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Our invention relates to railway track circuit 
apparatus, and more particularly to track cir 
cuit apparatus for automatically regulating the 
power consumed by an alternating current track 
circuit, 
The present application is a division of our 

copending application for Letters Patent of the 
United States, Serial No. 644,474, filed April 24, 
1946, for Railway track circuit apgaratlis. 

In alternating current track circuits using a 
limiting resistor or reactor of fixed inpadance, 
the current drawn by a tirack circuit nay in 
crease considerably as a traig naoves through 
the track section. This is particularly true Oil. 
long track circuits adjusted to supply at least 
a given rhininuin value of the axe or train Shtint 
Current for a train at the entiarica and of the 
section. When the ballast, resistance is at a given 
ininimuin value. When such track circuits are 
coded for operation of cab signals an excessive 
waiue of current tends to detai'iorate the contacts 
of the code traiSmitter. Also, the riost Satis 
factory operation of cab signal equip; neit ob 
tains when the track circuit current is nail 
tained at Substantially the retired Jiiniiruri. 
working of axle current eye beca;S3 currents 
of a larger valle tend to calise code distortion. 
Again, when the S-Ceessive track circuits of 3. 
Signal Systein are S3 ppied CIn a larSnaission 
line, the voltage regulation of Such line may be 
poor due to the large variation in the total load 
drawn by the track circuits Winer a large Illin 
ber of trains occupy the different, track circuits 
and also site to variatio;s of the baliast resist 
ance as caused by changing wealisi, Poor 
regulation of the line Voltage tends to iiipail the 
operation of the signal system. In many in 
stances a stand-by Source of power is provided 
for a track circuit, and for alternating current 
track circuits such stand-by facilities usually in 
clude a tuned alternator operable to convert 
direct current into alternating current of the 
Sane frequency as that of the normal alternat 
ing Cullet Sotice. Under Such circunstances 
Cui'i'ent limiting aid regulating meals Stittalie 
for the normal Source consisting of a genei'ato' 
and a transmission line I lay not be satisfactory 
when the turned alternator is used. 

Accordingly, a feature of oui invention is the 
provision of novel and improved alternating 
Current track circuit apparatus for automatically 
regulating the power drawn by the track circuit. 
Another feature of our invention is the pro 

Vision of inproved track circuit apparatus to 
automatically control the power fed into a track 
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circuit to limit the aircuint of current drawn 
With a train at the exit end of the circuit to ap 
proxiiiately the as notint, taken when the train 
is at the entrance end of the section and thereby 
fireWelli, excessive Curiei, being handsed at the 
contacts gf a code transmitter. 

Still 2.3 other feature of our invention is the 
provision of inp;"oved alternating current tragik 
circuit apparatus operable to naintain a sub 
stantially coiStart output to the track circuit, 
regardless of 'ariatiots of yotage from the cur 
l'aii, Source. 
Another feature of Gui invention is the pro 

visio 
-- cit a. tas incorporating novel means to in 

prove the regulatio of a tra, SriniSSion line feed. 
ing a Series of such track circuits. 
Again, 2, featu:ite of oil invexation is the pro 

Vision of novel track circuit apparatus of the 
type here involved to provide substantially the 
Same regulation for a, stand-by source using a 
tuned alternator as that provided for a normal 
Source J.Sing a reiniote generatoi and a trans 
ission line. 
Other feature3, objects and advaitages of our 

inventioi will appear as the specification 
progresses. 
The foregoing features, objects and advan 

tages of our invention are attained through the 
provision of a novel and improved circuit, net 
Work for connecting the power source to the track 
rails of the track Section, the connection to the 
12iS being ordin2i'ily adjacent the 6xit of the 
track. Section. This circuit network includes a 
Saturating transioriner and a capacitor asso 
ciated in Such a nanner as to form what night 
be termed an automatic regulating unit. Also, 
the devices of the network are associated in such 
a nannel as to limit, the current drawn from the 
Source, notwithstanding variations of load con 
ditions, and to regulate the power factor of the 
pOWe drawn. 
We shall describe one form of apparatus en 

bodying our invention, and shall then point out, 
the novel features thereof in clains. 
The a2COE panying drawing is a diagrammatic 

view showing one form of apparatus embodying 
our invention when used with a coded track cir 
cuit havig both a direct current and an alter 
nating curreat source, the direct current being 
used to cperate a direct current code following 
track. relay and the alternating current being 
used to operate cab signals of a train traversing 
tile Section. The direct current and alternating 

: 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 to track circuits and this application 
serves to illustrate the many places the apparatus 
is useful. 

Referring to the drawing, the reference char 
acters a, and b 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 and front con 
tact at a predetermined code rate, such as, 
for example, 75 times per minute. Each time 
back contact is closed a pulse of direct current 
is supplied from a track battery 2 to the track 
circuit, current flowing from battery 2 through 
a limiting resistor 3, back contact, 9 of the 
coder, lead Wire fé, rail, b, winding of the track 
relay TR, rail a and lead wire 5 to the other 
terminal of the battery 2. Such pulse of direct 
current serves to operate the track 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 unoccupied and is shunted 
When a train Occupies the Section. The relay 
TER would control wayside signal circuits in any 
of the Well-known arrangements, such signal cir 
cuits being omitted since they form no part of 
Our present invention. 
An approach controlled relay WR is included 

in the apparatus, the relay WR 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 WR is 
energized When the Section D-E is unoccupied 
and is deenergized in response to a train entering 
the section. With the relay WR picked up closing 
front contact 6, the track rails a, and b are 
shunted through front contact of the coder 
CT and front contact 6 of relay WR and such 
Shunting serves to improve the code operation 
of the track relay TR, in the manner well un 
derstood. 
Approach relay WR 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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4 
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 25 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 WR. 
The power-off relay POR is of the usual alter 

nating current type and its winding is connected 
a Cross 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 C. 
The transformer T3 is constructed with a three 

legged core structure, the middle leg 36 of which 
carries two primary windings & 7 and 48 and is of 
a CrOSS Section Such that it does not saturate at 
the current values used. The winding 42 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 T3 consists of two windings 
50 and 5 mounted on an outside leg 52 of the 
core structure, the leg 52 being of a cross 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 of the 
coder CT to code the alternating current. The 
Winding 5 f is connected to the capacitor C and 
Winding 5 is provided with taps to adjust the 
portion of the winding to be used for charging 
the capacitor. The winding 5 with Capacitor 
C Serves to correct the power factor of the energy 
drawn from the alternating current source. 
The other 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 55. 
This air gap can 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 54 can be pivoted around a hinge pin 
at one end and provided with a thumb screw at 
the other end to turn the leg around the pin to 
Vary the air gap. 

Normally, the power-off relay POR, and ap 
proach relay WR are picked up and only coded 
direct current is supplied to the track circuit for 
Operation of the track relay. When approach 
relay WR 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 47 and transformer 
T3 is excited and coded alternating current is 
applied to the track circuit from secondary wind 
ing 50. The connections are such that an axle 
current of at 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 approxiiinately constant value 
of current to the rails under wet ballast condi 
tions and over a relatively wide range of supply 
voltage and inits the Voltage applied to the rails 
under dry ballast conditions. 

in the event the normal alternating current 
Source fails and relay PCR is released, the stand 
by facilities are brought into action upon the 
release of the approach relay WR, i.he closing 
of back contacts 2 and 28 of relays POR and 
WR, respectively, connects the operating winding 
of the tuned alternator A to the direct cur 
rent source and the alternator is operated to 
alternately supply direct current impulses to the 
two half portions of Winding 8 of the trans 
former T3 and such current impulses induce an 
alternating voltage in secondary Winding 50 with 
the result that an alternating current is fed to 
the track circuit. The regulating unit RUS func 
tions to limit the power supplied to the track cir 
cuit in much the same inainner as explained when 
poWe was derived from the normal alternating 
Current Soulce. 

It is to be noted that when relays WR and 
PCR are released, closing back contacts 2 and 
58, respectively, capacitor 49 is connected across 
Winding 4 and serves to suppress sparking at 
the contacts of the tuned alternator. 
Although We have herein shown and described 

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 scope of our invention. 

Having thus described our invention, what We 
claim is: 

l. In a track circuit for a track section, the 
combination comprising, a normal source of alter 
nating current, a stand-by source of alternating 
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 a saturating core leg car 
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 to 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 
3origination comprising, a normal Source of al 
te:(ating curreit, stand-by power facilities in 
c:lding a tuned alternator and a Source of direct 
Cl2]'I'ent; a transformer having a non-Saturating 
Core leg carrying a first and a second primary 
Wilding, a satiliating core leg carrying a first, 
and a Second secoidary Winding and a Shunt 
};} agnetic leakage core leg; a power-off relay 
nornally energized by said normal current source, 

st 3ircuit 2:7&ails including a front contact 
aid realy to connect said normal current 

Source to said first prinary winding, a Second 
circuit raeans including a back contact of said 
1'elay and contacts of Said aiternator to alter 
nately energize the two half portions of said 
Segond primary winding from said direct cur 
arent Sou'ge, said first secondary winding having 
conjections to the rails of said Section to supply 
said track circuit, with power when either said 
first Ol' Second primary winding is thus excited, 
3.nd a capacitor coininected to said second sec 
Ondary Winding. 

3. In a track circuit for a track Section, the 
combination comprising, a normal source of al 
ternating current, stand-by power facilities in 
ciuding 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, a Satuirating cole leg carrying a first 
and a second Secondary Winding and a shunt 
Yagnetic leakage core leg; a power-off relay 
norinally energized by said normal current source, 
a first circuit ineans including a front contact 
of Said relay to connect said normal current 
source to Said first pri?inary winding, a second 
circuit 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 froyin said direct cur 
irent source, said first secondary winding having 
connections to the rails of Said section to supply 
said track circuit with power when either said 
first or second primary winding is thus excited, 
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 connected 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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