2,072,079

E. O. BLODGETT

‘March 2, 1937,

CENTRALIZED TRAFFIC CONTROLLING SYSTEM FOR RAILROADS

5 Sheets-Sheet 1

Filed Oct. 13, 1933

. Suoil |
s

_ U019wI¢ pug
ﬂ m m 1v p®31o3utio)
[l Jdayjo ybnoay
+ — sfv|ap bunoig
_.J\PV {J_I\L._ , jod1uoD of
) 4 |
_ WH_ mu.m_

‘-

ATTORNEY

2ees,
o

Y

!

[ v l 7 sfojay
| - Bulioig

_ _
P
Eeg =
R B
] ! | | | L=
P “ _ _ \“A __ m —Juonwoipur ol
I uﬂwmqu IT | u“mnﬂH
.1¢4p\‘_ | | e _\<+$| $52, | sJ¢
1= f | @2 ]
A
el |
i ] |
1 < N
1 =T L mumw g A
— o T Tiawi »
T » ! _ dat qa
. - 1 ‘\ﬁ
| y 7og 1%
m —‘ 4

UONTIC plaly 18414

FIYJQ |0dLUD



March 2, 1937.

CENTRALIZED TRAFFIC CONTROLLING SYSTEM FOR RAILROADS

TR

E

I“‘xi 2

' -~
N 9t ©

<t
piA

BB

7

(Gp]

Fia. 2.
Bt

E. O. BLODGETT

Filed Oct. 13, 1933

1igzzﬁd
29

|

I

[

[

I

|

|

21

2,072,079

S5 Sheets-Sheet 2

|
35}'& 3%

204

| £0 T%&ZM

" Tl () st

thia

ATTORNEY




March 2, 1937. E. O. BLODGETT 2,072,079
CENTRALIZED TRAFFIC CONTROLLING SYSTEM FOR RAILROADS

Filed Oct. 13, 1933 . 5 Sheets—Sheet 3

|

|

|

J'_iM

it

|

|

|

|

|

[

|

I

!

I
e
75 |

|
¢2ME

L
|
I
|

_____________ — t’
N

___________ ____L___%

3ME
¢

T
b br‘

77 4

o
o>
—_———
o
o X
-—‘—Qr——‘——'
N N
P
NN
INVENTOR

BY 4 zj./flégvé
a

ATTORNEY




2,072,079
CENTRALIZED TRAFFIC CONTROLLING SYSTEM FOR RAILRCADS

E. O. BLODGETT

March 2, 1937.

5 Sheets-Sheet 4

662 I | mmm+n . I
| [l N

m _ 1 _moN |60z | |

I e s r A I

1

205

ATTORNEY

Filed Oct. 13, 1933

Mt

|
|
T \\ e “
22162] 002 sy |tz l2b2my [1r2 “
«___m&w ¢ B “
oe2 |
, ﬂH — €22 | gz
Feak _ﬁ
o LnﬂU “ “ | ’
e |.vde
| ﬂ
ﬂﬂ\\\\ﬂ =z
- L “ gaif
T
uo1YIg \ —~+——k
, pug 3o al] _ “Hmm kil w
| SR
SuoIIVIC JBYI0 ¢ mﬂ



2,072,079

CENTRALIZED TRAFFIC CONTROLLING SYSTEM FOR RAILf{OADS
5 Sheets-Sheet 5

E. O. BLODGETT

Filed Oct. 13, 1933

‘March 2, 1937,

7

INVENTO
ATTORNEY

A

BY

S
H
-

“ o=+ ey
I ] I I
o by pdor adey e kg
SN NET sas pd=Z | 3

P

_

_

|

, [
66 “ _
1




[
Ut

2

o3

el

)

Patented Mar. 2, 1937

4

-

NIT

SV d

ED STATES

2,072,079

PATENT OFFICE

2,072,079

CENTRALIZED TRAFFIC CONTROLLING SYS-
TEM FOR RAILRCADS

Edwin O. Bledgett, Rochester, N. Y.,

assignor to

General Railway Signal Company, Rochester,

N. Y.

Application October 13, 1933, Serial No. 693,484

9 Claims.

This invention relates to centralized traffic
contrelling systems for railroads and it more
particularly pertains to the communication part
of such systems.

The present invention contemplates a central-
ized trafiic controlling system of the type in which
the switches and signals at various points along
a railroad system are placed under the control
of an operator in a central control office, in such
a way that the operator may at will change the
positions of the switches, subject to automatic
approach and detector locking circuits which
prevent unsafe gperation of any switch and in
such a way that the operator may at will hold
at stop any of the signals or allow them to clear
dependent upon the position of the associated
switches and also provided the location of trains
makes it safe for such signals to indicate proceed.

In that type of centralized traffic controlling
system where a communication system of the
station selective type is employed, control im-
puisges are transmitted from the conirol office to
the several field stations during separate operat-
ing cycles. Similarly, indication impulses are
transinitted to the control office in accordance
with the positions of the various traffic control-
ling devices at the several field stations and these
indication impulses are transmitted to the con-
tro: office, one station for each operating cycle.

Since the system of the present invention is of
vhe coded duplex type, it is operable through
les of operation for the transmission of con-
trols and/or for the transmission of indications.
When controls are transmitted, a particular field
’wt"or selecting code is first transmitted to select
the desired station and this code is then followed

7 the controls to be fransmitted to the selected
Similarly, when indications are trans-
d, that particular field station which is
ansinitting first transmits its station register-

followed by the transmission of the in-

g nar’le
tions at that station.
The system chosen as one embodiment of the
t invention provides that the control office
i the fleld stations are connected in series by
a stepping line circuit and a message line circuit
compris*'nff three line wires. These three line
es are supplied with energy from an alternat-
current source, preferably lccated in the con-
trol office, aithwouzh such source might be located
anywhere 2ise aleng the communication system.
ernating current energy supplied to each
uif is divided into two branches conven-
referred to as the A branch and the B
This division of circuits is accomplished

(CL 177—353)

by the use of suitable one-way devices, such for
example, as the common copper oxide rectifier so
that the A branch may have current flowing in
one direction only when it is closed and so.that
the B branch may have current flowing in the
opposite direction only when it is closed.

In the present embodiment, the A branch of
the source of energy is connected to the stepping
line circuit for governing the step-by-step opera-
tion required in a selector type system at the
control office and at the several field stations.
This A branch is also selectively connected to the
message line circuit and serves to make up a por-
tion of the code combination formed during the
transmission of controls. The B branch is selec-
tively connected to the stepping line and to the
message line for completing the code combina-
tion used in transmitting controls. In the pres-
ent invention this selective connection of the A
and B branch circuits of the source of energy to
the stepping and message lines for the trans-
mission of controls is applied during the impulse
periods which will be conveniently referred to as
the “on” pericds. The B branch is selectively
connected fo the stepping and message lines dur-
ing the time spaces between impulse periods,
which will be conveniently referred to as the “off”
periods. The A branch is selectively connected
to the message line during the “off” periods.
This connection of the A and B branches to the
stepping and message lines during the “off” pe-
ricds is for the transmission of indications.

For example, when the A branch is connected
to the stepping line circuit, an impulse is applied
to this circuit for energizing the line relays in
the contrcl office and at all field stations in series.
During the time that the stepping line is ener-
gized by way cf the A branch the stepping line
may be energized or deenergized by way of the B
branch as determined by the control code to be
transmitted. Similarly, during the time that the
stepping line circuit is energized by way of the A
branch, the message line circuit may be selec-
tively energized or deenergized by way of either
or both the A and B branches, thus combining
with this selective energization of the stepping
line by way of the B branch to form the control
code.

Likewise, since indications are transmitted
during the “off” periods, the B branch is selec-
tively connected to the stepping and message
lines and the A branch is selectively connected
to the message line during the “off” periods for
energizing or not energizing these lines in com-
binationn for providing the indication code.
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Although it is to be understood that the system
of the present invention may be readily adapted
for use in g system of selective lock-out between
field stations such as disclosed, for example, in
the pending application of T. J. Judge, Ser. No.
613,353, filed May 25, 1932, the present embodi-
ment has been shown as employing the so-called
superiority of code principle between the field
stations. This arrangement provides that all
field stations having new indications to transmit
at the beginning of an operating cycle attempt
to transmit their station registering code calls,
but only that station having the most . superior
code call is successful in transmitting its com-

5 plete code, while all of the other stations drop

out for the remainder of that cycle and again
endeavor to transmit their codes during the next
cycle. In this way, the field stations are allowed
to transmit their indications one station at a
time in a sequence or order determined by the
relative characteristics of the station registering
code calls.

These characteristic features of the present in-
vention thus briefly stated will be explained more

3 in detail in the following description of one em-

bodiment of the invention and various other
features, functions and advantages of a system
embodying this invention will be in part pointed
out and in part apparent as the description
thereof progresses.

In describing the invention in detail, reference
will be made to the accompanying drawings in
which those parts having similar features and
functions are designated in the several views by
like letter reference characters which are gen-
erally made distinctive either by reason of dis-
tinctive exponents representative of their loca-
tion or by reason of preceding numerals repre-
sentative of the order of their operation and in
which:

Fig. 1 illustrates the line circuit arrangement
for a control office and one field station in a sys-
tem embodying the present invention, together
with the apparatus most closely associated with
these circuits. :

Figs. 2 and 2A illustrate the apparatus and
circuit arrangements employed at the control
office for providing means whereby an operator
may govern the switches and signals throughout
the territory served by the communication sys-
tem and for providing means whereby indica-
tions may be received from the various field sta-
tions throughout such territory.

Tigs. 3 and 3A illustrate the apparatus and
circuit arrangements employed at a typical field
station for providing control of a single railway
track switch and for transmitting indications
to the control office, all in accordance with the
present invention.

In considering the circuits illustrated in these
figures in connection with the following descrip-
tion, Fig. 2 should be placed above Fig. 2A and
Fig. 3 should be placed above Fig. 34, with Fig. 3
to the right of Pig. 2 and with correspondingly

5 numbered lines in alignment.

For the purpose of simplifying the illustrations
and facilitating in the explanation, various parts
and circuits constituting the embodiment of the
invention have been shown diagrammatically and

certain conventional illustrations have been em- .

ployed. The drawings have been made more
with the purpose of making it easy to understand
the principles and mode of operation rather than
with the idea of illustrating the specific con-
struction-and arrangement of parts that would be

2,072,079

employed in practice. Thus, the various relays
and their contacts are illustrated in a conven-
tional manner and symbols are used to indicate
the connections to the terminals of batteries or
other sources of current instead of showing all
of the wiring connections to these terminals.
The symbols (+) and (—) are employed to
indicate the positive and negative terminals re-
spectively of suitable batteries or other sources
of electrical energy and the circuits with which
these symbols are used always have current flow-
ing in the same direction. It should be noted
that the present embodiment employs direct cur-
rent at the control office and at the field stations
for energizing the local circuits while alternating
current is employed for energizing the line cir-
cuits. However, it might be expedient to em-
ploy alternating current for the local circuits
and in such event, the usual engineering ex-
pedients may be employed in adapting the oper-
ation of the system to an alternating source of
energy. When alternating current is used in
place of direct current, the particular symbols
employed as representing local sources of energy

should be considered as indicating the relative =

instantaneous polarities of the alternating cur-
rent source substituted for the direct current
source. The symbols (B}+) and (B—) are em-
ployed to indicate the positive and negative ter-

minals respectively of suitable batteries or other -

sources of current having mid-taps designated
(CN). The circuits with which these symbols
are used may have current flowing in one direc-
ticn or the other depending upon whether ter-
minal (B4) or (B—) is used in combination with
the center tap (CN).

Communication system.—The general plan of
organization of the system may be best under-
stocd by referring to Fig. 1 of the drawings which
discloses the line circuits with the most closely
associated apparatus. It is fto be understood
that the system may be extended fo include as
many field stations as necessary for the proper
supervision of the territory allotted to a particu-
lar contrel office but for convenience in disclos-
ing the present invention only a first field station
has keen illusirated.

The line wires 8, {8 and {2 connect the control
office with the first field station and similarly,
these line conductors extend from the first to
the second field station and so on to the end
of the system where they are connected together
to provide closed circuits for conductors 8, 10
and (2. Although the control office has been
shown located at one end of the system, it is to
e understcod that it may be located at any in-
termediate point or at the opposite end of the
system since the present system is of the coded
type employing a superiority of code between
field stations.

The line circuit is energized in the control office
from a suitable source of alternating current in-
dicated as being connected to the primary of
transformer TR with one terminal of the second-
ary of this transformer permanently connected
to common conductor {2, while the other terminal
is selectively connected to conductor 10 and mes-
sage conductor 8. The alternating current may
have the usual sine wave form and may have a
frequency distinctive from the usual power lines
in order to avoid interference.

The stepping line circuit including conductor
18 includes 2 line relay ¥ at the control office in
series with a rectifier unit RA and a line relay F!
at the field station in series with a rectifier unit
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{RAL These line relays are of the neutral type
and it will be understood that similar relays and
rectifiers are connected in the stepping line con-
ductor at the other stations. Line {8 also in-
cludes a front contact {4 of a pulsing relay EP
in the control office. Branch B of line {8 at the
field station includes a rectifier unit {RB! in
series with a message relay {ME! and certain con-
tacts, the purpose of which will be described later
in the specification. Branch B of line {8 in the
control office includes a message relay (ME in
series with a rectificr unit RB and contacts oi
certain relays, the purpose of which will be later
explained.

Branch A and branch B in the control coffice
are each connected through message relays 2ME
and SME respectively to message line conductor 8
by the operation of certain relay contacts which
will be thorcughly discussed. At the field station,
the message line conductor is connected in series
with message relay 2ME! and rectifier unit 2RAL
The message line conductor is likewise connected
to message relay SME! in series with rectifier
unit 2RBL. This connection of relays 2ME! and
aIE! in series with message line conductor 8 is
controlied by certain relay contacts as will be
later explained.

T will be understood that the T and ME relays
at the control office and at the varicus field sta-
tions are controlled over the line circuits by hall
cycles of alternating current or in other words
puisating current. For greatest efilciency, these
relays may be designed with such characteristics
that they will operate without undue chattering
or vibration of the armature, although the con-
ventional direct current telephone type relay will
operate satisfactorily. An expedient employed to
provide proper operation of these relays may in-
clude shunting the relay windings with suitable
resistors, rectifier units or by a resistor and a
condenser in series. Likewise, a special design of
the magnetic circuits of these relays may be pro-
vided to hold over the relay armature between
successive energizations of its windings on suc-
Cess ve waves of the alternating current.

nirol ofice equipment——The control office
(see Tigs. 2 and 2A) includes a control machine
aving o groun of control levers for each of the
eld snat;o 18, 2 miniature track layout corre-
gponding in every way to the actual track layout
in the field and varicus indicating lamps or
equivalent devices, together with the apparatus
and circuits to accomplish the functioning of the
system.

That part of the control office lustrated shows

mors particularly those devices of a control ma-
chme which are typical of the apparatus asso-
ciated with a single field station having a track
switch, a cross-over or the like, together with the
general transmitting apparatus used in common
by all such field stations.

The apparatus for cne track switch includes a
signal control lever SGL, a starting button $B, a
minature track switch point #s and track switch
position indicating lamps N and R. Similarly a
svwiteh control lever or levers (not shown) would
alsc be associated with the apparatus of the same
field station, but these devices have been cmitted
for convenience in the description since the con-
trol of the signals by lever SGL: may be con-
siderad as typical of the control of cother traffic
controlling devices.

The movement of the signal lever to one ex-
rreme position or the cther, or when this lever is
1eft in its neutral position, followed by the actua~-

nalf

L’hx_"i‘

3

tion of the starting button resulis in clearing the
corresponding signals at the field station asso-
ciated with the starting button, or puiting the
signals to stop in accordance with the position of
the signal contrel lever, through the medium of
the communication system of the present inven-
tion. The momentary actuation of the starting
bubton SB is preferably stored by a suitable stor-
ing relay (not shown) which in turn picks up the
corresponding code determining relay CD for the
asscciated siation. Such control has merely been
ingdicated in order to simplify the present dis-
closure.

The storing relays for each starting button and
their respective ccde determining relays are so
interlocked that irrespective of the number of
storing relays thet are encrgized simultaneously
or in rapid succession for the transmission of
controls to their respective field stations, only

one code determining relay for a particular sfation

may he picked up during any cne particular cycle
of operations. This interlocked bank of relays is
so arranged that if several storing relays are up at
the same iime their corresponding code deter-
mining relays will be picked up successively during
successive operating cycles in a predetermined
order as determined by their location in the code
determining rvelay bank, all of which has bheen
completely disclosed in the prior application of
N. D. Preston et al., Ser. No. 455,304 filed May 20,
1930, corresponding to Australian Patent 1,501 of
1931.
The control office includes a neutral line relay
and its associated line repeating relays {FP and
w'zicl“ epeat each energization and de-
zation of relay F. The line repeating relay
or the purpose of obtaining suitable tiine

Sloew acting relay SA is picked up at
eginning of each cycle and is dropped at the
end of each cycle. 'This relay has such slow
acting characteristics that its pick-up time is
relatively glow compared to the pick-up time of
the neutral releys such as IFP and 2FP for ex-
ample, but the drop-away period of relay SA is
comparatively longer than its pick-up period.

Associated wi"u‘n the line relay and its repeating
relays is a bank of relays inciuding stepping re-
lays iV, 2V, 8V and half step relay VP. This
bank of relays marks off the successive steps of
each cycle of operations. An impulsing relay E
is jointly controlled by the stepping relays and
the half step relay. This impulsing relay, to-
gether with its repeating relay BP, governs the

opering and clesing of the A branch of the cireuit
connection to the stepping line.

The B branch of the A. C. supply is seiectively
connected to the stepping line during eacl_ “on”
period by reason of the deencrgized or energized
condition of the code sending relay ICS. The

BE F’_‘g
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A branch of the A. C. sv‘apw is selectively con-
during each

nected to the message iine
period by reason ¢f Dh\, 4
condition of the cnap
branch of the 4. C. &
nected to the message i
period by reascn cf the deene:
condition of the code sendlx
code sending relays are of tire neutral type and
are energized or left deenergized on each step
in sceordance with the station code call and the
particular conirols to bhe transmitted during a
particular cycle of operations fsllowing the se-
lection of a station.

Message receiving relays {ME, IM
are effective during each “off” peri

elf twum on-
an s ’h “'31’.‘.”
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and 3ME
to position
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on the corresponding step suitable pilot relays
In accordance with their conditions (energized
or deenergized). This conditioning of the mes-
sage receiving relays is determined at the field
station by the particular code transmitted.

For the purpose of illustrating the registra-
tion of a field sfation, only one station relay C
has been shown, which relay is indicated as be-
ing selected in accordance with the character of
the code impulses for the first two steps. In
other words, any suitable pilot relay bank such
as disclosed for example in the above men-
tioned prior application of N, D. Preston et al.,
Ser. No. 455,304 may be employed for register-
ing the station code call and for selecting the
particular station relay C associated with the
calling station. The remaining steps of the cycle
are thereafter effective to register the condition
of the message receiving relays IME, 2ME and
EME for positicning indication storing relays
such as relays {IR and 2IR in accordance with
the indications being transmitted from the reg-
istered field station.

A starting relay ST is provided for causing the
system to initiate a cycle of operations whenever
this relay is picked up with the system at rest.
This relay may be energized by reason of the
presence of any controls to be transmitted from
the control office or by reascn of the presence of
any indications to be transmitted from one or
more field stations.

The control office also includes various sources
of current supply, bus wires and circuit connec-
tions, indicator lamps, terminal boards, over-
load protection and such other devices as may
be required for the proper functioning of such
a system.

Field station equipment~The field station il-
lustrated in Figs. 3 and 3A is typical of all field
stations of this system and may be adapied for
use at the first, second or any other location
by merely altering certain code jumpers and con-
nections to arrange for the desired codes as-
signed to the various locations. For convenience
in describing the present invention the apparatus
iliustrated in Figs. 3 and 3A has been designated
as associated with the first field station by rea-
sen of the distinctive exponent (1) employed
with each of the letter reference characters.

With reference to ¥ig. 3, a turn-out track is
lustrated as connected to a main track by
means of a track switch TS which may be oper-
ated from one exftreme locked position to the
other by a suitable switch machine SM. This
switch machine is governed by a switeh control
relay (not shown) which is controlled from the
conirol office through the medium of the com-
munication system herein disclosed.

Suitable signals (not shown) are associated
with the track switch TS for governing trafiic
thereover and are provided with automatic sig-
naling means interrelating the traffic over this
track switch with such other track switches and
track sections as may be associated therewith.
These signals are confemplated as being gov-
erned irom the control office through the medi-
um: of the communication system by control re-
lays such as direction relay DR and stop relay
8 of Fig. 3A.

Certain other devices such as the usual frack
relay, the track battery, as well as the usual lock
relays have been omitted from theé present dis-
closure for the sake of simplifying the drawings
and description.

The communication part ef the system in-

2,072,079

cludes at the fisld station a line relay F and
its associated repeating relays (FP! and 2FP!
all of the neutral type. These relays, like the
corresponding relays in the conirol office, fol-
low each energization and each deenergization
of the stepping line from the A branch of the
source of current supply. Slow acting relay SA!
correspends to relay SA in the control office and
has similar characteristics and functions.

The field station includes a bank of stepping
relays including relays VI, 2V!, 3V! together
with a half step relay VP! arranged and con-

trolled in a similar manner as the stepping re-

lay bank in the control office, with certain ex-
ceptions which will be later explained in detail,

The field station includes a selecting relay SO!
which is responsive to the station selecting code
calls transmitted from the control coffice, so as
to select the corresponding field station and
render this station effective to receive succeed-
ing control impulses whenever the code eall cor-
responds to the one assigned to this field sta-
tion. Similarly, a selecting relay SI? is provided
to be responsive to the code calls transmitted
from the field stations, so that when the resuit-
ing code call corresponds to that assigned to its
station this station will be effective to permit
transmission of indications to the control office.

A change storing relay CHS! is provided to
register a change in any of the traffic controlling
devices at the field station such as the track relay
(ot shown) , the switch repeating relay WP, ete.,
50 that the system will be initiated for the trans-
migsion of new indications when this change stor-

ing relay is picked up. 'The specific control for %

this relay has not been illustrated since it may he
¢f any approved arrangement such as disclosed
in detail in the patent to D. F. DeLong et al. Pat.
No. 1,852,402 issued April 5, 1932. The changse
storing relay when once energized can be deen-
ergized only when its field station has been effec-
tive in registering its code call in the conirol
office.

For the purpose of applying the code call of
the field station by way of the B branch of the
A C. supzly to the stepping line in aceordance
with the positions of station code jumpers 288,
281, a code sending relay {CS! of the neutral
type is provided. For the purpose of applying the
code call of the fleld station by way of the A
branch of the A. C. supply to the message line
conductor in accordance with the positions of the
station code jumpers 268, 281, a code sending relay
2C8! of the neutral type is provided. For the
purpose ¢f applying the code call of the field sta-
tion by way of the B branch of the A, C. supply to
the message line conductor in accordance with the
positions of the station code jumpers 2868, 281, g
code sending relay 3CS! of the neutral type is pro-
vided.

These code sending relays are subject to the
control of the selecting relay SI! so that they are
rendered ineffective during a cycle of operations
in which this field station is endeavoring to trans-
mit, as soon as this station fails to be selected by
reason of the differences between the code call
actually transmitted to the contrsl offce and the
code call assigned to this field station. This con-
trol of the C8 relays by the SI! relay is efected
by shunting the CS relay contacis by back con-
facts on the SI! relay, closed when this latter
relay is dropped.

Relays iME!, ZME! and SME! are effective in
similar branches of the circuits and over similar
line conductors as corresponding relays in the
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2,072,079 5

control office for selectively energizing the select-
ing relay SO! and the selecting relay SI, as well
as controlling the conditioning of the controlled
relays at the selected station in accordance with

& the code combinations received over the commu-~
nication system, all in a manner which will be
explained in detail.

Two rectifiers 1RA! and IRB! (or a single rec-
tifier device with a center tap) are ccnnected in

10 the stepping line circuit at each field station fot
selecting the A and B branches of the A. C. supply
which is connected to the stepping lins. 'Two rac-
tifiers 2RA! and ZRB! (or a single rectifier with
a center tap) are connected in the message line

15 conductor for providing two separate circuit paths
for the A and B branches of the A. C. supply in
connection with the message line conductor at
each field station.

For illustrating the manner in which indica-

20 tions are transmitted from a registered field sta-
tion in groups of three for each step of the siep-
ping relay bank, a switch repeating relay WPt is
provided. The three conditions repeated by this
relay are, first the corresponding switch unlocked,

25 second the corresponding switch locked in its nor-
mal position and third the corresponding switch
locked in its reverse position. The first condi-
tion is indicated by the neutral contact 218 of relay
WP! being dropped and the second and third con-

30 ditions are indicated by the neutral contact 278
up and polar contact 278 of reiay WP! in its left
and right hand positions respectively. For illus-
trating the manner in which controls are trans-
mitted to a selected station in groups of three for
each step, a stop relay S and a direction relay DR
are provided. ‘The three conditions received and
recorded by these relays are, first putting all sig-
nals to stop, second clearing signals east and third
clearing signals west.

40 'The field station also includes suitable bus wires,
cireuit connections, code jumpers and such other
devices as are necessary for a centralized trafiic
controlling system as contemplated in accordance
with the present invention.

45 Tt is believed that the nature of the inveniion,
its advantages and characteristic features, can be
best understood with further description being set
forth from the standpoint of operation.

o
t

50 Operation

The communication system of the present in-
vention is normally in a condition of rest from
which it may be initiated into a cycle of opera-
tions sither from the control office or from any of

55 the field stations when there are new controls or
new indications ready to be transmitied. If new
controls are ready for transmission to several dif-
rerent field stations at substantially the same
time, they are transmitted on separate cycies of

80 cperation, one staticn for each cycle. Similarly,
:f geveral field stations have indieations ready for
transmission at substantially the same time, they
are transmitted from such field stations, one sta-
tion at a time on separate operating cycles.

65  Whenever there are new controls and new in-
dications ready for transmission at the same time,
controls are transmitted to a particular field sta-
tion on the same operating cycle that indications

- are traBsmitted from thg same stafuion or from

70 some other selected station, depending upon the

particular station having new indications to trans-
mit.

Irrespective of whether a cycle of operations is
for the transmission of controls and/or indica-

5 ticns, a predetermined number of time spaced

impulses are applied to the stepping line circuit
by way of the A branch of the source of current
to accomplish the step-by-step operation of the
stepping relay banks at the control office and at
each field station. Each series of impulses in-
cludes a relatively long conditioning impulse at
the beginning of the cycle, while the remaining
impuises of the series are of substantially equal
duration. Also, the time spaces between the im-
pulses of each series are of substantially equal
duration.

The stepping relay bank in the control office
is arranged to take one step for each of the time
spaces of any series of impulses applied to the
stepping line circuit. The stepping relay banks
at the field stations are arranged to take one
step for each of the impulse periods of such
series of impulses. Thus, the stepping relays in
the office are picked up during the “off” periods
and the stepping relays at the stations are picked
up during the “on” periods. The half step relay
VP in the control office is shifted during the
“on” periods, that is, it is picked up and dropped
during alternate “on” periods. The half step
relay VP! at the field station is shifted during the
“off” periods, that is, it is picked up and dropped
during alternate “off” periods. This also refers
of course, to the stepping relays and the half
step relays at other stations since they operate in
synchronism with those at the typical station
illustrated in the drawings.

‘Whenever a cycle of operations is initiated for
the fransmission of controls, the characters of the
impulses placed upon the stepping line circuit by
way of the B branch of the A. C. supply and the
characters of the impulses placed upon the mes-
sage line circuit by way of both the A and B
branches of the A. C. supply during the “on”
periods are determined in accordance with the
station to be selected and the controls to be
transmitted to the selected station, as set up
by the code jumpers and control levers associated
with the corresponding station in the control
cffice.

On the other hand, during a cycle initiated for
the transmission of indications, the characters
of the impulses placed upon the message line
circuit by way of the A and B branches of the
A. C. supply and the characters of the impulses
placed upon the stepping line circuit by way of
the B branch of the A. C. supply during the “off”
periods are determined in accordance with the po-
sitions of the code jumpers at the station to be
registered in the control office and the indication
contacts on the various indication devices at that
station.

If controls are being transmitted alone, then
a non-registering or phantom code is applied to
the stepping and message line circuits during the
indication transmitting periods. If indications
are being transmitted alone, then a non-selecting
or phantom code is applied to the stepping and
message line circuits during the control trans-
mitting periods. When both confrols and in-
dications are being transmitted, the characters
of the impulses during the respective trans-
mitting periods are determined in accordance
with their respective code transmitting means.

Normal condition.—Although the system is il-
lustrated as being in a condition of rest, the mes-
sage line circuit is normally energized by way
of the B branch in order to permit any field
station to initiate the system into a cycle of op-
erations. This energizing circuit extendsfrom the
upper terminal of transformer TR of Fig. 2, com~
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mon line conductor {2 through all of the field
stations in series, returning by way of message
line conductor 288 through 2ll of the field stations
in series, back contact 283 of relay SII, winding
of relay 2ME!, rectifier 2RA!, message line con-
ductor 8, back contact 11 of relay F, winding of
relay ZME and rectifier RA to the other side of
the transformer. It will be assumed that only
the positive half cycles of the A. C. current from
transformer TR flow through the above described
circuit and this circuit is effective to energizz
relay 2ME.

A branch circuit may be traced from message
line conductor 8 in Fig. 2 which extends through
back contact {3 of relay P, winding of relay 3ME
and through rectifier RB to the lower side of
transformer TR. The opposite half cycles of the
A, C. current (for example (—)) flow through
this circuit and this current is effective to ener-
gize relay SME. An additional branch from the
return line conductor at the end field station ex-
tends by way of stepping line conductor 29i
through all cf the field stations in series, back
contact 264 of relay SI!, winding cof relay ME!,
back contact 205 of relay ST, rectifier IRB!,
stepping line conductor (&, back contact (5 of
relay F, winding of relay IME and rectifier RB
to the lower terminal of the transformer TR.
Current during the negative half cycles flowing
over this circuit is effective to energize relay {ME.

Since the above described circuits including re-
lays IME, ZME and 3ME also include corre-
sponding relays IME!, ZME! and 3ME! at the
field station, these latter relays are likewise nor-
mally energized. The remaining circuits of the
system are normally deenergized with but a few
exceptions. Por example, track switch repeating
relay WP! associated with track switch TS is
preferably of the closed circuit type. Also, the
detector track circuit including the usual track
relay, as well as the usual signals-at-stop relay
and the change relay are normally energized but
in order to eliminate undue complications, these
circuits have not been shown in detail, Relay
2CS! is normally energized over a circuit extend-
ing from (4-), back contacts 241, 242 and 243
of relays 3Vi, 2V! and (V! respectively, jump-
er 200, bus 239 and winding of relay 2CS!, to
(—).

Manual starting.—With the system in a condi-
tion of rest, it may be manually initiated into
a cycle of operations for the transmission of con-
trols. To initiate such a cycle, the operator first
positions the control levers for the field station
or stations to which controls are to be trans-
mitted and he then actuates the starting button
or buttons associated with this station or sta-
tions.

For the purpose of considering the operation of
the present invention, it is sufficient to know that
the actuation of starting button SB of Fig. 2, for
example, causes the actuation of code determin-
ing relay CD in its proper turn while the system
is at rest. The response of relay CD, or any other
code determining relay (not shown), closes a
pick-up circuit for starting relay ST extending
from (), back contact 15 of relay SA, front con-
tact 1T of relay CD and winding of relay ST, to
(—=). It will be understood that the bus wires to
which front contact 7 is connected extend to
the remaining code determining relays in the
bank.

The response of relay ST closes a pick-up cir-
cuit for relay E extending from (4-), front con-
tact 18 of relay ST, back contact 19 of relay VP,

2,072,079

lower winding of relay E, back contact 28 of re-
lay IV, back contact 21 of relay 2V and back
contact 22 of relay 3V, to (—). The energiza~-
tion of relay B is repeated by relay EP upon the
closure of front contact 22 of relay E.

The closure of front contact {4 of rclay EP
energizes the stepping line conductor 19 over the
A branch of the A. C. portion of the circuit. This
energizing circuit for the stepping line conductor
extends from the lower terminal of transformer
TR through rectifier RA, relay F, front contact
14 of relay EP, stepping line conductor i8, recti-
fier {RA!, relay F!, conductor 28f extending
through the A branches including the line relays
at other field stations and thence through the tie
at the end field station and by way of common
return conductor {2 to the upper terminal of
transformer TR. This energization of the step-
ping line conductor is repeated at the control of-
fice and at each field station by the response of
the line relays.

The response of the line relays is repeated by
their respective repeating relays {FP and 2FP
in the control office and relays IFP! and 2FP! at
the illustrated field station. For example, relay
{FP is energized upon the closure of front con-
tact 24 of relay I and relay 2FP is energized upon
the closure of front contact 25 of relay (FP.
Relay [FP! is energized upon the closure of front
contact 208 of relay F! and relay 2FP! is ener-
gized upon the closure of front contact 287 of
relay IFPL,

The picking up of the F and FP relays in the
control office and at each field station is repeat-
ed by their respective slow acting relays. For
example, the picking up of front contact 26 of
relay F and front contact 27 of relay IFP in the
control office closes an obvious energizing circuit
for relay SA. The picking up of front contact
208 of relay F! and front contact 288 of relay
{FP! closes an obvious energizing circuit for re-
lay SAl at the field station.

The response of relay SA in the control office
closes a pick-up circuit for relay VP extending
from (4), front contact 28 of relay SA, front
contact 29 of relay F, back contacts 30, 3{ and 32
of relays 3V, 2V and iV respectively and the
upper winding of relay VP, to (—). The picking
up of front contact 33 of relay VP closes a stick
cireuit for this relay which is independent of con-
tacts 30, 31 and 32 of the stepping relays. The
response of relay SA?! at the field station is not
followed by the response of relay VP! until the
following deenergized period of the stepping line
circuit.

Although the station selecting relays SO! and
SI! at the field station are initially conditioned
for selection during the pick-up pericds of their
respective slow acting relays together with the
conditioning of various other devices, such oper-
ations will be considered separately. ~Aftention
is more particularly directed at this time to the
manner in which the stepping line circuit is im-
pulsed with time spaced impulses over the A
branch of the source of supply for marking off
the “off” and “on” periods of the cycle.

Impulsing operation.—As above mentioned, the
first energized period of the stepping line circuit
is provided by the actuation of relay EP as a re-

sult of starting relay ST being picked up. Tike-

wise, the successive energizations of relays F.
IFP and 2FP are effected. Assuming for the mo-
ment that relay VP responds as above pointed ous,
the opening of its back contact {8 deenergizes
relay E. The dropping of front contact 28 of re-
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lay & deenergizes relay EP which in tutn deener-
gizes the stepping line by opening front contact
i4,

t w ill be pomted out at this time that the pick-
ack contact §6 of relay SA deenergizes
ut the dropping of front contact {8
v &7 is not effective te remove the control
of rel a E from the VP and stepping relays. This
is because the closure of front contact 28 of re-
lay SA places (--) potential upon the control
circuits of relay B and maintaing this potential
throughout the cycle of operations.

The deenergization of relay ¥ during the first
“off” period is repeated by relays IFP and 2FP
in succession. Since relay SA is sufficiently slow
acting, its contacts are maintained in their picked
up positions between successive “on” periods of
a cycle although the energizing circuit of relay

’C5
(=]
=N
0 ij

SA is cpened during the “off” periods. The re-
sponse of relﬂy to the first “off” period causes
relay {V to be picked up over a circuit w131ch will

he later pointed out.

The response of relay IV with relay VP picked
up closes an energizing circuit for relay E which
extends from (), front contact 28 of relay SA,
front contact {8 of relay VP, upper winding of re-
lay B, front contact 28 of relay {V and back con-
tacts 21 and 22 of relays 2V and 3V respectively,
to (—). 'The picking up of relay E is repeated by
relay EP which again energizes the stepping line
circuit over the A branch of the source of supply
for marking the beginning of the second “on”
period. )

The second energization of the stepping line
circuit is repeated by relays F, {FP and 2FP as
Lefore. The response of relay ¥ causes relay
VP to be deenergized as will be later explained.
The dropping of front contact {8 of relay VP
opens the energizing circuit of relay E which
drops, followed by the dropping of relay EP which
in turn deenergizes the stepping line (:1rcu1t to
mark the end of the second “on” period and the
beginning of the third “off”” period.

In the embodiment of the present invention,
this impulsing of the stepping line circuit con-
tirues in the above described manner for four
“on” periods separated by “off” pericds to com-
prise a cycle of operations. It will be apparent
that the impulses are time spaced as determined
by the response of the stepping relay bank in the
control office. Briefly, each “on” pericd causes
the aciuaiion of the confacts of relay VP to op-
posite positions while each “off” period causes
the picking up of the next succeeding stepping
relay. The response of relay VP causes the drop-
ping of relays B and EP for deenergizing the
stepping line, while the response of the stepping
relays during each “off” period causes relays E
and EP to be picked up for energizing the step-
ping line with the next impulse. The stopping of
the impulsing &t the end of a cycle by prolonging
the “off” period will be explained in detail when
conzidering the operations effected at the end
of the cycle.

Having pointed out in detail how o scries of
time spaced impulses are applied to the stepping
line circuit through the A branch cf the source
of supply, the response of the stepping relay banks
at the control office and at the fieid stations may
now be considered.

Step-by-step opergiions—~—The stepping oper-
ations will be considered with particular refer-
ence to the stepping relay bank illusirated in the
control office (see Fig, 2), while those excepticns
with regard to the operation of the corresponding

7

stepping relay banks at the field stations will be
pointed out more particularly with reference to
the typical field station (see Fig. 3).

The application of the first impulse to the step-
ping line circuit by way of the A branch of the
source of current supply as repeated by line re-
lay F causes relay VP to be picked up over a cir-

cuit which has been previcusly dPSCLiL‘BQ The
stick circuit closed by front contact 83 of relay
VP has likewise been described.

With the contacts of relay VP picked up, the

pick-up cireuit for stepping relay §V is prepared
so that when the first “off” period is repeated by
the dropping of relay ¥, a pick-up circuit for re-
lay 1V is completed which extends from (4),
back contact 26 of relay F, front contact 34 of
relay SA, front contact 35 of relay VP, back con-
tact 38 of relay 2V and winding of relay 1V, to
(—). Relay {V closes a stick circuit for itself
extending from (), front contact 28 of relay SA,
front contact 87 and winding of relay {V, to (—).

The response of relay |V prepares the circuit
for the differential winding of relay VP so that
when the sscond “on” period is repeated by the
picking up of relay F, relay VP is deenergized and
its contacts are dropped. This differential ener-
gizing circuit for relay VP extends from (4),
front contact 28 of relay SA, front contact 29 of
relay P, back contacts £8 and 3! of relays &V
and 2V respectively, front contact 32 of relay V,
front contact 38 and lower winding of relay VP,
to (—). Since the two windings of relay VP are
energized in opposite directions, the magnetic
flux in the core of relay VP is reduced substan-
tially to zero causing it to release its armature.
The dropping of front contacts 33 and 38 deener-
gize both windings of this relay, therefore it re-
mains in its deenergized position until its pick-up
circuit is again closed.

With relay VP deenergized, the pick-up circiut
for relay 2V is prepared so that when the next
“off”” period (second) is repeated by the dropping
of relay F, stepping relay 2V is picked up over a
circuit which extends from (--), back contact
26 of relay ¥, front contact 34 of relay SA, back
contact 38 of relay VP, back contact 23 of relay
3V, front contact &8 of relay {V and winding of
relay 2V, to (—).. Relay 2V closes g stick circuif
for itself extending from (4), front contact 28
of relay SA, front contact 4 and winding of relay
2V, to (—).

This step-by-step operation continues through-
out the cycle until the last step has been taken
It will be apparent that for each “on” period of
the stepping line circuit by way of the A branch
of the source of supply relay VP is actuated o a
new position, while during each “off” period of
this same circuit the next stepping relay is picked
up. Those stepping relays which pick up at each
step are stuck up until the end of the cycle under
the control of relay SA.

The step-by-step operations of the sitepping
relay banks at the several field stations are iden-~
tical, so that an explanation of this operation in
connection with Fig. 3 may be considersd as
tywpical of all field stations. At each station, the
operation of the stepping relay is made depend-
ent upon station selection as rendered effective
by the selecting relays S0! and 81, for example.
For the purpose of considering the stepping oper-
ation before the station selection function has
keen described, it may be assumed thai at least
one of the selecting relays SO! or SIt is picked up
so that at least one of the front contacts 218 or
24§ will be closed.
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The response of relay SA! at the beginning of
the cycle does not close a pick-up circuit for the
VP relay or for any stepping relay. During the
first “off” period relay F! is dropped for closing
a pick-up circuit for relay VP! which extends
from (+4), front contact 212 of relay SAl, back
contact 213 of relay F!, back contacts 214, 215
and 2{6 of relays 3Vi, 2V! and {V! respectively
and upper winding of relay VP!, to (—), Relay
VP! closes a stick circuit for itself extending from
(+), front contact 212 of relay SA!, front con-
tact 217 and upper winding of relay VP!, to (—).

During the next “on” period (second) ag re-
peated by the picking up of relay F!, a circuit is
closed for picking up relay V! which extends
from (4, front contact 218 or front contact 2it
of one or the other of the station selecting relays,
front contact 218 of relay SAlL, front contact 24§
of relay 71, front contact 229 of relay VP!, back
contact 221 cf relay 2V! and winding of relay V1,
to (—). Relay {V? closes a stick circuit for itself
extending from (-+), front contact 222 of relay
SA!L, front contact 223 and winding of relay [V,
to (—).

The stepping bank takes one step for each “on”
period and relay VP! is actuated to opposite po-
sitions for each “off” period throughout the cycle
as long as the pick-up circuits for the stepping
relays are closed by one ofi the station selecting
relay contacts 210 or 2114,

It is considered unnecessary to point out the
detailed operation of the siepping and half step
relays since they are substantially identical with
similar circuits already explained in connection
with the conitrol office, with the obvious exception
that these relays at the stations operate during
opposite periods from corresponding relays in the
control office.

Station selection for controls—The applica-
tion of impulses to the stepping line circuit has
been explained in detail. In brief, a series of
impulses is applied to the stepping line from
the source of current through the A branch and
each of these impulses includes a series of half
cycles of alternating current. This current flows
in a direction permitied by the rectifying units
RA and IRA! at the control office and at the
field station. For convenience, the half cycles
of A, C. current which flow through the RA recti-
fiers will be referred to as (4-) impulses. This
application of a series of (4) impulses to the
stepping line circuit causes the step-by-step op-
erations.

The half cycles of A. C. current which flow
through the RB rectifiers will be referred to
as (—) impuises. Therefore, the stepping line
circuit may be conditioned during the “on” pe-
ricds by the (—) impulses for the purpose of
the tronsmission of control codes. Likewise, the
message line circuit may bhe conditioned during
the “on” periods by (4) impulses and (—) im-
pulses for transmitiing additional control codes.

The energy selectively applied to the stepping
and message line circuits includes a series of
(+4) and (—) impulses by reason of the oppo-
site arrangement of the RA and RB rectifying
units at the control office and at the illustrated
field station.. It will of course be understood
that the additional field sitations are supplied
with rectifier units connected in the line eir-
cuits in the same manner as illustrated in Fig.
3, but it is believed unnecessary to complicate
the drawings and description by showing these
additional stations.

The energized and deenergized conditions of

the stepping line circuit by (—) impulses dur~
ing ‘“on” periods are employed for the trans-
mission of controls as above mentioned while
the “off” periods of the stepping line circuit are
conditioned by (—) impulses for the transmis-
sion of indications. The conditioning of the
stepping and the message lines for the trans-
mission of indications will be explained later:
It is considered sufficient to know that so far
as the field stations are concerned during a cycle
of operations for the transmission of controls
alone, the stepping and message line circuits are
continuously closed as will be explained more
in detail hereinafter.

As soon as the operator has actuated starting

button SB which results in the response of relay

CD, the code sending relays 2CS and 3CS are
conditioned in accordance with the ifirst code
jumper 42 associated with relay CD. When the

first impulse is applied to the stepping line cir- ¢

cuit causing relay I to open ifs back contact #5,
the stepping line circuit is conditioned by apply-
ing or not applying (—) impulses to the step-
ping line circuit as determined by front contact

47 of relay iCS. More specifically, in the ar- ¢

rangement illustrated in Fig. 2 with jumper
%2 disconnected from bus 43 relay ICS does not
close its front contact 47 and the stepping line
circuit is not energized with (—) impulses.

In the event that jumper 42 is connected in
its right hand dotted position to bus £3, then a
circuit is effective to pick up relay {CS which
extends from (4-), back contact 48 of relay 3V,
back contact 48 of relay 2V, back contact 58 of
relay {V, front contact 51 of relay CD, jumper
42, bus 43 and winding of relay ICS, to (—).
The picking up of front contact 47 of relay 1CS
allows the (—) half cycles of current to flow
over the stepping line circuit. 'This current
flows over a circuit extending from the upper
terminal of transformer TR, conductor {2, con-
ductor 281, back contact 204, of relay SI, wind-
ing of relay IME!, back contact 205 of relay ST,
rectifier IRB, conductor {8, front contact 47 of
relay ICS, winding of relay !ME and rectifier
RB, to the lower terminal of transformer TR.
Current flowing over this circuit is efTfective to
pick up relay {ME! at the field station and re-
lay IME in the control office.

In the alternate conditicn, that is, jumper 42
not connected to bus 43, relay ICS is not picked
up to close its front contact 47 so that the above
described circuit through relays {ME! and (ME
is not completed, with the result that these twe
relays are not picked up during the first “on”
period after relay F drops.

It should be noted at this point that when
relay F is energized, the contrcl! of the coding
impulses applied to the stepping and the mes-
sage line circuits during the “on” periods is
with relays iCS, 2CS and 3CS. For example,
with relay F- energized, back coatact (5 re-
moves the shunt from front contact 47 of relay
fCB, back contact #f removes the shunt from
front contact 83 of relay 2CS and back contact
{3 removes the shunt from front contact 54 of
relay 3CS. Therefore, the (—) impulses are
applied or not applied to the stepping line cir-
cuit as determined by whether relay ICS is
picked up or not. The (4) impulses are applied
cr not applied to the message line circuit ag
determined by whether or not relay 2CS is
picked up. The (—) impulses are applied or
not applied to the message line circuit as deter-
mined by whether or not relay 3CS is picked up.
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On the other hand, with relay ¥ deenergized,
contacts 15, 11 and 13 shunt front contacts 47,
53 and 54 of relays ICS, 2CS and 3CS respec-
tively so that the stepping and message line cir-
cuits may be energized with (—) impulses and
the message line circuit may be energized with
(+) impulses during the “off” periods as de-
termined by the indication code transmitted.

The condition of relay ICS as selected by front
contact 51 of relay CD is maintained until relay
{V is picked up during the first “off” period.
Shortly after the picking up of relay IV, relay
F is picked up (during the second “on” period)
and (—) impulses are applied or not applied

5 to the stepping line circuit by relay [CS being

picked up or not picked up as determined by the
connection of jumper 44 which is selected
through front contact 50 of relay {V and front
contact 52 of relay CD.

Relay 2V is picked up during the second “off”
period ‘and relay {CS is conditioned to impulse
or not impulse the stepping line circuit with (—)
impulses when relay F picks up its back contact
{5 at the beginning of the third “on” period,
as determined by the connection of signal lever
contact 55. This contact is selected by way of
front contact 48 of relay 2V and front contact
56 of relay CD. If contact 55 is in its neutral
position, relay ICS will be picked up to apply
(—) impulses to the stepping line during the
third “on” period, after the picking up of con-
tact 15 of relay F, but if contact 55 is not in
its neutral position, relay ICS will be down so
that (—) impulses are not applied to the step-
ping line after relay F picks up its back contact
{5 in the third “on” period.

Similarly, for each of the remaining steps the
control of relay ICS is shifted from one con-
tact of relay CD to the other so that relay iCS
is picked up or not as determined by control
lever contacts or jumper connections, all in ac-
cordance with the arrangement of these contacts
and connections in the system.

Relay 2CS is connected to bus 45 and this bus
is energized or not energized as determined by
the jumper and control lever contact connections
during separate steps of the operating cycle.
Likewise, relay 3CS is connected to bus 46 which
is selectively conditioned in a like manner as
determined by the jumper and lever contact con-
nections at different steps of the cycle.

If relay 2CS is picked up during an ‘“off”
period by the energization of bus 45 when the
stepping relay picks up during this “off” period,
then the message line circuit is impulsed during
the succeeding “on” period with (4) impulses
over a circuit extending from the lower terminal
of transformer TR, rectifier RA, winding of relay
2ME, front contact 53 of relay 2CS, conductor
8, rectifier 2RA!, winding of relay 2ME!, back
contact 263 of relay SII, conductor 290 and con-
ductor {2 to the upper terminal of transformer
TR. If relay 2CS is not picked up during a par-
ticular “off” period, then when relay F picks up
its back contact !{ during the succeeding “on”
period, the message line circuit is not impulsed
with (4) impulses.

If relay 3CS is picked up during a particular
“off” period, the message line circuit is impulsed
with (—) impulses during the succeeding ‘“on”
period over a circuit extending from the upper
terminal of transformer TR, conductor 12, con-
ductor 299, back contact 226 of relay SI!, wind-
ing of relay 3ME!L, rectifier 2RB!, conductor 8,
front.contact 54 of relay 3CS, ‘winding of relay

3ME and rectifier RB.to.the lower terminal of
transformer TR. In the event that relay 3CS
is not energized when the step is taken during a
particular “off”” period, then since its front con-
tact 54 is not closed, the message line circuit is
not impulsed with (—) impulses during the suc-
ceeding “on” period when relay F picks up its
back contact 13.

It is believed that the above discussion in-
dicates how -the line circuits are impulsed by
combinations of (4) and (=) impulses during

“the “on” periods for obtaining a choice of eight

different combinations per step. It will be re-
called that the stepping line circuit is impulsed
with (1) impulses for controlling the stepping
in the office and at the stations. Therefore, (4-)
impulses applied to the stepping line cannot be
used for -control code combinations. The eight
different control code combinations obtainable
during each “on” period are as listed in the fol-
lowing typical code table:

First typical code table—For first stew

Stepping | Moessage | DMessage
Code Line B Line A Line B
Branch Branch Branch

- 0 0

0 4 0

0 0 —

- + 0

— 0 -—

0 + -

— + -

0 0 I}

In the above table “0” represents an open
jumper which is effective to deenergize the asso-
ciated line ecircuit. “—” and “4” each repre-
sent a closed jumper which is effective to ener-
gize the associated line circuit with “—” and
“1” impulses respectively. The first combina-
tion energizes the {ME relays. The second com-
bination energizes the 2ME relays. The third
combination energizes the 3ME relays. The
fourth combination energizes the IME and 2ME
relays. The fifth combination energizes the
iME and 3ME relays. The sixth combination
energizes the 2ME and 3ME relays. The
seventh combination energizes the IME, 2ME
and 3ME relays. The eighth combination does
not energize any of the ME relays.

The code jumpers and the signal control lever
connected in the combination shown in Fig. 2
of the present embodiment are effective to con-
dition the stepping and message line circuits
during the three ‘“on” periods in accordance
with the following typical code table.

Second typical code table

. First |Second| Third
Line step step step
Stepping B branch ..ol 0 - -
Message A branceh.___ ... + 0 0
Message B branch - 0 0 0

For the purpose of illustration, the code jump-
ers 42 and 44 and the signal lever contact 55 are
arranged to transmit the above combinations in-
dicated for the first, second and third steps.
Front contact 57 of relay CD is not shown con-
nected to a jumper or control lever but it is ob-
vious that this contact can connect to any one of
the buses 43, 45 and 46 so that additional code
combinations may be applied to the stepping and
message line circuits as required. It -will also be
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apparent that more than one ME relay can be
simultaneously energized, for example, relays
IME, 2ME and 3ME (and the corresponding re-
Iays at the stations) to provide the seventh choice
by connecting three jumpers such as jumper 42
to all three buses 43, 45 and 46 for a particular
step.

It is thus seen how the stepping and message
line circuits are conditioned in accordance with
the positions of the three code sending relays dur-
ing the “on” periods of the cycle. The eight com-
binations listed in the first typical code table
above, which are obtainable on each step of the
steépping relay bank, may be expanded so that
the total number of combinations equals eight
raised to the power of the number of steps. For
example, sixty-four different combinations may
be cbtained with two steps. This will be evident
by noting that any of the eight combinations
listed in the above first typical code table can be
used on the second step in connection with each
one of the eight combinations obtamable on the
first step.

These conditions of the two line circuits are
rendered effective at the several field stations so
as to select a particular station in accordance with
the code transmitted and to actuate suitable con-
trol code storing relays in accordance with the
controls transmitted. Before considering how
these conditions of the two line circuits are effec-
tive to select a field station, such as the typical
fleld station illustrated in Fig. 3, in accordance
with the positions of the code jumpers in the con-
trol office illustrated in Fig. 2, it is necessary to
know that the station selecting relays are picked
up at all of the stations during the first “on”
period of the stepping line circuit at the beginning
For example, relay SO! at the first
field station is picked up, as soon as relay F! is
picked up, over a circuit extending from (4),
front contact 227 of relay P!, back contact 228 of
relay SA! and lower winding of relay SO!, to
(—). Similar circuits are effective to pick up the
SO relays at all other stations.

With all of the SO relays picked up, all of the
field stations are then in readiness to be selected
or dropped out. The system .of the present in-
vention employs the familiar Baudot code where-
in the number of selections with a given number
of code impulses, when a choice of eight charac-
ters may be had for each impulse, is equal to
eight raised to the power of the number of im-
pulses. It may be well to note that one eighth of
the stations are selected on the first code impulse
and the other seven eighths are dropped out.
One eighth of those selected on the first impulse
are selected on the second impulse and the other
seven eighths are dropped out. This process of
elimination continues until only one field sta-
tion remains. The code jumpers in the control
office cause the code sending relays ICS, 2CS and
3CS to transmit the code combinations above
noted, t6 which all SO relays are subjected at the

beginning of the code but at the end of the code

only one SO relay remains picked up.

It will now be explained how the station illus-
trated in Figs. 3 and 3A is selected in accordance
with the arrangement of code jumpers 42 and
44 selected by relay CD of Fig. 2. Recalling that
relay SO! was picked up at the beginning of the
first “on” period, it will be noted that both the
pick-up and holding circuits of relay SO! are
open after relay SA! is picked up. The pick-up
circuit is open at back contact 228 of relay SA!
and the holding circuit is open at back contact

2, 072,079

228 -of relay 2FP! and at back contact 280 of re-
lay ¥1. Therefore, relay SO! is dependent upon
its selecting stick circuit for energization.

At the time the stepping line is energized with
(4-) current for providing the first “on” period,
the stepping and message line circuits are coded
as indicated in the ‘“first step” column of the
above second typical code table. 'The stepping
line is not energized with (—) impulses over the
B branch as indicated by the “0” symbol asso-
ciated with this branch at the first step. There-
fore, relay {ME! of Fig. 3 is dropped. The mes-
sage line is impulsed with (4-) impulses over the A
branch during the first “on” period as indicated
by the “--” symbol which is effective to maintain
relay 2ME! picked up. The message line is not
impulsed with (—) impulses over the B branch
as indicated by the “0” symbol which is effective
to drop relay 3ME!. In this discussion it will be
understood that relays similar to IME?, 2ME! and
3ME?! located at all other field stations are con-
ditioned in the same manner as those at the illus-
trated field station.

It will be pointed out at this time that the field
station code jumpers such as 206 and 20! con-
nect to the buses which lead to relays 1CS?, 208!
and 3CS! in the same order that the code jumpers
such as 42 and 44 of Fig. 2 connect to the buses
which lead to relays iCS, 2CS and 3CS. In.other
words, the combination of code jumpers associ-
ated with a particular energized CD relay will
cause the selection of a field station having its
code jumpers connected in the same combination.

With relay IME! down, relay 2ME! up and
relay 3ME! down during the first “on” period
as above described, relay SO is maintained ener-
gized by reason of a selecting stick circuit ex-
tending from (4), back contact 231 of relay 1CS!,
back contact 232 of relay IME!, front contact 233
of relay 2CS!, front contact 234 of relay 2ME!,
back contact 23@ of relay 8CS!, back contact 236
of relay 3ME!, front contact 237 and upper wind-
ing of relay SO1, to (—). It will be noted that
relay ICS! is not picked up because there is no
jumper connection for energizing bus 238 during
the first “on” period. Relay 2CS! is picked up
over a circuit extending from (4-), back contact
241 of relay 3V1, back contact 242 of relay FATEN
back contact 243 of relay V!, jumper 208, bus 239
and winding of relay 2CS?, to (—). Since bus 240
is not energized, relay 3CS! is not picked up.

It will be obvious that at all other field stations
where the code jumpers corresponding to jumper
200 are connected to buses similar to 239, the
selecting stick circuits for the SO relays will be
completed. On the other hand, at all other field
stations where the code jumpers corresponding to
jumper 280 are connected either to the buses
corresponding to 238 or 240, the selecting stick
circuits for the SO relays at those stations will
be opened.

The first “off” period is repeated by the drop-
ping of relays F1, IFP! and 2FP! at the first field
station. Similar relays at all other field stations
of course are likewise dropped. 'This.completes
a holding stick circuit for relay SO! extending
from (), front contact 264 of relay SAl, back
contact 230 of relay F! in multiple with back con-
tact 229 of relay 2FP1, front contact 244 and lower
winding of relay SO3, to (—). Therefore, at the
beginning of an “off” period, back contact 230 of
relay F1 initially closes the holding stick circuit
of relay SO! before relay IV in the control office
shifts the control of the CS relays to the second
code. During the “on” period, the back contact
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2,072,079

228 of relay 2FP! finally opens the holding stick
circuit of relay SO! but this does not occur until
the code selecting relays 1CS, 2CS! and 3CS! and
the message receiving relays IME!, ZME! -and
3ME! at the field station have been conditioned,
in accordance with the code applied to the line
during this “on” period.

The application of the second impulse to the
stepping line for providing the second “on” pe-
riod is repeated by the picking up of relays F!
{FPl and 2FP! The code for the second step
as indicated in the typical code table results in
energizing the stepping line with (—) impulses,
in not energizing the message line with (4-) im-
pulses and in not energizing the message line
with (—) impulses. This results in relay IME!
at the field station being up and relays 2ME! and
2ME! being down. Relay ICS! is picked up over
a circuit extending from (4), back contact 241 of
relay 3Vi, back contact 242 of relay 2Vi, front
contact 243 of relay {V1, jumper 201, bus 238 and
winding of relay ICS!, to (—). 'Neither relay
2CS! nor relay 3CS! is energized during the sec-
ond “on” period because buses 239 and 240 are
deenergized.

The selecting stick circuit for relay SO! is now
completed from (4), front contact 231 of relay
{CSt, front contact 232 of relay {ME1, back con-
tact 233 of relay 2CS!, back contact 234 of relay
2ME!, back contact 235 of relay 3CSi, back con-
tact 236 of relay SME!, front contact 237 and up-
per winding of relay SO, to (—).

At all of those stations having code jumpers
similar to 201 connected tobuses similar to 238, the
SO relays are maintained energized over their se-
lecting stick circuits which are similar to that
described in connection with the illustrated sta-
tion. At those stations having code jumpers sim-
ilar to 201 connected to buses similar to 239 and
240, the selecting stick circuits of the SO relays
are not completed because there will be a lack
of correspondence between one or more of the
pairs of relays similar to 2CS!, 2ME!, 3CS! and
3MEL,

The end of the second “on” period and the be-
ginning of the second “off” period is marked off
by the dropping of relays FL, IFP! and 2FP!. The
holding stick circuit above described in connec-
tion with relay SO! is again completed at the
illustrated station. In the present embodiment,
station selection is illustrated as being accom-
plished during two steps of the cycle so that at
this time only relay SO! of Fig. 3 will be in its
energized position.

The end of the second “off” period and the be-
ginning of the third “on” period is marked off by
the picking up of relays F1, {FP! and 2FP!. Be-
fore relay 2FP! picks up its back contact 229 to
open the holding stick circuit of relay SO?, a per-
manent stick circuit is established for relay SO
Relay 2V1 is picked up during the third “on” pe-
riod before relay 2FP! is picked up so that the
permanent stick circuit is established from (),
front contact 245 of relay 2V1, front contact 244
and lower winding of relay SO!, to (—). - This
permanent stick circuit is of course effective
until the end of the cycle when the stepping re-
lays are dropped at which time relay 2V drops
its front contact 245.

Transmission of controls—From the above de-
scription, it will be seen how a station may be

selected when the code call of that stationagrees

with the code call transmitted over the stepping
and message line circuits during the “on”.periods.
Assuming that the field station illustrated:in
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Fig. 3 has been selected by its relay SO! remain-

ing in an energized position until relay. 2V! is
picked up, the application of the third impulse
is repeated by relays F!, {FP! and 2FPL .The
code impulses applied during the third “on” pe-
riod are in accordance with the position of lever
SGL in the control office, for example, and with
this lever in the position illustrated in Fig. 2,
this code combination is as follows: Stepping
line energized with (-) impulses, message line
not energized with (4-) impulses and message
line not energized with (—) impulses. This is
due to relays 2CS and 3CS not being picked up
on this step because contact 55 is in its neutral
position. Relay ICS is picked up over a circuit
extending from (J-), back contact 48 of relay 3V,
front contact 49 of relay 2V, front contact 56 of
relay CD, contact 55 of the signal control lever
in its neutral position, bus 42 and winding of relay
ICS, to (—).

This code combination results in relay (ME!
being ‘energized, relay 2ME! being deenergized
and relay 3ME! being deenergized. At this step
the code selecting relays at the field station have
no function because the station has been selected
prior to this step.

At the time relay 2V! is picked up during the
third “on” period, circuits are prepared for exe-
cuting the control condition by closing front
contacts 250 and 25{.  During the third “on”
period the executing circuits are completed when
relays FLl and 2FP! pick up. Since lever SGL in
the ‘control office is shown in a position for put-
ting signals to stop at the selected station, this
particular condition will be executed in the as-
sumed example. More specifically, a circuit is
closed which actuates polar contact 252 of the
stop relay S to its right hand dotted position
which circuit extends from (B--), front contact
265 of relay F1, front contact 263 of relay 2FP!,
front contact 246 of relay SO1, front contact 252
of relay IME!, back contact 266 of relay 3V!,
front contact 250 of relay 2V! and winding of
relay S, to (CN). Although the detailed circuits
have not been shown, it wiil be understood that
the actuation of contact 252 to the right com-
pletes suitable circuits for putting the sighals
to stop.

During the third “off” period relay F! is dropped
so that the above mentioned executing circuit to
relay S is deenergized. From the above example
it will be seen how s particular control code is
transmitted. It is not believed necessary to de-
scribed in detail the transmission and reception
of other control codes although it will be briefly
explained how the two additional code combina-
tions which are possible for a single step may be
used for clearing signals east and for clearing
signals west.

If, for example, relay 2ME! remains picked
up throughout the third “on” period (due to relay
2CS in the control office being energized by lever

"SGL in its right hand dotted position), then a

circuit is closed for energizing relay DR which
extends from (B--), front contact 285 of relay
1, front contact 263 of relay 2FP!, front contact
246 of relay SO, front contact 247 of relay 2ME!,
back contact 258 of relay 3V!, front contact 28!
of relay 2V! and winding of relay DR, to (CND.
Relay DR actuates its polar contact 259 to the
right. A circuit is also closed for actuating con-
tact 252 of relay S to the left extending from
(B—), front contact 257 of relay F?, front contact
256 of relay 2FPL, front contact 253 of relay SO,
back:contact 262 of relay: IME!, back contact 266
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of relay 3V1, front ¢ontact 250 of ¥élay 2V! and
Wwinding of relay S, to (CN). This energizes con-~
ductor 219 for clearing eastbound signals.

On the other hand, if relays IME! and 2ME!
are not picked up during the third “on” period
(because relays {CS and 2CS in the control office
are deenergized by lever SGL in its left hand
dotted position) then relays S and DR will be
positioned to the left because (B—) is applied
to both these relays through back contacts 262
and 247 of relays IME! and 2ME! respectively.
This obviously clears westbound signals by ener-
gizing conductor 268.

End of operating cycle—The operation of the
system during a cycle has been explained in de-
tail and it will now be pointed out how the sys-
tem is returned to normal. As previously men-

‘tioned, the stepping relay bank in the control of-

fice takes one step for each “off” period. Thus,
the picking up of relay 3V during the third “off”
period causes the fourth energization of the step-
ping line with (+) impulses. This in turn
causes relay VP to drop for causing the fourth
deenergization of the stepping line. This fourth
deenergized or ‘“off” period dces not result in
again picking up relays E and EP because with
relay VP down and relay 3V up there is no cir-
cuit for energizing either winding of relay E.
This produces a prolonged ‘“off” period which
allows relay SA in the control office to drop its
contacts. The dropping of front contact 28 of
relay. SA deenergizes all of the stepping relays
and prevents the picking up of relay E. The
closing of back contact 18 of relay SA permits
the starting relay ST to be conditioned in readi-
ness for the initiation of another cyele. The
picking up of relay 3V prior to the dropping of
relay SA causes relay CD to be deenergized by
means of a circuit which is not shown but which
may be the same as disclosed, for example, in
the prior application of M. 1. Preston et al., Ser.

MNo. 455,304 filed May 24, 1930. :

At the field station, the system is similarly re-
stored to normal by the prolonged “off” period
dropping the sfepping relays when relay SAl
drops its front contact 222. The deenergization
of the stepping relays opens the holding stick
circuit of relay SO! by reason of open front con-
tact 245 of relay 2Vi.

The system is now in condition for the initia~
tion of another cycle either from the control of-
fice or from a ilield station. i

Indications—As previcusly mentioned, indica-
tions may bhe ready for {ransmission at a field
station at the same time that confrols are ready
for transmission from the control office. The
system is so arranged that simultaneous two-way
or duplex transmission of controls and indica-
tions may occur during each cycle of operations.
However, for coavenience, the transmission of
controls has been considered separately and the
transmission of indications will also be consid-
ered separately with the duplex operation con-
sidered under a secparate heading.

It also may happen that there are several field
stations which may have indications ready for
transmission at the same time and they are reg-
istered in the control office one at a time in an

order determined by the relative characteristics

of their code calls. This feature of determining

the order of station registration by the superior~

ity of code plan will also be considered under a
separate heading. The transmission of indica-
tions from the single typical station illustrated
in Figs. 3 and 3a will be considered at this time.

2,072,079

Automatic starting.—A chahge it the Dosition
of a controlled device or the automatic change
of a traffic indicating device, such as the usual
track relay, causes the system to be initiated by
the energization of change storing relay CHS!.
As soon .as relay CHS! is picked up, a pick-up
circuit is closed for starting relay ST! which ex-
tends from (4), back contact 222 of relay SA!,
front contact 267 of relay CHS! and winding of
relay ST1, to (—). Relay ST! thus being picked
up causes the normally energized B branch of the
stepping line circuit to be opened at back con-
tact 205 so that all of the IME relays are
deenergized. The dropping of relay IME in the
control office closes a pick-up circuit for starting
relay ST extending from (4), back contact 16
of relay SA, back contact 58 of relay {ME and
winding of relay ST, to (—).

~The response of front contact 18 of relay ST
causes the system to be initiated and a series of
(4) impulses is applied to the stepping line cir-
cuit as previously described for marking off the
stepping operations of the cycle. During this
cycle, it will be assumed that no controls are be-
ing transmitted, therefore, none of the code
sending relays {CS, 2CS and 3CS in the control
office are picked up so that during the “on” pe-
riods the stepping line circuit is not energized
with (—) impulses and the message line cireuit
is not energized with (—) or (4) impulses.

Such a code of no (=) impulses applied to the
stepping line and no (4) or (~) impulses ap-
plied to the message line during the “on” periods
of the eycle results in dropping out all of the SO
relays at the field stations. This is because no
field station has such a code combination as-
signed to it, since this code combination cor-
responds to the phantom code. This occurs ir-
respective of the fact that all the SO relays are
picked up at the beginning of the cycle in the
usual manner. The step-by-step operations oc-
cur in the manner previously described so that
a description of this portion of the cycle need
not be repeated. A description of the registration
of the particular transmitting station will now
be given.

Station registration.—The application of the
first () impulses to the stepping line circuit is
repeated by the P relays at the control office and
at the field stations. The closure of the front
contacts of the line relay at the station which has
initiated the system (assumed to be the station
illustrated) causes relay SI! to be picked up over
a circuit extending from (), front contact 2217
of relay F, back contact 268 of relay SA!, front
contact 269 of relay CHS! and lower winding
of relay SI!, to (—). A holding stick circuit is
closed for relay SI! extending from (4), front
contact 264 of relay SA1, front contact 230 of re-~
lay F!, front contact 271 and lower winding of
relay SIE, to (—). .

The picking up of relay F! is repeated by the
sequential energizations of relays FP! and 2FP1,
The closure of front contact 229 of relay 2FP!
bridges front contact 286 of relay ¥ so that the
closure of front contact 238 of relay R initially
closes the holding stick circuit for relay SI! while
the front contact 229 of relay 2FP! finally apens
this holding stick circuit at each step. This op-
eration is analogous to the operation of relay
SO except that the holding stick circuit for re-
lay SOt is closed during deenergized periods of
the line while the holding stick circuit for relay
SI! is closed during the energized periods of the
line, ) :
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After the predetermined time measured.off by
the picking up of relay SA?, the pick-up circuit of
relay SI! is opened at back contact 268 of relay
SAL, but since this contact is of the follow-up type
the holding circuit through front contact 264
is closed before the pick-up circuit is opened.

It will now be assumed that relay SI! is main-
tained energized by reason of the faet that the
code call impressed upon the line circuits during
the “off” periods corresponds to the code call of
the illustrated station, since it is assumed that
this is the only station which is transmitting. As
soon as the (4) impulses are removed from the
stepping line circuit, relay F! drops its contact
230 and shortly thereafter relay 2FP! drops its
contact 229 for deenergizing the holding stick cir-
cuit of relay SIY, Before contact 229 is dropped,
however, the selecting stick circuit of relay SI! is
completed. Since jumper 200 is connected to bus
239 for picking up relay 2CSi, the message line
circuit is energized with (4) impulses during the
first “off”” period for picking up relays 2ME!
and 2ME. This circuit extends from the upper
terminal of transformer TR, conductor {2, con-
ductor 290, front contact 272 of relay 2CS?,
winding of relay 2ME!, rectifier 2RA1, conductor
8, back contact Il of relay F, winding of relay
2ME and rectifier RA to the lower terminal of
transformer TR.

Since buses 238 and 240 are deenergized at this
time, relays 1CS! and 3CS?! are down so that the
stepping line circuit is not energized with (—)
impulses and the message line circuit is not en-
ergized with (—) impulses. This is becauses dur-
ing the “off” period front contacts 224 and 274 of
relay F! are dropped and front contacts 225 and
215 of relays ICS! and 3CS! respectively are
dropped. Of course, back contacts 204, 203 and
226 of relay SI! are gpen at this time. Front con-
tact 273 of relay F! is also open but this contact is
bridged by front contact 272 of relay 2CS! to
energize the 2ME relays as above described.

The selecting stick circuit for relay SI! is now
completed from (+4), back contact 231 of relay
{CS, back contact 232 of relay {ME!, front con~
tact 233 of relay 2CS!, front contact 234 of relay
2ME!, back contact 235 of relay 3CS!, back con-
tact 236 of relay 3ME!, front contact 276 and
upper winding of relay SII, to (—).

When relay F! picks up at the beginning of the
second “on’ period, the holding stick circuit for
relay SI! is closed at front contact 238 so that
relay SI! is maintained energized during the “on”
period. Relay {V! is picked up during the second
“on’’ period and its contact 243 switches from
jumper 200 to 201 for energizing bus 238 and
picking up relay ICS!L.

When relays F! and 2FP! drop their contacts
230 and 229 during the second “off” period, the
selecting stick circuit for relay SI! is maintained
energized from (<), front contact 231 of relay
{CS1, front contact 232 of relay I1ME!, back con-
tact 233 of relay 2CS1, back contact 234 of relay
2ME!, back contact 235 of relay 3CS!, back con-
tact 236 of relay 3ME!, front contact 278 and upper
winding of relay SIt, to (—). It will be under-
stood that relay IME! is picked (and relay IME
in the office is picked up) because relay 1CS! has
its front contact 225 clesed for energizing the
stepping line circuit with (—) impulses during
the second “off” period.

Relays P! and 2FP! are picked up during the
third “on” period and reiay 2V! picks up to close
the permanent stick circuit for relay SI!. This
permanent stick circuit is effective to maintain

13

relay SI! energized until the end of the cycle and
extends from. (), front contact 27T of relay
2VL, front contact 271 and lower winding of relay
ST, to (—).

Referring to the control office circuits, it will
be recalled that relay 2ME was picked up during
the first “off” period and relay IME was picked
up during the second “off” period, in series with
corresponding relays at the transmitting field
station. During the first and second “off” periods
this code combination is registered in the con-
trol office on suitable pilot relays which for con-
venience have not been illustrated but which
may be of any suitable type, such as disclosed in
the pending application of N. D. Preston et al,,
Ser. No. 455,304 filed May 24, 1930. It is suffi-
cient for an understanding of the present inven-
tion to know that the conditions of the ME relays
in the control office are executed during each
“off” period to condition a suitable pilot relay
when the F and 2FP relays are deenergized,

During each executing period a circuit is closed
either from (B+4) or (B-—) through back con-
tacts 60 or 62 of relay F, 61 or 63 of relay 2FP,
to front and back contacts of the three ME relays.

- These circuits are then extended by way of the

front and back contacts of the ME relays in the
positions to which they have been actuated by the
code call from the transmitting station, through
selecting contacts §4 to 69 inclusive of the step-
ping relays to the conductors leading to bracket
13 and thence to the particular pilot relays, all of
which will be readily understood.

For example, during the first “off” period with
relay 2ME picked up and relays IME and 3ME
down, a first executing circuit is completed which
extends from (B4), back contact 60 of relay F,
back contact 61 of relay 2FP, front contact 14
of relay 2ME, back contact T! of relay 3V, back
contact 671 of relay 2V and front contact 66 of
relay IV, to conductor 59. Since relay IME is
down at this time, a second executing circuit is
completed which extends from (B-~), back con-
tact 62 of relay F, back contact 63 of relay
2FP, back contact 15 of relay [ME, back
contact 10 of relay 23V, back contact 65 of
relay 2V and front contact 64 of relay IV, to con-
ductor 76. Since relay 3ME is down at this time,
a third executing .circuit extends from (B—)
through back contacts 62 and 63 of relays F and
2FP and thence through back contact 17 of relay

‘38ME, back contact 12 of relay 3V, back contact

69 of relay 2V and front contact 68 of relay 1V,
to conductor 18.

During the second “off” period, with relay IME
picked up and relays 2ME and 3ME dropped,
it will be obvious how (B-Z-) is extended by way
of front contact 65 of relay 2V to conductor 79
and (B—) is extended by way. of front contacts
67 and 69 of relay 2V to conductors 88 and 84.

Following the registration of the code call
impressed upon the line circuits, the station re-
lay C is picked up through the contact selection
of the pilot relays. Relay C corresponds to the
particular station illustrated in Fig. 3 and this
relay connects the indication storing relays,
such as IIR and 2IR associated with this sta-
tion, to buses which are sequentially energized
in accordance with the indications received after
the station is registered.

More specifically, the pilot relays are posﬂ:mned
on the first two steps in accordance with the
polarities applied to the conductors leading to
bracket 73. Buses !, 2 and 3 are energized in
accordance with the indications received on the
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third step since these buses are selected by front
contacts 70, 71 and 72 of relay 3V. Assuming
relay C energized, then upon the third “off” pe-
riod indication buses f, 2 and 3 are energized
with (B4-) or (B—) in accordance with the con-
dition of the three message receiving relays.

With relay WP! of Fig. 3 in the position illus-
trated for indicating the track switch in its nor-
mal locked position, for example when relay
2V! is picked up during the third “on” period,
a circuit is closed for energizing relay 2CS! which
extends from (+), back contact 241 of relay
3V1, front contact 242 of relay 2Vi, front con-
tact 278 of relay WPL, contact 279 of relay WP!
in its left hand position, bus 238 and winding of
relay 2CS!, to (—). During the third “off”” pe-
riod, the dropping of front contacts 224, 213
and 274 of relay F! attempts to deenergize the
line circuits but since front contact 272 of re-
lay 2CS! is closed, the message line circuit is
energized by way of the A branch, that is; with
(4) impulses. This picks up relay 2ME in the
control office and establishes a circuit for ener-
gizing relay 2IR which extends from (B-}), back
contacts 68 and 6! of relays P and 2FP respec-
tively, front contact 14 of relay 2ME, front con-
tact Tl of relay 3V, front contact 82 of relay C,
and winding of relay 2IR, to (CND.

Relay 2IR is positioned to the right and since
the other ME relays are down (B—) is con-
nected to buses | and 3. Bus | is extended by
way of front contact 83 of relay C to the wind-
ing of relay {IR and this relay is positioned to
the left.. A circuit is now closed from (4),
through contact 84 of relay. IIR in its left hand
position and contact 85 of relay 2IR in its right
hand position to energize normal lamp N as an
indication that the corresponding track switch
at the field station is in its normal locked posi-
tion.

On the other hand, if polar contact 279 of re-
lay WP! is in its right hand dotted position,
then relays {CS!, 2CS! and 3CS! remain down
when relay 2V! takes its step. This results in
relays IME, 2ME and 3ME remaining down. A
circuit is closed from (B—), back contacts 62
and 63 of relays F and 2FP, back contact 77T of
relay SME and front contact 72 of relay 3V to
bus 3. This circuit is not shown complete since
it may be used for additional indications. (B—)
is also applied to buses { and 2 because relays
IME and 2ME are down. This positions relays
IR and 2IR to the left for lighting reverse
lamp R.

In the event that relay WP! is in its unlocked
position, then relay 1CS! is picked up for ener-
gizing the stepping line with (—) impulses which
picks up relay IME in the conftrol office. This
extends (B-4) by way of bus | to relay IIR
for positioning this relay to the right. The
(B—) applied to bus -2 will of course position
relay 2IR to the left but neither lamp is ener-
gized with contact 84 in its right hand dotted
position, which is an indication that the track
switch is in its unlocked condition.

After the registration of a sfation and the
transmission -of its indications, the system re-
turns to normal as previcusly described.

It is believed that the above example of reg-
istering the illustrated station in the control
office is sufficient to indicate how other stations
having different combinations of code jumpers
such as 200 and 201 are effective to register
themselves by providing distinctive code calls
for each station, TIf{ is obvious that the same
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code combinations are available for transmitting
inbound codes during the “off” periods as are
available for transmitting outbound codes during
the “on” periods. It will be noted that the
same combinations are obtainable with the code
selecting relays at the field station as are ob-
tained with the code selecting relays in the con-
trol office. Those .combinations in the control
office are made up during the “on” periods when
relay F' has its back contacts £5, {1 and 13 picked
up, while they are made up at the field station
when relay F! has its front contacts 224, 273 and
274 dropped. Thus, a choice of eight combina~
tions for station registration is obtained for the
first step, a choice of sixty-four is obtained for
the second step and so on in the same manner
as described in connection with controls.

It is also believed unnecessary to recite other
examples relating to the transmission of indi-
cations from a registered station, since it is be-

lieved obvious how these indications are effective:
to position indication receiving relays during ad~

ditional steps in the same manner as in the
example cited for the third step of the cycle.

Plurality of stations transmitting.—In accord-
ance with this invention, only one station can
register itself in the control office during an op-
erating cycle regardless of the number of stations
which may have their SI relays picked up at
the beginning of the cycle. The sequence or or-
der in which the stations communicate their in-
dications, one station at a time is determined by
the characteristics of the code calls of these
stations.

With reference to the second typical code table
given above, which is applicable to both station
selection and station registration, a “—” and a
“4” symbol are assigned to represent the ener-
gized condition of the A and B branches of the
message line and the B branch of the stepping
line, while the “0” symbol is assigned to represent
the open or deenergized .condition of these
branches during the “off” periods. The code call
for the first two steps in this table is assigned to
the illustrated station both for outbound and in-
bound transmission. Since the branches indi-
cated in this table are in series circuits, they
may be opened at any field station during the
“off” periods by the code selecting relay front
contacts irrespective of the closed condition of
the corresponding contacts at any other field
station.

In other words, the open condition represent-
ed by the “0” symbol is the most superior con-
dition and any field station having such a code
element in its code call is superior to all other
stations having a “+” or a “—” symbol in its
code call for the corresponding period of the
cycle.

This feature may be more readily understood
by consideration of the code call of the illus-
trated station. It will be noted from the second
typical code table that the B branch of the step-
ping line and the B branch of the message line
are opened while the A branch of the message
line is energized with (4-) impulses on the first
step. This is due to relay 2CS?! being picked up.
Since the polarity of the impulses which ener-
gize these two line circuits is of no consequence
during this portion of the operation, it need only
be considered that these three branches are en-
ergized or not energized as indicated.

Since code jumper 20§ is not connected to bus
238, the B branch of the stepping line is deener-
gized (opened) during the first “off” period.
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Those stations with a “—” code element for the

‘B branch of the stepping line (see second column

of first typical code table) are inferior and can-
not impress their code elements upon this branch
while the illustrated station is impressing its
“0” code element upon this branch. The SI re-
lays at those inferior stations will be dropped out
because those stations can not energize their
IME relays (with suitable exponents) .to effect
correspondence between contacts such as 231 and
232 of relays such as {CS! and IME! The first
code selecting relays such as 1CS! will be picked
up at those stations because jumpers similar to
200 will connect to buses similar to 228, but the
first message relay such as [ME! will not be
picked up because this branch.of the line circuits
cannot be energized.

At the superior stations, the condition (de-
energized) of the B branch of the stepping line
corresponds to the condition of the buses such
as 238 (deenergized) so that correspondence ex-
ists between the relays such as ICS! and. {MEL

Since code jumper 200 is connected to bus 239,
the A branch of the message line is energized
(closed) during the first “off” period. Those sta~-
tions with a “+” code element for the A branch
of the message line (see third column of first
typical code table) on this step are inferior (in-
cluding the illustrated.station) and cannot im-
press their code call elements upon this branch
when a station is impressing its “0” code element
upon this branch.

The SI relays at those inferior stations will
be dropped out ‘because they cannot energize
their 2ME relays (with suitable exponents) to
effect correspondence between contacts such as
233 and 234 of relays such as 2CS! and 2MEL
In the assumed example however, the illustrated
station will not be dropped out if there is no
other station transmitting with a “0” code ele-
ment associated with the A branch of the step-
ping line.

Since code jumper 200 is not connected to bus
240, the B branch of the message line is de-ener-
gized (opened) during the first “off”  period.
These stations with a “—” code element for the
B branch of the message line (see fourth column
of first typical code table) on this step are in-
ferior and cannot impress their .code .call -ele-
ments upon this branch while the illustrated
station is impressing its “0” code element upon
this branch.

The SI relays at those inferior stations will be
dropped out because those stations cannot ener-
gize their 3ME relays (with suitable exponents)
to effect correspondence between contacts such
as 235 and 236 of relays such as 3CS! and 3ME!
The third code selecting relays such as 3CS! will
be picked up at those stations because jumpers
similar to 200 will connect to buses similar fo
240, but the third message relays will not be
picked up because this branch. of the line cir-
cuits cannot be energized.

At the superior stations, the condition (de-en~
ergized) of the B branch of the message line cor-
responds to the condition of the buses such as 240
(de-energized) so that correspondence exists be-
tween the relays such.as 3CSt-and 3ME!

Irrespective of the number of sfations trans-
mitting at the same time, the most superior sta-
tion maintains its SI relay picked up and the SI
relays at the other stations are dropped out in
groups. In the present embodiment, since sta-
tion registration is accomplished with two steps,
it is possible to register any one of 63 stations in
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‘the control office on two steps, that is, eight
times eight minus the phantom station. For the

first step of the cycle, at one-eighth of the sta-
tions, jumpers similar to 2008 will be connected
as shown for the typical field station of Fig. 3.
Therefore, assuming all stations transmitting,
eight stations will maintain their SI relays picked
up during the first step and the remaining sta-
tions will drop out their SI relays. During the
second step, only one-eighth of the selected sta-
tions (one station) will have a jumper 20¢ con-
nected as illustrated in Fig. 3 and this will be the
station which will be finally selected during this
step. The remaining seven stations will be
dropped out on the second step.

It is believed unnecessary to explain in further
detail the manner in which the stations are given
preference over one another in accordance with
their code characteristics as the feature of su-
periority of code has been explained in detail in
the above mentioned application Ser. No. 455,304.
It will be understood that the use of the superior-
ity of code is adaptable to a system arranged in
accordance with the present invention but the in-

-vention is not necessarily limited to such a sys-

tem. It will also be understood that each of the
sixty-three possible stations which may be reg-
istered during two steps in the present embodi-
ment will have code jumpers corresponding to
260 and 20f connected in sixty-three different
combinations, one combination for each station.
Of course, some of these stations will have more
than one jumper corresponding to 200 con-
nected to more than one bus corresponding to
238, 239 and 2408. Likewise, there will be one, two
and three jumpers similar to 201 at the stations
connecting to buses 238, 239 and 240 in all pos-
sible combinations.

Duplex transmission—From the above de-
scription it is apparent that the stepping and
message line circuits are employed for the trans-
mission of controls during the “on” periods of

‘the cycle, as marked off by the energization of the

stepping line with (4) impulses, while indica-

‘tions are transmitted over the stepping and mes-

sage line circuits during the “off” pericds of the
cycle, as marked off by the disconnection of the
() impulses from the stepping line circuit.
This is accomplished in accordance with the
present invention by providing the line relays at
the various stations with front contacts which
shunt the front contacts of the code sending re-
lays during the “on” periods and remove the
shunts from the ccde sending relay contacts dur-
ing the “off” periods. The line relay in the con-

trol office is provided with back contacts which

shunt the front contacts of the code sending re-

‘lays during the “oif” periods and remove these

shunts during the “on’” periods. In other words,
the “on” and “off” conditions of the A branch of
the stepping line circuit for each step are em-
ployed successively for the transmission of con-

‘trols and indications for that step. Thus it is

apparent that the message line circuit and the B
branch of the stepping line circuit accommodates
the transmission of both controls and indications
during the same cycle of operations.

In brief, the SO relays at the field stations are
picked up at the beginning of each cycle of opera-
tions but the SI relays at the stations are picked
up only at the beginning of such cycles as their
stations have indications to transmit. For a
cycle of operations for the transmission of con-

trols alone, a code call is applied to the stepping
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and message line during the “on” periods of each
step for the selection of a station but since the
SI relays are not picked up, their code sending
relays such as {CS!, Z2CS! and 3CS! are rendered
ineffective by back contacts similar to 204, 203
and 226 of relay SI®. Therefore, the code placed
upon the line circuits during the “off” periods of
each step corresponds to a phantom code which
is not assigned to any station and which provides
that no field station will be registered in the con-
trol office.

On the other hand, if the cycle of operations is
for the transmission of both controils and indi-
cations, then the stepping and message line cir-
cuits are conditioned with a particular station
selecting code during the “on” periods and a par-
ticular station registering code during the “off”
periods of the cycle to provide for both the selec-
tion of a field station and the registration of that
field station or some other field station having
indications to transmit. The particular station
registered will be the most superior station among
those having simultaneous indications to be
transmitted.

If the cycle of operations is for the trans-
mission of indications alone, then the code send-
ing relays ICS, 2CS and 3CS in the control office
are effective to condition the line circuits during
the “on” periods with a phantom code which is
not assigned to any field station. Therefore, al-
though the cycle of operations continues for the
transmission of indications, no station is selected
for the reception of controls. It will be obvious
that the phantom. code which is effective during
a cycle of operations is the same code combina-
tion for both a control cycle and an indication
cycle. The indication phantom code which re-
sults in no station being registered in the control
office during a cycle for the transmission of con-
trols alone is provided by the B branch of the
stepping line and the A and B branches of the
message line being de-energized during the “off”
periods at all steps, which periods are otherwise
used for the transmission of indications.  During
the transmission of indications alone, then these
branches of the stepping and message lines are
de-energized during the “on” periods at all of
the steps to provide the control phantom code.

As previously mentioned, the stepping relay
banks at the field station are dependent for their
operation upon the energized condition of at least
one of their selecting relays such as SO! and SI..
Thus, if one field station is being selected for
controls and another field station is being se~
lected for registering indications, the step-by-
step operations occur at both such field stations
but at the remaining field stations of the system
the step-by-step operations discontinue as soon
as a field station fails to be selected.

Thus, duplex transmission is provided by al-
lotting the line circuits to the transmission of
controls and indications during separate condi-
tions of each step by the provision of separate
station selecting means at each station for both
controls and indications and by making the step-
by-step operation at each field station dependent
upon both of its station selecting means. .

It is believed unnecessary to point out in detail
the operations involved for the simultanecus two-~
way transmission of controls and indications
since such operations are merely the simultane-
ous occurrence of the control and indication cy-
cles separately described above.

Having thus described a centralized traffic con-
trolling system for railroads as one specific em-~
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bodiment of the present invention, it is desired
to be understood that this forin is selected to fa-
cilitate in the disclosure of the invention rather
than to limit the number of forms which it may
assume and it is further desired to be understcod
that various modifications, adaptations and al-
terations may be applied to the specific form
shown to meet the requirements of practice with-
out in any manner departing from the spirit or
scope of the present invention except as limited
by the appended claims.

What I claim is:

1. In a remote control system, a plurality of
locations including a control office and a plural-
ity of field stations connected by a plurality of
line circuits, a plurality of code sending relays
at said office and at each of said stations, a plu-
rality of code receiving relays at each of said sta-
tions, means controlled by the code sending re-
lays at any of said locations for positioning the
code receiving relays at all of said stations over
said line circuits, and means controlled by the
correspondence between the contacts of said code
sending relays and said code receiving relays at
a particular station for selecting said station.

2. In a remote control system, a plurality of
locations including a control office and a plural-
ity of field stations connected by a plurality of
line circuits, a plurality of code sending relays at
said office and at each of said stations, a plural-
ity of code receiving relays at each of said sta-
tions, means controlled by the code sending re-
lays at any one of said stations for positioning
the code receiving relays at all of said stations
over said line circuits, and means controlled by
the correspondence between the contacts of said
code sending relays and said code receiving re-
lays at a particular station for permitting said
station only to be registered in said office.

3. In a remote control system, a plurality of
locations including a control office and a plural-
ity of field stations connected by a plurality of
line circuits, a plurality of code sending relays at
said office and at each of said stations, a plural-
ity of code receiving relays at each of said sta-
tions, means controlled by the code sending re-
lays at any one of said locations for positioning
the code receiving relays at all of said stations
over said line circuits, and means controlied by
the correspondence between the contacts of said
code sending relays and said code receiving re-
lays at a particular station for selecting said sta-
tion and for permitting said station only to be
registered in said office.

4. In a remote control system, a control office
and a plurality of field stations inferconnected
by a stepping line circuit and a message line cir-
cuit, a series of stepping relays at said office and
at each of said stations, a source of current,
means at said office for applying a series of time-
spaced impulses of current of selected character
derived from said source to said stepping line cir-
cuit, means responsive to said imptlses for op-
erating said stepping relays at said office and at
said stations in synchronism through a cycle of
operations, control transmitting means at said
office for transmitting codes over said stepping
and said message line circuits to any one of said
stations by said impulses, indication transmitting
means at each of said stations for transmitting
codes over ‘said stepping and said message line
circuits to said office by impulses of selected char-
acter derived from said source, means respon-
sive to said codes for registering messages at said
office and at said stations during the synchro-
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hous operation of said stepping relays, and means
for preventing more than one of said stations
from transmitting its complete code during the
same cycle of operations.

5. In a signalling system, a plurality of loca-
tions connected by a normally closed signal eir-
cuit, means for supplying said circuit with current
impulses flowing alternately in opposite direc-
tions therein, a code signal transmitter at each
of said locations, a code signal receiver at one
of said locations, means responsive to impulses
flowing in a certain direction in said circuit for
operating the transmitters at each of said loca-
tions to a plurality of distinctive positions, means
responsive to impulses flowing in another direc-
tion in said circuit for operating the receiver at
said one location to a plurality of distinctive po-
sitions, and code signal manifesting means at
one of said locations.operative only in response
to the transmitter and the receiver thereat being
in corresponding positions.

6. In a remote control system, a plurality of
locations including a control office and a plurality
of field stations connected by a plurality of line
circuits, means for applying a series of time
spaced stepping impulses of current to one of said
line circuits, stepping mechanisms at said office
and at each of said stations operated in synchro-
nism in response to said stepping impulses, &
plurality of code sending relays at said office and
at each of said stations, a plurality of code re-
ceiving relays at each of said stations, means
controlled over said line circuits by the code send-~
ing relays at any of said locations for positioning
the code receiving relays at all of said stations
at each step of said mechanisms, and means
controlled by a composite code rendered effective
by the correspondence between the contacts of
said code sending relays and said code receiving
relays at a plurality of steps of the stepping mech-
anism at a particular station for selecting that
station.

7. In a remote control system, a plurality of
locations including a control office and a plurality
of field stations connected by a plurality of line
circuits, means for applying a series of time spaced
stepping impulses of current to one of said line
circuits, stepping mechanisms at said office and
at each of said stations operated in synchronism
in response to said stepping impulses, a plurality
of code sending relays at said office and at each
of said stations, a plurality of code receiving
relays at each of said stations, means controlled
over said line circuits by the code sending relays
at any of said stations for positioning the code
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receiving relays at all of said stations at each
step of said mechanisms, and means controlled by
a composite code rendered effective by the cor-
respondence between the contacts of said code
sending relays and said code receiving relays at
a, plurality of steps of the stepping mechanism
at a particular station for permitting said station
only to be registered in said office.

8. In a remote control system, a plurality of
locations including a control office and a plurality
of field stations connected by a plurality of line
circuits, means for applying a series of time
spaced stepping impulses of current to one of said
line circuits,; stepping mechanisms at said office
and at each of said stations operated in synchro-
nism in response to said stepping impulses, a
plurality of code sending relays at said office
and at each of said stations, a plurality of code
receiving relays at each of said stations, means
controlled over said line circuits by the code send-
ing relays at any of said locations for position-
ing the code receiving relays at all of said stations
at each step of said mechanisms, and means
controlled by a composite code rendered effective
by the correspondence hetween the contacts of
said code sending relays and said code receiving
relays at a plurality of steps of the stepping mech-
anism at a particular station for selecting said
station and for permitting said station only to be
registered in said office.

9. In a signalling system, a plurality of loca-
tions connected by a signal circuit, means for
supplying said signal circuit with current im-
pulses flowing alternately in opposite directions
therein, step-by-step mechanisms at each of said
locations, a code signal transmitter at each of
said locations, a code signal receiver at each of
said locations, means responsive to impulses flow-
ing in a certain direction in said signal circuit
for operating the step-by-step mechanisms at
each of said locations to a plurality of distinctive
positions, means responsive to impulses flowing
in said certain direction in said signal circuit for
operating the transmitter at each of said locations
at a particular step of said mechanisims, means
responsive to impulses flowing in another direc~
tion in said signal circuit for operating the re-
ceiver at each of said locations at said particular
step of said mechanisms, and code signal mani-
festing means at each location for maintaining
the signal transmitter for that location in opera-
tion for the next step only if said transmitter and
said receiver assume corresponding positions on
g particular step.

EDWIN O. BLODGETT.
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