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Our invention relates to raiiway track cireuit civeuit to lmit the ameount of current drawn
apparatus, and more particularly to frack eir- with a2 train at the exit end of the circuit to ap-
cuit apparatus for automatically regulating the proximately the amount taken when the train
power consumed by an alternating current track is at the entrance end of the section and thereby
circuit. 5 prevent excessive current being handled at the

The present application is a division of our contacts of a code transmitter.
copending application for Letters Patent of the Still gnother feature of our invention is the
United States; Serial No. 644,474, filed April 24, rrovision of improved alternating current track
19486, for Railway track circuit apparatus, cireuit spparatus operable to maintain a sub-

In alternating current track circuits using a 10 staptially constant oulput $o the track cireuit

limiting resisior or reactor of fixed impadance, regardless of va ions of vollage from the cur-
the current drawn by a track ecircuit may in- r2nt source.

crease considerably as a lrain moves through Ancther feature of cur invention is the pro-
the track seetiom. This is particularly true on vision of iroproved alternating current track cir-

lonig track circuits adjusted fo subply &t least 15 cuil apparvatus incorporating novel means to im-
2 given minimum value of the axle or tr shunt ecgulation of s transmission line feed-
current for a train at the entrances end of the f such track circuits.

section when the ballasi resistance is at a given Again, o feature of our invenbicn is the pro-
minimum value. When such track circuits are vision of novel track circuit apparatus of the
coded for operation of cab signals en excessive 20 type here invelved to provide substantialiy the
value of current tends to deteriorate the contacts same regulation for s stand-by source using a
of the code transmitter. Also, the rmost satis-~ tuned alternator as that provided for a normal
factory operation of cab signal! equipment ch- source using a remote generator and a ftrans-
tains when the track circuit current is main- mission line.
tained at substantially the reguired minimum 93 Other features, objects and advantages of our
working or axle current level becauss currénts invention will appear 2s the specification
of a larger value tend to cause code distertion. progresses.
Again, when the successive track eircuits of g The foregoing features, objects and advan-
signal system are supplied ifrom 2 wransmission tages of our invention gre attained through the
line, the voltage regulation of such line may he 5¢ provision ef a novel and improved circuis net-
poor due to the large variation in the total load work for connectng the power source to the track
drawn by the track eircuits when a large num- rails of the track section, the connection to the
ker of frains occupy the different frack cirvcuits rails bheing ordinarily adjacent the exit of the
and alss due to variations of the ballast resisi- track ssction. This circuit network includes a
ance as caused by changing weather. Poor g3 saturating transformer and 2 capacitor asso-
regulation of the line voltage tends to impair the clafed in stuch & manner as to form what might
operation of the signal systern. In many in- be fermed an automatic regulating unit. Also,
stances g stand-by source of power is provided the devices of the network are associated in such
for a frack circuit and for alternating current a manner as to limif the current drawn from the
track circuits such stand-by facilities usually in- 4¢ Source, notwithstanding variations of load con-
clude a tuned alternator operable ¢ convert ditions, and to regulate the power factor of the
direct current into alternating current of the rower drawn.
same frequency as that of the normal slternai- We shall describe one form of apparatus em-
ing current source. Under such circumstances kodying our invention, and shall then point out
current limiting and regulating means suitable i35 the novel fsatures thersef in claims.
for the normal scurce consisting of a generator The ascompanying drawing is a disgrammatic
and a transmission line may not be satisfaciory view showing one form of apparatus embodying
when the tuned alternator is used. cur Invention when used with a coded track eir-
Accordingly, s feature of ouwr invention is the cuit having hoth a direct cuirent and an alter-
provision of novel and improved alternating ;i nating current source, the direct current being
current track circuit apparatus for automatically used to cperate a direct current code fcllowing
regulating the power drawn by the track circuit. irack relay end the alternating current being
Another feature of our invention is the pro- used to operate cab signals of & train traversing
vision of improved track eircuit apparatus to the section. The direct current and alternating

automatically control the power fed into a track 55 current are fed alternately through front and
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back contacts of the coder. Also, stand-by facili~
ties including a tuned alternator are provided for
at times supplying the alternating current.

It is to be understood that our invention is not
limited {o track circuits and this application
serves to illustrate the many places the apparatus
is useful.

Referring to the drawing, the reference char-
acters lo and ib designate the track rails of a
railway over which traffic normally moves in the
direction indicated by an arrow and which rails
are formed with an insulated track section D—E
and which track section may be one section of
a series of sections of a signal system. This track
section D—E is provided with a track circuit
which includes a power supply connected across
the rails adjacent exit end E of the section and
a track relay connected across the rails adjacent
the entrance end D of the section.

The power supply provides both coded direct
current and alternating current, the direct cur-
rent being used to operate a track relay TR and
the alternating current being used to operate the
cab signals of a train moving through the section.
A coder CT is powered from any convenient
source not shown and is constantly operated to
alternately close back contact {8 and front con-
tact 11 at a predetermined code rate, such as,
for example, 75 times per minute. Each time
back contact 18 is closed a pulse of direct current
is supplied from 2 track bastery {2 to the track
circuit, current flowing from batiery 12 through
a limiting resistor 13, back contact 18 of the
coder, lead wire i4, rail {b, winding of the track
relay TR, rail {g and lead wire {5 to the other
terminal of the battery {2. Such pulse of direct
current serves to operate the frack relay TR
which is a direct current code following track
relay of the usual type. Thus the track relay TR
is operated at a predetermined code rate when
the section D—E is unocccupied and is shunted
when a train occupies the section. The relay
TR would control wayside signal circuits in any
of the weil-known arrangements, such signal cir-
cuits being omitted since they form no part of
our present invention.

An approach controlled relay VR is included
in the apparatus, the relay VR being controlled
in any of the several well-known approach con-
trol circuit arrangements and it is sufficient for
this application to point out that relay VR is
energized when the section D—E is unoccupied
and is deenergized in response to a train entering
the section. With the relay VR picked up closing
front contact 6, the track rails !¢ and Ip are
shunted through front contact 11 of the coder
CT and front contact 6 of relay VR and such
shunting serves to improve the code operation
of the track relay TR in the manner well un-
derstood.

Approach relay VR also governs the connection
of the alternating current source to the track
rails. The normal source of alternating current
includes a generator and a transmission line not
shown, the terminals of the source being indi-
cated at BX and CX. The source BX—CX sup-
plies alternating current of any suitable fre-
quency, such as 100 cycles per second, but some
other frequency can be used. 'The connection of
the alternating current source to the track cir-
cuit of the section D—E includes a circuit net-
work comprising a power-off relay POR and an
automatic regulating unit RU3.

The apparatus also includes a stand-by alter-

nating current source.comprising a tuned alter--
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nator TA and a direct current supply such as a
battery having terminals B and C. The tuned
alternator TA may be of any one of several dif-
ferent types and this alternator is shown con-
ventionally as including an operating winding 23
and a tuned reed armature 24, the arrangement
being such that when winding 23 is energized the
armature 24 is vibrated at a predetermined fre-
quency, the armature alternately engaging con-
tacts 26 and 26 each vibration. The winding 23
is supplied with power from a suitable source of
direct current having terminals B and C, the cir-
cuit including back contact 27 of relay POR and
back contact 28 of approach relay VR.

The power-off relay POR is of the usual alter-
nating current type and its winding is connected
across the terminals BX and CX to energize this
relay so long as the normal source of alternating
current is active and to deenergize the relay when
there is a loss of such power.

The regulating unit RU3 comprises a so-called
reactor type transformer T3 and a capacitor Ci.

The transformer T3 is constructed with s three
legged core structure, the middle leg 46 of which
carries two primary windings 47 and 48 and is of
a cross section such that it does not saturate at
the current values used. 'The winding 47 serves
as a primary winding for the normal alternating
current source and as a charging winding for
an arc suppressing capacitor 49 when the tuned
alternator TA is used. The other winding 48
serves as a primary winding when power is re-
ceived from the stand-by facilities. The output
side of transformer T8 consists of two windings
52 and 51 mounted on an outside leg 52 of the
core structure, the leg 52 being of a eross section
such that it saturates at the current value used.
The winding 50 is used as a secondary winding
feeding into the track circuit, the winding hav-
ing a series of intermediate terminals in order
to permit a preselection of the voltage to be ap-
plied to the track circuit. The connection to
the rails also includes front contact f{ of the
coder CT to code the alternating current. The
winding 81 is connected to the capacitor Ci and
winding 51 is provided with taps to adjust the
portion of the winding to be used for charging
the capacitor. The winding 51 with capacitor
Cl serves to correct the power factor of the energy
drawn from the alternating current source.

The cther leg 54 of the core structure of trans-
former TE serves as a leakage path, and this
leg is provided with an adjustable air gap §5.
This air gap ecan be made adjustable in any one
of the several well-known ways. For example,
non-magnetic spacers can be used in the air gap
or the leg 84 can be pivoted around a hinge pin
at one end and provided with g thumb serew at
the other end to turn the leg around the pin to
vary the air gap.

Normally, the power-of relay POR and ap-
broach relay VR are picked up and only coded
direct current is supplied to the track circuit for
operation of the track relay. When approach
relay VR is released and the power-off relay
POR is picked up the normal alternating cur-
rent source having terminals BX and CX is con-
nected to primary winding 67 and transformer
T2 is excited and coded alternating current is
applied to the track circuit from secondary wind-
ing 80. The connections are such that an axle
current of ab least the required minimum value
is provided when the train is at the entrance end
of the section under low ballast resistance con-
ditions. The internal leakage reactance of trans-
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former T3 serves in place of the usual series
reactor.

Thus, the apparatus here disclosed supplies to
the track circuit from the normal alternating
current source, an approximately constant value
of current to the rails under wet hallast condi-
tions and over a relatively wide range of supply
voltage and limits the voltage applied to the rails
under dry hallast conditions.

in the event the normal alternating current
source fails and relay POR is released, the stand-
by facilities are brought into action upon the
release of the approach relay VR. The closing
of back contacts 27 and 28 of relays POR and
VR, respectively, conneets the operating winding
of the tuned alternator TA to the direct cur-
rent source and the alternator is operated to
alternately supply direct current impulses to the
two half portions of winding 48 of the trans-
former T8 and such curirent impulses induce an
altevnating voltage in secondary winding 50 with
the result that an alternating current is fed to
the track circuit. The regulating unit RU3 func-
tions to limit the power supplied to the track cir-
cuit in much the same manner as explained when
power was derived from the normal alternating
cuirent source.

It is to be noted that when relays VR and
POR are released, closing back contacts 20 and
88, respectively, capacitor 49 is connected across
winding 47 and serves to suppress sparking at
the contacts of the funed alternator.

Although we have herein shown and deseribed
only one form of railway track and circuit ap-
paratus embodying our invention, it is under-
stood that various changes and modifications
may be made therein within the scope of the
appended claims without departing from the
spirit and scove of our invention.

Having thus described our invention, what we
claim is:

1. In a track ecircuit for a track section, the
combination comprising, a normasl source of alter-
nating current, a stand-by source of slternating
current including a tuned alternator and a source
of direct current, a transformer having a non-
saturating core leg carrying a first and a second
primary winding and 2 saturating core leg ear-
rying a first and a second secondary winding
and a shunt magnetic leakage core leg, said
first secondary winding connected across the rails
of said section to supply current to said track
circuit, a capacitor connected across said second
secondary winding, a power-off relay operable
to a first position when energized and biased to
a second position when deenergized and said
relay having connections to said normal source
of alternating current to energize the relay as
long as said normal source is active, a first circuit
means including a first position contact of said
power-off relay connected to said normal source
to connect the normal alternating current source
to said first primary winding, and a second cir-
cuit means including a second position contact
of said power-off relay fo connect said stand-
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by source of alternating current to said second
primary winding.

2. In a track circuit for a track section, the
sombination comprising, a normal source of al-
ternating cuwirrent, stand-by power facilities in-
cluding o tuned alternator and a source of direct
current; a transformer having a non-saturating
core leg earrying a first and a second primary
windiug, a saturating core leg carrying a first
and a second secondary winding and a shunt
magnetic leakage core leg; a power-off relay
normeally energized by said normal current source,
a frgh circuit means including a front contact
of said relay to conneet said normal current
source to sz2id first primary winding, a second
sircuit means inciuding a back contact of said
relay and contacts of said alternator to alter-
nately energize the two half portions of said
sgeond primary winding from said direct cur-
rent source, said first secondary winding having
connections to the rails of said section to supply
track civcuit with power when either said
first or second primary winding is thus exeited,
and a capacitor connecied fo said second sec-
ondary winding.

3. In g track circuit for a track section, the
combination comprising, o normal source of al-
ternating current, stand-by power facilities in-
cluding a tuned alternator and a source of direect
current; a transformer having a non-saturating
cove leg carrying a first and a second primary
winding, a saturating core leg carrying a first
and 2 second secondary winding and a shunt
magnetic leakage core leg; o power-off relay
normally energized by said normal current source,
a first circuit meens including a front contact
of said relay to connect said normal current
source to said first primary winding, a second
cireunit means including a back contact of said
relay and contacts of said alternator to alter-
nately energize the two half portions of said
second primary winding from said direct cur-
vent source, said first secondary winding having
connections to the rails of said ssction to supply
said track circuit with power when either said
first or second primary winding is thus execited,
a first capacitor connected to said second sec-
ondary winding to govern the voltage applied
to the rails by said first secondary winding, and
a second capacitor counected across said first
primary winding through a back contact of said
power-off relay to reduce sparking at said tuned
alternator contacts.

ROBERT M. GILSON.
PAUL N. MARTIN.
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