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Lo all whom ¢t may concern.:
Be it known that I, Wintaror K. Hows,
a citizen of the United States, and resident
of the city of Rochester, in the county of
5 Monrce and State of New York, have in-

vented a new and useful Automatic Train-.

Control System, of which the following is

a specification. :
This invention reldates to automatic train
10 control systems and more particularly to an
improved form of impulse transmitting
means which serves to transmit the neces-
sary controlling impulses or influences re-
quired to control the operation of the train

fic controlled devices along the track to co-
operating devices on a passing vehicle.

An impulse transmitting means suitable
for use on steam railroads should be pref-
erably of a type in which the action takes
place induectively, that is, without physical
contact between the parts on the track and
the parts on the vehicle, in order that the
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system may operate properly under severe -

weather conditions and other adverse con-
ditions found in practice. This invention
relates to such an inductive impulse trans-
mitting means utilizing magnetic fields or
flux.  Unless large and expensive structures
30 are to be used, the impulses or influences
produced in this manner are momentary, on
account of the high speed of the relative
movement of the car-carried element and
the trackway element. With such momen-
tary impulses it i1s some times found diffi-
cult to cause proper operation of relays and
similar electro-responsive devices. As a
remedy of this difficulty, it is proposed ac-
cording to this invention, to accentuate the
effect of the impulse upon the relay or other
electro-responsive device by producing large
current variations, and where the conditions
permit, cause actual reversal of the ener-
gizing current for such relay. While vari-
ous expedients may be employed to. obtain
this end, I find the principle of the well
known Wheatstone bridge particularly ap-
- plicable for this purpose; and one of the
principal objects of this invention is to de-
vise a construction and arrangement of
parts in which the effect of a momentary
change of current upon a relay or similar
device is greatly accentuated by utilization
of the Wheatstone bridge principle.
Other objects and advantages of my in-
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control apparatus on the vehicle, from. traf-

vention will appear hereinafter as the de-
scription progresses, and the novel features
will be pointed out in the appended claims.

In order to make clear the nature, func-
tions and mode of operation of my inven-
tion, I have illustrated in the accompany-
ing drawing some specific embodiments of
the invention, this illustration being dia-
grammatic in its nature and being selected
more with a view of making it easy to
understand the invention, than with the
idea of showing the particular constructions
of the parts which would be preferably em-
ployed in practice. :

In describing the embodiments of the in-
vention illustrated, reference will be made
to the accompanying drawing, in which like
reference characters designate correspond-
ing parts in the several views, and in which:

Figure 1 illustrates one arrangement of 75
trackway circuits suitable for use with the
impulse transmitting means embodying the
invention;

Fig. 2 shows in a diagrammatic way one
form of the car-carried apparatus, together
with its relation to the trackway element;

Fig. 3 illustrates a modified construction
of the car-carried apparatus; and _

Figs. 4 and 5 illustrate a way in which
the track rails of a crossing may be made in-
effective to cause improper operation of the
train control equipment on a passing vehicle.

Referring first to the trackway circuits
shown in Figure 1, the track rails 1 of the
track are divided by insulated joints 2 into
blocks, in the usual and well known way
employed in block signal systems. Two of
such blocks B and C are shown, together
with the adjacent ends of two other blocks
A and D. My system of train control may
be used with or without the usual fixed sig-
nals of the block signal system; and in Fig.
1 I have shown in a conventional way the
usual fixed signal 3 associated with the
blocks B, C and D. The controlling circuits 100
and devices for these signals, however, be-
ing well known, have not been illustrated in
order to avoid confusion, although in prac-
tice such controlling circuits will include in
part the relays illustrated. The parts and 105
circuits associated with the blocks A to D are
the same, and for convenience these parts
will be given like reference characters with
distinctive exponents added. Each of the
blocks is provided with the usual track bat- 110
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tery 4 and track relay 5; and associated
with each block is a line relay 6, the con-
trolling circuit of which includes front con-
tacts of the track relays of the correspond-
ing block and the next block in advance.
For example, the line relay 6 for the block B
is energized when neither the block B nor
the block C is occupied, and is deenergized
when either of said blocks is occupied. The
line relays 6 of the several blocks govern the
controlling condition of the corresponding
trackway elements T, by opening and clos-
ing a control circuit for said trackway ele-
ments, so as to produce the desired different
effects upon the car equipment for caution
and clear, as explained hereinafter.

The impulse transmitting means, gener-
ally speaking, comprises a trackway element
T, and a car-carried element L. The track-
way element T comprises two side bars or
pole pieces 7 which are connected by a U-
shaped core 8, said pole pieces and core being

- made of iron or other magnetic material,
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laminated or solid as conditions require. In

the construction illustrated, the pole pieces 7 -

extend a short distance paraliel with the
track rails, this distance being selected so as
to produce a duration of influence upon the
car-carried element sufficient to cause oper-
ation of the car equipment with ample mar-
gin. In this connection it should be noted
that two or more cores 8 for connecting said
pole pieces, may be used as desired. The
core 8, or each of such cores, if there be more
than one, carries a winding or coil 9, which
is arranged so as to be included in a closed
circuit of low resistance when the corre-
sponding line relay 6 is energized, and to be
open-circuited when that line relay is de-
energized. In other words, the coil 9.of the
trackway element T is in closed circuit un-
der safe traffic conditions, but is open-cir-
cuited under dangerous traffic conditions.

The car-carried element I. comprises an
inverted U-shaped yoke or core 10, with pole
pieces 11, these parts being also made of
Iaminated or solid iron, and being arranged
on the vehicle in such a way that the pole
pieces 11 will pass over the pole pieces 7 of
the trackway element T. The core 10 of the
car-carried element L. is surrounded by a
coil or winding 12.

In the arrangement shown in Fig. 2, this
coil 12 is included in one arm b of an ar-
rangement of conductors and current limit-
ing devices constituting a Wheatstone
Lridge W. Each of the other arms a, ¢ and
d of this Wheatstone bridge W include im-
pedances 13, which may be adjustable, if de-
sired; but obviously, resistances or combi-
nations of inductive or non-inductive re-

_ sistance may be used for the same purpose.
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The Wheatstone bridge W is supplied with
alternating current from a generator G,
which is located on the car and is constantly
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driven by any suitable mesns, such as a
steam turbine. In the embodiments of the
invention illustrated, the relay or electro-
responsive device is a two-element alternat-

ing current relay R of the rotor type, hav-

ing two field coils or windings 14 and 15, a
rotor 16, and a contact element or finger 17,
these parts being illustrated conventionally.
One field winding 15 of the control relay
is directly connected to the generator G and
1s constantly energized. The other winding
14 is connected across the arms of the bridge
W in the manner illustrated. :
The operation of the type of relay R
illustrated will be readily understoody by
those skilled in the art with only a brief
explanation. The contact finger 17 is biased
to the middle or neutral position; and when
both field windings 14 and 15 are energized
by alternating current of proper strength

and phase displacement, the rotor 16 is:

turned in one direction, thereby causing
movement of the contact finger 17 to one
extreme position in opposition to its bias.
1f the strength of the current in the field
winding 14 is decreased, the torque devel-
oped by the rotor 16 is likewise decreased;
and when the current falls to a certain
value, the contact element 17 returns to its
middle position in response to its bias. If
the phase displacement of the currents in
the two field windings 14 and 15 is reversed,
the rotor 16 is turned in the opposite direc-
tion, and the contact finger 17 is moved to
ils opposite extreme position.

The impedances 13 in the arms ¢ and d
of the bridge W are selected or adjusted so
that, when the car-carried element L. is not
over a trackway element T, the strength
and the phase displacement of the currents
in the field windings 14 and 15 of the relay
R are such as.to cause the contact finger
17 to move to one extreme position, for ex-
ample, to the right as shown in Fig. 2.
The contact finger 17 in this normal po-
sition closes a cirenit through a train con-

trol device, or a controlling means thereof,

which is illustrated conventionally and de-
signated XK. The device K may be of any
suitable construction, capable of controlling
the brakes, giving a signal, or the like. For
example, the device K may be the E. P. V.
of the train control apparatus disclosed in
my application, Serial No. 287,132, filed
April 3,1919. 1t should be noted, however,
that the device K, or its controlling means,
should be adapted to be responsive to a
temporary interruption of its controlling
circuit, since the contact 17 is only momen-
tarily opened.

The operation is as follows: While the
vehicle is traveling between signaling
points, that is, the points where the track-
way elements T are located, the relay R is
energized in such a way that its movable
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element is shifted to one of its extreme po-
sitions, that is, the relay may be said to be
picked up on one side, thus maintaining the
control device K energized. When a signal-
Ing point is reached, and dangerous traffic
conditions exist, the line relay 6 is deener-
gized and the coil 9 of the trackway ele-
ment T’ is open-circuited. Consequently,
the trackway element T presents a magnetic
bridge for the pole pieces 11 of the car-
carried element L; and in accordance with
well known principles, the impedance of
the coil 12 is thereby increased due to the
decrease in the reluctance of its magnetic
circuit. This change in the impedance of
the coil 12 inserts added impedance in arm
0, and causes the current in the field wind-
ing 14 of the relay R to decrease, and in
some cases, depending upon the design and
proportion of the parts, to actually reverse.
In any event, the contact finger 17 is opened,
and the train control device K set into
operation. When the car-carried element
1. passes-beyond the influence of the track-
way element T, the normal balance of the
bridge W is restored and the contact finger
17 _moved back to its normal position.

If traffic conditions ahead are clear, the be

Iine relay 6 is energized and the coil 9 of
the trackway element T is in a closed circnit
of -low resistance. Consequently, the track-
way element does not produce the increase
in the impedance of the coil 12 as before:
and the parts are so proportioned that said
trackway element, having its coil 9.in closed
circuit, will not change the impedance of
the coll 12 sufficiently to permit the relay
R to operate.

In the modification shown in Fig. 3, the
U-shaped yoke 10 is provided with two
separate coils 18 and 19 which are included

- in the opposite arms b, ¢ of the bridge W.
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This modified construction operates in the
same manner already described, -the two
coils 18 and 19 merely serving to increase
the unbalancing of the bridge W and pro-
duce a greater controlling effect upon the
relay R.

From the foregoing, it will be observed
that the car-carried element will be influ-
enced by any magnetic body affording a
path for -the passage of flux between the
pole pieces 11 of the car-carried element L.
Such magnetic bodies occur at various places
along the railroads, such as the track rails
of crossings, eross-overs and the like. Ob-
viously, some provision should be made so
that such track rails will not cause an
improper operation of the system. For
one thing, the parts may be constructed and
proportioned so that the trackway element.
T will produce a sufficient change in the
reluctance of the magnetic circuit of the
coil 12 as to cause operation of the relay R,
while the track rails of crossings and other

magnetic bodies encountered along the track,

will not affect the car-carried element to .

such an extent. Also, closed-circuited coils
may be associated with the track rails of
crossings, or with the other foreign mag-
netic bodies, so as to produce the same effect
as putting the coil 9 of the trackway ele-
ment T in a closed circuit. In Fig. 4, T
have illustrated track rails 20 and 21 of
one track intersected by the track rails 22
and 23 of another track, the crossing con-
struction shown being conventional. Coils
24 of low resistance connected upon them-
selves are passed through the web of the
track rails at the crossing, preferably as
close to the head of the rail as possible, (see
Fig. 5); and these coils are located at the
points over which the car-carried element
passes. Obviously, these coils 24 reduce the
effect of the track rails on the impedance of

‘the coil 12 on the passing vehicle; and the

parts may - be proportioned so ‘that the
change in the impedance of said coil, which
may be produced, will not be sufficient to
cause operation of the relay R. Instead
of coils 24, suitable bonds, such as shown
I my_ application above mentioned, may
used.
It will be observed that my invention pro-
vides a simple and reliable impulse trans-
mitting means of the inductive type which
will not be affected by weather conditions
and which does not involve complicated or
expensive apparatus along the track or along
the train. The important feature of this
system is the manner in which the increase
in the impedance of the coil 12 on the ve-
hicle is utilized to produce a positive open-
ing of the contacts of the control relay of
simple and substantial construction. This
control relay R, being a two-element relay,
may have the greater part of its operating
energy derived from the constantly ener-
gized field winding 15, so that the small
current in the other field winding 14 needed
to pick up the relay, can be more readily re-
duced in amount or changed in phase Tela-
tion by an increase in the impedance of
the coil 12. The impedances and power fac-
tors of these field windings 14 and 15 of
the relay R, together with the impedances
13 in the arms of the bridge, will be, of
course, properly designed and selected with
regard to the electrical and magnetic char-
acteristics of the various parts of the sys-
tem, so as to produce the greatest effect on
the relay R. The way in which this should
be done will be readily apparent to those
skilled in the art, it being observed that
the object is to obtain the maximum tend-
ency for the relay R to open its contacts
when the impedance in the coil 12 is in-
creased by a trackway element T having
its coil 9 open circuited.

In describing my invention, I have dis-

70

75

80

85

95

105

110

115

120

125

130



10

15

20

25

30

35

40

45.

50

66

1]

4

closed simplified forms of construction, it
being understood that various additions and
modifications would be made in practicing
my invention so as to conform to good de-
sign and engineering practice For example,
the parts on the train and along the track
would be protected by suitable casings of
wood or other non-magnetic material, and
would be located between the track rails,
or on one side thereof, according as the
particular circumstances rvequires. Also,
while the trackway element T has been
shown as located at the entrance to a block,
it may be located at any signaling point
where it is desired to transmit an impulse
from the track to the train; and the track-
way elements T and the car-carried element
L may be positioned lengthwise of the track,
instead of crosswise as shown, if clearances
and other conditions on a particular rail-
road may make such arrangement prefer-
able. Various additions and modifications
obvious to those skilled in the art may be
made in the particular construction shown
and described, without departing from my
invention; and I desire to have it under-
stood that the specific embodiments herein
disclosed are merely illustrative and do not
exhaust the various modifications of the idea
of means constituting my invention.
What I claim as new and desire to secure
by Letters Patent of the United States, is—
1. In an automatic train control system,
in combination : impulse receiving means on
a . vehicle comprising the elements of a
Wheatstone bridge, a source of alternating
current, electro-responsive means connected
across said bridge, and a coil included in one
arm of the bridge, and a traffic controlled
trackway element adapted to increase the
impedance of said coil if in the active stop-
ping condition and thereby vary the current

supplied to said electro-responsive means.

9. In an automatic train control system,
impulse receiving means on a vehicle, com-
prising a Wheatstone bridge, an electro-re-
sponsive device connected across said bridge,
a source of current for said bridge, and a
magnetic yoke having a coil included in cir-
cuit in one arm of said bridge, said bridge
being adjusted ‘to cause a predetermined
amount of current to flow through the elec-
tro-responsive device normally, and a track-
way element adapted to reduce the reluc-
tance of the magnetic eircuit of said core,
said trackway element comprising a core of
magnetic material and a winding thereon
which is closed in a deenergized circuit of
low resistance under clear traflic conditions
and which is open-circuited under danger
traffic conditions.

3. In an automatic train control system,
in combination: a core and a coil on the
vehicle, means including a source of alter-
nating current, an electro-responsive device
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and impedances arranged in the form of a
bridge for detecting variation in the im-
pedance of said coil, and traffic controlled
{rackway elements adapted to influence said
coil inductively and increase its impedance
under danger traffic conditions but not un-
der clear traffic conditions.

4. In an automatic train control system,
the combination with a magnetic yoke on a
vehicle, of means including a source of cur-

rent, an electro-responsive device, a coil on-

the yoke, and a bridge for detecting a
change in the reluctance of the magnetic
circuit through said yoke, and traffic con-
trolled elements along the track for de-
creasing the reluctance of said magnetic cir-
cuit under danger traffic conditions but not
under clear traffic conditions. ‘

5. In an automatic tran control system,
means constituting a magnetic circuit on a
vehicle partly of iron, means including the
elements of a bridge for detecting a change
in the reluctance of said magnetic circuit,
and traffic controlled means on the track for
decreasing the reluctance of the magnetic
civcuit on a passing vehicle under danger
traflic conditions but not under clear traffic
conditions.

6. In an automatic train control system,
impulse receiving means on a vehicle com-
prising, impedances arranged in the form
of a bridge, a source of alternating current,
a two-element alternating current relay hav-
ing one field winding connected across said

bridge and the other emergized from said

source, and a coil included in one arm of
the bridge and adapted to have its imped-
ance varied by trackway elements.

7. In an automatic train control system,
impulse receiving means on a vehicle com-
prising, in combination with a source of
alternating current, a two element alternat-
ing current relay having both windings con-
stantly energized from said source, and
means including a coil adapted to be influ-
enced from the trackway and an inductive
reactance in multiple with said coil for de-
termining the degree of energization and
phase relation of the current in one of said
windings. :

8. In an automatic train control system,
impulse receiving means on a vehicle com-
prising a two element alternating current
relay having one winding constantly ener-
gized, a coil and a partial magnetic circuit
therefor on the vehicle, and means for
changing both the phase relation and the
amount of current in the other winding of
said relay as the impedance of the coil is
increased.

9. In an automatic train control system,
in combination, a track element having a
magnetic core and a coil thereon, traffic con-
trolled means for controlling the circuit of
said coil, and car carried means including
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a constantly energized two element alternat-
ing current relay adapted to be influenced
by the track element when its circuit is open.

10. In a train control system, a car equip-
ment comprising a normally energized brake
control device adapted whenever deener-
gized to cause an automatic brake applica-
tion, a two-element alternating current re-
lay of the induction type acting so long as
efgectively energized to maintain energiza-
tion of the brake control device, a magnetic
core and a winding thereon, a source of al-
ternating current constantly energizing one
field element of said relay, the other field
element of the relay and said winding being
also connected to said source so as to ef-
fectively energized said relay, a track de-
vice comprising a magnetic core and a coil
therein for cooperating with said car-car-
ried core to vary its relutance, a deenergized
circuit of low resistance through said track-
way coil, and track circuit controlled means
for closing said circuit under clear traffic
conditions and for opening it under danger
traffic conditions.

11. Car equipment for automatic train
control systems comprising a normally ener-
gized two element alternating current relay,
a coil and a partial circuit therefor, and
means acting to produce an amplified change
in the phase relation of the currents in the

‘windings of said relay when the impedance

of said coil is changed.

12. Car equipment for automatic train
control systems comprising a two element
alternating current relay, a coil and a par-
tial magnetic circuit therefor, and an ar-
rangement of multiple circuits, one of which
includes said coil, for causing reversal of
the dﬁ)hase relation of the currents in the
windings of said relay when the impedance
of said coil is changed.

13. In an automatic train control system,
automatic train control apparatus on a ve-
hicle, a normally closed circuit for main-
taining .said apparatus inactive, a two ele-
ment alternating current relay having a
contact finger controlling said circuit, a car-

~ carried element including a core and a coil
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thereon normally developing a torque in one
direction in said relay, means whereby an
increase in the impedance of said coil causes
reversal of the torque set up in the relay
and opening of the contact finger of said
relay, and a track element cooperating with
sald car carried element and acting to in-
crease the impedance of said coil under
dangerous traffic conditions.

14. In an automatic train
automatic train control apparatus on a ve-
hicle, & normally closed circuit for maintain-
Ing said apparatus inactive, a three position
electro-responsive means controlling said
circuit, a car-carried element comprising a
coil and a partial magnetic circuit th or,

control system,

a source of alternating current on the vehi-
cle for energizing said coil and normally
maintaining a torque in a certain direction
in said electro-responsive device, means
whereby a change in the impedance of said
coil causes reversal of the torque of said
electro-responsive device to interrupt the
normally closed circuit and set said train
control apparatus into operation, trackway
means for increasing the impedance of said
coil, and a winding on said trackway means
for making it ineffectual if said winding is
in a closed deenergized circuit.

15. In an automatic train control system,
electro-responsive means on a vehicle, con-
ductors and impedances arranged in the
form of a Wheatstone bridge for energizin
said means, a pair of coils and a partia.

magnetic circuit therefor included in oppo-

site armg of the bridge, a track element con-
stituting a partial magnetic circuit and hav-
ing a coil thereon, and traffic controlled
means for including said coil of the track
element in a closed circuit of low resistance

- under clear traflic conditions.

16. In an automatic train control system,
the combination with a track element con-
stituting a mass of iron when in the active
stopping condition, of car-carried means co-
operating with said track element and com-
prising multiple circuits with current limit-
ing devices therein, arranged in the form of
a bridge, a source of alternating current con-
nected to said bridge, a two-element alter-
nating current relay having one field wind-
Ing connected across the bridge and the
other energized from said source, and a coil
in one arm of the bridge adapted to have its
impedance increased by said track element.

17. In an automatic train control system,
a track element comprising a U-shaped core
with a coil thereon, a circuit of low resist-
ance including said coil, traffice controlled
means for opening and closing said circuit,
a car element comprising a U-shaped mag-
netic yoke arranged to pass over the track
element, a winding associated with said
yoke, a two-element alternating current re-
lay with one field winding constantly ener-
gized, a source of alternating current and
current limiting means arranged in the form
of a bridge for causing operation of said
relay when the impedance of the coil of the
car element is increased as it passes over a
track element having its controlling cireuit
open.

18. In an automatic train control system,
train control apparatus on a vehicle, a nor-
mally closed circuit for maintaining said
apparatus inactive, a two-element alternat-
ing current relay adapted to open said cir-
cutt when deenergized or reversed, a car
element comprising a U-shaped magnetic
core having a coil thereon, multiple circuits
with current limiting means therein ar-
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ranged in the form of a bridge, the coil of
the car element being connected in one arm
of said bridge, a source of alternating cur-
rent on the vehicle energizing said bridge,
said relay having one field winding ener-
gized from said source and the other con-
nected across said bridge, and a track ele-
ment for cooperating with said car element
and comprising a U-shaped core with a coil
thereon, and traffic controlled means for in-
cluding the coil of the track element in 2
closed circuit of low resistance under clear
traffic conditions.

19. In an automatic train control system,
the combination with a track element con-
stituting a mass of iron when in the active
stopping condition, of car-carried means in-
fluenced by said track element and compris-
ing a coil, multiple circuits arranged in the
form of a bridge, said coil being connected
in one arm of the bridge, a two-element
alternating current relay having one field
winding connected across the bridge, and a
source of alternating current for energizing
the bridge and the other field winding of
said relay. .

90. Car apparatus for automatic train con-
trol systems comprising a U-shaped mag-
netic core, a coil on said core, a source of
alternating current, a two-element alternat-
ing current relay having one field winding
energized from said source, and means in-
cluding a reactance in multiple with said coil
for connecting the other field winding of the

1,512,288

relay to said coil and for causing operation
of the relay when the impedance of the coil
is increased.

91. Car apparatus for automatic train
control systems comprising a core, & coil
thereon, a source of alternating current, a
two-element alternating current relay hav-
ing one field winding energized from said
source, an impedance, a circuit energized
from said source including the impedance
and said ccil in multiple, and means for sup-
plying current from the source to the other
field winding of the relay by the difference
in the drop in potential through said im-
pedance and coil.

99. In an automatic train control system,
the combination with a track element con-
stituting a mass of iron in the active stop-
ping condition, of car apparatus inductively
influenced by the track element and com-
prising a magnetic yoke, a coil on the yoke,
a source of alternating current, a two-ele-
ment, alternating current relay having one
field winding energized from said source,
multiple circuits arranged in the form of a
bridge and energized from said source, said
coil being connected in one arm of the
bridge, the other field winding of said relay
being connected across the bridge, said
pridge being normally unbalanced to cause

operation of the relay in one direction and

being thrown into balance or reversed by the

influence of the track element.
WINTHROP K, HOWE.
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