‘Feb.23,1943.  w.erace 2312050

RAILWAY TRAFFIC CONTROLLING APPARATUS
Filed Nov. 8, 1941

Gay Filled Tub
3 DT

:L./ I =55 pArr
el =
|4 |

S| 57
=34 ‘ | A 7/
. = e
) 7
N300l \B300. 4 _ ‘Ga}’ﬁ'lled Tube - €5 6H
24 25 : | Gx
: - : |
“’ 5/ v
2 a1
2 le =] 1 v
K b <izz P
3 | \\E ’ : =
] ' 9 . ' \»-__-;-_-_}
| 2| |
crl Yeoger 22 ‘ T Her
70 “& ) pE’TPafﬁb Controlled .,
6{6,?11 N 180a 77 .
¥ 75 ka7 }75'_‘
Fig./.
o  INVENTOR .
Z%l'y{laf’ 2 PDlcce. .

Hzs Arrorvey:




Patented Feb. 23, 1943

2,312,050

UNITED STATES PATENT OFFICE

RAILWAY TRAFFIC CONTROLLING
APPARATUS

Willard P. Place, Wilkinsburg, Pa., assignor to
The Union Switch & Signal Company, Swiss-
vale; Pa., a corporation of Pennsylvania

Application November 8, 1941, Serial Ne. 418,353
(Cl. 246—63)

9 Claims.

My invention relates to railway traflic. control-
ling apparatus, and more particularly to train
carried, train control apparatus responsive: to
coded energy.

Generally speaking, the coded current usesd: to
govern present day train carried train control
apparatus is supplied across.the track rails of-a
track section at the exit end of the section so
that when a train occcupies the section, current
flows along one rail, through the wheels and
axles of the train and back the other rail, such
current flowing in opposite directions in the
rails at any given instant. Inductors are
mounted on the train ahead of the leading: pair
of wheels with one inductor over each rail to
inductively pick up an electromotive force in
response to such coded rail current. In many
cases the two inductors are connected together
in such manner that the electromotive forces
induced therein due to current flowing in oppo-
site directions in the rails add their effects and
the resultant electromotive force is applied- to
the input side of a train carried amplifier for
operating a code following relay connected to
the output side of the amplifier. The code fol-
lowing relay in turn governs decoding means
selectively responsive to the rate at which the
relay is operated and in turn selectively respon-
sive to the code rate of the rail current. In
some cases the two. train carried indnetors. are
connected to separate amplifiers and the two
electromotive: forces picked: up by the inductors:
are amplified separately. In such case, the
output sides. of the separate amplifiers are con-
nected in such a manner that the cutputs are
combined for operating the code following relay.

It is the practice to use alternating current of
the order of 100. cycles per second and to code
such current by periodically interrupting the
circuit at different rates, such as 189, 120 and 75
times per minute. At least such: code rates: are
those generally used to reflect clear, approach-
medium and approach traffic conditions, respec-
tively.

The length of the track section is predefer-
mined in part according to the desired spacing
of trains and according to the braking distance
required fer the trains operating over-the: sec-
tion. The braking distance required depends
upon the maximum permissible speed and the
nature c¢f equipment, such as passerger or
freight cars. The high speeds prescribed- for
present day traffic in both freight and-passenger
train service require relatively long- braking dis-
tances and hence a. relatively long track section

10

20.

25.

30-

40.

45

50

65

if & train is to be:brought from maximum speed
to a stop in a single track. section. Fer this
reason track sections of the order of 11,000 feet
in length are praovided where: high train speeds
prevail, Broken rail protection: is also an es-
sential feature in. such railway signaling sys-
tems. A single track circuit for @ track section
of 11,060 feet may net provide satisfactory
broken rail protection when altermating current
of 100 cycles per second is used. Consequently
such 11,000- foot track. section may require that
it be provided- with one or more cut section lo-
cations to divide the section into subsections,
each of which includes a track circuit. Such

» cut section locations add to the apparatus re-

quired. and correspondingly increase the cost.

It has been proposed to use railway traffic
controlling apparatus responsive-te coded direct
current because direct current will provide satis-
factory broken rail proteetion for:any length of
track sectionr within the limits here contem-
plated. In order-to comserve the oubtput reguired
from the track battery that serves as the source
of the coded direct current, and to provide track
circuits of high shunting sensitivity, it has also
been proposed to code: the direet current in-such
a manner that a single impulse of current of
relatively high peak voltage and. short duration
is supplied-to the rails- at the start of each cn
code period. When- the aforementioned code
rates of 180; 120 and 75-impulses per minute are
used with such: coding, then: the current impulse
is short as. compared with-the duration between
suceessive impulses, For example, the duration

. of a current impulse may be of the order of .05

second and hence under the 180 code rate the
duration between successive impulses is about
.28 second. Under the other code rates. of 120
and 75; the duration of the impuise would be
the same and the duration between successive
impulses would be. correspondingly greater.
Such . code-impulses: of direct current cause the
code following:relay to be operated with unequal
on-and. off. periods unless some additional means
is provided: to. prolong the effect of each code
impulse. That.is, some means for equalizing the
on and off periods of the code following relay
is desirable because the standard form of decod-
ing means governed. by the code following relay
is most satisfactorily operated when the.code
following relay is .operated at substantially egual
on and off periods. In the present day arrange-
ment, the code.following: relay governs the. de-
coding means by governing, the supply of direct
current. to. a. decoding transfermer, direct cur-
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rent being aiternately supplied to preselected .

portions of a primary winding of the transform-
er over normal and reverse contacts of the re-
lay so that when the relay is operated to alter-
nately open and close its contacts current is al-
ternately supplied to the two portions of the
primary winding and there is created in a sec-
ondary winding of the transformer an alter-
nating electromotive force of a frequency cor-
responding to the code rate at which the relay
is operating and of course, in turn, according to
the code rate of the rail current. Consequently,
as set forth hereinbefore, it is desirable to pro-
vide some equalizing means for equalizing the
on and off periods of the relay. Again rigid re-
quirements are placed upon a code following
relay having mechanical moving parts because
such code following relay is in continuous opera-
tion. .

When coded direct current is used operating
difficulties may be experienced because of the pos-
sible false energization of the train carried am-
plifier produced by the so-called “magnetized
spots” of the track rails. Such magnetized spots
occur at random and act to induce an electro-
motive force in a train carried inductor as the
train moves over such rail spot.. Such stray elec-
tromotive force when amplified may adversely af-
fect the operation of the code following relay.

In view of these various conditions imposed
upon railway traffic controlling apparatus of the
type here involved, a feature of my invention is
the provision of a novel and improved organiza-
tion of railway traffic controlling apparatus re-
sponsive to coded direct current.

Another feature of my invention is the pro-
vision of train carried train control apparatus in-
corporating novel and improved receiving and
amplifying means wherewith such amplifying
means is effectively excited cnly when two elec-
tromotive forces are simultaneously picked up one
from each rail and when such electromotive forces
are of a predetermined phase relation, and elec-
tromotive forces created by random magnetic
fields do not effectively excite the amplifier.

Again, a feature of my invention is the pro-
vision of railway traffic controlling apparatus of
the type here contemplated incorporating novel
means for equalizing the resultant on and off pe-
riods of a code following relay governed by energy
impulses of short duration as compared to the
duration between stuccessive impulses.

Another feature of my invention is the provision
of train carried train control apparatus which is
free from mechanical moving parts. ,

Furthermore, a feature of my invention is the
provision of railway traffic controlling apparatus
of the type here involved incorporating novel
means for alternately firing two gas filled tubes
for substantially equal periods in response to
coded direct current and which means auto-
matically varies the firing period according to the
code rate of the current and which tubes are
adaptable of functioning asa code following relay
of no moving parts for controlling decoding means
selectively responsive to different predetermined
code rates. ;

Other features, objects and advantages of my

invention will appear as the specification pro- -

gresses.
The above features, advantages and objects of

my invention are obtained by providing on a train

adapted to travel a track section whose rails are
supplied with direct current coded at different
code rates, a receiving and amplifying means, an
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equalizing relay means and the usual standard de-
coding and signaling means. The receiving and
amplifying means comprises two inductors
mounted on the train in advance of the leading
pair of wheels with one inductor over each rail,
and a multiple tube two channel amplifier. The
two electromotive forces induced in the two in-
ductors by each on period or code impulse of
rail current are applied one to each of two tubes
of the amplifier with the result an enlarged elec-
tromotive force of a code corresponding to the
code of the rail current appears in the output of
The output electromotive force

. of one of these two tubes is applied to the grid of
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_normal flow of anode current.

a third tube of the amplifier and the output elec-
tromotive force of the other one of the first men-

tioned two tubes of the amplifier is applied to the

plate circuit of the third tube, the arrangement
being such that current flows in the cutput of the
third tubeé only if the two electromotive forces
created in the outputs of the first two mentioned
tubes appear simultaneously and are in phase with -
each other. Thus a current impulse in the output
of the third tube of the amplifier can happen only
when the coded rail current flows in the two rails
in opposite directions at the same instant, and
stray magneétic fields which excite one inductor
only or which excite both inductors but at dif-
ferent times or which excite both inductors at
the same time but do not create electromotive
forces of a proper phase relation do not cause an
effective current impulse to appear in the output
of the third tube of the amplifier.

The equalizing relay means comprises two gas

5 filled or controlled ionization type of electron

tubes, together with novel circuits and the neces-
sary sources of current. The two gas filled tubes
are provided with anode circuits that include a
common source of direct current and preselected
portions of a primary winding of a decoding
transformer. This direct current source for the
anode circuits is of a voltage sufficient to fire each-
tube when the grid of a tube is of substantially
zero potential with respect to the tube cathode.

' The grid circuit of a first one of the gas filled

tubes includes a voltage source, such as a battery,
to effect a negative grid bias voltage so-that this
first gas filled tube is normally extinguished.
The grid circuit for this first gas filled tube also
includes a winding which is coupled to the output
of the third tube of the receiving amplifier, and
each current impulse caused to flow in the output
of the receiving amplifier sets up an electromo-
tive force in the grid circuit of the first gas filled
tube that overcomes the normal grid bias voltage
due to the battery and this first gas filled tube is
fired. In other words, a first one of the gas filled
tubes is normally biased to be extinguished and is
fired in response to each on period of the rail
current. The grid circuit for the second gas
filled tube includes no normally active source of
negative bias voltage and the tube is normally
fired due to the voltage of the current source of
the anode circuit. The grid circuit of the second
tube is provided, however, with a biasing means
including resistors and condensers, such condens-
ers becoming charged due to the voltage drop
across the associated resistors as caused by the
The arrange-
ment of this biasing means is such that when the
second gas filled tube becomes extinguished, the
charge on the condensers produces a negative grid
bias voltage that prevents this second tube from
becoming refired by the anode current source un-
til the charge on the condensers leaks off through
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the. associated resistors.
ond gas filled tube is. normally fired, but once ex-
tinguished it remains extinguished for an interval
whose. duration is predetermined by the charge
built up on the associated biasing means. An ex-
tinguishing reactance, preferably in the form.of a

condenser, is connected to the anode circuits of

the two gas filled tubes to alternately extinguish
the tubes. To sum up, therefore, the first gas
filled tube is normally extinguished and the sec~
ond gas filled tube is normally fired, the first tube
is fired in response to an electromotive force cre-
ated by the coded rail current, the second tube
is extinguished by the extinguishing condenser
immediately following the firing of the first tube,
the second tube is refired after a predetermined
interval as determined by the charge on its bias-
ing means, and the first tube is extinguished by
the extinguishing condenser immediately follow-
ing the refiring of the second tube, the two. gas
filled tubes being then ready to repeat this cycle
of operation at the next electromotive force cre-
ated by the coded rail current. It.is to be under-
stood of course that the second tube is refired. dur-
ing the duration between successive electromotive
forces. Since the anode circuit of each of the
gas filled tubes includes a preselected portion of
a primary winding of the decoding transformer,
such alternate firing of the gas filled tubes causes
direct current to alternately flow in the two por-
tions of the primary winding of the decoding
transformer and an alternating electromotive
force is induced in a secondary winding of such
transformer, the frequency of such alternating
electromotive force corresponding to.the rate at
which the two gas filled tubes are alternately
fired, and in turn according to the code rate of
the rail current.

The. decoding means comprises tuned decoding
cricuits of the usual standard form. and which
circuits are connected directly to the secondary
winding of the decoding transformer. The de-
coding circuits govern a cab signal or other train
control devices according to the frequency of the
electromotive forces applied to such circuits.

I shall describe one form of apparatus embody-
ing my invention, and shall then point out the
novel features thereof in claims.

In the accompanying drawing, Fig. 1 is a dia-
grammatic view showing one form of apparatus
embodying my invention when used with frain
carried train control apparatus. Fig. 2 is a dia-
gram illustrating an operating characteristic of
the apparatus of Fig. 1.

Referring to Fig. 1, the reference characters {a
and 1b designate the track rails of a stretch of
railway over which traffic normally moves in the
direction indicated by an arrow, and which rails
are formed by the usual insulated rail joints into
a track section D—E, which section: may be one
section of a series of consecutive sections of a
signal system. The track section D—E is pro-
vided with a track circuit comprising a source of
coded. current connected across the rails at the
exit.end of the section and a code following relay
connected across the rails at the entrance end of
the section. In the present embodiment of my
invention, use of code impulses of direct current
is contemplated and the source of coded direct
current for the track circuit of section D—E com-
prises a battery 1, a code transmitter or coder CT
and a track transformer or reactor TD. Second-
ary winding 2 of transformer TD: is connected
across the rails at exit end D over wires 3-and 4.

In other words, the sec-
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Primary winding 6 of transformer TD is con~ 75

3

nected to battery. T over either code contact mem-
ber 15.or {80 of coder CT-according to. the posi-
tion . of a traffic controlled relay ED. A con-
denser: 8. is. preferably connected across primary

. winding 8.

Code transmitter CT" may take the: form of
any one of several well-known structures for
such devices and it is sufficient to point out: that
as long asits operating winding 9:is supplied with
current. from any convenient source of current,
not.shown, the code contact. members 75.and: 180
are-operated at preselected code rates. For ex-
ample, contact member 75 is operated to engage
and disengage. a contact 15a¢ at the rate of 75
times per minute and contact member (88 is
operated to engage and disengage a. contact 186a
at the rate of 130 times per minute. The relay
D is. controlled: by traffic. conditions in advance
of section D—E, but such control apparatus.is

; not shown: since it would ke in accerdance with

standard practice and forms no part of my pres-
ent invention. It is sufficient for the present
application to point out that. relay HD is picked
up to close front contact 13 when the section

. next in advance of sectionr D—E is unoccupied,

and the relay is released closing back: contact i
when such section next. in advance is occupied.
In other words, relay HD. is picked up under
clear traffic conditions in advance and is released
under approach traffic conditions. in advance.
When relay HD is picked up closing front. contact
10, battery 7 is connected. to.primary winding 6
over a circuit including code contact member 189
of coder CT, and during each interval that con-

5 tact t86—i88a is closed. direct current flows in

winding 8 causing magnetic energy to.be stored
in the magnetic core of transformer TD. The
circuit including battery ¥, front contact [0:and
primary winding 6 is so proportioned as. to its
time constant that the magnetic energy builds
up relatively slow and little, if any, electromo-
tive force is induced. in secondary winding 2, at
least such electromotive force is so small it can
be neglected. When: contact member 183 breaks
engagement with contact 189q, the flow of cur-
rent from battery T is:interrupted and the mag-
netic energy stored in transformer TD decays
rapidly and an electromotive force of relatively
high peak voltage is induced in secondary wind-
ing 2 and a current impulse of relatively high
peak vcltage is supplied to. the track: rails: of
section D—E. This impulse of direct: current is
of a given polarity and is of short duration, the
part being propertioned to provide an impulse of
current of the order of say .05 second. Conse-
quently, a code impulse of current is supplied to
the rails each operation of code contact member
180 and direct current. of the.code rate of 180
impulses per minute is. supplied to the. rails.as
long as relay HD is picked up. That is, such
code rate of direct current is supplied to the
rails under clear traffic conditions. Under ap-
proach traffic conditions, relay HD: is released
closing back contact. I{, and battery. T is con-
nected to primary winding 6: over contact mem-.
ber 79 and the operation is the same as described
above except that current of the code rate of
75 impulses per minute is supplied to the track
rails. It is to be observed that under each code
‘rate the duration of the current impulse, here
assumed as .05 second, is short as compared to
the duration between successive impulses, the
duration between the impulses of the 180 code
rate being substantially' .28 second, and being
‘substantially .75 second under the 75 code rate.
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Tt will be understood, of course, that my inven-
tion is not limited to code rates of 75 and 180
impulses per minute or to impulses of the dura-
tion of .05 second, but such  code rates and
characteristics for the direct current impulses
have been found satisfactory. As a matter of
fact, the direct current for the track circuit of
section D—E may be coded to provide substan-
tially equal on and off periods for the current.

A code following track relay CF is connected
across the rails at entrance end E, and when
section D—E is unoccupied, that is, when a train
shown conventionally at TV does not occupy the
section, relay CF is operated at a code rate cor-
responding to the code rate of the current im-
pulses supplied to the rails through transformer
TD in the manner just explained. Track relay
CF would be used to govern apparatus including a
control relay for the section next in the rear
of section D—E and which relay would be similar
to control relay HD governed by traffic in ad-
vance of section D—E. The apparatus governed
by track relay CP is not shown for the sake of
simplicity because such apparatus forms no part
of my invention and would be in accordance with
standard practice.

The train shown conventionally at TV is pro-

vided with train carried train contrcl apparatus
embodying my invention, and which apparatus
comprises a receiving and amplifying means to
be shortly described, an equalizing relay means
including two gas filled tubes G! and G2 and a
novel circuit arrangement, a decoding trans-
former DT, decoding circuits DM, control relays
A and L and a cab signal CS, together with the
necessary sources of current.

The receiving and amplifying means comprises
inductors 12 and 13 and three amplifying elec-
tron -tubes VTI, VT2 and VT3, together with
the necessary circuits. Inductors 12 and 13 are
preferably alike and are mounted on the train
ahead of the leading pair of wheels and in in-
ductive relation to the rails la and 1b, respec-
tively. It follows that when train TV occupies
section D—E and there is no other train between
it and the exit end of the section, an electro-
motive force is picked up by each inductor 12
and 13 in response to each code impulse or on
period of the direct current supplied to the rails
of the section through track transformer TD,
each such picked up electromotive force having
a code rate characteristic corresponding to the
coded rail current. This is so because such cur-
rent flows along say, rail {a, through the train
shunt and.back rail 15.

Inductors 12 and 13 are connected to the input
side of tubes VTI and VT2, respectively, which
as here shown are of the indirect heater type.
To be explicit, inductor 12 is connected to primary
winding 17 of a transformer T1 over wires 14 and
15, a condenser 16 being interposed in wire 14;
and a condenser {8 is connected across sec-
ondary winding 18 of transformer T, and sec-
ondary winding 19 and condenser {8 in multiple
are connected across grid 20 and cathode 21 of
tube VT, a biasing battery 22 being interposed
in the connection to provide a desirable grid bias
voltage for the tube. Similarly, inductor 13 is
connected to primary winding 23 of a transformer
T2 over wires 24 and 25, a condenser 26 being
interposed in wire 25; and a condenser 27 is con-
nected across secondary winding 28 of trans-
former T2, and secondary winding 28 and con-

denser 21 in multiple are connected across grid .

29 and cathode 30 of tube VT2, a battery 31
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being interposed in the connection to provide a
desired grid bias voltage for tube VT2,

The first tube VTI has a plate circuit that
includes a direct current source whose terminals
are indicated at B300 and N300, and a primary
winding 32 of a transformer T3; while the sec-
ond tube VT2 has a plate: circuit that includes the
B300—N390 current source and a primary wind-
ing 33 of a transformer T4. The filaments of
tubes VT1 and VT2 are heated in the usual man-
ner by a current source, not shown, and it fol-
Jows that the two electromotive forces induced
in inductors 12 and 13 by a code impulse of rail
current are applied simultaneously to the respec-
tive tubes VT and VT2, and correspondingly
enlarged electromotive forces appear in the sec-
ondary windings 34 and 35 of transformers T3
and T4, these two latter electromotive forces
being of like character and of a phase relation
predetermined by the connection of inductors
12 and 13 and associated transformers. Further-
more, the electromotive forces created in sec-
ondary- windings 34 and 35 are of the-same
code rate as the rail current. To aid in the
understanding of the apparatus, it is to be noted
that the connections are such that the effective
electromotive forces induced in secondary wind-
ings 34 and 35 cause in each case the top ter-
minal of the associated winding to be positive
and the bottom terminal to be negative, as indi-
cated by the plus and minus s1gns placed on: the
drawing.

The third tube VI3 of the amphﬁer is also
shown as of the indirect heater type whose fila-
ment is normally heated in the usual manner.
The secondary winding 34 of transformer T3 is -
connected across grid 36 and cathode 37 of tube
VT3, and secondary winding 35 of transformer
T4 is connected across plate 38 and cathode 31
of tube VT3, A primary winding 3% of an out--
put transformer 'TH is included in the plate cir-
cuit of tube VT'3. Hence; the electromotive force
picked up by inductor 12 and amplified by the
tube VTI causes a corresponding electromotive

- force to be applied to the grid of tube VI3, and

the electromotive force picked up by inductor
13 and amplified by tube VT2 causes.a corre-’
sponding electromotive force to be applied to the
plate circuit of tube VT3. -When these two elec-

- tromotive forces applied to the plate and grid

circuits of tube VT3 occur so that the grid is
driven more positive in potential with respect
to .cathode 371 at the same instant plate 38 is
positive, current flows in the plate circuit of tube -

-VT3 and an electromotive force is induced in

secondary winding 40 of outpiut transformer T5.
It is clear that if these two electromotive ‘forces
applied to tube VT3 are out of phase or only
one occurs at a time, or are of the polarity oppo-~
site to that shown in Fig. 1, no electromotive
force appears in the secondary winding 40 of
output transformer T5. Consequently the coded
direct current applied to the rails of section D—E -
is effective to create an electromotive force- of

. & corresponding code rate in the secondary wind-

ing 40 of the output transformer T35, but stray
magnetic fields that excite a single inductor at
a time or excite the two inductors out of phase
are ineffective to create an electromotive force -
in the output of the-amplifier. The manner of

. using the code impulses of electromotive force -

78

created in. secondary -winding 40 w111 be de—_
scribed hereinafter. -
The gas filled-or controlled 1omzat10n tubes Gl :

:and G2-of the relay equalizing means are shown
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-duced to a point where the tube G2 is refired due

as of the indirect heater type whose filaments
would be continuously heated in theusual man-
ner. These tubes GI and G2 are provided with
anode circuits, each of which includes the B300—

380 current source and a preselected portion -

of a primary winding 41 of decoding transformer
DT. That is, the ancde circiiit of the first tube
G1 can be traced from ‘terminal B389 over wire
42 to g center terminal :of primary winding 41
of transformer DT, top half portion of winding
41 as viewed in Fig. 1, anode 43 of tube G, inter-
vening tube space to cathode 44, and wire 45 to
terminal N380; and the anode circuit for tube G2
includes terminal B3890, wire 42, lower half por-
tion of primary winding 41, ancde &5 cf tube
G2, intervening tube space to cathode &7, a
biasing unit BU to be referred to later, and wire
45 to terminal N38¢. The voltage of the B30j—
N3E0 current souirce is high encugh to fire tubes
Gl and G2 when the grid of a tube:is of substan-
tially the same potential as the cathode ‘of the
tube.

The grid circuit for the first tube Gi in-
cludes grid £8, resistor 49, winding 49 of trans-
former T8, a battery 59 and cathode 44. Bat-
tery B8 is selected and disposed so as to provide
a negative grid bias voltage sufficient that tube
G1 is normally retained extinguished. The :con-
nections of ‘secondary winding 48 of transformer
T3 are such that the electromotive force pro-
duced therein in response to the coded rail cur-
rent, as explained hereinbefore, overcomes the
voltage of battery 50 and tube Gl is fired, due
to the voltage of the B383—N382 current source.
That is, tube Gi is normally retained extin-
guished or non-conductive and is fired and be-
comes conductive in response to each electromo-
tive force created in winding 40 due to the rail
current. Once fired, tube G1 remains in that
condition subsequent to the termination of the
electromotive force created in winding 49 until
the tube is extinguished .in a manner to shortly
appear.

The grid circuit for the second gas filled tube
G2 includes grid 51, grid leak resistor R, bias-
ing unit BU and cathode 471. 'The unit BU com-~
prises a condenser C2 and a resistor R2 in mul-
tiple. Also a condenser C1i is connected be-
tween grid 5! and the anode 43 of the first tube
G{. Since there is no normally active source
of voltage in the grid circuit of tube G2, the
tube is normally fired due to the voltage im-
pressed across .its anode and cathode by the
B388—N308 current socurce. The anode current

of tube G2 flowing through the lower half por- -

tien of primary winding 41 of transformer DT
and through resistor R2 of unit BU causes con-
denser C2 of unit BU to be charged at a potential
substantially equal to the voltage drop across
resistor R2, and condenser Ci to be charged
at a potential substantially equal to the voltage
drop through the lower half portion of primary
winding &1. It is clear that once tube G2 is
extinguished the grid §{ is rendered negative in
potential with respect to the cathode 41 by
the charge on either or both condensers C2 and
Ci. When tube G2 is extinguished the charge
on condenser C2 is discharged through resistor
R2. The charge on condenser Cl can be dis-
charged through a path comprising resistor Rl
and the tube Gi when that tube is fired and
made of low resistance. After a time interval,
predetermined by the proportioning of the parts,
condensers C{ and C2 become discharged and

the negative grid bias voltage of grid 5{ is re~ 7
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to the-voltage of the B380—N360 current source.

An ‘extinguishing reactance here shown as a
condenser C3 is-connected across the-outside ter-
minals of primary winding 41 -of transformer
DT, that is, condenser C3 is -connected across
the anodes of tubes Gi and G2. With tube G2
normally -conductive and tube Gi normally non-
conductive, condenser C3 is charged to a poten-
tial-substantially equal to the veltage drop across
the lower half portion of primary winding 41,
the top terminal of -condenser C3 being posi-
tive with respect to its lower terminal. If fuhe
-G is now fired the charge of -condenser €3 is
applied across cathode 47T and anode 46 -¢f tube
G2 to-extinguish tube G2. It is to be noted that
condenser -Cl is charged at a polarity that its
discharge -aids in -extinguishing tube G2. When
tube -Gl is econductive, .condenser C3 is charged
due to the voltage drop through the top half
portion of primary winding 41, the Jower ter-
minal of condenser C3 being positive with re-
spect 1o its top terminal. If tube G2 .is now
fired, the -charge on condenser C3 is -applied
-across cathode 44 -and amode 43 -of tube GI to
extinguish tube Gi.

It is to -be seen, therefore, that when a -eade
impulse ‘of electrometive force appears in -sec-
-cndary winding 49 of the -output of the receiving
:gmplifier, tube Gl is fired, tube ‘G2 is immedi-
ately -extinguished due to condenser C3 -and re-
mains extinguished until condensers -C2 and Cf
‘are :discharged through the associated resistors.
Tube G2 is then refired and tube Gl is extin-
-guished -due -to. -condenser C3. This alternate
firing -of tubes G -and G2 is repeated for -each
-code impulse -of electromotive force -appearing
in -secondary winding 40, it -being understood of
course that thhe condensers C2 and -C{ discharge
to permit tube G2 to be refired during the in-
terval between successive impulses-of the electro-
meotive forces.

"The -anode currents for tubes-Gl and G2 flow
in the two-half portions of primary winding 41
of transformer DT alternately and -hence cause
an alternating -electromotive force to be induced
in secondary winding 52 of that transformer, the
frequency-of such -alternating electromotive force
corresponding to the rate at which the two
tubes -are alternately fired.

Secondary winding 52 of transformer DT is
connected to decoding circuits DM which pref-
erably consist of the -standard form of tuned
decoding circuits. -A first one of -such decoding
circuits includes 4 condenser 53 and an inductor
5d, -across at least a portion -of which inductor
control relay A is connected through a full
wave rectifier 55. A second decoding -circuit
includes an inductor 56 across at least -a por-
tion of whichh is -connected control relay L
through-a full wave rectifier 57. The first men-
tioned decoding -circuit is tuned to resonance at
the frequency of the alternating electromotive
force created in -secondary winding 52 in re-
sponse to the 180 code rate of the rail cur-
rent. The second mentioned decoding -circuit is
non=tuned. Consequently contrel relay -A is ef-
fectively energized and picked up only in re-
sponse to rail current of 180 code rate and relay
1, is effectively energized and picked up in re-
sponse to rail current of either the 75 -or 189
code rate. Both relays A and I. are released
when no ‘electromotive force is produced in sec-
ondary winding 52.

Control relays A and L are used to govern the
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operating  circuits of suitable train carried train
control devices such as cab signal CS operable to
display any one of three different signal indica-
tions. As here shown, when relay A is picked up
to close front contact 58 a circuit is formed for a
green light G and signal CS displays a green
light for a clear signal indication; when relay A
‘is released and relay L is picked up, a circuit is
formed over back contact 58 of relay A, front
contact 60 of relay L, and yellow lamp Y of signal
CS and signal CS displays a yellow light for an
approach signal indication; and when both re-
lays A and L are released closing back contacts
59 and 61, respectively, a circuit is formed for a
red lamp R of signal CS and signal CS displays a
‘red light for a slow speed signal indication.

In describing the operation of the apparatus
I shall first assume that train TV occupies sec-
tion D—E at a time when relay HD is picked up

in response to clear traffic conditions in advance:

and code impulses of current of the 180 code rate
‘are supplied to the rails of section D—E. At the
start, a first code impulse of rail current induces
electromotive forces in inductors 12 and (3 which

are amplified by tubes VT and VT2, respectively, "

and there appears a corresponding impulse of
electromotive force in secondary winding 40 of
transformer T5 in the output of tube VTI3: This
latter electromotive force created in secondary

winding 40 of ‘transformer 'T5 causes tube Gl

to be fired and with tube GI fired, the nor-
mally fired tube G2 is immediately extinguished
due to condenser C3. Tube Gl remains fired and
tube G2 remains extinguished subsequent to the

termination of the electromotive force created in:

winding 40 due to the biasing voltage created by
unit BU and condenser Cl associated with tube
G2. When the charges on condenser C2 of unit
BU and condenser Ci are discharged sufficiently,

tube G2 is refired and tube Gl is immediately ex-

tinguished due to condenser C3. At the next and
at each successive rail current impulse, this cycle
of operation of tubes G and G2 is repeated with
the result there is induced in secondary winding
52 of the decoding transformer DT an alternat-

ing electromotive force of 2 frequency correspond-

ing to the 180 code rate of rail current.- The
control relay A is now picked up and the cab sig-
nal CS is operated to display a green light as a

clear signal indication: The biasing means asso- ©

ciated with tube G2 is so proportioned and ad-
justed that tubes Gt and G2 are alternately fired
at substantially equal periods, and the electro-
motive force induced in secondary winding 52 of
decoding transformer DT and applied to the de-
coding circuits has substantially equal half cycle
periods.

I shall next assume that the tram v occupies
the section D—E at a time when control relay
HD is released due to approach traffic conditions
in advance and diréct current of the T5 code rate
is supplied to the rails of section D—E. The op-
eration of the train carried apparatus is the same
as described in connection with current of the

180 code rate, except the alternating electromo-
tive force appearing in secondary winding 52 of
the decoding transformer and applied to the de-
coding circuits is of a frequency corresponding to
the 75 code rate, and relay A is released and relay
1, is picked up. - This set-up of controlrelays A and
L. causes signal CS to dlsplay a yellow hght as an
approach signal indication. .

In . the event another train occup1es sectlon
D—FE ghead of train TV, then the coded current
supplied to the rails is shunted away from train
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TV and no electromotive force is picked up by

the inductors and no alternating electromotive
force is created in secondary winding 52 of the

decoding transformer with the result relays A
and L are both released and signal CS displays

a red light for a slow speed signal indication.

In order to understand how equalized firing
time (on and off periods) of the gas filled tubes is
accomplished for the different code rates, con-
sider the amount of current that flows through
each half portion of the primary winding 41 of
decoding transformer DT under the different con-
ditions. If the firing times (on periods) of the

two tubes are equal, the magnetic flux set up in

transformer DT during the firing of each tube
is substantially equal and opposite. ' Under such
circumstances the hysteresis loop of transformer

DT will be . symmetrical as illustrated in Fig. 2,

and the decoding transformer operates efficiently,
the greater part of the current supplied to its pri-
mary winding being useful load current and only
a small fraction of the current being used to
supply magnetizing losses. If, however, the fir-
ing periods of the two tubes Gf and G2 are not
equal in length, the operating point of the mag-
netic core of transformer DT shifts to a point on
the. BH curve where the operation during one
period will not be efficient and an excess of mag-
netizing current is required. This is made use
of by arranging the circuit constant of tube G2
so that its tendency is to become fired and con-
ductive early. However, if the firing starts too
early it will be conducting for a period greater
than the conducting period of tube Gi and the
excess of magnetizing current builds up a larger
charge in condenser C2 of the biasing unit of
tube G2. Such larger charge on condenser C2
tends to retain tube G2- extinguished a little
Jonger at the next cycle of operation and the
tendency is for the conducting (on) periods of
the two tubes to equalize even if the code rates
vary. That is, such variations of the magnetiza-
tion in the code of the decoding transformer
tends to vary the charge on the condenser of the
biasing unit of tube G2 which in turn tends to
cause a substantially equal firing time for the
two tubes under the different code rates of the
rail current impulses.

Apparatus embodying my invention has the ad-
vantage that coded direct current can be used
and satisfactory broken rail and high shunting
sensitivity provided for a long track circuit, stray
magnetic fields and magnetized rail spots do not
adversely excite the receiving amplifier to cause
a false operating impulse, edqualization of the
half cycles of the current supplied to the decod-
ing means is effected for the different code rates
by gas filled tubes, the output of which tubes is
sufficient to enable standard decoding circuits to
be controlled direct from the output of the gas
filled tubes and a code following relay having
moving parts is avoided.

Although I have herein shown and described

- only one form of railway traffic controlling ap-

70

paratus embodying my invention, it is under-
stood that various changes and modifications
may be made therein within the scope of the ap-
pended claims without departing from the spirit
and scope of my invention.

‘Having thus described my invention, what I
claim is:

1. In combination, a track section, means to
supply coded direct current to the rails of the
section, .a train to travel such section, receiving

; means on the train coupled to the rails to pick
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up time spaced electromotive Iorces in response
to such ¢oded rail current, two train carried gas
filled tubes provided with anode cireuits Having
a common source of direct currént and each of
which circuits includes a preselected portion 6f a
primary winding of a decoding transformer,; said
direct current solirce of a voltage sufficient to
normally five each of said tubes, a grid circuit
including a winding coupled to said receiving
means and a source of biasing voltage for a first
cne of said tubes, said biasing voltage source
disposed to provide a predetermined negative grid
voltage to prevent said first tube from being fired
and said winding dispssed Lo overcome such nega-
tive grid voltage and permit the first tubée to
be fired in fesponse to edch said picked up
electromotive force, a grid circuit including a
biasing unit comprising a resistor and a con-
denser in multiple for a second one of said tubes,
said biasing unit disposed adjacent the cathode
of the second tube to be also included in the
anode circuit of the second tube to charge said
condenser while said second tube is fired to pro=
vide a negative grid bias voltage for the second
tube for a predetermined period when the second
tube is extinguished, means including another

condenser connected to said anode circuits to-

alternateiy extinguish said tubes, and signaling
means coannected to said decoding transformer

controlled by the current flowing in said portions ¢

of the primary winding. due to the alternating
firing of said tubes.

2. In combinaticn, a track section, means to
supply ccded direct current to the rails of the
section, a train to travel such section, receiving
means on the tirain coupled to the rails to pick
up time spaced electromotive forces in réspense
to such coded rail current, a first and a second
train carried gas filled tube, sald tubes provided

/ith anode c¢ircuits having & common source of
direct current and each of which circuits includes
a preselected portion of a primary winding of a
decoding transformer, said direct current scurce
cifective to fire each such tube when its grid is
of substantially the same potential as its cathode,
a grid circult for said first tube ineluding a bat-
tery disposed to provide a negative grid bias
voltage that normsally prevents said first: tube
from being fired, a grid circuit for said second
tube including a condenser and ‘a resistor in mul-
tiple, said resistor disposed adjacent the cathoede
of the second tube to be also included in the
second tube anode circuit to charge said con-
denser ‘while said second tube is normally fired
for providing a negative grid bias voltage that
retains said second tube extinguished for-a -pre-=
determined period subsequent to-the second tube
being extinguished, means o couple said receiv-
ing means to said first tube grid circuit to fire
the first tube in response to each said electromo-
tive force picked up, extinguishing means in-
cluding a condenser connacted to said anode cir-
cuits to alternately extinguish said tubes, and
signaling means connected to said transformer
effectively controlled by the currents thus caused
to alternately flow in said anode circuits.

3. In combination, a track section, means to
supply coded direct current to the rails of the
section, a train to travel such section, receiving
means on the train coupled to the rails to pick
up time spaced electromotive forces in response to
stich coded rail current, a first and a second train
carried gas filled tube, said tubes provided with
anode circuits having a cormmon source of‘direct
current of a vollage sufficient to fire the tubes, a
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déc@ding transformer having a -different portion

‘of its primary winding interposed in each said
‘anode eircuit, a grid circuit including a battery

for-said first tiibe to prévent said first tube from
normally being fired, & grid circuit including a
unit c¢omprising a condenser and a resistor in

‘multiple for said second tube, said unit disposed

to be also included in the seeond tube anode cir-
¢uit to charge said ecndenser when the second

$ube is fired to provide when the second tube is
extinguished a negative grid bias voltage that pre-

vents refiriiig of the second tube for an interval
preseélected t6 be less than the interval between
suceessive picked Up electromotive forces, means
including 4 winding to couple said receiving
means to said first tube grid circuit to fire the
first tube by each picked up electromotive force,
means including another condenser eonnected to
said anede circuits to alternately extingiiish said
tubes, and signaling means connected to a sec-
ondary Winding of said transformer and con-
trolled by the currernts thus-caused to alternately
flow in said portions of the primary winding,

4. In combination, a track section, means to
supply to the rails of such section direct cur-
rent coded to have alternate on and off periods,
o train to travel the section, receiving means on
the train coupled to the rails to pick up time
spaced impulses of electromotive force char-
acterized by each impulse being of short duration
as compared to the duration between successive
impulses in response to such coded rail current,
two train carried igas filled tubes, an anode cir-
cuit including a direct current sotuirce for each
said tubes and which direct eurrent source is of
2 voltage efféctive to normally fire the tube, a
decoding transformer having a different portion
of ‘its primary winding interposed in each of said
anode circuits, a grid circuit including a bias volt-
age source for a first one of said tubes to nor-
mally prevent said first tube from being fired,
means to couple said receiving means to said first
tuoe grid ecircuit to fire the first tube in response
to each said picked up electromotive foree, a grid
circuit including a biasing unit comprising a re-
sistor and a condenser for the second one of said
tubes, means including another condenser con-
nected to said anode cireuits to alternately ex-
tinguish the tubes, said biasing unit disposed to
be also included in the second tube anode circuit
to charge the condenser of the unit when the
second tube is fired to create a negative grid bias
voltage that effects a predetermined delay in the
refiring of the second tube when it is extinguished
and causes the tubes to be alternately fired for
substantially equal periods of time in response
to sald time spaced electromotive forces, and
signaling means connected to a secondary wind-
ing of said transformer effectively energized due
to such alternating operation of said tubes.

5. In combination, a track section, means to
supply to the rails of the section recurrent im-
pulse of direct current each impulse of which
is of short duration as compared to the duration
between successive impulses, a train to travel
the section, receiving means on the train coupled
to the rails to pick up an electromotive force in
response to each said current impulse, a first
and a second train carried gas filled tube pro-
vided with anode circuits having a common
source of direct current and each including a
preselected portion of a primary winding of a
transformer, said direct current source of ‘a volt-
age eifective to normally fire each of said tubes,
& grid circuit for said first tube including a bat-
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tery effective to normally prevent that tube from
firing and a winding coupled to said receiving
means to cause the first tube to be fired in re-
sponse to each said electromotive force picked
up by said receiving means, a grid circuit for
said second tube including a biasing unit com-
prising a condenser and a resistor in multiple
and disposed adjacent the tube cathode to be
also included in the anode circuit for normally
charging said condenser, another condenser con-
nected to said anode circuits to alternately ex-
tinguish said tubes, said biasing unit effective to
provide a predetermined delay in the refiring
of the second tube and cause said tubes to be

alternately fired for substantially equal periods

of time in response to said recurrent impulses
of rail current, and signaling means connected
to a secondary winding of said transformer ef-
fectively energized due to the alternate flowing
of current in said anode circuits.

6. In combination, a track section, means to
supply time spaced impulses of direct current to
the rails of the section, a train to travel such
section, receiving means on the train coupled
to the rails to pick up an electromotive force in
response to each such impulse of rail current, a
first and a second train carried gas filled tube
provided with anode circuits having a common
source of direct current and each of which cir-
cuits includes a preselected portion of a primary
winding of a decoding transformer, said direct
current source effective to fire each such tube
when its grid is of substantially the same poten-
tial as its cathode, a grid circuit for said first

tube including a battery disposed to provide a -

negative grid bias voltage that normally prevents
the firing of the first tube, a grid circuit for said
second tube including a resistor, a first con-
denser connected between the first tube anode
and the grid of the second tube to charge that
condenser while the second tube is normally
fired, a winding coupled to said receiving means
and interposed in said first tube grid circuit to
cause said first tube to fire in response to each
said picked up electromotive force, a second con-
denser connected to said anode circuits to al-
ternately extinguish said tubes, said first con-
denser discharging through said resistor and said
first tube when fired to provide a predetermined
delay in the refiring of said second tube, and
signaling means connected to a secondary wind-
ing of said transformer and controlled by the
electromotive force induced in the secondary
winding due to the alternating firing of said
tubes.

7. In combination, a track section, means to
supply time spaced impulses of direct current to
the rails of the section, a train to travel such
section, receiving means on the train coupled fo
the rails to pick up an electromotive force in
response to each such impulse of rail current, a
first ‘and a second train carried gas filled tube
provided with anode circuits having a common
source of direct current and each of which cir-
cuits includes a preselected portion of a primary
winding of a decoding transformer, said direct
curreng source effective to fire each such tube
when its grid is of substantially the same poten-
tial as its cathode, a grid circuit for said first
tube including a battery disposed to provide a
negative grid bias voltage that normally prevents
the firing of that tube, grid circuit means in-
cluding a biasing unit and a second condenser
for said second tube, said unit comprising a first
condenser and a first resistor in multiple and
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disposed common to both anode and grid cir-
cuits of the said second tube to charge the first
condenser when that tube is fired, said second
condenser connected to the anode of said first
tube and grid of said second tube to charge said
second condenser when the second tube is fired,
a third condenser connected across the anodes
of said tubes to alternately extinguish said tubes,
a winding coupled to said receiving means and
interposed in the first tube grid circuit to cause
the first tube to be fired in response to each
said picked up electromotive force, said biasing
unit and said second condenser cooperating to
provide a negative grid bias voltage for said sec-
ond tube to provide a preselected delay in the
refiring of said second tube subsequent to the
firing of said first tube and the extinguishing of
said second tube, and signaling means connected
to a secondary winding of said transformer ef-
fectively controlled by the electromotive force
jnduced therein due to current caused to alter-
nately flow in said portions of said primary
winding.

8. Railway traffic controlling apparatus com-
prising, trafic controlled receiving and amplify-
ing means including a control winding and oper-
ative to create across said winding time spaced
impulses of electromotive force of any cne of a
plurality of different code rates, two gas filled
tubes provided with anode circuits each of which
circuits includes a preselected portion of .a pri-
mary winding of a decoding transformer, a di-
rect current source for said anode circuits hav-
ing a voltage sufficient to fire each tube when

5 a tube grid is of the same potential as the tube

cathode, a grid circuit of the first one of said
tubes including a voltage source to provide a
negative grid bias voltage to prevent that tube
from normally firing, a grid circuit including a
biasing unit for a second one of said tubes, said
biasing unit comprising a condenser and a re-
sistor and disposed common to both the grid and
anode circuits of such second tube to charge said
condenser when the tube is fired and to provide
a negative grid bias voltage that permits the re-
firing of said second tube for a preselected period
subsequent to that tube being extinguished, an-
other condenser connected across the anodes of
said tubes to alternately extinguish the tubes,
said control winding interposed in the grid cir-
cuit of said first tube to fire that tube in response
to each of said impulses of electromotive force,
said biasing unit and decoding transformer pro-
portioned to effect substantially equal. firing
periods of the two tubes under each of said code
rates, and decoding circuits connected to a sec-
ondary winding of said transformer and actu-
ated to a distinctive condition in response to the
frequency of the electromotive force induced in
such secondary winding due to the different rates
at which said tubes are alternately fired.

9. In combination, a track section, means to
supply coded direct current to the rails of said
section, a train to travel the section, two induc-
tors mounted on the train one above each rail
to pick up an electromotive force in response to
each code impulse of said direct current, a train
carried amplifier tube having its grid coupled to
one of said inductors and its plate coupled to
the other one of said inductors to create an
electromotive force in a winding interposed in
the plate circuit of said tube only when the in-

‘ductor electromotive forces occur simultaneously

and pf a predetermined phase relation, two train
carried gas filled tubes each provided with an
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anode circuit having a current source of a volt-
age sufficient to fire the tube, a grid circuit in-
cluding a source of bias voltage and a winding
for a first one of said tubes, said bias voltage
source of a voltage to normally prevent the fir-
ing of the tube and said grid circuit winding
coupled to the first mentioned winding to cause
sald first tube to be fired by said electromotive
force created in said first mentioned winding, a

[

and disposed to charge said condenser when the
second tube is fired to provide a negative grid
bias voltage for the second tube and provide a
predetermined delay in the refiring of the second
tube once it is extinguished, another condenser
connected to the anode circuits of said gas filled
tubes to alternately extinguish the tubes, and
signaling means coupled to the anode circuits of
the gas filled tubes controlled by the currents

grid circuit including a bias unit for a second jg thus caused to alternately flow therein.

one of said gas filled tubes, said bias unit com-
prising a condenser and a resistor in multiple

WILLARD P. PLACE,



