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through such device.
that a car-carried device responsive to trackway

itative changes,
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6 Clalms

This invention relates in general to train con-
trol systems, and has more particular reference
to an automatic inductive alternating current
type of system together with g polyphase relay

| pa,rtlcula,rly adapted for use with the system.

In train control systems of the type in gues-
tion, it is very general to provide car-carried
means responsive to trackway conditions to gov-
ern train control devices carried on the car. It
is also usual to control the car carried responsive
device by quantitative effects, that is, for instance,
by changes in the quantity of current ﬂawmg
It would appear however

cenditions and operated in accordance with qual-
that is, in  accordance with
the changes in kmd rather than in degree, m:ght
be very desirable.

With the above and other conslderatmns in
mind, it is proposed, in accordance with the pres-
ent mventlon to provide a train control system
employing car-carried apparatus including means

- responsive to trackway conditions and operated

- In accordance with changes in kind rather than
- In degree,

More specifically, it is proposed to

~ provide a polyphase two position relay which as-

o
o |

AD

sumes one or the other of its positions dependent
upon the time phase relation between the cur-
rents in its phase windings, and to .control the

time phase relation between the currents by

trackway inductors which in turn are controlled
in accordance with trackway conditions.

‘A further object of the present invention is
to provide an improved form of polyphase relay
particularly adapted for use in the above connhec-

tion. More specifically, the polyphase relay in

accordance with this invention is of the vane

;ty’pe operated by a shifting field, on the inductive

motor principle, and the parts are so arranged
that the vane is biased to one position by gravity.
by a magnetic blow out effect, and by a positive
drive due to a magnetic 1eld shifting in one di-

‘rection, while the vane is caused to assume its

~ other position by means of a positive torque pro-

A
1

duced by a field shifting in the opposite direc-

tion. This prevents sticking of the vane in its
unbiased position and gives the rela,y a very IJOS].-
tive and quick release. |
~ Further objects, purposes and characteristic
features will appear as the description progresses,
reference being had to the accompanying draw-
ings, showing, solely by way of e}:ample various
forms which the mventmn can ag sume,

In the drawings:——

Fig. 1 is a schematw representatmn of a sim-

(Cl. 246—863)

plified train control system embodying one form
of the invention:

- Big. 2 is a diagram showmg the relation be-

tween voltage and currents in the main relay

when in its attracted position:

Fig. 3
tween Valtage and currents in the main relay
when in its retracted position; |

Fig. 4 is a view similar to Fig. 1, embodymg 23
modified form of the invention:

Fig. 5 is a top plan view of a relay in accord-
allce with the present invention:
- Fig. 6 is a ¢ross sectlona,l elevation of the re-
lay of Fig. b, and

Big. 7 is a fragmentary view of a mod1ﬁed form
of relay.

Referring to the dra,mngs ‘and more partlcu-
larly to Fig. 1, a stretch of trackway is shown
comprising track rails 1, divided into signalling

bloecks by means of msulatmg joints 2, in the

usual manner, each block peing supplled with a

track battery 3, a wayside signal 4 a,nd a track

relay TR.

At the entrance to each black 13" positioned
an inductor M, comprising a core 5 of magnetic

material, preferably laminated, carrying a wind-

ing 6, connected to a condenser 7, and a con-

tact finger 8, of the ftrack relay controlled by

traflic conditions in the block at the entrance to

which the inductor is placed, There have been
shown but two controls for the inductor circuit,
namely, danger and clear, corresponding to the_
track relay TR in retracted and attracted posi-
tions 1espect1vely It is obvious, however, that

any usual three position control can be em-

ployed, by means of using line relays in con-
junction with the track relays; in a manner, as
for example, shown in Patent 1,604,098 to W.
K. Howe of October 19, 1926. 'The various con-
trol devices and circuits for the wayside signals

4, have not been shown or described, as this is -

quite unnecessary for a thorough under standing
of the present invention.

~ Carried on the car, represented dzagrammatr—
cally by wheels and gxles 9, is a receiver R, which
is similar in construction to the inductor M M, and
includes a magnetic core 10, carrying a wndmn‘
11, the winding being connected in series with
a condenser 12, and the control phase winding
13, of a main 181&37 MR. The main relay MR

‘has a local phase winding 14, which is connected
in series with a condenser 15, and a contact fin-
ger 16 and front contact of the main relay to
constitute a stick circuit. Both the local and the
control phase windings are connected directly

1,961,853

is a diagram showing the relation be- -
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across o source of energy 30, shown as al alter-
nator, and the constants of the circuits including
these two phase windings are so chosen as e
normally give a leading current I? for the con-
trol phase 13, and a lagging current I' for the
local phase 14, an inductive reactance 31, being
included in the local phase winding circuit for
purposes of adjustment.

Controlled by a contact finger 17 ¢f the relay
MR, is a train control device EPV, which may

assume various forms according to requirements
and conditions, but which in the present instance
is shown as an electromagnevic device which 18
normally electrically energized, and whicihh on
de-energization is initiated to give an automeatic
brake application, or to apply any other desired
restrictive condition upon train movement. The
energizing circuit for the control device EPYV,
includes a battery 18, and a reset contactor Res.

Referring now to Fig. 4, a slighily moaQified
form of the invention is shown, wherein the In-
ductor M differs from the inductor M of Fig. 1
by having its condenser 7 positioned between
two contact fingers 8! and 8! of the track relay
TR, this arrangement heing advantageous, as
will appear below.

The car carried apparatus of Iig. 4 also dif-
fers slishtly from that shown in ¥Fig. 1, in that
the conirol phase winding 13%, of relay MR/,
i« fed from the secondary S, of a transioriner
placed on the receiver core 101, having a primary
winding P which is fed directly irom the sourice
of energy 30!. Thus the control phase winding
13! of the main relay is not fed directly from
the source of energy 30!, as in Fig. 1, but 1s
fed indirectly therefrom through a transforiner
carried on the receiver core 101, and this iorm
is advantageous for reasons which will appear
below. |

The operation of the apparatus thus far de-
scribed, will now be discussed In some detail.
The various parts have been shown in the draw-
ings in their normal positions and conditions,
that is, the positions and conditions which exist
under travel in clear territory. As shown, the
train conirol device EPV is energized from the
battery 18, -and thus the train is free to pProceeq
without restriction. 'The relay MR is designed
to be picked up, as shown in Fig. 1, when tine
contrsl phase current 12 leads the local phase
current I, as shown diagrammatically in Fig. 2.
That is, the circuits including the local and con-
trol phases, are so arranged that the local phase
current Il lags its voliage T, by a slight angle,
while the control phase current I2 leads this volt-
age B by a considerable angle.

The main relay MR, is so desighed that it

will assume its retracted position when the rela-

tion of the two phase currents is reversed, SO
that, if the control phase circuit be changed to
draw a strongly lagging current, while the local
phase circuit is held constant, then the control
phase current 12, will lag the local phase current
1, as shown in Fig. 8, and as a result relay MR
will assume its retracted position, to de-energize

EPV, and give an automatic brake application.

The inductor M, it will be noted, is arranged
so that when track relay TR is de-energized,
which corresponds to danger conditions, or 1f &
three aspect signal system be used, corresponds
to both danger and caution conditions, the ef-

fect of the receiver passing over the inductor is
to decrease the reluctance of the magnetic cir-
‘cuit through the receiver R, to thus increase the

inductance of the electric circuit including cor-

1,961,853

trol phase winding 13, thus to give a lagging
current through such conirol phase, (Fig. 3).
On the other hand, if the track relay TR be
energized, to thus close the circuit including the
inductor winding 6, and the condenser 7, the
effect of the receiver passing cover the inductor,
is to maintain the control phase current a lead-
ing one, or possibly even to make it more lead-
ing, the condenser 7 in the inductor circuit being
so chosen as to give the inductor circuit a iead-
ing characteristic. Under such conditions, tne
nassage of a receiver over a closed circuited
inductor, that is, an inductor at the entrance to
a clear block, does not materially afiect relay
MR, and no brake application results, while under
cantion and danger conditions, EPV becomes
de-gnergized.

1 the event a caution or danger signal be
passed, and an automatic brake appiication
be incurred, relay ME will not again pick 90
up, after passing the active inductor, since the en-
ergizing circuit for its local phase winding 14, 18
hroken at.contact finger 16 and iront contact of
relay MR. It is thus necessary, in order to re-
lieve the train of the brake application, to have 100
recourse 0 the reset contactor Res, which is
positioned to be operable only when the train is
stationary, as, for example, by making it accessi-
ble only from the ground. Upon operation of the
reset contactor, an energizing circuit is closed
for the local phase winding 14 which includes the
contactor Res and back point thereof and which
cireuit shunts out contact finger 16 and its front
contact, to thereby pick up relay MR, which, after
once picked up, stays up due to the normal ener- 110
oization thereoi under conditions as indicated
in Fig. 2. The reset contactor Res, is protected
acainst misuse by arranging it to break the nor-
mally energizing circuit for EPV at contactor Res
and its front contact, when operated for reset
purposes, thus preventing its being tied down, for
example, in its resetting posifion.

The operation of the meodified arrangement
<hown in TFig. 4, is identical with that described
ahove in connection with Fig. 1. In Fig 4, how- 120
ever, by having the control phase winding 13! fed
throuegh the secondary of a transformer on the re-
ceiver R1, if the primary P should be accidentally
shorted out from the energizing source 30!, wind-
ing 131! would be deprived of any current, and 195
as 2 result, a brake application would be incurred.
In the case of Fig. 1, however, shorting out of
winding 11 of receiver R, would not take current
off of the control phase winding 13.

Again, with the modified form of inductor M1,
shown in Fig. 4, in order to connect the winding
6! and condenser 7! in a closed series circuit, both
contact fingers 8! and 8!, must be in attracted
pogition, whereby a single short across one of
these fingers can not operate to change over the
civenit of inductor M from 2 lagging ¢ 2 leading
one, but two such shoris would be necessary. In
the form shown in Fig. 1, if a short should occur
connecting the contact finger 8 with its front
contact, the circuit of inductor M! would then be
o capacity circuit having a leading characteristic,
which might resuit in g false clear indication upon
entrance into a danger hlock.

Tt will thus be seen, that the form shown in
Fig. 4 is more dependable, and less subject to er-
rors due to shorting and the like, than the form
shown in Fig. 1. |

1t should be clear from the abhove description
that one of the escential features of this invention
is to provide trackway means, conirolled in ac- 150
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“cordance mth tlafﬁc ccndltmns ahead to exert
an-influence on a car-carried circuit, namely the

circuit including the control phase winding 13 of

~the main relay, which, under clear traffic condi-
tions does not materlally change the power fac-
tor of such car carried circuit, but which. under
caution and ‘danger conditions does change sueh
‘power factor so as to relatively reverse the time
phase relation between the currents ﬂowmn* in
‘the two phase windings of the main relay. |

There is shown, in Figs. 5 and 6, a relay which

is particularly adapted for use in the train con-
{rol system described above.
‘prises a base 12 having side brackets 20 connected
thereto and supporting control and local phase
cores 21 and 22 carrying control and local phase -
windings 23 and 24. The cores, as shown, are
- provided with. slots 25 posmwned on & vertical
line, through which a vane 26, adjustably pivoted
at 27, can operate in accordance with the ener-
- gization of the two phase windings.

This relay com-

has an operating heel 28 which controls contacts
29. As shown, the cores 21 and 22 are arranged

windings are supplied with current which is dis-
placed in phase a proper amount, preferably as

nearly 90° as possible, a shifting magnetic field is .

produced which positively drives the vane 26, ei-
ther upwardly or downwardly, depending upon the
relative time phase relation between the two cur-
rents in question, the vane bemg driven on the
well known induction motor principle. Stops 40

and 41 are provided for limiting the vane in its

lower and upper, that 15 retracted and attract-
ed, positions.

When the two phaqe Wlndmgs of the relay
illustrated in Figs. 5 and 6 are supplied with

currents as diagrammatically indicated in Fig. 2,
- the vane 26 is moved to, and retained in,

W0 .
~ditions changing to cause the two phase currents

its
upper or attracted position as shown. Upon con-

- to take the relative positions shown in Fig. 3,

- downwardly by a magnetic blow out effect.

S
Ty

the drive torque on the vane 26 is reversed in
direction and the vane is moved to, and retained

- 1n, its lower or retracted position, as indicated in

dotted lines in Fig. 6, the contacts 29 being closed

with the vane in 1t,.} upper poc*-'ltwn and open

with the vane in its lower position. In connec-

tion with the operation of this relay, it should
be noted that the vane is so arranged relatively

to the cores 21 and 22 that it is constantly urged
In
the position shown in Fig. 6, the magnetic hlow
out effect is produced by core 22, while as soon

‘as the vane gets below the upper edge of core 21,
such effect is continued by the core 21, and oper-

ates to hold the vane in its lower position. Thus

the vane 26 is constantly urged to its retracted
~or lower position by gravity, and when the wind-

ings 23 and 24 are energized, by a magnetic blow
out torque. Also, when the phase currents bear
the relation shown in Fig. 3, there is a positive

- drive torque in a counfter-clockwise direction.

On the other hand, when these phase currents

- bear the relation shown in Fig. 2, there 18 & drive
torque in a clockwise direction which raises the

vane to its atiracted or upper position by over-
coming gravity and the magnetic blow out effect,.
'Thus the relay can be operated from one posi-
tion to the other without any change in the
amount of the cur rents flowing through its wind-

ings, but merely by a change in their relgtive
time phase relation, to thus give a more de-

pendable, more positive, and qmcker actmg re-

lay, than is naw available.

The vane 26

3

It is assumed that the GIOCI{WL,:B drive torgue '
in vane 28, is sufficient to overcome the effect of

gravity or the blow out efiect due to core 21,
whereby to cause the vane to move to its at-

tracted position when the currents asmme the |

relation of Fig. 2.

However, if it be desired to ha,ve & Inore posi-
- tively de-energized type of device the stop 40 can -

be made lower, as 40’ in Fig. 7, in which case
the clockwise drive torgue is not sufiicient to
overcome the blow out effect plus gravity holdmg
the same in its lower position. |

This condition is cared for by having a D. C.
cperated plunger 33, actuated by a ceil 32 en-
ergized by a battery 34 only when the contactor
Res! is depressed.

The plunger 33 presses, when

80

85
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actuated, against heel 28! of vane 26!, to move

the vane to a point where the normal p-ick up
torque becomes effective.

No attempt has been made in the drawi ngs 1o

show the particular structur e which is to be used
In practice, the drawings being primarily to show

- the invention in a form which will facilitate a
one above the other and when their respective

ready understanding of the same..
The above rather specific description of one

D
]

100

form of the invention is given r~*<::ﬁ1el§,r by way of

example, -and is not intended,
whatsoever, in a limiting sense.

any manner
Obviously, the

‘Invention can assume many different physical

forms, and is susceptible of numerous nmiodifica-
tions, and all such forms and modifications are
intended to be included by this application, as
ccme within the scope of the appended claims.

Having described my invention, I now claim:—

1. In a train control system, a wayside in-
ductor, a car-carried receiver, a brake applying

device, a two element relay for controlling said

device, a local phase winding for the relay corn-

nected across a source of energy, a control phase
- winding for the relay energized by said source

of energy and in series with said recelver, trafiic
controlled means for said in ductor, said inductor
at times operating to rotate the current vector

105

110

115

of said control phase from cone side to the other

of that of said lcecal phase by changing the cir-

cuit of said control phase from capacltative to
inductive.

2. In a train control sys-;tem, 2 ‘wayside in-

ductor, a car~carried receiver, a brake applying

device, a polyphase relay for controlling said de-
vice, a local phase winding for the relay con-

stantly energized by being connected across a
source of energy, a control phase winding for the
relay constantly energized by s2id  source of

energy and in series with said receiver, and means 1

for displacing the local and control phase cur-
rents in time phaee without materially reducing

120

125

their magnitudes, by rotating the current vector -

of one phase relatively to that of the other, said
inductor operating to at times reverse the rela~

tion of the phases of said currents by making a
chanﬂe in kKind, in the resulting electrical char-

acterlstlcs of the energlzmg c1rcmt for the Con-

trol phase.
- 3. In a train control system, a waymde inductor,

8 car-carried receiver, a brake applying device, g

two element relay for controlling said device, a,

local phase winding for the relay connected across
a source of energy, a control phase winding for

the relay energized by said source of energy and i

in serles with said receiver, traffic controlled
imeans for said inductor, said inductor operating

to rotate the current Vector of said control phase,

without materially decreasmg it In magnitude,

| from one side to the other of that of said local

150
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phase, by changing the resulting electrical char-
acteristics of the circuit of one of said phases,
in kind, as distinguished from degree.
4. In a train control system, a wayside inductor,
5 car-carried receiver, a brake applying device, a
polyphase reiay for controlling said device, a local
phase winding for the relay constantly energized
by being connected across a source oi energy,
5 control phase winding for the relay constantly
energized by said scurce of energy and in series
with said receiver, said inductor operating to
displace the local and control phase currents in
time phase, without materially decreasing their
magnitudes, by rotating the current vector of one
phase relatively to the other, by changing the
cireuit of the control phase winding from a capaci-
tative to an inductive circuit, so as to at times
reverse the relation of the phases of sald cur-
rents.
5. In a train control system, a wayside inductor,
a, car-carried receiver, g brake applying devics, a
polyphase relay for controlling said device, a local

1,961,853

phase winding for the relay connected across a
source of energy, a winding on the receiver con-
nected across said source of energy, & control
phase winding for the relay inductively related
to the receiver winding, and means whereby said
inductor changes, in kind, the electrical charac-
teristics of the circuit including said control phase
winding to thereby rotate its current vector, with-
out materially decreasing its magnitude, from one
side to the other of the current vector of said
iocal phase winding in accordance with tratiic
conditions ahead.

8. In a train control system, in combination,
5 wayside inductor, a car-carried recelver, & relay
having two energizing windings connected in cir-
cuits which are normally of different electrical
characteristics, one being inductive and the other
capacitative and means whereby cooperation be-
tween the inductor and the receiver makes the
said circuits of the same kind of electrical char-
acteristics. |

WILLIAWM D, HAILES.
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