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My invention relates to railway traffic control-
ling' apparatus, and it hag particular reference
to the organiZation -0f such apparatus into rail-
way sighal systems of the class wherein coded
track circuit current is utilized to control either
or boeth wayside signals and train-carried ap-
paratus such as cab signals or automatic train
control devices.

An -object -of -my present invention is to pro-

ide novel and improved signal systems of the
class described.

Another object is to provide novel and im-
proved railway signal systems of the class where-
in traffic controiling devices such as wayside or
cab signals are controlled by coded alternating
trackway current of one or anether of g plurality
of distinctive frequencies.

Another object is to provide novel and im-
proved decoding apparatus of the type adapted

to be utilized in railway signal systemg of the :

class wherein traffic governing devices are selec-
tively controlled by coded alternating trackway
current of one or another of a plurality of dis-
tinctive frequencies.

Another obkject is to provide novel and im-
proved decoding apparatus of the type adapted
to - be émployed in railway signal systemg of the
class disclosed in United States Letters Patent
No. 2,194,371 granted to me on March 19, 1940,
for Railway traffic conirolling apparatus.

Another object is the provision in railway sig-
nal systems utilizing' ccded trackway current of
one or another of a plurality of frequencies and
having relays selectively responsive one to each
of such frequencies, of novel and improved means
for individually conditioning such relays to re-
spond to the applied trackway current.

Another objec¢t is to incorporate into railway
‘signal systems -of the above described class,
means for sequentiaily conditioning the frequen-
cy responsive relays cne at a time to respond to
the applied trackway current, and to maintain
conditioned the relay respensive to the frequency
of the applied trackway current.

The above-mentioned and other important ob- *

jects and characteristic features of my invention
which will become readily apparent from the fol-
lowing description, are attained in accordance
with my invention by incorporating into railway

signal systems of the class d’sclosed in my afore- *

said Letters Patent No. 2,184,371, novel and im-
proved decading apparatus arranged to respond
both to the code rate and to the frequency of the
appiied alternsting trackway current. Such de-

coding apparatus may he incorporated into train-

o

carried systems for controllihg €ither or both
train-carried cab signals and frain-coutrolled de-
vices, or may be incorporated into wayside sys-
tems for controlling wayside signals as well as the
code rate and the frequency of the alternating
trackway current applied to the track rails. In
addition, such decoding apparatus may include
means for selectively and sequentially condition-
ing each of the frequency responsive relays one
at a time to be energized by trackway current,
and the decoding apparatus incorporates means

. effective upon energization of one of the fre-
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quency responsive relays for maintaining such
relay conditioned to be energized by trackway
current. : ’

‘Other mnovel features and advantages of  my
invention reside in the provision and organiza-
tion of railway traffic’ controlling apparatus into
railway signal systems, and after deseribing in
detail three preferred forms of apparatus em-
bodying my invention, I shall point out the novel
features thereof in claims.

In the accompanying drawings, Fig. 1 is a line
diagram illustrating a stretch of railway track
and the manner in which wayside signals asso-
ciated with such streteh may be controlled by

apparatus embodying my invention.

Fig. 2 is a diagrammatic view illustrating one
form of apparatus embodying my invention rep-
resented previded: - for a typical one of the sec-
tions shown in Fig. 1. .

Pig. 3 is a chart showing the conditions as-
sumed by each decoding relay of the group shown
in Fig. 2 under the several code rate and fre-
quency conditions of the applied trackway cur-
rent; the aspects and indications displayed by
the signals represented in Fig. 1 for each condi-

‘tion of codé rate and current frequency; and also

the manner in which a six-block, seven indica-
tion signal system embodying my invention ‘is
provided by distributing the code rates and cur-
rent frequencies in the rails of a number of sec-
tions to the rear of an occupied section.

Figs. 4 and 5 are diagrammatic views illus-
trating modified forms, each embodying my in-
vention, of a portion of the apparatus repre-

‘sented in Fig. 2.

Similar reference characters have been em-
ployed to designate corresponding parts in each
of the several views.

- Referring first to Fig. 1, the reference charac-
ter X designates a stretch of rallway track over
which traffic normally moves in the direction
indicated by an -arrow, or from left to right as
viewed in the drawings. The stretch of track X
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is divided by means of the usual insulated rail
joints, into a plurality of successive adjoining
track sections of which seven sections in all are
illustrated. Each of the sections represented in
PFig. 1 is provided adjacent its entrance end with
a multiple indication railway traffic controlling
signal, designated by the reference character S
plus a suffix corresponding to its location. These
signals are illustrated in Fig. 1 displaying the
various distinguishing indications to which they
are respectively controlled in response to the
presence of a train W in the extreme right-hand
section P—Q of the stretch, by apparatus em-
bodying my invention and presently to be de-
scribed in detail. :

The track sections of stretch X are each pro-
vided with trackway apparatus of the type re-
quired for a combined wayside and cab signal
system of the frequency code type, but I shall
describe in detail only the trackway apparatus
provided for a typical one of such sections since
it'is assumed that each-of the sections is provided
with- apparatus substantially similar to that
shown in Fig. 2 provided for the typical section
P—Q. For convenience also, the same reference
characters will be used throughout the descrip-
tion of the apparatus to designate those parts
of the apparatus associated with other sections
that correspond to the parts shown in Fig. 2
associated with section P—Q.

Referring now to Fig. 2, the rails | and la

of the stretch as shown are divided by means of

the usual insulated rail joints 2 to form a track
section P—Q and this section is provided with a
track circuit, the rails of which are supplied with
trackway energy through the medium of a track
transformer TTQ which has a secondary winding
5a connected across such rails adjacent the exit
end. Q of the section. The primary winding 6a
of transformer TTQ is connected with trackway
code transmitting means (not shown) located at
location Q, whereby as will be pointed out pres-
ently in detail, the rails of the section are sup-
plied with alternating trackway current having
.one or another of a plurality of frequencies and
which is coded at one or another of a plurality
of code rates. For the purposes of this descrip-
tion, I shall assume that the track rails of the
section are supplied with alternating track cir-

cuit current of either one or another of two dis- =

tinctive frequencies, and shall select 100 and 200
cycles per second as such two distinctive fre-
quencies. I shall also assume that the track cir-
cuit current is coded at any one of the code
rates customarily employed in coded railway
signal systems, that is, at the code rate of 75,
120 or 180 times per minute. As will be made
clear presently, the trackway code transmitting
means located at signal location Q for supplying
energy to primary winding 6a of transformer
TTQ is controlled by traffic conditions in advance
of section P—Q, and since this apparatus is sub-
stantially similar to the trackway code trans-
mitting apparatus located at signal location P
for supplying trackway energy to the rails of the
section located next in the rear of the section
fllustrated in Fig. 2, only the transmitting ap-
paratus located at signal location P is shown in
the drawings.

The trackway code transmitting apparatus
located adjacent signal location P (and in like
manner the similar apparatus located at signal
location Q) comprises a- plurality of suitable
sources of alternating current each having a
distinctive frequency; a coding device or trans-
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mitter CT having a plurality of continuously
Operating contact members; and a plurality of
circuits controlled by decoding apparatus asso-
ciated with section P—Q and later to be de-
scribed in detail, and by means of which circuits ]
energy from the sources is supplied to the track
rails of the section located in the rear of section
P—Q.

The sources of alternating current provided
adjacent signal location P may comprise a plu-
rality of line wire circuits one for each distinc-
tive frequency of current employed and each sup-
plied with alternating current of the associated
frequency; may comprise a suitable source or
sources of unidirectional current provided with
means, such as vibrators, for converting such
unidirectional current into alternating current
having one or another of a plurality of distinc-
tive frequencies; or as shown may comprise a
single line wire circuit comprising line wires 9
and 10 supplied with current having one of the
distinctive frequencies employed, and a frequency
changer FC converting such current into cur-
rent of another frequency employed. The line
wires 8 and 10 are preferably connected to a suit-
able source of alternating current of the lowest
frequency employed, such as a generator, not
shown, generating 100 cycle alternating current,
and as shown the frequency changer FC com-
brises a rectifier FR having its input terminals
connected through a line transformer LT across
the line wires 9 and 10, and supplying current
from its output terminals to a primary winding
14 of a transformer FT. As is readily apparent,
rectifier FR when energized by 100 cycle current
supplies to winding {4 of transformer FT two
pulses of unidirectional current in each cycle of
alternating current, hence there is induced in
secondary winding 15 of transformer FT by these
double frequency pulses of unidirectional current
in winding 14, an alternating electromotive force
having a frequency which is double the frequency
of the 100 cycle current supplied to rectifier FR.
Secondary winding 5 of transformer FT thus
may be regarded as a source of alternating cur-
rent having a frequency of 200 cycles per second,
or a frequency distinctively different from the
frequency of the 100 cycle current in line wires
9 and 10.

The code transmitter CT is represented dia-
grammatically in the drawings since it may take
any one of several well-known forms. As here
shown, coder CT comprises a constantly ener-
gized winding 17 and a plurality of contact mem-
bers 715, 120 and 189 each operated by the coder
at different code rates. Contact 15 is operated
by coder CT to close and open alternately a con-
tact 15—T8a at a rate of 75 times a minute, con-
tact 120 is operated to close and open alternately
a contact {20—I128¢ at a rate of 120 times a
minute, while contact member 180 is operated
alternately to close and open a contact 180—I180a
at a rate of 180 times a minute. It follows,
therefore, that when contact 75, 128 or 180 is
interposed in a circuit supplied with current,
such current is periodically interrupted or coded
at a rate of 75, 120 or 180 times per minute, re-
spectively.

The track circuit of section P—Q further in-
cludes receiving means for receiving trackway
current from the rails of the section: a plu-
rality of tuning or filiering units one for each
of the different frequencies of alternating track-
way current supplied to the rails of the section;

and a plurality of code responsive relays one
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for each filter unit. The receiving means as
shown comprises a transformer RT having a
primary winding {9 connected across the frack
rails adjacent signal location P -and having a
secondary winding 20 by means of which energy
is inductively received from section P—Q. The
filter or tuning units, represented conventionally
in the drawings, are designated by the reference
characters TU with suitably distinguishing suf-
fixes corresponding to the frequency of current
passed by such units. Such units may com-
prise a reactor condenser tuning unit tuned to
resonance at the frequency corresponding to
the frequency such filter is designed to trans-
mit, and if it is desired to energize direct current
relays from such units, they may include also a
rectifier for rectifying the received alternating
current into unidirectional current.  Two code
responsive track relays, designaled by the ref-
erence character TR with suitably distinguishing
suffizes, are provided one for each of the two
assumed frequencies -of alternating current em-
ployed. Each code responsive relay is repre-
sented as a direct current relay and is connected
to receive unidirectional current from its asso-
ciated filter unit when and only when the rails
of section P-—@ are supplied with current of the
frequency passed by the asscciated filter.

The decoding means previously referred fo as
being provided at signal location P (see Fig. 2)
comprises two decoding relays AJ and BJ, two
decoding units DUI8) and DUI20 -associated
with relays AJ and BJ, respectively, a decoding
transformer DT, other decoding relays, desig-
nated by the reference character H with suitably
distinguishing suffixes, one for each code respen-
sive relay TR, and other decoding transformers,
designated by the reference character DT with
suitably distinguishing suffixes, one for each -of
the code responsive relays TR.

Decoding transformers DT! and DT2 are
similar and each comprises a primary winding
21 connected through a mid terminal tap to one
terminal C of 2 suitable source of unidirectional
current, such as a battery not shown, and having
one or the other end of the winding connected
to the other ferminal B of the source according
as a movable contact member 23 of the asso-
ciated code responsive relay TR is in its picked-
up or released position to close respectively its
front or back contact. Each transformer DT
and DT2 further comprises a secondary winding
22 connected through a rectifier 24 to the asso-
ciated ¥ relay, whereby to energize the asso-
ciated H relay by unidirectional current supplied
from rectifier 24 in response to the supply there-
to of alternating current caussd te be induced
in winding 22 when contact member 23 of the
associated code responsive relay TR is pericd-
ically picked up and released to alternafely ener-
gize the two portions of winding 2! at a rate
corresponding to the code rate of operation of
the associated code responsive relay TR by cur-
rent reczived from the rails of section P—Q.
The relays H are proportioned so as to be effec-
tively energized and picked up in response to
operaticn of the asscciated code responsive relav
TR at the 75, 120 or 180 ccde rate. Relays H
therefore function as code detecting relays to
detect a code operation of the asscciated code
responsive relay TR.

Decoding transformer DT comprises a center
tapped primary winding 25 and two secondary
windings 2§ and 27 connected to relays AJ and
BJ through decoding units DUI80 and DU20, re-
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spectively.  Winding 25 is constantly connected
through a mid terminal tep to terminal C of the
source of unidirectional current and whenever
either relay TRI{ or TR2 responds to coded cur-
rent received from the rails of the associated sec-
tion, the two portions of this winding are alter-
nately energized.” When relay TRI responds to
code ‘and relay TR2 is released, one portion of
winding 25 at timess becomes energized over a
circuit extending from terminal B through front
contact 28 of relay TR and the left-hand por-
tion, as viewed in the drawings, of winding 2% to
terminal C, while the other portion at other times
is ‘energized over a circuit extending from ter-
‘minal B through back contact 28 of relay TRI,
back contact 28-of relay TR2, and the other or
right-hand portion -of winding 25 to terminal C.
When relay. TR2 follows code and relay TRI is
released, the left-hand portion of winding 25 is

energized at times over a circuit passing from

terminal B through back contact 23 of relay TR,
front contact 29 of relay TR2 and the left-hand
portion of winding 285 to terminal C, and the
right-hand portion of winding 25 at other times
is energized over a circuit which may be traced
from terminal B through back contact 28 of relay
TRI, back contact 28 of relay TR2 and the right-
hand porticn of winding 25 to terminal C. It
is to pe noted that when relay TR is released and .
relay 'TR2 follows code, both portions of winding
25 are energized over circuits which includeé in
series contact members 28 and 28 operated by
relays TRI and TR, respectively; and that when
relay TR1{ follows code and relay TR2 is released,
the two contact members 28 and 29 are likewise
interposed in series in the energizing circuit of
the right-hand portion of winding 25.

"The -details of ccnstruction of the deeoding
units DT80 and DUI20 are not ‘shown in the
drawings but each usually comprises a reactor
condenser tuning unit tuned to resonance at a

frequency corresponding to the 180 and 120 code

rates, respectively, whereby relay AJ is effectively
energized and picked up when and only when
transformed DT is supplied with current pulses
due to either relay TR or TR2 ‘operating in re-
sponse to current coded at the 180 code rate re-
ceived from the associated section, while relay
BJ is effectively energized and picked up when
and only when either relay TR{ or TR2 operates
at the 120 code rate te supply transformer DT
with current pulses.

The decoding apparatus above described func-
tions to selectively control, in a manner to be
pointed out in detail presently, the wayside signal
provided for the associated track section.  Such
signal may take any cne -of 'many well-known
forms of railway signal devices, but is shown in
Fig. 2 (see signal SP) for the sake of illustration
as comprising a light signal having seven indi-
vidual light units disposed one above the other on
the associated signal mast and designated by the

reference character L with a distinguishing suffix

corresponding to the position of the unit on the
signal mast with unit L{ located at the top of
the mast. i

The decoding apparatus further cooperates
with its associated code transmitter CT to selec-

tively control in accordance with traflic condi-

tions, the supply of trackway energy to the track
rails of the section next in the rear. The manner
in which the control of the associated sighal and
the supply of trackway energy to the rails of a

'section .next in the rear are affected by appa-

ratus embodying my invention will best be un-
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derstood from the following description of the
operation of the apparatus as a whole. In such
description, the apparatus represented in Fig. 2
will be assumed to correspond to the similar ap-
paratus provided for each of the sections repre-
sented in Fig. 1, and the operation of the appa-
ratus as a whole will be described by tracing in
Fig. 2 the various circuits that are set up by such
or corresponding apparatus in response to each
of the different code conditions of the plurality of
distinctive frequencies of alternating current
utilized as trackway current. ‘To facilitate this
description, reference will also be made to Fig. 3
wherein is set forth in chart form the various
code rates and frequencies of the alternating
current received and transmitted (columns d and
e, respectively, of Fig. 3) by the wayside appa-
ratus at each signal location; the positions as-
sumed by each of the various relays comprising
the decoding apparatus located at the several sig-
nal locations (columns f to &, inclusive) ; and the
signal units controlled and the indications dis-
played by each of the several signals (columns b
and ¢, respectively).

As can be seen in Fig. 1, section P—Q is occu-
pied by a train W so that trackway energy is
shunted away from the track relays of such sec-
tion. From columns f and ¢ of Fig. 3, it can be
seen that the code responsive track relays TRI
and TR2 at signal SP are inactive, the inactive
and active positions of the code responsive relays
being indicated in Fig. 3 by representing the
armatures associated with such relays in a
dropped-away or code-following position, respec-
tively. All decoding relays at signal location SP
are similarly released, as indicated in Fig. 3 by
showing ‘the armatures associated with such re-
lays in their released positions. Also, unit LT
of signal SP is illuminated to indicate that the
associated section is occupied (see columns b and
¢ of Fig. 3), and column e of Fig. 3 indicates that
200 cycle alternating current coded at the 75
code rate is supplied to
rear.

Referring now to Fig. 2, the wayside apparatus <

there illustrated is shown in the condition re-
sponsive to a train W cccupying its associated
section. In this condition of the apparatus, re-
lays TRI and TR2 are inactive and all of the

decoding relays are released as shown in Fig, 2 :

and as set forth in the table of Fig, 3.

With the decoding relays located at signal lo-
cation P all released, unit LT of signal SP is pro-
vided with an energizing circuit which may be
traced from terminal B through back contact 35
of relay Hi, back contact 36 of relay H2 and the
filament of unit L7 of signal SP to terminal C,
and unit L1 of signal SP is therefore illuminated
to indicate that the associated section P—Q is
occupied by a train.

Also, a circuit is completed for supplying 200
cycle alternating current coded at the 75 code
rate to the rails of the section next in the rear
of section P—Q, that is, section O—P. This cir-

cuit may be traced from one terminal of winding ¢

15 of transformer FT of frequency changer FC
through back contact 37 of relay HI, back con-
tact 38 of relay H2, contact 15—175¢ of coder CT,
primary winding 6 of transformer TT and com-
mon connection, indicated by the reference char-
acter CC, to the other terminal of winding (5 of
transformer FT.

"When 200 cycle alternating current coded at
the 75 code rate is supplied to the rails of section
O—P and the section is unoccupied, the current

the section next in the
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is transmitted through the rails and causes relay
TR2 associated with that section to be active and
operate at the 75 code rate to energize relay H2
(see columns ¢ and j of Fig. 3), but all other de-
coding relays are released and relay TRI is in-
active. The energization pf relay H2 associated
with section O—P establishes a circuit for unit
L§ of signal SO, which circuit may be traced from
terminal B through front contact 39 of relay H2,
back contact 48 of relay AJ, back contact 41 of
relay BJ, the filament of unit L6 of signal SO to
terminal C, and signal unit 1.6 of signal SO is
flluminated (see column b of Fig, 3) to indicate
that one clear block intervenes between the sig-
nal and the next occupied block. In addition,
with relay H2 picked up, 200 cycle alternating
current coded at the 120 code rate is supplied to
the section next in the rear, that is, section N—O,
over a circuit which may be traced from one ter-
minal of winding {5 of transformer FT of fre-
quency changer FC through back contact 31 of
relay HI, front contact 38 of relay H2, back con-
tact 82 of relay BJ, contact 120—120q of coder
CT, secondary winding 6 of transformer TT and
common connection to the other terminal of
winding {5 of transformer FT.

The 200 cycle alternating current coded at the
120 code rate supplied to section N—O causes re-
lay TR2 associated with that section to be ac-
tive and relays H2? and BJ to be picked up in
response to the operation of the associated code
responsive relay TR2 at the 120 code. With re-
lays H2 and BJ associated with section N—O
picked up, a circuit is established for unit L5
of signal SN, which circuit may be traced from
terminal B through front contact 29 of relay
H2, front contact 43 of relay BJ and the fila-
ment of unit L5 to terminal C, and signal SN
accordingly is caused to illuminate unit L5 to
indicate that two clear blocks intervene between
the signal and the next occupied section. Also,
with relays H2 and BJ associated with section
N—O picked up, section M—N is supplied with
200 cycle alternating current coded at the 180
code rate, which current is supplied over a cir-
cuit which extends from one terminal of winding
15 of transformer FT of frequency changer FC
through back contact 37 of relay HI, front con-
tact 38 of relay H2, front contact 42 of relay BJ,
contact 186—183a of coder CT, and secondary
winding € of transformer TT through common
connection CC to the other terminal of winding

15 of transformer FT.

In response to the 200 cycle alternating cur-
rent coded at the 180 code rate supplied to sec-
tion M—N, relay TR2 associated with that sec-
tion is active and operates at the 180 code rate to
energize relays H2 and AJ, whereupon there is
established for unit 1.4 of signal SM a circuit ex-
tending from terminal B through front contact
39 of the relay H2, front contact 48 of relay BJ
and the filament of lamp L4 to terminal C, so
that unit 14 of signal SM is illuminated to indi-
cate that three clear sections intervene between
that signal and the next occupied section. In
addition, the decoding apparatus located at sig-
nal SM causes 100 cycle alternating current
coded at the 75 code rate to be supplied to the
rails of section IL—M, this current being supplied
over a circuit extending from one terminal of
secondary winding 12 of line transformer LT
through front contact 48 of relay H2, front con-
tact 82 of relay AJ, contact 75—15a of coder CT,
and secondary winding § of transformer TT
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through common connection CC to the other
terminal of winding {2 of line transformer LT.

This 100 cycle alternating current coded at the
75 code rate in the rails of section IL—M causes
relay TR associated with that section to become
active and pick up relay Hi, thereby completing
for unit 1.3 of signal SL a circuit extending from
terminal B through front contact 45 of relay Hi,
back contact 46 of relay BJ, back contact 47 of
relay AJ and the filament of lamp L3 to terminal
C, whereupon unit I3 of signal SL becomes
lighted to indicate that four clear. blocks inter-
vene between that signal and the next cccupied
section. In addition, the rails of section K—L
are supplied with 100 cycle alternating current
coded at the 120 code rate and supplied over a
circuit which extends from one terminal of
secondary winding (2 of line transformer LT
through back contact 48 of relay H2, front con-
tact 49 of relay Hi, back contact 50 of relay BJ,
back contact 5! of relay AJ, contact 120—120a
of coder CT and secondary winding 6 of trans-
former TT through common connection CC to
the other terminal of winding 12 of transformer
LT.

Code responsive relay TR{ associated with sec-
tion K—L is caused to be active by the supply to
the rails of that section of 100 cycle current, and
it operates at the 120 code rate to cause the as-
sociated decoding relays Hi and BJ to be picked
up, thereby establishing for unit L2 of sighal SK
an energizing ecircuit which extends from ter-
minal B through front contact &5 of relay Hi,
front contact 46 of relay BJ and the filament of
unit 1.2 to terminal C. Under such assumed con-
ditions, the rails of secticn J—X are supplied
with 100 cycle alternating current coded at the
180 code rate and supplied over a circuit which
may be traced from one terminal of winding 12
of transformer LT through back contact 48 of
relay H2, front contact 49 of relay Hi, front
contact 50 of relay BJ, contact 189-—188c of
coder CT, and secondary winding 6 of trans-
former TT through common connection CC to
the other terminal of winding (2 of transformer
LT.

In response to the supply of 100 cycle alter-
nating current coded at the 180 code rate o the
rails of section J—K, thie associated code respon-
sive relay TRI is active and operates at the 180
code rate to energize the associated decoding re~
lays Hi and AJ to establish for unit L{ of signal
SJ an energizing circuit which extends from
terminal B through front contact 45 of relay Hi,
front contact 52 of relay AJ and the filament of
unit Ll to terminal C. In addition, the rails. of
the section next in the rear of section J—K are
supplied with 100 cycle alternating current coded
at the 180 code rate and supplied over a circuit
which extends from one terminal of winding 12
of transformer LT through back contact 48 of
relay H2, front contact 49 of relay Hi, back con-
tact 50 of relay BJ, front contact 51 of relay AJ,
contact 180—i88a of coder CT, and primary
winding 6 of transformer TT through common
connection CC to the other terminal of winding
12. .

A modified arrangement of the apparatus
represented in Fig. 2 is shown in Fig. 4, wherein
means are provided for individually conditioning
the two code responsive relays TR one at a time
to respond to the trackway current in the asso-
ciated section, and for maintaining conditioned
the relay responsive to the frequency of the ap-
plied alternating current. Referring now to

L4
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Fig. 4, the reference character AR designates a
slow acting auxiliary relay having slow pick-up
and slow release characteristics. Relay AR is
provided with an energizing . circuit extending
from terminal B through back contact 55 of
relay H2, back contact 56 of relay Hli, the wind-
ing of relay AR and back contact §7 of relay AR
to:terminal C, and it follows that when both re-
lays H2 and HI are released (as when a train
eccupies the associated section to shunt both
code responsive relays TR), relay AR is caused
alternately to. pick up over its energizing cir-
cuit,.and then to. release due to the interruption
of its ‘energizing circuit at its own back contact, .
and this cyelic operation of relay AR contimies
as long as relays H2 and HI remain released.
When relay AR is released, relay TRI is condi-
tioned to respond to track eircuit current: in
the associated section due to the associated tun-
ing unit TU—I09 being connected to secondary
winding 28 of receiving transformer RT over a
cireuit. which extends from one terminal of wind-
ing 28 through back contact 88 of relay AR, back
contact 59 of relay Hi, and tuning unit TU—I100
to the other terminal of winding 28. When relay -
AR picks up, tuning unit TU—06 is discon-
nected from winding 20 and the other tuning
unit TU—280 is connected to winding 28 over -
a circuit passing from one terminal of winding
20 through front contact 69 of relay AR, back
contact 61 of relay H2 and tuning unit TU—200
to the cther terminal of winding 20. It follows

. 'that when both code responsive relays TR are

35

40

60

70

75

inactive and the associated decoding relays H
are released, the code responsive relays TR -of
Fig, 4 are alternately conditioned one at a time
to respond to current in the track rails.

When transformer RT of Fig, 4 first receives
energy from the rails of the associated section,
as whenh the section becomes vacated, relay TRI
or TR2 will respond to the received energy ac-
cording as the frequency of current in the track
rails is 100 cycles or 200 cycles. That is to say,
when 109 cycle current is available in winding 20

5 of transformer RT, the code responsive appa-

ratus remains unaffected by such current unless
auxiliary relay AR is released or until it releases
to close its back contact 53 and condition relay
TRI to respond by connecting winding 28 to tun-
ing unit TU—I160. Relay TRI thereupon is
caused to operate by the 100 cycle current in
winding 20 of transformer RT, and the opera-
tion of relay TRI causes relay Hi to pick up,
thereby opening at its back contact 56 the pre-
viously traced energizing circuit .of relay AR
and terminating the cyclic operation of that re-
lay. Relay HIi also closes its front contact 59 to
complete an obvious circuit including that con-
tact. whereby winding 20 of transformer RT is
connected to tuning unit TU—100 and relay TRI
is maintained conditioned to respcnd to the ap-
plied 100 cycle current in the associated section.

If, however, 200. cycle current is available in
winding 20. of transformer RT, then the code re-
sponsive apparatus. remains unaffected by this
current unless. and until relay AR picks up to
close its front contact 68 and connect tuning unit
TU—200 to winding 20. Relay TR2 thereupon is
conditioned to respond and picks up relay H2
to interrupt the energizing ecircuit and ter-
minate the cyclic operation of relay AR, and relay
H2 also closes its front contact 61 to complete.
an obvious circuit connecting winding .20 to tun-
ing unit TU-—200 whereby. relay TR2 is main~
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tained conditioned to respond to 200 cycle cur-
rent in the trackway. :

- With the exceptions pointed out heretofore, the

decoding, signal control and trackway energy
current control apparatus of Fig. 4 substan-
tially corresponds in structure and arrangement
to the decoding, signal control and trackway
energy current control apparatus previously de-
scribed in connection with Fig. 2, hence such ap-
paratus has been omitted in order to avoid un-
duly complicating the drawings.
- The apparatus shown in Fig. 4 for at times
alternately conditioning the two code responsive
relays to respond. one at a time to the applied
alterhating current, is modified in Fig. 5 to be
active only after trackway energy becomes avail-
able to energize the code responsive relay TR.
Referring now to Fig, 5, the reference character
BR designates a second auxiliary relay connected
across the output terminals of a rectifier 65
which in turn has its input terminals provided
with an energizing cifcuit extending from one
terminal of winding 20 of transformer RT
through back contact 55 of reiay H2. back con~
tact 56 of relay H{ to one input terminal of rec-
tifier 65, and extending from the other terminal
of winding 28 to the other input terminal of rec-
tifier 65." Relay BR completes for relay AR an
obvious energizing circuit including front contact
63 of relay BR and back contact 57 of relay AR,
and it follows that when relay BR is effectively
energized and picked up, relay AR is caused cycli-
cally to pick up and release. - Relay AR of Fig. 5
alternately conditions relays TRI and TR2 to
respond to the applied trackway current in sub-
stantially the same manner as that pointed out
in detail herefofore in connection with the appa-
ratus of Fig. 4. - - : :

It is-readily apparent that when no energy
is available in transformer RT and relays TRI
and TR2 are both inactive ‘tc cause relays HiI
and H2 to be released, relay BR also is released so
that relay AR is similarly released. - When, how-
ever, energy ‘becomes available in transformer
RT, relay TRI is conditioned, with relay AR re-
leased to close its back contact 58, to respond
to such current and relay TRI accordingly will
respond to such current if it is 100 cycle alter-
nating current. In the event, however, that the
current available has a frequency of 200 cycles
and relay AR is released, both relays TR are non-
responsive and relay BR picks up to energize
relay AR. When relay AR picks up at the end
of its slow pick-up period, its front contact 69

closes to condition relay TR2 to respond to :

the energy available in transformer RT. When-
ever relay TRI or TR2 picks up in response to
energy in transformer RT, the associated H re-
lay is picked up to maintain such code responsive
reiay conditioned to respond to the applied track-
way' current, and also to interrupt the energiz-
ing circuit of auxiliary relay BR, thereby releas-
ing that relay and opening the circuit of relay
AR.

"It is, of course, to be understood that while
apparatus embodying my invention has been il-
lustrated and described as applied to a wayside
signal system, such apparatus may if desired be
incorporated as well into a train-carried signal
control system by using the usual train-carried
receiving coils- as the secondary winding 29 of
transformer RT. In such event, the primary
winding of transformer RT will of course be re-
placed by the two track rails, and the decoding
apparatus will control a train-carried cab signal
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and/or train-control apparatus, but such train-
carried decoding apparatus would not, of course,
control the frequency of the alternating current
or the code rate at which such current is sup-
plied to the track rails, . . .

From the foregoing description of the operation
of the apparatus embodying my invention, it is
readily apparent that I have provided a six-block,
seven indication railway signal system incorpo-

' rating novel and improved decoding apparatus

involving a plurality of code responsive relays
one for each of a plurality of distinctive fre-
quencies of alternating current employed. It is
further apparent that my apparatus provides
means for individually conditioning such relays
one at a time to respond to the applied trackway
current.

Although I have herein shown and described
only three forms of railway trafic controlling ap-
paratus embodying my invention, it is under-
stood that various changes and modifications may
be made therein within the scope of the append-
ed claims without departing from the spirit and
scope of my invention.

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

1. In combination with a stretch of railway
track divided into two adjoining track sections
each having the rails thereof supplied with alter-
nating current of one frequency or another coded
at one or another of a plurality of code rates,
two track relays receiving current from the rails
of one of said sections and selectively responsive
one relay to current of one of said.frequencies
and the other relay to current of the other fre-
quency, two code detecting relays one for each
frack relay, means responsive to a code opera-
tion of a track relay for energizing the associated
code detecting relay, a plurality of code selecting
relays each selectively responsive to a different
one of said plurality of code rates, means gov-
erned by each of said track relays for energizing
said code selecting relays, means selectively con-
trolled by said detecting and selecting relays for

3 governing traffic in said one section, and means

also controlled by said code detecting relays for
controlling the frequency of current supplied to
the rails of the other of said sections. C

2. In combination with a stretch of railway
track divided into two adjoining track sections
each having the rails thereof supplied with altér-
nating current of one frequency or snother coded
at one or another of a plurality of code rates,
two track relays receiving. current from the rails
of cne of said sections and selectively resporsive
one relay to current of one of $aid frequencies’
and the other relay to current of the other fre-
guency, -two code detecting relays one for each
track relay, means responsive to ‘s code -opera-
tion of a track relay for energizing the associ-
ated code detecting relay, a plurality of code se-
lecting ‘relays each selectively responsive to a
different one of said pluralify .of code rates,
means governed by eéach of said track relays for
energizing said code selecting relays, means se--
lectively controlled by said code detecting and
selecting relays for governing traffic in said one
section, and means also controlled by said code
selecting relays for governing the code rate of
the current supplied fo the rails of the other of
said sections. .

3. In combination’ with a stretch of railway
track divided into two adjoining track sections
each having the rails thereof supplied with al-
ternating cutrrent of one frequency or anothéer
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coded at one or another of a pluralily of code
rates, two track relays receiving current from
the rails of one of said sections and selectively
responsive one relay to current of one of said
frequencies and the other relay to current of the
other frequency, two .code detecting relays one
for each track relay, means responsive to a code
operation of a track relay for energizing the as-
sociated code detecting relay, a plurality of code
selecting relays each selectively. responsive to a
different one of said plurality of code rates,
means governed by each of said track relays for
energizing said code selecting relays, means se-
lectively controlled by said code detecting and
selecting relays for governing traffic in said one
section, and means also controlled by said code
selecting and detecting relays for governing the
code rate and frequency of current supplied to
the rails of the other of said sactions.

4. In combination with a stretch of railway
track divided into two adjcining track secticns
each having the rails thereof supplied with al-
ternating current of cne frequency or anocther
codad at one or another of a plurality of code
rates, two track relays receiving current from
the rails of one of said sections and selectively
responsive one relay to current of one of said
frequencies and the other relay to current cf
the other frequency, two code detecting relays
one for each track relay, means responsive to
a code operaticn of a track relay for energizing
the associated code detecting relay, a plurality
of code selecting relays each selectively respon-
sive to a different one of said plurality of ccde
rates, means governed by each of said track
relays for energizing said code selecting relays,
and mesns jointly governed by said code select-
ing and detecting relays for governing the code
rate and frequency cof current supplied to the
other of said sections.

5. Decoding apparatus for use with a stretch
of trackway which has its track rails supplied
with alternating current of one frequency or
ancther coded at one or ancther of a plurality
of code rates, comprising the combination with
two track relays receiving energy from the track
rails and selectively responsive one relay to cur-
rent of one of said frequencies and the other
relay to current of the other frequency, two code
detecting relays one for each of said track relays,
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and means controlled by a ccde operation of a |

track relay for energizing the associated code
detecting relay; of a plurality of code selecting
relays each selectively responsive to a different
one of said code rates, a decoding transformer
having a secondary winding connected to said
code selecting relays and a primary winding, a
circuit including in series contacts operated by
each of said track relays for energizing said
primary winding with pulses of current corre-
sponding to the code operation of either of said
track relays, and railway traffic governing ap-
paratus selectively controlled by said code de-
tecting and code selecting relays.

6. Decoding apparatus for use with a stretch
of trackway which has its track rails supplied
with alternating current of one frequency or an-
other coded at one or another of a plurality of
code rates, comprising the combination with two
track relays receiving energy from the track rails
and selectively responsive one relay to current
of one of said frequencies and the other relay to
current of the other frequency, two code detect-
ing relays one for each of said track relays, and
means controlled by a code operation of a track
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relay for energizing the associated code detvect- -
ing relay, of a plurality of code selecting relays
each selectively responsive to a different one of
said code rates, a decoding transformer having a
secondary winding connected to said ccde se-
lecting relays and a primary winding, a circuit
including in series a contact operated by said
one irack relay and a contact operated by said
other track relay for energizing sald primary
winding with pulses of current corresponding to
the code operation of either of said track relays,
and railway traffic governing apparatus selec-
tively controlled by said code detecting and code
selecting relays.

7. Decoding apparatus for use with a stretch of
trackway which has its track rails supplied with
alternating current of one frequency or another
coded at one or ancother of a plurality of code
rates, comprising the combination with two code
responsive track relays receiving energy from the
track rails and selectively responsive one relay
to current of one of said frequencies and the
other relay to current of the other freguency,
two code detecting relays one for each of said
track relays, and means controlled by a code op-
eration of a track relay for energizing the as-
sociated code detecting relay, of a plurality of
code selecting relays each selectively responsive
to a different one of said code rates, a decoding
transformer having a secondary winding con-
nected to said code selecting relays and a pri-
mary winding divided into two portions, circuit
means including in series a contact operated by
said cne track relay and a contact operated by

i said other track relay for alternately energizing

said two portions of said primary winding with
pulses of current corresponding to the code op-
eration of either of said code responsive relays,
and railway traffic governing apparatus selective-
ly controlled by said code detecting and code
selecting relays.

8. Decoding apparatus for use with a stretch
of trackway which has its track rails supplied
with alternating current of one frequency or
another coded at one or another of a plurality
of code rates, comprising the combination with
two code responsive track relays receiving en-
ergy from the track rails and selectively respon-
sive one relay to current of one of said frequen-
cies and the other relay to current of the other
frequency, two code detecting relays one for each
of said code responsive relays, and means con-
trolled by a code cperation of a code responsive
relay for energizing the associated code detecting
relay, of a plurality of code selecting relays each
selectively responsive to a different one of said
code Tates, a decoding transformer having a sec-
cndary winding connected to said code selecting
relays and a primary winding divided into two
portions, a circuit for one portion of said pri-
mary winding including two alternate paths one
path of which includes a front contact of said
one ccde responsive relay and the other path of
which includes in series a back contact of said
one code responsive relay and a front contact
of said other code responsive relay, a circuit for
the other portion of said primary winding in-
cluding in series a back contact of each of said
two code responsive relays, and railway traffic
governing apparatus selectively controlled by
said code detecting and selecting relays. -

9. In combination, a section of railway track
having the rails thereof supplied with alternat-
ing current of one frequency or another coded
at one or another of a plurality of code rates,
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- two track relays one selectively responsive to
current of said one frequency and the other relay
selectively responsive to current of said other fre-
Quency, two code detecting relays one for each
track relay, means responsive to a code opera-
tion of a track relay for energizing the associated
code detecting relay, an auxiliary relay, means
controlled by said code detecting relays when
released for causing said auxiliary relay to be
alternately picked up and released, circuit means
controlled by .said auxiliary relay for condition-
ing one or the other of said two track relays
to be energized by current derived from said
track rails according as said auxiliary relay is
picked up or released, and means controlled by
each code detecting relay when energized for
maintaining said circuit means conditioneq to
energize the associated track relay.

10. In combination, a section of railway track
having the rails thereof supplied with alternating
current of one frequency or another coded at one
or another of a plurality of code rates, two track
relays one selectively responsive to current of
said one frequency and the other relay selectively
responsive to current of said other frequency, two
code detecting relays one for each track relay;
means responsive to a code operation of g track
relay for energizing the associated code detecting
relay, an auxiliary relay, means controlled by said
code detecting relays when released for causing
said auxiliary relay to be alternately picked up
and released when said section is unoccupied,
circuit means controlled by said auxiliary relay
for conditioning one or the other of said two
track relays to be energized by current derived
irom said frack rails according as said auxiliary
relay is picked up or released, and means con-
trolled by each code detecting relay when ener-
gized for maintaining said circuit means congi-
tioned to energize the associated track relay.

11. In combination, a section of railway track
having the rails thereof supplied with alternat-
ing current of one frequency or another coded
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at one or another of a plurality of code rates,
two track relays one selectively responsive to
current of said one frequency and the other relay
selectively responsive to current of said other
frequency, two code detecting relays one for each
track relay, means responsive to a code operation
of a track relay for energizing the associated code
detecting relay, an auxiliary relay, means for
momentarily picking up said auxiliary relay when
sald code detecting relays are both released and
said section is unoccupied, circuit means con-
trolled by said auxiliary relay for conditioning
one or the other of said two track relays to be
energized by current derived from said track
rails according as said auxiliary relay is picked
up or released, and means controlled by each
code detecting relay when energized for main-
taining said circuit means conditioned to ener-
gize the associated track relay.

12. In combination, a section of railway track
having the rails thereof supplied with alternat-
ing current of one frequency or another coded
&t one or another of a plurality of code rates,
two track relays one selectively responsive to
current of said one frequency and the other re-
lay selectively responsive to current of said other
frequency, two code detecting relays one for each
track relay, means responsive to a code opera-
tion of a track relay for energizing the asso-
ciated code detecting relay, a slow pick-up, slow
release auxiliary relay, means conditioned by
back contacts of each of said code detecting re-
lays for energizing said auxiliary relay over its
own back contact, circuit means controlled by
said auxiliary relay for conditioning one or the
other of said two track relays to be energized by
current deriveq from said track rails according as
sald auxiliary relay is picked up or released, and
means controlled by each code detecting relay
when ‘energized for maintaining said circuit
means conditioned to energize the associated
track relay.

HERBERT A. WALLACE.



