance device exactly as does the presence
of a train short circuiting ifs terminals so
that the movable coil thereof is drawn down
upon the middle limb of the iron member,
the reactance of the coil is largely increased
and consequently the current flowing there-
through is largely displaced in phase from
that of the electromotive force so as to lag
considerably behind the same. As has
already been pointed out the current which
is caused to flow through the track winding
of the relay in order to produce a good ro-
tation of the relay is displaced very slightly
in phase from the electromotive force, con-
sequently the current which flows to the
track phase of a relay from an adjacent
section when the joints break down, does

- not have the proper phase relation as re-

20

25

30

35

40

gards the current flowing in the local phase

of the relay to produce the rotation, for,

the current flowing through-the track wind-
ing of the relay, under such conditions is
or can be inade to have the same phase dis-
placement from the electromotive force that
the current flowing in the local winding of
the relay has.

In Fig. 4 has been shown a three position

automatic signal system employing no line
wires, that is, a system ordinarily known
as a wireless system. In its broad features
it differs from the system as shown in Fig.
2 merely by the means used to obtain the
third position of the signal, to-wit: the pole
changing switch designafed generally by S.
This switch is inserted in the leads from
the track transformer and the automatic re-
actance device to the track and is actuated
by the movement of the signal blade, so
that when the signal plade is in the full
clear or”90° position the switch will make
the same contacts that it is making as shown

“at S, but when the signal blade moves below

45

the 45° ‘or caution position, the switch will

makethe contactsasshown at S2. Considering |

the left hand section as shown .on Fig. 4,
and also considering that part of an- alter-
nating current wave above g middle ordinate
as positive, and that below as negative, and

" that at a certain instant positive current

50
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starts from the right hand end of trans-
former 38 in section A, then the current will
flow by means of wire 50, arm 55, contact 56,
wires 57 and 58 to the lower track rail 20,
‘and the return current will flow from track
ratl 19, through wire 59, contact 60, arm 61,

wira 52, reactance coil 12, and wire 51 to the

other side of the secondary of.the trans-
former. These different -)olarities have been
indicated by the usual positive and nega-
tive sign. If.we consider the same instant
of time that current is flowing jn section A,
as herein described, current would also flow
in section B, from the right hand end. of
transformer 88 in section B, to wire 50,
through reactance coil 12, wire 52, arm 61,

1,056,993

wires 62 and 58 to the lower track rail 20,
thus impressing positive polarity current
upon the lower track rail, the current flow-
ing to and through the track winding of
the relay at the other end of the section to
the upper rail 19, thence by means of wire 59
to contact 60, through arm 55 and wire 51
to the negative side of the transformer. Tt
should be observed, however, that the switch
S? has been moved to a position differing

“from that of switch S, on account. of the

fact that the signal .23 has its blade at the
danger position, but if the switch had not
been moved but were in the same position
as switch S, connected with section A, then

the lower rail instead of being of positive

polarity would be of negative polarity. The
polarity of the rails with the parts as shown

70
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1s indicated by the usual polarity signs at -

the connections of the wires 58 and 59 to
the rails 19 and 20. The polarity of the
rails in section C, with the switch S* as
indicated, will be the same as that in section
A. It must be readily seen, that the po-
larity of the rails in adjacent sections with
all signals at clear is reversed so that abut-
ting rail ends separated by an insulating
end post will be of different polarity
throughout the system, consequently any
breaking down of the joints, while all sig-
nals are at clear, would act upon the relay
exactly as does the breaking down of the
insulating joints in the case of a system con-

nected as is shown by Fig. 2. Even if by’

use of the ordinary reactance device the
phase of the current flowing through the
track winding of the adjacent relay were
not exactly the same as the phase of the cur-
rent flowing through the local winding of
the same relay and so connected to cause
rotation, the very worst that could happen
would be the actnation of the relay im u
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direction opposite to that which would cause -

the signal to go to the clear position and
so such a movement could only cause the
signal to move to the 45° or caution posi-
tion. The circuit in which current flows
to cause the signal to move to the 90° posi-
tion i1s as follows: secondary 40 of trans-
former 39, wire 41, signal mechanism wive
63, relay point 42, relay contact bar 44, wire
45 to the other terminal of the secondary
of the transformer.
current flows for the 45° position. is wire 41,
connected to the secondary 40 of the trans-
former 39, signal mechanism wires 64 and
65, eonuta t point 66, contact ber 44, and
wire 45 to the other terminal of the trans-
former. = It will be observed that connec-
tion is made to wire 64 and to the negative
terminal of the transformer when the con-
tact arm 44 is in a position to eause cur-

rent to flow through the circuit to move the

signal to the full clear position. This is the

usual custom and is for the purpose of mev-

The cirenit in which”
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‘ing the signal blade from the zero or danger

position to the 45° or caution position so
that it may thereafter by current flowing in
the full elear circuit be moved to the full
clear position as at times the contact arm
44 moves fo. the position opposite to that
as shown by the relay connected to section B,

when the signal blade is in the zero or

danger position and as soon as the connee-
tion were made to move the signal blade to
the 90° position, no movement at all of the
signal blade would take place as it must
on account of the construction of the operat-
ing mechanism be first moved to the 45°
position before being moved thereafter to
the full clear position by the current fovw-
ing in the full clear circuit. A car 30 is
shown upon- the rails of section (, conse-
quently currént is shunted from the track
winding of the relay and the contact aym 44
moves to the central or neutral positien
and in so doing, breaks both the caution
circuit and the full clear circuit, so that the
signal moves to the danger position as
shown, and also moves the pole changing
switch 8% to the position as shown, revers-
ing the polarity of the current ordinarily
supplied to the track section B, conse-
quently moving the contact arm 44 from
its normal position from centact with con-
tact points 42 and 67 to & position in con-

-tact with contact point 66 as shown, thus

causing the signal blage attached to signal
22 to move to the 45?7 or eaution position
as shown. With the signal 22 at the cau-
tion or 45° position’ caused by the move-
ment of the pole changing switch 82, the

-polarities of the abutting rails at the in-

sulating joint at signal 22 will be the same,
consequently, the occurrence of a hroken
down joint at such a time would not result
in a full clear signal, for even if the cur-
rent passing through the automatic react-
ance device In section & were out of phase
with the current supplied to the local wind-
ing of the track relay in section B, auny
movement which toolt place wounld be in ths
same direction as that caused by the current
in the section itself. If the insulating joint
between sections B and C were broken down
and the phase of the current passing through
the automatic reactance device connected to

-section’ B had not been . exactly balanced

with. the phase of the current flowing
through the local winding of the velay in
section C and enough movement of the con-
tact bar 44 of the relay connected to € had
heen caused to complete the cireuit for the
45° indication, then upon the approach of
a train, the current would 1l he shunted
through the wheels and as of the train
and the relay attached to the rails of section
C would be deénergized and the signal would
go to the danger position and .0 £ {vain
had passed the insulating joiut and gone

bRl

e

upon the rails of section C, the signal would
still, remain at danger, for although the
phase of the current supplied to section B
through the automatic reactance deiice
might be under unusual conditions slightly
displaced from the eurrent supplied to the
local winding of the relay C, it would never
be so largely displaced that it would be able
to cause sufficient movement of the contact
bar of the relay in section C to close the
contacts after the relay had once been
brought to rest, and especially while a shunt
was present, caused by the presence of a car
upon . the rails to which it is attached.
Whenever the insulating joints break down
between two sections as between sections B
and C with no train present, the signal
governing the advance section as 23 will be
placed to danger and at the same time the
signal governing the rear section as 22 will,
also be placed at danger for the path of
low resistance furnished to the current from
the automatic reactance device 12, connected

“to section B causes the coil 12 to be drawn

down so far noon the middle limb of the
member 2 and lhe reactance of the coil there-
by so largely increased, that the phase of
the current supplied to the track winding
of the welay connected to section B is so
largely displaced from mnormal and ap-
proaches sc closely to the phase of the cur-
rent supplied to the local winding of the re-
lay connected to section B that sufficient
torque is not exerted upon the rotor of the
relay to hold the contact bar 44 in the very
extreme position. Even if the current sup-
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plied to section B should neach the track

winding of the relay connected to section C
and even if it should be digplaced in ‘phase
sufficiently to operate the velay, no danger-
ous results could flow, for the direction in
which’ the contact bar 44 would be moved,
would be toward the central or neutral posi-
tion as the polarities would be opposite in the
two sections,.consequently; the signal

would
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the case of

unpolarized track cie-

larized track circuit, iu“t ag in
its application to an

cuit, does not necessitate any connections

which are at any fime idle in the normal
5 working of the system, (‘onsequenﬂy a pooy
connection or & broken connection which
would deslroy the effect of the protective
apparatus would also so disturb the normal
operation of the system that the signals af-
fected thereby, which would under broken
down insulated joint conditions be affected
by the automatic reactance ¢ evue, would be
moved to the danger posai*x

Altnough applicant has herein s shown and
described his new and useful means in con-
nection wi b W‘hdu are ordinarily termed
“two rail ; it is obvious to
i that the new and use-

v applicant are equally

A

s
thoso ski
tul means

aascribe
to any form of yail (*mmts and

20 applicable
applicant considers that ‘Jﬂe application of
hig novel and useful means to the so-called
“single rail” track circuits, is well within

his invention. , A

As the power factor of the cirenit includ-
ing the automatic reaclance device if) de-
creased by short civeniting the terminals of
its coil; there is no large increase of current
fiow in broken down joint conditions .as
there is in systems as ordinarily installed,
therefore, another big drsin upon the ca-
pacity of the central station and of the al-
L o cuyrent generator s eliminated.
Another great advaning
broken down joint protection

B
(%73

35 lies in the fact

that ¢ }1 ot the connections concerned in ﬂw
method of nrotectien aee mes 'i_v the wires
" and connectlons which wmnst 1>¢ intact in or-

4y
L
der for the system to ope ormndly, so

40 that if any of the com velied upon
(to secure brolen down are not
intact the condition is inuw foly notified
by the fatiuve of the s Lo “I wrale as it
i le E o mmul'{v o ('L
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60 avoid this dii }l(\l“‘}, (Jm&d!n fable s 4‘;)'; can
be so placed that the power factor of the
cirewil containing the coil J'> and the track

winding of tlie
i never (!cumrs'\n
power factor of the

the
the

to o point below
currens containing

{ this ~‘\x<“w1'w ot

(\],,V in the adjacent section

1

local winding of the relay in the adjacent

section.

The system as shown, diagrammatically
by Fig. 2, is constructed upon the same
mmuple and operates in exactly the s‘tm
manner as does the system shown in Fig. 2,

and it ig shown merely for the purpose of

bringing out (he fact that the principle un-
- ,t‘«.
del‘lylno applicant’s invention is as appli-

cable to a steam propelled road not making
use of reactance bonds as it is to an electri-
mHy propelled road making use of devices
for insuring the unmlpukd return-of the
propulsion current through one or both
rails.

Although applicant has herein shown and
deseribed a copper
about the coil 12 of the autowatic reactance
device, it must be distinetly understood that
such is not a necessary part of applicant’s
invention and that the same would only he
used under extreme conditions when, for
nstance, the phase of the current flowing to
the track phase of the relay nnder normal

_conditions is dlsphuul at too great an elec-

trical angle to the phase of the electromotive
foree.

Although applicant has herein shown and
deseribed  his invention as applied to an
automatic block signal system, applicant
wishes it to be understood that the invention
is by no means Iimited to such a system, for
the principle underlying the fnvention is
appheable in connection with track cireuit
sections Uw(l fol any pmposc

Having explained the principle of my
invention n(i deseribed  the construction
and mode of operation of a 1)(1111('11]‘11 physi-
al embodlmont thereof, what I claim as
new and desive to secure by Letters Pat-
ent, is:

LoEn o system of track cirenit swnllmg:
a source of alternating current; a frackway
composed of rails: nrsulatm“ joints in the
rails at jatervals forming sections: a trans-
Jating device in each section having two
windings; connections from one of (he
windingy to the source of envrent: connec-
tions from (he other winding to the track
ts s comnections between { the source of cur-
‘umi and the raiis in each section; and a
device ser w(l in suid ]aa( named connec-
tions adapted to change the phase of cnrrent
Howiiw fhu cthrough upon a breaking down
of the inswlating joints between two abut-
ting seetions and the completion of a circuit
fronr the connections from the souree of
alternating current Inoone section through
the winding of the (Lmsh{mo device of T
adjncent section connected to, The track rails,
the change DLeing such that the current will
have a phase different from that of the cw-
rent which properly flows in the adjacent
section, so that the improper flow of current
will not cause the same operation of the

annulus as being placed
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“translating device in the adjacent sact

“and a device inserted in said last mentioned

the proper flow of current would ¢

2. In a system of track cireuit i3
a source of alternating curvent, » !
composed of vails, insulating joi
rails at intervals’ for form
translating device in each socii
tions between the translating device nid the
rails, connections between the rails :
source of alternating current in each sacs

connections adapted to change its power
factor when the insulating joints break
down and current flows from the supply of
one section to the translating device of the
adjacent section, for preventing the current
in onesection from improperly operating the
translating device of the adjacen tion.

3. In a system of track cirenii signaling
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