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Application June 24, 1939, Serial No. 280,997
24 Claims. (CL 246—34)

My invention relates to railway signaling ap-
paratus, and has particular reference to appa-
ratus of the type employed in railway signaling

, systems in which coded trackway energy is
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utilized to control either or both wayside signals
and train carried cab signals. o

It has hitherto been proposed to employ relays
of the saturation type as code following relays in
connection with signaling systems utilizing coded
trackway energy. I have found that when satu-
ration type code following relays are so em-

ployed, the energy reproduced in such relays in’

response to the coded trackway energy may be
distorted, that is, the length of the code impulse

induced in the saturation relays may be pro- .

longed, and also there may be a residual output
of the relays during the “off” or no energy period
of the trackway code. Accordingly, an object of
my invention is the provision of novel and im-
proved means for employing code following re-
lays of the saturation type in coded track cir-
cuit signaling systems, whereby more efficient
and improved operation of such relays is effected
by the coded trackway energy.

A further object is the provision of improved

cut-section facilities for cascading trackway en-

ergy around a cut in a track section. These fa-
cilities are an improvement upon the apparatus
shown in a copending application, Serial No.
280,371, filed on June 23, 1939, by Claude M.
Hines, and certain features disclosed in the pres-
ent case are broadly claimed in the said: copend-
ing application. :

Another object is the provision of novel and
Improved forms of relays of the saturation type,
especially adaptable for use in systems of the
above class. )

A further object is to prevent distortion in the

- coded output of such relays when used as code
following relays.

An additional object is to prevent such distor-
tion by preventing the prolongation of the code
impulses induced in such relays.

Another object is to prevent distortion of the
code output of such relays hy decreasing the
residual output of such relays.

Other objects and advantages of my invention
will appear as the description proceeds.

I shall describe three forms of apparatus em-
bodying my invention, and shall then point out
the novel features thereof in claims.

In the accompanying drawings, Fig. 1is a dia~

grammatic view showing a preferred form of ap-

paratus embodying my invention. Figs. 2 and 3

are diagrammatic views showing modified forms
of the apparatus shown in Fig. 1, each also em-
bodying my invention.

Similar reference characters refer to similar
parts in each of the several views.

Referring first to Fig. 1, the reference char-
acters | and la designate the track rails of &
stretch of railway track over which traffic nor-
mally moves in the direction indicated by an
arrow in the drawing, and which direction I shall
assume to be the westbound direction. The rails
I and la are divided by means of the usual insi-~
lated rail joints 2 into a plurality of successive
adjoining track sections, of which only one sec-
tion 3—4, is shown complete in the drawings.
Section 3—4 also is further divided into a plu-
rality of subsections, formed by interposing insu-
lated joints 2 in the rails of section 3—4 at so-
called “cut-section” locations. As shown, . the
rails { and la of Fig. 1 are provided with insu-
lated joints 2 at cut-section location 3a, with the
result that section 38-—4 is divided into an sd-
vance subsection 3—3a and a rear subsection
3a—4., : . .

Each track section is provided with a signal,
designated by the reference character S with a
distinguishing suffix, located adjacent the en-
trance end of the section for governing traffic
operating thereover. Signals S may take any
one of many suitable forms but in the form here-
in shown are three-indication signals of the color
light type, and each signal comprises a red lamp
R, a yellow lamp Y and a green lamp G, which
lamps when illuminated indicate “stop,” “cau-
tion” and “proceed,” respectively.

Each section is further provided with means,
located at the exit end of the section, for sup-
plying to the rails of the associated section coded
trackway energy, the code frequency or rate of
which is controlled by traffic' conditions in ad-
vance. These means are herein shown in the
usual form and comprise a track transformer,
designated by the reference character TT with a
distinguishing suffix, the secondary of which is
constantly connected with the rails of the asso-
ciated section in series with the wusual current

limiting impedance 5. The primary of trans-

former TT is connected with the terminals BX

and CX of a suitable source of alternating cur=

rent (not shown in the drawings) preferably of
a frequency of 100 cycles per second, over one
contact 180 or over another contact 15 of a cod-
ing device, designated by the reference character
CT plus a distinguishing suffix, according as a
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front contact 6—6a or a back contact 6—6b of
a relay, designated by the reference character I

with a distinguishing suffix, which is associated

with the section next in advance is closed, only
the coding device D'T4 and the relay H4 which
are associated with section 8—34 being shown in
the drawings. Coding device CT4 is constantly
supplied with current from a suitable source of
current, the terminals of which are indicated by
the reference characters BX and CX, and this
device constantly opens and closes its contact {80
at the rate of 180 times per minute, and also
opens and closes its contact 15 at the rate of 75
times per minute. It is readily apparent, there-
fore, that when the relay H cf a section is picked
up so that its front contact 6—8a is closed, the
rails of the section next in the rear will be sup-
plied with alternating trackway energy which is
periodically interrupted or coded at the rate of
180 times per minute, but that, when the relay H
of a section is released so that its back ccntact
6—=5b is closed, the rails of the section next in the
rear then will be supplied with alternating track-
way energy which is periodically interrupted or
coded at the rate of 75 times per minute. The
180 code is used to provide a “proceed” indica-
tion and the 75 code is used to provide a “cau~
tion” indication for the signal of the associated
section, in a manner which will be made clear as
the description proceeds. Each relay H is con-
trolled by trafic conditions in the associated sec-
tion in a manner which alsc will be made clear
as the description proceeds.

Each section is provided at its enfrance end
with a code following track reiay of what I shall
term a2 “front contact” relay of the saturation
type, designated by the reference character DR
with a distinguishing suffix. A similar relay is
located also at the cut-section location of each
section, only the relays DR and DRlia located
respectively at the signal location 4 and at the
cut-section location 3¢ of section 3—4 being
shown in the drawings. The relays DR are sub-
stantially similar in construction so that the fol-
lowing description of relay DRia will suiffice as
well to describe relay DRI.

Relay DRIg, in the form herein shown, com-
prises a magnetizable core T provided with four
parallel legs 8, 8, {8 and ! connected together
at each end to form an integral core structure.
One of the inner legs I0 is provided with a pri-
mary or local input winding {2 constantly con-
nected with a source of periodically varying cur-
rent (preferably being connected with a source

" of alternating current which is indicated in the

60

drawings by the terminals BX and CX) for seb-
ting up a flux in the core 1. The primary flux
thus set up in core 7 normally divides hetween
two magnetic circuits, one of which I shall term
2 main circuit, and the other of which I shall
term a leakage circuit. 'The main magnetic cir-
cuit of core T comprises the common leg {0 and
the adjacent outer leg 14, upon which latter leg

5 1s mounted a secondary or output winding 14.

The other or leakage magnetic circuit comprises
the common leg {8 and, in parallel the legs 8 and
9, upon which legs is disposed a saturation wind-
jng {5, which comprises two coils {5a and 15b

_disposed respectively on legs 8 and 8, the coils

being connected in series in such manner that
the resultant electromotive force normally in-
duced in winding 15 as a result of the primary
flux created by winding 13 is substantially zero.

This arrangement of coils {5¢ and {5b also is such

2,215,821

that when winding 15 is supplied with unidirec-
tional current in a manner to be made clear
presently, the coils act cumulatively to circulate a
flux through a local magnetic circuit formed by
the parallel legs 8 and 9 and the adjoining top
and bottom portions of the core forming a part
of the leakage magnetic circuit of the relay,
thereby varying the reluctance of such leakage
circuit. The terminals of winding {5 are con-
nected across the output terminals of a rectifier
RI, the connection of winding I35 with the lower
output terminal of rectifier Rt including in series
therewith a resistor X{, which resistor in turn is
connected across the output terminals of a bias-
ing rectifier R2. The arrangement of rectiflers
R®{ and R2 in the above circuit is such that the
electromotive force of rectifier R2 opposes the
electromotive force of rectifier Ri. The input
terminals of rectifier R2 are connected with a
suitable source of alternating current, which, as
here shown, may be a transformer Tl having its
primary winding connected with a source of
alternating current, but if desired, rectifier R2
may be connected to a secondary winding mount-
ed on leg (8 of the core 7 in inductive relation-
ship with local input winding 13.

The saturation winding {5 of relay DRia is
supplied with energy from the track rails of sub-
section 3—3a through the medium of a relay
transformer RT3, which transformer has ifs pri-
mary winding connected across the rails of sub-
section 3—3a, and has its secondary winding con-
nected to the input terminals of rectifier R, so
that the coded alternating trackway energy re-
ceived from the rails of subsection 3—3a is recti-
fied into and is supplied to winding {5 as im-
pulses of unidirectional current.

The output winding 14 of relay DRla is con-
nected across the track rails { and la of sub-
section 3a—4, for a purpose to be made clear
presently.

With relay DRla constructed and arranged in
the foregoing manner, it can be seen that wind-
ing {3 is constantly supplied with periodically
varying current so that the primary flux created
thereby links both magnetic circuits of its core 1.
Tt is apparent, therefore, that during the interval
that the primary flux links both circuits, a volt-
age of a given value will be induced by such fiux
in output winding 14. When, however, control
winding 15 is supplied with current (as for ex-
ample during the “on” period of the code) so
that the flux created thereby varies the reluc-
tance of the leakage circuit (the winding 5 he-
ing preferably so proportioned as to magnetically
saturate the leakage circuit), substantially all the
primary fiux then will circulate through leg !
with the result that a greatly increased voltage
will be induced in winding 14 at this time. Dur-
ing the “off” period of the code, the reluctance
of the leakage circuit again will drop and the
primary flux again divide between the two cir-
cuits so that the lower, or given, voltage will he
induced in winding (4. It is readily apparent
from the foregoing that a relatively high voltage
is or is not induced in winding {4 according as
winding 15 is or is not supplied with current,
and that this relatively high voltage will be in-
duced in the winding {4 in step with the impulses
of current supplied from the rails of the section
to winding {5, by virtue of the action of such cur-
rent impulses in varying the reluctance of the
leakage magnetic circuit and thereby varying the
flux circulating in the main magnetic circuit of
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the relay. It follows, therefore, that with wind-
ing 14 connected across the rails of the rear sub-
section 3a—4, such rails will be supplied with
alternating trackway energy of relatively high
voltage in step with the code current impulses
supplied to the rails of the advance subsection
3—3a, whereby the coded trackway energy of
subsection 3—3a is cascaded around the cut-sec-
tion location 3a by virtue of relay DRia repro-
ducing the energy in kind and supplying the re-
produced energy to subsection 3¢—A4,

The resistoer X1 and the biasing rectifier R2
are incorporated intc relay DRia to prevent
distortion of the coded energy induced in the
secondary winding of the relay by applying to
the control wirding 15 of the relay an electro-
motive force which opposes the coded electro-
motive force present at times in that winding.
As was pointed out heretofore, control wind-
ing 15 of relay DRIfa is supplied by rectifier R{
with coded impulses of rectified current having a
polarity indicated in the drawings, and as a re-
sult of the supply of such impulses, the reluctance
of the leakage circuit of the relay core is varied
to thereby vary the magnetic coupling of the
primary and secondary windings of the relay
whereby impulses of relatively high voltage are
induced in the secondary winding (4 of the re-
lay. But for the provision of resistor Xi and
rectifier R2, the relatively high voltage impulses
induced in secondary winding 14 might be longer
in duration than the code impulses supplied to
winding 15, because of the short-circuiting ac-
tion of rectifier RI, which rectifier provides a
shunt path in ifs low resistance direction across
the highly inductive winding 15, through which
path current from winding 15 tends to flow dur-
ing the “off” period of the code, thereby delay-
ing the decay of the flux set up by winding {5
in the leakage path of the core. The decay of
flux in legs 8 and 9 being thus delayed, the pri-
mary flux is caused to circulate longer through
the main magnetic circuit of the relay to there-
by prolong the length of the impulse of current
induced in winding (4. However, with resistor
X1 connected in series with rectifier RI and wind-
ing 15, and with rectifier R2 connected across
the resistor in a manner such that the electro-
motive force of rectifier R2 opposes the electro-
motive force of rectifier R, as soon as the voltage
from rectifier R2 exceeds the potential drop across
the resistor Xt due to the decaying current from
winding 15, the current from the winding will
be stopped just as though it had been stopped
by the opening of a contact of a relay, and as
a result a sharp “cut-off” in the saturating flux
in the leakage circuit of the relay is thereby ef-
fected. It is readily apparent, therefore, that the
voltages of rectifiers Rt and R2 may be propor-
tioned and designed sc that as long as rectifier
R is supplied with current, the resultant of the
voltages will cause the leakage magnetic circuit
of relay DRIia to become saturated, but that,
when rectifier R{ becomes deeneregized, the volt-
age of rectifier R2 in opposing the decaying cur-
rent of winding 15 prevents prolonged delay of
the flux decay in the leakage magnetic circuit of
the relay, whereby distortion of the impulses
induced in the secondary winding of the relay is
prevented. The form of coded trackway energy
supplied by relay DRIla to rear subsection 3a—4
thus is improved and corresponds more closely
to the form of trackway energy supplied by the
track transformer TT3 to advance subsection
3—3a, whereby, as will be made clear presently,

3

the efficiency and operation of the decoding ap-
paratus for the section is materially improved.

It should be noted that with relay DRIa con-
structed in the manner just described, relatively
little current will be supplied by rectifier R2 to
winding 5 during the “off” period of the code,
since rectifier R{ is arranged so that its high
resistance direction is presented to the flow of
current from rectifier R2.

Relay DRI located at signal location 4 of sec-
tion 3—4 is substantially similar in construction
to relay DR1a just described, except that in relay
DRI a resistor X2 is connected across the output
terminals of rectifier R{. This resistor permits
a small biasing flux to be built up in response to
current supplied from rectifier B2 to winding
15 during the “off” period of the code, which flux
is opposite in polarity to the flux set up in wind-
ing 15 in response to the resultant electromotive
force of both rectifiers R! and R2. Thus, with
relay DRI provided with resistor X2, a slight de-
lay in flux growth in the leakage cireuit of relay
DRI will be effected when current is supplied
from rectifier R, since the biasing flux in legs 8
and 8 first must be neutralized before the saturat-
ing flux becomes effective to vary the inductive
coupling of the primary and secondary windings
of the relay. The impulse of current induced in
secondary winding (4 of relay DRI accordingly
will lag behind the code impulse supplied to rec-
tifier R1. The parts of relay DRI preferably are
so proportioned that the lag of the induced im-
pulse in winding 4 substantially equals the in-
terval required for the decaying current in wind-
ing I5 to drop to the potential of rectifier R2
after the code impulse to rectifier Ri is cuf off.
thereby causing the impulse of current induced
in secondary winding (4 of relay DRI to have
substantially the same length as the control code
impulse supplied by the track transformer TT3
to the tracks rails of section 2—4.

Output winding [4 of relay TR{ is connected
through the medium of a rectifier R with a

primary winding 26 of a decoding transformer

DT4, and it is apparent, therefore, that winding
14 of relay DRI will supply transformer DT4 with
impulses cf unidirectional current which will have
a code frequency and duration which corresponds
to the frequency and duration of code present in
the rails of section 3—4.

Decoding transformer DT4 is provided with a
secondary winding 21 connected through the
medium of a rectifier R4 to a signal control relay
H4 provided for section 2—4. The transformer
DT4 is so proportioned and designed that relay
H4 is energized and picked up whenever code
of 75 or 180 impulses per minute is induced in
the secondary winding i4 of relay DRI, but that
whenever steady or non-coded energy of the
lower or given voltage is induced in secondary
winding 14, relay H4 is released. Relay H4 con-
sequently functions as a code detecting relay since
it is picked up whenever coded energy is sup-
plied to relay DRI from the rails of the section,
but is released whenever control winding 5 of
relay DRI is deenergized.

The decoding transformer DT4 also supples
energy to another signal control relay AJ4 pro-
vided for section 3—4, which relay is connected
with a portion of the primary winding 29 of trans-
former DT4 through a decoding unit DU—I§0,
The details cf construction of unit DU--182 are
not shown in the drawings, but this unit usually
comprises a rectifier and a reactor condenser
tuning unit tuned to resonance at a frequency
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corresponding %o the 180 code whereby relay AJ4
is effectively energized and is picked up when
and only when 180 code is supplied by the code
following relay DR to the decoding transformer

g DTH4. Relay AJd therefore functions as a code
selecting velay since if is picked up when 180 code
is supp hec to its associated code following relay
but is released when 75 code is supplied to its

asscciated code following relay from section
10 3—%&.

The code sclecting relay AJé and the code de-
tecting relay H& cooperate to selectively control
the various aspects displayed by signal S4, in
the follewing manner. When relays HE and AJ4

15 are both picked up, signal S4 is caused to dis-
play its “nroceed” indication over & circuit which

may be traced from terminal B through front
contac ‘42—‘22(' of 1'01337 4, frent contact 22—

-
the

filament of lamp G
When the code de-

"ldlcatlm’ over a circuit
termin Ll B through front contact
4, back contact 23—23b of
fiiament of lamp Y of signal
Ahen, however, both relays T{4
, signial 84 then is caused t

‘&matlon over & circuit pass-

30 ing from 21 B through back contact 22—
220 of relay @i a: d the filament of lamp R of
signal S4 to ‘“ormmal C.

The above sclective control of signal S4§ is

effected by relays Hi and AJE in the following
85 manner: Section $—4 will be supplied with 180
or 75 code according as the section next in ad-
vance is unoccupied or occupied. When section
$—14 is supplied with 180 ccde and the secfion is
unceccupied, all pavis of the apparatus will ccecupy
the position in which they are shown in Fig. 1.
Under the above couditicns, relays H4 and AJ4
are betn picked up, the circuit for lamp G of
signa1 Sf‘ 1;. completed whereby that signal is
7 its “proceed” indication, and
2’ frent contact 6—=8a of relay
¢85 of comng device CT4 is closed
ion nexgtin tne rear of section 3—4
180 code a
is sunp‘ied with 75 code
s unoccupied, relay HE2 is picked
’l is released, thus causing signal
‘cautwn in ‘icqtiop since th

40

ccmrluec.. "‘he rails of Ll e sectlon nnxt
vear of secltion 8—%, however, are still
ed with 180 code since front contact 6—8a
Il is cmsea

17—\}«‘1

i is occupied by & train,
supplied to section
vom the code follow-
section. For example,
ics the rear subsection
i axies cf the train then
energy away from relay
that winding 18 of relay DRI
henever a train occupies
ion &—32u¢, the train then

CLErgy hom relay trans-
nergy of the

70 giv e is ind wed in winding 14
of '- supplied to the rsar sub-
se 3 s steady cr non-coded energy
is of such 10\" volt g2 that it is ineffective to

meaterially vary the
75 cuit of 1e1a Dm

Iucmnue of the leakage cir-
and therefore the energy in-
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duced in output winding {4 under the latter con-
dition is substantially equivalent to the energy
induced therein when no energy is supplied from
the track rails of the section to winding 5. It
can be seen, therefore, that the coded trackway
energy is shunted from relay DRI whenever a
train occupies either or both subsections 3a—4&
or 3—3a, and that the two subsections when
taken together cooperate to provide a single track
section which is respensive to traffic conditions
in the same manner as if the rails of section
3—4 where continuous conductors from one end
of the section to the other. ¢

When the coded trackway energy of a section
is shunted away from its associated code follow-
ing relay, the signal for that section then is
caused to display its restrictive or “stop’ indica-
tion, since under the ahove conditions the energy
induced in winding {4 of the code following re-
lay is non-coded energy of relatively low volt-
age. This non-coded low voltage energy sup-
plied by relay DRI to decoding transformer DT4
is ineffective to cause energization of the signal
control relays 4 and AJ4, so that both relays are
released. Under the above conditions, signal S4
is controlled to its “stop” indication over back
contact 22—22b of relay H4, and the section next
in the rear of the section 3—4 is supplied with
75 code over hack contact 6—&b of relay HA.
It is apparent, therefore, that the signal for a
section is controlled to its most restrictive indica-
tion whenever its associated section is occupied.
1t is also apparent that the section next in the
rear of section 3-—4 is supplied with trackway
energy of 180 code ab all times except when sec-
tion 3—4 is occupied, and that under the latter
condition the rear section is then supplied with
trackway energy of 75 code. The code frequency
or rate of the trackway energy supplied to each
section is, therefore, governed by trafiic condi-
tions in advance of that section.

From the foregoing, it is readily apparent that
selective operation of the signal for a section is
eifected by traflic conditions in advance of that
section, as determined by the particular form of
trackway energy supplied to the rails of a sec-
tion, which energy then is translated by the de-
coding apparatus of a section to selectively con-
trol the associated signal control relays. It can
be seen that if distorted energy having different
characteristics than the original characteristics
of the trackway energy is supplied to the confrol
relays, the relays then will be less efficient in dis-
tinguishing between the several forms of track-
way energy supplied to the track rails. It fol-
lows, therefore, that since relay DRia cascades
trackway energy from one subsection to the next
with the minimum of distortion, and that since
the energy reproduced in relay DR! has sub-
stantially the same characteristics as the track-
way energy supplied to the section, the selective
operation and efiiciency of the signal control re-
lays in distinguishing between the several forms
of trackway energy is materially improved, and
that the efficiency of the decoding apparatus as
a whole is increased.

Referring now to Fig. 2, the apparatus in the
form herein shown includes a code following re-
lay DR2a of the saturation type located at the
cut-section 3a of section 3—4, and also includes
a similar relay DR2 located at the signal loca-
tion 4 of Fig. 2. The saturation relays shown in
Fig. 2 are substantially similar in construction to
the saturation relays shown in Fig. 1, except that
the biasing rectifier R2 and the resistor X1 incor-
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porated into the relays of Fig. 1 are now replaced
by two coils 16z and {65 mounted respectively on
legs 8 and 9 of the leakage magnetic circuits of
the relays of Fig. 2. The coils 16a and 16b of the
relays of Fig. 2 are connected in series in such
manner that the electromotive forces induced
therein by the primary flux of the relays are addi-
tive, and the two coils are connected in series with
the output winding 14 of the relays in such man-
ner that the electromotive force induced in wind-
ing 14 is opposed by the electromotive forces in-
duced in the two windings 16a and 16b, the parts
of the relays being so proportioned and designed
that during the interval the primary flux divides
between its two magnetic circuits, the resultant
of the electromotive forces induced in coils {6a
and 16b and in winding 14 is substantially zero.
With relays DR2 and DR2a constructed in the
foregoing manner, it is apparent that the coils
16a-and 16b are effective to apply to the output
winding 14 an electromotive force which opposes
the electromotive force present at times in the
output winding of the relay, whereby, as will be
made clear presently, distortion is prevented in
the output of the relay.

The control winding 15 of each relay DR2 and
DR2a is supplied with current from its associated
rectifier RIi. Considering, for example, relay
DR2a during the interval that its control winding
15 is deenergized, the primary flux of the relay at
this time divided between the main and the leak-
age magnetic circuits of the relay, to thereby in-
duce electromotive forces in winding 14 and in
coils 16a and 16b. As pointed out previously, the
eeletromotive force induced in winding 14 is op-
posed and neutralized by the electromotive forces
induced in the coils 16a and 16b, so that the re-
sultant of the electromotive forces induced at this
time is substantially zero. At this time, there-
fore, no trackway energy is supplied from relay
DR2a to the track rails of subsection 3a—4, and
under the above conditions the relay functions as
if the circuit connection of secondary winding 14
of the relay and the rails had been opened by the
opening of a contact of the usual tractive arma~
ture type relay. In similar fashion, relay DR2
will supply no energy to the decoding transform-
er DT4 when control winding 15 of relay DR2 is
deenergized.

When, however, winding 15 of relay DR2a is
supplied with current and as a result its leakage
magnetic circuit is saturated, then the electromo-
tive force induced in winding 14 is greatly in-
creased in magnitude, while the magnitude of the
electromotve forces induced in coils 16a and 166
drops and approaches a zero value. The result-
ant of the electromotive forces at this time ac-

cordingly is relatively high and is substantially -

equal to the electromotive force induced in wind-
ing 14, so that under these conditions the rails of
section 3a—4 are supplied with current of rela-
tively high voltage. In like manner, when wind-
ing {5 of relay DR2 is energized, the decoding
transformer DT4 is supplied with an electromo-
tive force of relatively large magnitude. 'The
code output of winding 14 of relay DR2a or DR2,
as the case may be, therefore is similar to the
code supplied by the track transformer TT3 to
the rails of section 3—4, in that energy is supplied
from relay DR2a or DR2 only during the “on” pe-
riod of the code and energy is not supplied during
the “off” period of the code, since there is sub-
stantially no residual output of the relay, that is,
no energy is induced in the relay during the “off”
period of the code,

5

It is readily apparent from the foregoing that,
since control of the output of the code following
relay DR2, which controls the signal for the sec-
tion, is effected by virtue of the difference in mag-
nitude of the electromotive forces supplied from
the rails of the section to the control winding 15
of the relay during the “on” and during the “off”
period of the code, if no electromotive force is
present in the rails of the section during the “off”
period of the code, the magnitude of the electro-
motive force induced in relay DR2a and supplied
by that relay to the rails of the section can be
much lower than if there is a residual output of
the relay supplied to the rails of the section dur-
ing the “off” period of the trackway code. Ac-
cordingly, it can be seen that operation of the
code following relay of a section is effected by
code impulses of relatively small magnitude.

Similarly, the operation of decoding trans-
former DT4 is based upon the difference in mag-
nitude of the electromotive forces induced in
winding {4 of relay DR2 during the “on” and
“off” periods of the trackway code supplied to
the relay. It is apparent, therefore, that since
there is no residual output from relay DR2 so
that transformer DTY4 is not supplied with current
during the “off” period of the code, no transfer
of energy is effected at that time and further,
an induced impulse of relatively small magnitude
will effectively operate the decoding transformer.

It should be noted that although relays DR2
and DR2a are particularly effective as code fol-
lowing relays, the relays may be used as ordinary
control relays with non-coded energy. In the
event that the control winding {5 of the relay is
supplied with non-coded energy, the relay will
have the same improved amplification that it
possesses when coded energy is supplied to the
control winding. If used with non-coded energy,
during the-interval that the control winding of
the relay is deenergized the resultant of the elec-
tromotive forces induced in winding 14 and in
coils 18a and 16b is substantially zero, and the
saturation relay in this condition therefore cor-
responds to a relay of the tractive armature type
in its released condition, that is, with its front
contact held open.  'When, however, control wind-
ing I5 is energized by the non-coded energy, the
resultant of the induced electromotive forces
then becomes relatively high so that the relay in
this condition corresponds to a tractive armature
type relay holding its front contact closed. The
construction and arrangement of the apparatus
shown in Fig. 2 therefore provides a relay of
the saturation type having substantially the same
characteristics as a relay of the tractive arma-
ture type. ’

Referring now to Fig. 3, the relay DR3 (and
in similar fashion relay DR3a) here shown, is
provided with a magnetizable core T having five
parallel legs 8, 9, 10, Il and 1T connected to-
gether at each end to form an integral relay core
structure.  The main magnetic circuit of relay
DR3, as here shown, comprises a common leg {8
and, in parallel, the core legs If and (71, upon
which legs is mounted the secondary winding 14
of the relay, and which secondary winding com-
prises two coils 4a and 14b disposed respec-
tively on legs 11 and {7 of core T and connected
in series in such manner that any electromotive
forces induced therein are additive. The leakage
magnetic circuit of the relay comprises the com-
mon leg 10 and, in parallel, the core legs 8 and
9, upon which legs is ' mounted, respectively, the
opposing coils 16a and 16b connected in. series

10

15

20

25

30

35

40

45

50

b5

60

65

70

75




10

15

20

25

30

35

40

45

50

56

60

65

70

W

6

in such manner that any electromotive forces
induced therein are additive. The two coils !4«
and 14b of output winding {4 are connected in
series with each other and with two coils 16a
and {6b disposed on the leakage magnetic circuit
of the relay in such manner that the electromo-
tive force induced in coils [4¢ and 14D opposes
the electromotive force induced in coils {6a and
{66, the parts preferably being so proportioned
that the resultant of the electromotive forces
normally induced in winding (4 and in coils 16a
and 160 is substantially zero. The control wind-
ing 15 of relay DR3 comprises, in addition to the
two coils {5a and 150 disposed on legs 8 and 8
of the leakage magnetic circuit, two other coils
15¢c and 15d disposed respectively on legs {1 and
11 of the core, the other two coils 15¢ and {54
being connected in series with each other and in
series with the first two coils {5¢ and 150 so
that the resultant electromotive force normally
induced in winding i5 is substantially zero. The
arrangement of the pairs of coils i8¢ and {50
disposed on the leakage magnetic circuit, and of
the pairs I8¢ and {5d disposed on the main mag-
netic circuit, is such that when supplied with
unidirectional current, each pair of coils acts
cumulatively to circulate a flux around the local
magnetic circuit formed by the two parallel core
legs and the adjoining top and bottom portions
of the core which form a portion of the magnetic
circuit upon which that pair of coils is disposed.

Relay DR2 (and in like manner relay DR2a
also) further is provided with a biasing winding
18 which comprises a pair of coils {8a and i8b
connected in series and disposed respectively on
legs 8 and 9 of the leakage magnetic circuit, and
another pair of coils i{8c and {84 connected in
series and disposed respectively on legs ti and
17 of the main magnetic circuit, the two pairs of
coils being connected in series across the cutput
terminals of a rectifier R5, which rectifier as
shown has its input terminals connected to ter-
minal BX and a midtap of input winding 3 of
relay DR3, but which rectifier may if so desired
be energized from a separate source of current.
The coils forming one pair of coils in the biasing
winding {8 are so arranged on one of the mag-
netic circuits of the relay that when supplied
with unidirectional current, the flux created
thereby aids the flux created by the pair of coils
of the control winding {5 mounted on that circuit,
whereas the coils of the other pair of coils of
the biasing winding 18 are so arranged on the
other magnetic circuit of the relay so that the
flux created thereby opposes the flux of the pair
of coils of the control winding {5 mounted on the
latter circuit. As shown, coils {8c and 180 are
arranged on the leakage circuit so as to aid the
flux created by coils 8¢ and 56 of control
winding 5, and coils 18c and {8d are so arranged
that when energized the fiux created thereby cp-
poses the flux created by coils I5¢ and (54 of
control winding {85.

The operation of the saturation relay shown in
Fig. 3 is as follows: Winding 13 of the relay is
constantly energized by periodically varying cur-
rent to set up a primary flux in the core T of
the relay. Biasing winding {8 also is constantly
energized to set up a biasing flux in both mag-
netic circuits of the core. If, now, control wind-
ing I5 of the relay is deenergized, the primary
flux then divides between the two magnetic cir-
cuits of the core to thereby induce electromotive
forces in output winding 14 and in coils {6a and
i6b. As pointed out hereinbefore, the parts of
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the relay are so proportioned and arranged that
when the primary flux divides between the two
magnetic circuits of the relay, the resultant of
the electromotive forces induced in winding (4
and in coils {8 and 16b is substantially zero.

When, however, control winding (5 is ener-
gized to thereby set up a flux in both magnetic
circuits of the core, the flux set up by winding
{5 in the leakage circuit aids the biasing flux
set up by its windings 18 in that circuit, and at
the same time the flux set up by winding {5 in
the main circuit opposes the biasing flux set up
in that circuit by winding 18. The parts of the
relay are preferably so proportioned and designed
that with control winding {5 and biasing winding
{8 both energized, the leakage magnetic circuit
hecomes magnetically saturated in response to
the fluxes created by windings 15 and 18, but in
the main magnetic circuit, the biasing flux op-
poses and substantially neutralizes the flux of
winding {5. TUnder the above conditions, there-
fore, substantially all the primary flux is cir-
culated through the main magnetic circuit of the
relay and relatively little primary flux circulates
through the leakage circuit, so that a relatively
high voltage is induced in secondary winding |4
mounted on the main circuit and a relatively low
voltage is induced in coils {6a and 18b mounted
on that leakage circuit. The resultant of the
electromotive forces induced in winding {4 and
in coils 18a and {8b at this time, therefore, is
relatively large in magnitude.

From the foregoing, it is apparent that when
control winding 5 of relay DR3 is deenergized,

the output of secondary winding 14 of the relay 3

is substantially zero, but that when control wind-
ing 15 is energized, the output of winding {4 then
is at its maximum value. The arrangement and
construction of relay DR2 therefore provides a
saturation relay having characteristics substan-
tially the same as a tractive armature type relay,
in that under one condition of the relay no energy
is permitted to flow in a controlled circuit while
under anocther condition of the relay energy is
permitted to flow in the circuit.

It should be noted that the above construction
provides 2 saturation relay which is controlled
by supplying to its saturation winding a rela-
tively small amount of energy. This reduced
saturating energy effects the control of the relay
just described by virtue of the fact that a portion
of the biasing winding aids the saturation wind-
ing to effect the saturation of the leakage path
of the relay, and the remainder of the biasing
winding opposes the saturation winding to lower
the reluctance of the main magnetic path of the
relay, thershy causing the primary flux to cir-
culate through that circuit to thereby induce a
relatively high electromotive force in the sec-
ondary winding of the relay. It is apparent,
therefore, that since the saturation of the leakage
circuit is effected by flux created in the control
winding together with flux created in the biasing
winding, the amount of current supplied to the
control winding need be only that amount suffi-
cient to supply to the leakage path the differ-
ential in flux between that necessary to saturate
the leakage path, and the flux already present
in the path due to the biasing winding. The
amount of current supplied to the control wind-
ing to control the output of the relay therefore
is materially reduced by the provision of biasing
windings on the relay core.

The relays DR3 and DR3q, as shown in Fig. 3,
may be employed as code following relays to cas-

10

15

20

25

30

40

60

G}



10

15

25

80

40

45

50

55

80

65

70

75

2,215,821

cade trackway energy around the cut-section in
a track section, and to control the decoding ap-
paratus for the coded track circuit, substantially
in the same manner that was described in detail
hereinbefore in connection with Figs. 1 and 2.
It is believed that the manner in which the relays
of Fig. 3 cooperate to improve the operation and
efficiency of the decoding apparatus of the coded
track circuit will be readily apparent from an in-
spection of the drawings, together with the fore-
going description of the operation of the appa-
ratus of Fig. 2, it being noted that the relays of
Fig. 3 prevent distortion of the coded output of
the relays substantially in the same manner that
such distortion is prevented by the relays of Fig.
2. That is, the output of the relays of Fig. 3
during the “off” period of the code is substan-
tially zero, so that the potential of the impulse
induced in the relays of Pig. 3 during the “on”
period of the code need not be as great, whereby
the operation of the decoding transformer is
effected by low peak potential induced in the
relays of Fig. 3.

Although I have herein shown and described
only three forms of apparatus embodying my
invention, it is understood that various changes
and modifications may be made therein within
the scope of the appended claims without de-
parting from the spirit and scope of my invention.

Having thus described my invention, what I
claim is:

1. In a code following relay of the saturation
type, in combination, a magnetizable core pro-
vided with a primary winding normally supplied
with alternating current, said core also carrying
two other windings one of which is a secondary
winding inductively coupled with said primary
winding and the other of which is a saturation
winding - normally supplied with coded energy,
said saturation winding being effective when en-
ergized to vary the inductive coupling of said
primary and secondary windings to cause. the
coded energy supplied to said saturation winding
to be reproduced in said secondary winding, and
means for preventing distortion in the coded
energy reproduced in said secondary winding in
response to coded energy in said saturation wind-
ing, said means being effective to apply to one
of said two other windings an electromotive force
which opposes the coded electromotive force pres-
ent at times in that winding.

2. In a code following relay of the saturation
type, the combination of, a magnetizable core
provided with a primary winding normally sup-
plied with alternating current, said core also
being provided with two other windings one of
which is a secondary winding inductively coupled
with said primary winding and the other of which
is a saturation winding normally supplied with
coded energy, said saturation winding being effec-
tive when energized to vary the inductive cou-
pling of said primary and said secondary wind-
ings to cause the coded energy supplied to said
saturation winding to be reproduced in said sec-
ondary winding, and means for applying to one
of said two other windings an electromotive force
which opposes the coded electromotive force pres-
ent at times in that winding, whereby distortion
of the code output of said secondary winding is
minimized.

3. In combination, a magnetizable core having
two magnetic circuits one of which comprises two
parallel paths, a primary winding linking both
of said two magnetic circuits, two other windings
one of which is a saturation winding comprising

7

two coils one linking each of the two parallel
paths of said one magnetic circuit and connected
in series in such manner that the resultant elec-
tromotive force normally induced in said satura-
tion winding is substantially zero, the other of
said two other windings being a secondary wind-
ing disposed on the other of said two magnetic
cireuits for inductive relationship with said pri-

‘mary winding, means for supplying periodically

varying current to said primary winding for set-
ting up a flux in each of said two magnetic cir~
cuits, means for at times supplying coded unidi-
rectional current to said saturation winding for
varying the reluctance of said one magnetic cir-
cuit whereby the flux in said other magnetic cir-
cuit is varied in step with the coded current sup-
plied to said saturation winding, and means for
applying to one of said two other windings an
electromotive force which opposes the electromo-
tive force present at times in that winding where-
by distortion is prevented in the coded current
induced in said secondary winding in response to
the coded current supplied to said saturation
winding.

4. In combination, a magnetizable core pro-
vided with a primary winding which is constant-
ly supplied with periodically varying current, a
secondary winding on said core inductively cou-
pled with said primary winding, a saturation
winding on said core effective when energized to

- vary the inductive coupling of said primary and

secondary windings, a source of coded alternating
current, means including a rectifier for supplying
to said saturation winding impulses of rectified
current from said source of coded alternating cur-
rent, and means for applying to said saturation
winding an electromotive force which opposes the
electromotive force due to said rectifier to coun-
teract the shunting action of said rectifier where-
by distortion is prevented in the coded energy in-
duced in said secondary winding in response to
the impulses of rectified current supplied to said
saturation winding,

5. In combination, a magnetizable core pro-
vided with a primary winding which is constantly
supplied with periodically varying current, a sec-
ondary winding on said core inductively coupled
with said primary winding, a saturation winding
on said core effective when energized to vary the
inductive coupling of said primary and secondary
windings, a resistor, a source of coded alternating
current, means including a rectifier connected in
series with said resistor for supplying to said
saturation winding impulses of rectified current
from said source of coded alternating current,
and means for impressing across said resistor a
voltage which opposes that due to said rectifier to
provide a sharp cut-off in the current induced
in said secondary winding by the current flow-
ing in said primary winding in response to the
impulses of rectified current supplied to said satu-
ration winding.

6. In combination, a magnetizable core having
two magnetic circuits one of which comprises two
parallel paths, a primary winding linking both of
said two magnetic circuits, a secondary winding
comprising three coils one disposed on each of
said two parallel paths of szid one magnetic cir-
cuit and the third disposed on the other mag-
netic circuit, said coils being connected in series
in such manner that the resultant electromotive
force normally induced in said output winding
when said primary winding is supplied with al-
ternating current is substantially zero, a satura-
tion winding comprising two coils one disposed
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on each of said two parallel paths of said one
magnetic circuit and connected in series in such
manner that when suoplied with unidirectional
current the coils act cumulatively to circulate a
fAux through said two parallel paths of said one
magnetic circuit, means for supplying alternating
current to said primary winding, and means for
at times supplying unidirectional current to said
saturation winding, whereby the reluctance of
said one magnetic circuit is at times varied to
vary the resultant electromotive force induced in
said secondary winding.

7. A relay of the saturation type comprising, in
combination, a magnetizable core having two
magnetic circuits, a primary winding linking both
said circuits and normally supplied with aiternat-
ing current for setting up & primary flux in said
core, a bissing winding having a portion disposed
on each circuif, said tiasing winding normally
being supplied with unidirectional current for
establishing a given condition of reluctance in
each circuit, a secondary winding having a por-
tion disposed on each circuit, said portions being
connected in series in such manner that the re-
sultant of the electromotive forces induced in said
secondary winding under the given condition of
reluctance of said circuits is substantially zero, 2
sstiuration winding having a portion disposed on
each ecircuit one portion of which is eilective
when supplied with unidirectional current to in-
crease the reluctance of one circuit and the
other portion of which is effective when supplied
with said unidirectional current to decrease the
reluctance of the other circuit, and means for at
times sunplying unidirectional current to said
saturation winding whereby the resultant of the
electromotive forces induced in said secondary
winding by said primary flux is relatively large
in magnitude.

3. A relay of the saturation type comprising, in
combination, a magnetizable core having two
magnetic circuits, a primary winding linking both
said circuits and normally supplied with alter-
nating current for setting up a primary flux in
said core, a biasing winding having a portion dis-
posed on each circuit, said biasing winding nor-
mally being supplied with unidirectional current
for establishing 2 given condition of reluctance in
each circuit, a sccondery winding having a por-
tion disposed on each circuit, said portions being
connected in series in such manner that the re-
sultant of the electromotive forces induced in said
secondary winding under the given condition of
reluctance of said circuits is substantially zero, a
saturation winding having a portion disposed on
each circuit in such manner that when said satu-
ration winding is supplied with unidirectional
current the resultant of the electromotive forces
induced in said secondary winding becomes rela~
tively large in magnitude, and means for at times
supplying said saturation winding with unidirec-
tional current.

0. A relay of the saturation type comprising,
in combination, a magnetizable core having two
magnetic circuits each having two parallel paths,
a primary winding linking both of said magnetic
circuits, said primary winding normally being
supplied with pericdically varying current for
setting up a primary flux in each of said mag-
netic circuits, a seccndary winding comprising
four coils ons disposed on each of the parallel
paths of said two magnetic circuits, said four
coils being connected in series in such manner
that the electromoiive forces normally induced
in the pair of coils disposed on each of said mag-
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netic circuits are sdditive and the resultant of
the electromotive forces normally induced in both
pairs of coils when said primary flux circulates
through both said magnetic circuits is substan-
tizlly zero, a biasing winding comprising four
coils one disposed on each of the parallel paths
of said two magnetic circuits, said four coils of
the biasing winding being connected in series in
such manner that the resultant of the electro-
motive forces normally induced in the pair of
coils disposed on each of said magnetic circuits
is substantially zero, said biasing winding nor-
mally being supplied with unidirectional current
for setting up a biasing flux in each of said two
magnetic circuits whereby the primary flux nor-
melly is circulated through both said two mag-
netic circuits, a saturation winding comprising
four coils one disposed on each of the parallel
paths of said two magnetic circuils, said four
coils of the saturation winding being connected
in series in such manner that the resultant of
the eleciromctive forces normally induced in the
pair of coils disposed on each magnetic circuit
is substantially zero, one pair of coils of the satu-
ration winding being arranged on one magnetic
cireuit in such manner that when supplied with
unidirectional current the flux created thereby
aids the fux supplied to that circuit by said bias-
ing winding whereby the reluctance of that cir-
cuit is increased, the other pair of coils of the
saturation winding being arranged on the other
magnetic circuit in such manner that when sup-
plied with said unidirectional current the flux
created thereby opposes the flux supplied to said
cther sircuit by said biasing winding whereby the
reluctance of said other circuit is decreased and
substantially all the primary flux circulates
through said other path and the resultant of
the electromotive forces induced in said second-
ary winding becomes relatively high in magni-
tude, and means for at times supplying unidi-
rectional current to said saturation winding.

10. In combination, a five-legged magnetizable
core having two magnetic circuits beth including
in common a central leg of sald core, each said
circuit also including two other legs of said core
in parallel, a primary winding disposed on said
common central leg of said core and constantly
supplied with periodically varying current for
setting up a primary flux in each of said two
magnetic circuits, a secondary winding compris-
ing two pairs of coils one pair of which is dis-
posed one coil on each of the two parallel legs
of one of said magnetic circuits and the other
pair of which is disposed one coil on each of the
two parellel legs of the cother of said magnetic
circuits, the coils of each pair being connected in
series in such manner that the electromotive
forces induced therein are additive and said pairs
of coils being connected in series in such manner
that the resultant electromotive force normally
induced in said secondary winding is substantially
Zero, o biasing winding constantly supplied with
unidirectional current and comprising two pairs
of coils one pair of which is disposed one coil on
each of the two parallel legs of said one magnestic
cireuit and the other pair of which is disposed
one coil on each of the two parallel legs of said
other magnetic circuit, said coils of the biasing
winding being connected in series in such man-
ner that when supplied with unidirectional cur-
rent the coils of each pair act cumulatively to
circulate a biasing flux through a local magnetic
circuit comprising the two parallel legs of the
associated magnetic circuit of the core upon
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which that pair of coils is disposed, a saturation
winding comprising two pairs of coils one pair
of which is disposed one coil on each of the two
parallel legs of said one magnetic circuit and the
other pair of which is disposed one coil on each
of the two parallel legs of said other magnetic
circuit, said coils of said saturation winding be-
ing connected in series in such manner that when
supplied with unidirectional current the coils of
one pair of coils act cumulatively to circulate a
saturating flux through the local magnetic circuit
of the associated magnetic circuit of the core in
agreement with the biasing flux of that local cir-
cuit, whereby that local magnetic circuit is sub-
stantially magnetically saturated, and the coils
of the other pair of coils of the saturation wind-
ing act cumulatively to circulate a saturating flux
through the local magnetic circuit of the asso-
ciated magnetic circuit of the core in opposition
to the biasing flux of that local circuit, whereby
the biasing and saturating fluxes of the last men-
tioned local circuit substantially cancel each
other, and means for at times supplying unidi-
rectional current to said saturation winding to
thereby vary the resultant electromotive force
induced in said secondary winding of said relay.

11. In combination, a section of railway track,
means for supplying coded alternating trackway
energy to the rails of said section, a relay trans-
former having its primary receiving energy from
the rails of said section, a track relay of the
saturation type comprising a magnetizable core
provided with a primary winding constantly con-
nected with a source of alternating current, said
relay having two other windings disposed on said
core one winding of which is a secondary wind-
ing inductively coupled with said primary wind-
ing and the other winding of which is a satura-
tion winding receiving energy from the secondary
of said relay transformer, said saturation winding
being effective when energized to vary the in-
ductive coupling of said primary and secondary
windings of said relay to cause the coded energy
supplied to the saturation winding to be repro-
duced in said secondary winding, said relay also
having means to apply to one of said two other
windings ‘an electromotive force which opposes
the electromotive force present at times in that
winding to thereby prevent distortion in the
coded cutput of said track relay, and a signal for
governing traffic in said section controlled by
the coded output of said track relay.

12, In combination, a section of railway track,
means for supplying coded trackway energy to
the rails of said section, a track relay of the sat-
uration type comprising a magnetizable core pro-
vided with a primary winding constantly sup-
plied with alternating current, said relay having
two other windings disposed on said core one
winding of which is a secondary winding induc-
tively coupled with said primary winding and the
other winding of which is a saturation winding
effective when energized to vary the inductive
coupling of said primary and secondary wind-
ings, means for supplying unidirectional current
from the rails of said section to said saturation
winding to cause said relay to reproduce in said
secondary winding the coded trackway energy
supplied to the rails of said section, said relay
also having means to apply to one of said two
other windings of the relay an, electromotive
force which opposes the electromotive force
present at times in that winding whereby dis-
tortion is prevented in the coded energy repro-
duced in the secondy winding of said relay, and

9

a. signal governing trafic in said section con-
trolled by the coded energy reproduced in the

secondary winding of said relay.

13. Decoding apparatus for coded track cir-

cuits comprising a track relay of the saturation

type having a magnetizable core provided with a -

primary winding which is constantly supplied
with periodically varying current for setfing up

2 flux in said core, two other windings on said
core one of which is a secondary winding indue-

tively coupled with said primary winding and the
other of which is a saturation winding receiving
energy from the track rails, said saturation
winding being effective when energized to vary
the inductive coupling of said primary and sec-
ondary windings whereby current is induced in
said secondary winding in step with the coded
energy supplied to the track rails, means for ap-
plying to one of said two other windings an elec-

tromotive force which opposes the electromotive
‘force present at times in that winding to thereby
prevent distortion of the coded current induced

in said secondary winding in response to the
coded. energy supplied said saturation winding,

.a decoding transformer supplied with current

from said secondary winding, and signal control
means receiving energy from said transformer.

14. In combination, a section of railway track,
means for supplying coded alternating trackway

energy of a given code rate to the rails of said

section, a relay transformer having its primary
winding receiving energy from the rails of said
section, a code following relay of the saturation
type having a primary winding constantly sup-

plied with current from a source of alternating .

current, said relay having a secondary winding
inductively coupled with said primary winding,
sald relay also having a saturation winding ef-

fective when energized for varying the inductive

coupling of said primary and secondary windings,
a resistor, circuit means including a rectifier
connected in series with said resistor for supply-
ing impulses of rectified current to said satura-
tion winding from said relay transformer where-
by when coded current is supplied to the track
rails there will be induced in the secondary
winding of said relay pulses of alternating cur-
rent having a rate corresponding to the code rate,
means for impressing across said resistor a bias-
ing voltage which opposes the voltage of said
rectifier to provide a sharp cut-off in the current
induced in said secondary winding, and traffic

controlling apparatus controlled by the alternat-

ing current which is induced in said secondary
winding in step with the impulses of rectified
current supplied to said saturation winding,
15. In combination with a section of railway
track having means for supplying to the track
rails of said section trackway energy coded at a
first rate under certain conditions and at s sec-
ond rate under other conditions, a code following
relay of the saturation type comprising a mag-
netizable core having a primary winding con-
stantly supplied with alternating current and a
secondary winding inductively coupled with said
primary winding, said relay also having a satura-
tion winding disposed on said core effective when
supplied with unidirectional current to vary the
inductive coupling of said primary and second-

ary windings, means for supplying unidirec-

tional current to said saturation winding from
the track rails of said section whereby pulses of
energy are reproduced in the secondary winding
of the relay having a rate which corresponds to
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means for applying to said saturation winding an
electromotive force which opposes the electro-
motive force supplied to that winding from the
track rails of the section to cause a sharp cut-off
in the coded energy reproduced in the secondary
winding of the relay, and a signal governing
trafiic in said section and selectively controlled
by the energy reproduced in said relay in ac-
cordance with the rate at which such energy is
coded.

16. In combination with a section of railway
track having means for supplying to the rails of
the section alternating trackway energy coded
at a first rate under certain conditions and at a
second rate under other conditions, a code fol-
lowing relay of the saturation type comprising a
magnetizable core having a primary winding
constantly connected with alternating current
and a secondary winding inductively coupled
with said primary winding, said relay also hav-
ing mounted on said core a saturation winding
effective when supplied with unidirectional cur-
rent to vary the inductive coupling of said pri-
mary and secondary windings, means including
a rectifier for supplying unidirectional current
from the track rails to said saturation winding
whereby energy is reproduced in the secondary
winding of the relay coded in accordance with the
rate at which the trackway energy then is coded,
means for supplying to said saturation winding
an electromotive force which opposes the electro-
motive force of said rectifier whereby the shunt-
ing action of said rectifier is minimized to cause
a sharp cut-off in the coded energy reproduced
in the secondary winding of the relay, and a sig-
nal governing traffic in said section and selec-
tively controlled by the energy reproduced in
said relay in accordance with the rate at which
such energy is coded.

17. In combination with a section of railway
track having means for supplying to the rails of
the section alternating trackway energy coded at
a first rate under certain conditions and at a
second rate under other conditions, a track re-
lay of the saturation type comprising a mag-
netizable core having a primary winding con-
stantly connected with alternating current and
a secondary winding inductively coupled with said
primary winding, said relay also having mounted
on said core a saturation winding effective when
supplied with unidirectional current to vary the
inductive coupling of said primary and secondary
windings, a resistor, a first rectifier receiving
energy from the track rails of said section, said
saturation winding being connected in series with
said resistor across the output terminals of said
first rectifier whereby unidirectional current is
supplied to said saturation winding to cause the
energy induced in the secondary winding of the
relay to be coded in accordance with the rate at
which the trackway energy is coded, a second
rectifier connected across said resistor and ar-
ranged in such manner that its electromotive

force opposes the electromotive force of said.

first rectifier whereby the shunting action
of said first rectifier is minimized to cause
a sharp cut-off in the coded energy reproduced
in the secondary winding of the relay, and a
signal governing traffic in said section and selec-
tively controlled by the energy reproduced in said
relay in accordance with the rate at which such
energy is coded.

18. In combination with a stretch of railway
track having means for supplying coded track-
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‘the rate at which the trackway energy is coded,

way energy to the rails of the section, a code fol-
lowing relay, said relay having a five-legged mag-
netizable core provided with two magnetic cir-
cuits having a central leg of the core in common
and each circuit having two other legs of the
core in parallel, said relay having a primary
winding disposed on said central leg and con-
stantly supplied wtih alternating current for set-
ting up a primary flux in both said magnetic
circuits, said relay having a biasing winding con-
stantly supplied with unidirectional current and
comprising two pairs of coils one pair disposed
one coil on each of the two parallel legs of one
of said magnetic circuits and the other pair dis-
posed one coil on each of the two parallel legs
of said other magnetic circuit, said coils of said
biasing winding being connected in series in such
manner that the coils of each pair of coils act
cumulatively to circulate a biasing flux through
the two parallel legs of the associated magnetic
circuit, said relay also having a secondary wind-
ing comprising two pairs of coils one pair of
which is disposed cne coil on each of the two
parallel paths of said one magnetic circuit and
the other pair being disposed one coil on each of
the two parallel paths of said other magnetic
circuit, said coils of said secondary winding be-
ing connected in series in such manner that the
voltages induced in each coil of a pair are addi-
tive and the resultant of the voltages normally
induced in both pairs of coils is substantially
zero, said relay having a saturation winding re-
ceiving energy from the rails of said section and
cemprising two pairs of coils one pair of which
is dispcsed one coil on each of the two parallel
legs of said one magnetic circuit and the other
pair is disposed one coil on each of the two par-
allel legs of said other magnetic circuit and said
coils of said saturation winding being connected
in series in such manner that one pair of coils acts
cumulatively to circulate a saturating flux
through its two associated parallel legs of the
core in agreement with the biasing flux and the
other pair of coils acts cumulatively to circulate
a saturating flux through its two associated par-
allel legs of the core in opposition to said biasing
flux, whereby the reluctances of said two mag-
netic circuits of said core are varied in such man-
ner that impulses of relatively large resultant
electromotive force are induced in said secondary
winding of the relay having a rate corresponding
to the rate of the coded energy supplied to the
rails of the section, and a signal for governing
traffic in said section controlled by the impulses
of relatively large electromotive force induced in
said secondary winding of the relay.

19. In combination with a section of railway
track divided into adjoining advance and rear
subsections, means for supplying coded frackway
energy to the rails of said advance subsection,
a code following relay of the saturation type hav-
ing a magnetizable core provided with a primary
winding constantly supplied with alternating cur-
rent, said relay having two other windings dis-
posed on said core one of which is a secondary
winding inductively coupled with said primary
winding and the other of which is a saturation
winding effective when supplied with current for
varying the inductive coupling of said primary
and secondary windings of the relay, means for
connecting said secondary winding across the
track rails of said rear subsection, means for
supplying current from the track rails of said
advance subsection to said saturation winding

whereby impulses of relatively large electromo-
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tive force having a rate which corresponds to
the rate of the trackway energy supplied to the
rails of said advance subsection are caused to
be induced in said secondary winding and are
supplied to the track rails of said rear subsec-
tion, and means for applying to one of said two
other windings of said relay an electromotive
force which opposes the electromotive force pres-
ent at times in that winding to thereby prevent
distortion in the impulses of trackway energy
supplied to the rails of said rear subsection.

20. In combination with a section of railway
track divided into adjoining advance and rear
subsections, means for supplying coded alter-
nating trackway energy to the rails of said ad-
vance subsection, a code following relay of the
saturation type having a magnetizable core pro-
vided with a primary winding constantly sup-
plied with alternating current, said relay having
a secondary winding disposed on said core in
inductive relationship with said primary wind-
ing, sald secondary winding being connected
across the track rails of said rear subsection,
said relay having a saturation winding disposed
on said core and effective when supplied with
unidirectional current to vary the inductive cou-
pling of said primary and secondary windings of
the relay, means including a rectifier for supply-
ing unidirectional current from the rails of said
advance subsection to said saturation winding
to cause impulses of current of relatively high
magnitude having a rate which corresponds to
the rate of the trackway energy supplied to said
advance subsection to be induced in said sec-
ondary winding of the relay and to be supplied
to the rails of said rear subsection, and means
for applying to said saturation winding an elec-
tromotive force which opposes the electromotive
force due to said rectifier whereby the shunting
action of said rectifier is minimized to prevent
distortion in the impulses of trackway energy
supplied to said rear subsection.

21. A relay of the saturation type comprising
two magnetic paths both having a common por-
tion linked by an input winding normally sup-
plied with alternating current, an output wind-
ing comprising two portions one disposed on
each of said two magnetic paths and connected
in series and proportioned in such manner that
the voltages induced therein in response to the
primary flux set up in said paths by said input
winding oppose and substantially cancel each
other, another winding linking at least one of
said two paths, and means for at times supply-
ing to said other winding unidirectional current
for varying the relative reluctances of said two
paths whereby to shunt the primary flux cre-
ated by said input winding away from said one
path and cause a resultant voltage of relatively
large magnitude to be induced in said output
winding.

22. A relay of the saturation type character-
ized by the fact that the output thereof varies
between a predetermined maximum value and
a substantially zero minimum value, comprising
the combination with a magnetizable core hav-
ing two magnetic circuits provided with a com-
mon primary winding normally supplied with
alternating current for setting up a primary
flux in both of said two circuits, of two windings
a first of which has two portions one disposed
on each of said two circuits and the second
winding of which is disposed on at least a par-
ticular one of said two circuits, means for sup-
plying unidirectional current to said first wind-
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ing for establishing a given condition of rela-
tive reluctance in said two circuits, other means
for supplying unidirectional current to said sec-
ond winding of a polarity such that said par-
ticular one circuit is supplied with flux which
opposes the flux supplied thereto by said first
winding whereby the relative reluctances of said
two circuits is modified and the primary flux is
shunted away from the other of said two cir-
cuits, an output winding disposed on at least one
of said magnetic circuits, and means for con-
trolling the supply of unidirectional current to
at least one of said two windings whereby to
control the magnitude of electromotive force in-
duced in said output winding in accordance
with the supply of current to said one winding.

23. A relay of the saturation type character-
ized by the fact that the output thereof varies
between a predetermined maximum value and a
substantially zero minimum value, comprising
the combination with a magnetizable core hav-
ing two magnetic circuits both including a com-
mon portion linked by a common primary wind-
ing normally supplied with alternating current
for setting up a primary flux in both of said
two circuits, of a first winding having two por-
tions one disposed on each of said two circuits,
means for supplying unidirectional current to
said first winding for setting up a given condi-
tion of relative reluctances in said two circuits,
other means including a second winding disposed
on a particular one of said circuits and sup-
plied with unidirectional current for supplying
said one circuit with flux which opposes the flux
set up by said first ‘winding whereby the rela-
tive condition of reluctances is modified and the
primary flux is shunted away from the other of
said magnetic circuits, and an output winding
disposed on at least one of said magnetic cir-
cuits for inductively receiving electromotive
forces from said primary winding under the con-
trol of the supply of energy to said first winding.

24. In combination, a five-legged magnetiz-
able core having two magnetic circuits both
including in common a central leg of said core
and each of said circuits also including two
other legs of said core in parallel, a primary
winding disposed on said common central leg of
said core and constantly supplied with period-
ically varying current for setting up a primary
flux in both of said two circuits, two windings a
first of which comprises two pairs of coils one
pair for each of said two circuits and each pair
disposed one coil on each of the two parallel
legs of its associated circuit and the second
winding of which comprises at least one pair
of coils disposed one coil on each of the two
parallel legs of a particular one of said circuits,
the two coils comprising each pair of coils of
said two windings being arranged on the two
parallel legs of its associated circuit in such
manner that when supplied with unidirectional
current both coils cooperate in circulating a
flux through a closed magnetic circuit including
in series the two parallel legs of its associated
circuit, means for supplying unidirectional cur-
rent fo said first winding for establishing a given
condition of relative reluctance in said two cir-

. cuits, other means for supplying unidirectional

current to said second winding of a polarity such
that said particular one circuit is supplied with
flux which opposes the flux supplied thereto by
said first winding whereby the relative reluc-
tances of said two circuits are modified and the
primary flux is shunted away from the other of

10

15

20

25 -

30

35

40

45

50

55

60

65

70

75




<

12

said two circuits, an output winding comprising
at least one pair of coils disposed one coil on
each of the two parallel legs of one of said two
circuits, said pair of coils of said output winding
being connected in series in such manner that
electromotive forces induced therein due to said
primary fux are additive, and means for con-
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trolling the supply of unidirectional current to at
least one of said two windings whereby to con-
trol the magnitude of the resultant electromotive
force induced in said output winding in accord-
ance with the supply of current tc said one
winding.

BERNARD E. O'HAGAN.



