2,670,433

C. B. SHIELDS
CAB SIGNAL APPARATUS

Feb. 23, 1954

Filed June 18, 1949

. Xg .. . 3
7 7 L i cxt £3
g , £
- T W [ /2 =9
N Nl = — T A
Al viya||! avia @U.A g §
§734 !
Loneed) /174 i _ - || &9 0
I S V74 . / S
T w8 [ 1 s — M |
: NS A T LT aNLE 4L = (o
o 4 (% , do0sF HA  ad \ITT
—7 1oz 4%&% 227 N.Qw_ |8 Yavers _,MRS
T 2 R a.
701y
our)
Il

HIS ATTOARNEY

2002923y 922SUOdSIY IPo)

LLARSR VAR

sdopnpuy q
dn payard 32404,
oargour-0333}q




Patented Feb. 23, 1954

2,670,433

UNITED STATES PATENT OFFICE

Charles B;
. County, s
. Brake Company,

Shields, Penn Township, Allegheny.
Pa.,  assignor

to. Westinghouse. Air..

a.corporation of Pennsylvania

: .Appli'i:a,tiommnel-s, 1943,{151;1‘&@1 No. 108,027
(CL 246—63)

. Clajms.

- My-invention: relates tq:.cab signal: apparatus,
and more partieularly to apparatus for operating
hath cab signal apparatus:responsive to.coded-en-
ergy.and cab signal:-apparatus. responsive to non-
coded-energy.

There are two general types. of- continupus in-
ductive cab_signal-systems in extensive use, One
System wuses. alternating current coded. by being
periodically interrupted or varied at one or more

code-rates. and: the other system uses.non~-coded .

alternating- current. - In both of these .types of
systems track. circuitsare used, the-traeck circuits
keing provided: with means for supplying: to the
rails at the exit end of-the track section an alter-

nating. eurrent which is governed aceording o .

traffic conditions. in. advance of the section. Ine
ductors are mounted: on. the-train for inductive
relation. with. the rails and: the elsetromotive
forces picked up. by the. inductors, dug to the al-

ternating current flowing. in the rails.are ap- -

plied. to receiving; apparatus. or.recejver respon~
sive to the alternating.electromotive-forces. The
receiver in turn:governs the.cab. signal and-other
train; control devices.

Some. railroads may- have divisions: equipped

with a cab signal system using eoded alternat-
ing.current and other divisions on which a. sys-
tem using nen-coded: alternating -current. is. in-
‘stalled. . On. such a railroad a locometive which
is.to he operated aver: the different divisions must
he.equipped: with both forms; of: receiving. appa-
ratus if the cah signals are. to-be used:.- Again, a
railroad may have a.stretch of trackway. that.is
used by the differently equipped loeomotives: - Al-
50, a railroad having: 2. cab. signal:installation in
which non-coded alternating currentis used may
find-it desirable to convert, such .an . installation
te.a. system. using: coded: alternating current or
vice versa.. The: conversion of .such an, installa~
tion requires some period of-time.and-during the
conversion period - the locomotives -must, - be
-equinped. with both- the old:and-the new form of
receiving apparatus if cab signal.protection. is-to
be obtained during the conversion-period.

In view of the foregoing. conditions, a main -

ckject of my invention is the. provision of im-
breved apparatus which is operable. to. effectively
influence both train earried receiving, apparatus
respensive to coded alternating. current and re-
ceiving apparatus resp -
nating current,

A more specific feature of my invention is the
provision of improved trackway apparatus op-
erable to cyclically supply to-the: rails ofa track
section- alternating - current: having ‘a ‘predeter-

onsive to non-coded alter- :
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mined. root- mean: square value and- alternating
current. having a.root mean square value which
is.higher. than said- predetermined value: by . a
given variation. In other words; during one half
of:a code period alternating current of g given
lew energy: level is supplied to the rails and dur-
ing the.second half of the code period alternating
current: of- a given high energy level is supplied
to.the rails, the difference between the low and
high enexrgy levels being at least equal to a, given
predetermined variation. )

. Other features, objegts and. advantages of my
invention will appear as the. specification. pro-
gresses.. i

- In: practicing: the. invention the. locomotives
which operate over- a division of a railroad
equipped with a. coded. cab. signal system would
be equipped with receiving apparatus responsive
to.such. coded: altexnating current and the loco-
motives which opetate over a. division on which a
cab.signal system. using: non-coded energy is in-
stalled would be.equipped with receiving appa-
ratus:. responsive te non-coded: energy. A ter-
ritory. or: streteh of:track which is to be used in
common. by: the different loecomotives would: he
equipped . with trackway anpparatus embodying
the invention and which trackway apparatus is
operable:to supply. alternating current in a form
that effectively. influences both types.of train
carried. receiving apparatus. The track of this
ferritory or streteh that is to be used by all of the

Joeomotives is formed into track sections. each

of-which. is provided with, track circuit apparatus
that includes a.baftery and s, transformer as a
source of: supply, the transformer having three
windings one. of: which is. energized from an al-
ternating current source of g convenient fre-
quency, and the other two of which windings are
used as. secondary. windings. One of the sec-
ondary: windings is. proportioned to supply a rela-
tively low voltage and the other secondary wind-
ing. is proportioned to supply. 2 relatively high

-voltage.. The low voltage secondary winding is

connected.across the rafls in series with, the track
battery over a first position contact of a coding
means... The high voltage secondary winding is
connected across. the rails over g second position
contact of the coding means. Thus a low energy
level slternating. current is superimposed- on the
direct current of the battery during the one half
of each code period that the first position con-
tact of the coding means is closed and alternat-
ing. current of a high energy. level is supplied to
the rails during the second .half of each code
period- that the second. position contact of. the
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coding means is closed. This results in an alter-
nating current flowing in the rails at all times.
During one half of each code period the energy
level of the alternating current is of a low level
and during the other half of each code period
the energy level raises to a relatively high value
there being at least a predetermined variation
between the high and low energy levels of the
alternating current. The low energy level for
the alternating current is made sufficient to ef-
fectively influence the non-coded train carried
receiving apparatus while the variation between
the high and the low energy levels of the two half
code pariods is made sufficient to effectively in-
fiuence the code responsive train carried receiv-
ing apparafus.

1 shall describe one form of apparatus embody-
ing my invention and shall then point out the
novel features thereof in claims.

Tn the accompanying drawings, Fig. 1 is a
diagrammatic view showing one form of appa-
ratus embodying my invention when avplied to
a streteh of railway through which iocomotives
equipped with train carried receiving apparatus
responsive o coded alternating current and loco-
motives squipped with train carried receiving ap-
paratus responsive to non-coded alternating cur-
rent operate. Fig. 2 is a disgram illustrating the
characteristics of the electromotive forces applied
to the train carried receiving apparatus by the
trackway apparatus of Fig. 1.

Referring to Fig. 1, the refsrence characters
{a and b designate the track rails of a railroad
over which traffic normally movss in the direc-
tion indicated by an arrow and which rails are
formed into track sections by the usual insulated
rail joints. Only the one section D—F and the
adiacent ends of the adjoining sections are
-shown since these are sufficient for a full under-

standing of my invention. Each sectlon is pro- -

-vided with a track circuit which includes a track
-relay conneected across the rails at the entrance
-end of the section and & power source meang con-
nected across the rails at the exit end of the sec-

tion. The track relay is a direet currvend code .

following relay identified by the reference char-
acter TR plus 5 prefix corresponding to its loca-
tion. The power source means of each track
eireuit includes a track battery and a track trans-
former together with a coding means. The track
pattery is identified by the reference character
B plus a prefix corresponding to the location and
the transformer is indicated at T plus a prefix
corresponding to the location. The coding
means will be more fully described shortly.

Fach track relay goverus code detecting means
-which as here shown comprises two slow release
relays and a decoding unit, the relays being iden-
‘tified by the reference characters P and H plus
a prefix correspending to the location and the
decoding unit being shown conventionally at
DU. Thus at each junction of the track sections
there is located a trackway apparatus which
comprises the track relay and its associated re-
lays for the section in advance and the power
“source means for the track circuit of the section
to the rear. In addition, the trackway appa-
ratus at each junction location includes an ap-
proach controlled relay which is identified by the
reference character AR plus a prefix correspond-
-ing to the location.

Tooking at the location D, for example, the
track relay DTR for the section in advance con-
trols a slow release relay DP, the relay DP being

supplied with an energizing puise of current from .

10

15

20

30

4

a source, the terminals of which are indieated at
B and N, over a circuit completed at the front
contact 19 of the track relay DTR. A second
slow release relay DH is supplied with an ener-
gizing pulse of current over a circuif including
back contact 18 of the track relay DTR and front
contact 11 of the relay DP. Consequently the
relays DP and DH are recurrently energized in
response to code operation of the relay DTR and
are retained picked up due to the slow release
characteristics of the relays.

The relay DTR also governs a decoding unit
DIT over a contact 18, the arrangement being
such that the decoding unit DU is effectively en-
ergized only when the relay DTR is operated
at a preselected code rate which, as wiil appear
hereinatter, is taken to be a rate of 180 cycles
per minute.

The relay DHE governs the supdly of current
to the track cireuit of section D—E. With relay
DH picked up, & circuit is formed for supplying
coded current to the rails of the section D—E, the
cireuit being traced from the positive terminal
of battery DB through a first secondary wind-
ing 13 of track transformer DT, & front or first
position contact {4 of a coder i88CT, front con-
tact i5 of relay DH, lead wire {8, rail ib of sec-
tion D—E and thence through the rail b, as-
suming that the train shown conventionally ai
TN | is not present in the section D—X, the wind-
ing of track relay ETR at the entrance end of
the seetion, rail faz, lead wire 17 and a limiting
registor 8 to the negative terminai of battery
TR, The coder 188CT may be any onhe of sev-
eral known forins and it is here shown as of
the relay type having an operating winding which
;s continuously suvplied with current from the
BN source, and which coder when thus ei-
ergized is operated to actuate the contact mem-
ber alternately to engage the first position con-
tact 14 and a second position contact 23 af a
selected code rate. Preferably the coder 180CT
is proportioned to operate iis contact member at
a code rate of 180 times per minute, such code
rate being that in common use in cab signal
systems, but some other code rate can be used.
A primary winding 24 of the fransiormer DT is
connected to a suitable source of alternating cur-
rent, the terminals of which are indlcated at BX
and NX through sz circuit completed at back
contact 73 of relay DAR. This source of alter-

‘nating current may be of any suitable frequency

. such as the usual 82 cyecle commercial current,
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or it may be of & frequency of the order of 180
cycles per second which is commonly used in
railway signal installations. Thus, an alter-
nating current pulse from the secondary wind-
ing 18 of the transformer DT is superimposed
on the code pulse of direct current from the bat-
tery DB during the code period that the con-
tact 14 of coder !8S5CT is closed when the ap-
proach confrolled relay DAR is released. The
direct current component of this pulse of energy
supplied to the rails eauses operation of the track
relay ETR, and the altermating current cera-
ponent is available for confrol of cab signals a3
will appear when the operation of the apparatus
is described.

With the track relay ETR for the section D—E
following code, its associated relays EP and EH
are energized and picked up in the same meanner

that the relays DP and DIl are picked up in

response to code operation of the track relay DTR.

_Furthermore, the track relay ETR governs a de-
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coding unit. DU in' the' same: manner: that the
track:.relay DTR governs its decoding umit DU.

- In-. the- event: the. appreach eontrolled. relay
DAR. at location D is deenergized: and released, in
a manner to be explained hereinafter, .2 circuit
for.connecting: the seeondary winding 32 ef the
track transformer DT to: the rails is: completed,
thiseircuit being traced from the right-hand tey-
‘minal of secondary winding 32 through lead wires
33 and {T-to.the rail te, and from .the lefi-hand
terminal of the secondary winding 32.through re~
sistor 34, back contact ‘3¢-of relay DAR, second
‘position. contact 23 of coder. {80CT, front contact
15 of relay DHE and lead wire 46 to- rail 1. Thus,
under.-this condition- of the, apparatus at. the
lecation D, pulses of alternating current from the
secondary winding -32. are supplied to the rails
during the half: code period. that. the coder econ-
tact.23 is-closed. The utility: of this. code pulse
of alternating current. wiil also he explained here-
inafter. S R

-In the event the section in.advance of section
‘D—E is occupied and the track. relay -DTR is
‘shunted, the relays DP and DH are released, and
with relay DH reléased closing its back contact
I8, a. pulse of direct current from the battery
DB-is supplied-to the rails of the szction D—E
through. a. connection which extends from the
positive terminal of battery DB through a front
or.first. position contact 12 of a coder 75CT, back
contact. I15. of relay DH, lead wire (8, rail 15,
track relay ETR, assuming the train TN! is not
present, rail tg.and lead wire 17 and resistor {8
to battery DB.: The coder T5CT is similar in con-
struetion to the coder 188CT excevt it is propor-
tioned to operate. its.contact, member to alter-
nately engage. its first .and second position.con-
tacts at a.code rate of '75 times per minute. Thus,
when the. section in advance.of section D—E
is occupied, code pulses of direct. current of the
75 code rate are applied to the rails. of the sec-
tion D—E but no coded.alternating current is
applied to the rails. It follows that the direct
current. code.following track relay ETR is oper-
ated at the 180 code rate. when the section in
advance of section. D—E is unoccupied.and is
operated at the 75 code rate when the section
in advance is occupied. = - .

With the track relay. ETR operated. at either
of the code rates, the associated. code.detecting
relays EP and . EH are energized and vicked. up,
but. the decoding unit DU associated. with the
relay ETR is effectively energized only when the
relay ETR is operated at the 180 code rate.

The relay DH and the decoding. unit DU af the
location D and the relay EH.and the decoding
unit at. the Jocation E would be used. for the
control of wayside signals not shown, the way-
side signals' and the eircuits: being. omitted in
order to simplify the drawing since these circuits
and wayside signals are not a part of my present
invention. ) )

The relay EH and the approach controlled re-
lay: BAR: at location E govern: circuits for the
supply of current to the rails of the section next
in the-rear of section D—E in the same manner
that the relay DH and the approach controlled
relay DAR control the code pulses of current
applied to the rails of the section D—E and the
description need not be repeated. '

It is to be pointed out that the appreach con-
trolled relay-DAR at location D may he governed
by any-one of several ‘well-known arrangements
of approach’ control-and in-the present applica~
tion the relay DAR -is normally energized and
picked’ up over a line' circuit including front
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hating current. flowing in the rails.

6

-contact 12 of:relay EH: so-that when: a: train

enters: the: section. D—E. and. relay, EH is re-
leased the:relay DAR is deenergized.and released
closing ifs back contacts 3f-and 13. In a similar
manner. the approach controlled relay EAR. is
normally - energized . and . picked up, and is de-
energized and . released. in response- to. a train
entering: the section next in the rear of section

D—E..
10 .

The: trains: shown.. conventionally at. TNi and
TN2. are esch equipped with. cab. signal receiving
apparatus responsive to alternating current fiow-
ing:in-therails.. Each: train has mounted thereon
a pair:of inductors for receiving an electromotive
force. inductively due:to alternating current sup~
blied to the rails. For example, a pair: of in-
ductors- 35 and: 36 are mounted on train. TNI
ahead of the leading pair of wheels. for inductive

-relationship. to. the rails.and thus these inductors

pick up. electromotive forces in response to alter~
Inductors
25.and. 36 are connected in series in such a man-
ner that the electromotive forces induced therein
due to alternating current flowing in the rails in
opposite directions at any given instant are addi-
tive. -The inductors 35 and 36 are connected
across the input.terminals 37 and 38.of the re-
ceiving. apparatus. which is indicated as a whole
by the-dot and dash rectangle TRJ{.. . This re-
celving apparatus or. receiver TRI for train. TNI
may be any one of several arrangements of receiv-
ing.apparatus. responsive-to -alternating current
periadically. interrupted or varied at g given code
rate.. .The receiver TRI may be, for example,
similar.to that disclosed in Letters. Patent. of the
United States No. 2,462,454, granted February
22, 1949, to Leslie.R. Allison, for Train Carried
Cah. Signal Apparatus, and reference is made fo
this patent for a full understanding. of such re-
ceiving apparatus. . It.is sufficient for the present
application {o point out that the receiving appa-
ratus TRY. includes. an amplifier unit provided
with a code .following.relay which is operated in
response. to. the electromotive forces picked up
hy the inductors 38 and 36.. The relay in turn is
used. to govern. decoding means. which in turn
control cab.signals and train control devices.
-The amplifying unit.of the receiving spparatus

'TRL.is indicated as.a whole by the dash rectangle

AML and this smplifying unit includes. as: es-
sential. elements-an input. or filter. transformer
FT, an electron tube VT, a master oy output
transformer MT, and a code following relay-MR,
together: with 2. proper source of power. Prefer-
able the power source for the receiving apparatus
TR is the 32 valt.train Hehting source, the ter~
minals of which are indicated in the drawing at
B32 and N32, terminal B32 heing the positive
termoinal:. . . R

Thetube: VT is showh as.an indirectly: heated
tetrode; the heater 49 of which: is. connected di-
reetly across the power source sé that the tube
is.constantly heated.  The tube VT iz Cesigned
and constructed for operation from a 32 volt

" source, bub:it s fo be.understood that the inven-

tion is' not limited to this type of tube and other
tyres.of tubescan be used:

‘The: input transformer FT is provided with a
first winding &1 whish, in series with a capacitor
2, is connected across-the inout terminals 37 and
a8 for rveceiving the elsctrometive forces from the
inductors. A second winding 43 of thig trans-
former is included in'a tuned circuit comprising
control grid 44 of the tube VT and & capacitor 45,
the tube VT'being preferably of a construction
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such that two terminals are provided for the con-
trol grid 44, one connected to each end of the zrid.
The two circuits associated with the transformer

PFT are tuned o resonance at the frequency of the

alternating eurrent supplied to the rails and cur-
vent of some other frequency flowing in the rails
is substantially suppressed insofar as the effect
on the receiving apparatus is concerned.

A screen grid 46 of the tube is connected to
the positive terminal B32 and the tube is pro-
vided with an anode-cathode circuit that extends
from terminal B32 through a primary winding £7
of the master transformer MT, anode 48 and tube
space to cathode 48, a resistor Ri, and a biasing
unit BU to the negative terminal N32, The bias-
ing unit BU consists of a resistor R2 and a capac-
itor C! in multiple. The winding 47 is provided
with & by-pass capacitor Ti.

The lower terminal of the winding 43 of the
filter transformer FT is connected to the negative
terminal of the power source. The parts are pre-
ferrably proportioned for the anode-cathode cur-
rent to have a substantially zerc value when no
electromotive force is impressed upon the receiv-
ing terminals of the apparatus.

The relay MR is preferably a stick polar relay
operated to reversely actuate its polar armature
50 in response to electromotive forces of opposite
polarity and of a given value applied to the relay
winding, and which winding is connected across
a secondary winding 5{ of the output transformer
MT. Thus the relay MR is operated fo one posi-
tion by the electromotive force induced in sec-
ondary winding §{ due to an increase in the anode

current flowing in primary winding 47, and is cp-

erated to its second position due to the electro-
motive force induced in secondary winding &!
due to a decrease in the anode current, the relay
being operated only when the variation of the

anode eurrent equals a predetermined value. In

other words, the relay MR is operated in response
to variations in the anode current of the tuke VT
of a oredetermined magnitude. That is to say,
the relay MR is operated in response to variations

in the direct current compenent of the ancde cur-

rent for the tuke VT, the alternating component
of the anode current being by-passed by the ca-
pacitor Ti. Consequently when the anode cur-
rent for the tube VT is not varied and when the
variation is less than a predetermined value, the
relay MR remains at the position at which it was
last moved.

As explained in the aforementioned Allison pat-
ent the relay MR by its operation governs the de-

coding means for the cab signal apparatus, the 5

decoding means being controlled according to
the rate at which the relay MR is operated.

Similarly, the train TN2 is provided with two
inductors 21 and 22 which are connected to the
input terminals 53 and 54 of the train carried re-
ceiving apparatus or receiver TR2 for supplying
to the receiving apparatus the electromotive
forees picked up due to the alternating current
flowing in the rails.

The receciving apparatus or receiver for the
train TN? is indicated as a whole by the dot and
dash rectangle TRE, and it may take any one of
several cifferent arrangements, and it may be
similer to that disclosed in Letters Patent of the
United States No. 1,568,331, granted December 22,
1925, to Lloyd V. Lewlis, for Railway Traffic Con-
trolling Apparatus, reference being made to this
patent for & full understanding of such train car-
ried receiving apparatus.

It is sufficient for the present application to
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point out that the receiver TR2 includes an ame-
plifier AM2 and a relay H2, the relay H2 in turn
governing the cab signals and other train control
devices. ‘The amplifier AM2 is shown conven-
tionaily and it is of the electron tube type and as
disclosed in the aforementioned Lewis patent, it
comprises two separate two-stage amplifiers the
input circuits of which are connected in multiple
across the mpub terminals 53 and 54 and which
amplifiers are arranged for the output of one am-
plifier to be shifted in phase with respect to the
output of the octher amplifier.

The relay H2 is of the induction motor type
having two stationary windings 58 and §6 and
a rotor 5%, and to which rotor a contact member
§8 is operatively connected. One winding 85 in
multiple with a capacitor 53 is interposed be-
fween a power source terminal indicated at B398,
and the ancdes of the tubes of one of the two
separate amplifiers for energization of the wind-
ing 55 in response to the alternating current pro-
duced in the output of this amplifier. The other
winding 858 in multiple with a capacitor 80 is
inierposed hetween the B389 power terminal and
the anodss of the tubes of the other amplifier
and is energized by the alternating component
of the anode current of this amplifier. The con-
nections of the two separate amplifiers are ar-
ranged so that the currents supplied to the two
relay windings §5 and 58 are shifted in phase
and it fcilows that the roter 57 is rotated from
its bissed position to its other position when
the outpub currents of the amplifiers are of a
pradetermined value, Consequently, the contact
member 58 of the relay H2 is operated from a
biased position to a second position when the
alternsting current supplied to the input ter-
minals 52 and 54 of the receiving apparatus TR
has 2 predetermined root mean square value, the
contact member 58 Leing held in the second po-
sition as long as the aliernating eurrent applied
to the input terminals does not fall below this
roob mean square vaiue.

In describing the operation of the apparatus, I
shall first consider the operation of the receiv-
ing apparatus for the train TN{, and I shall as-
sume that the train TN{ is moving through the
section D—F when the section next in advance
is unoccupied. Under this trafiic condition, the
relay DH is picked up and the approach con-
trolled relay DAR is released. During one code
period of coder {88CT, the alternating voltage
from secondary winding {3 is supplied to the rails
causing a given value of alternating current to
flow in the rails, the current flowing down one
rail and through the wheels and axles of the train
and back the opposite rail. As explained herein-
before, the alternating voltage of the secondary
winding {3 is of a low value and the electromotive
force picked up by the inductors 3% and 26 due to
the low value of slternating current when ap-
plied to the amplifier AMI creabes a variation in
the anode current of the tube VT which induces
a voltage in the secondary winding 51 of the
transformer MT of g value too small to operate
the relay MR. 7That is fo say, the alternating
current supplied to the rails from the secondary
winding {3 during this code period is ineffective
to operate the relay MR of the train TN{. Dur-
ing the code period the contact 23 of coder
12907 is closed, alternating current from the sec-~
ondary winding 32 is supplied to the rails. The
value of this eurrent is greater than that sup-
plied by the secondary winding {3 and the vari-

ation of the anode eurrent caused by the electro-
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‘motive force picked up by theinductors is great’

enough-to:eause a variation in:the-anode cur-
-rent for- the tube VT that- indueces.an-impulse
of -electromotive force in secondary winding 5i
great enough to cause operation-of the relay MR,
“To put it another way, theincrease in the-anode
current -at <the -beginuing -of the-cede pulse..of
-eurrent ‘supplied by the -secondary winding . §2
‘is -great-enough-so that: the -electromotive force
induced in secondary winding 54 ig great.enough
to opérate the relay-MR to a ‘corresponding: posi-
tion, - At the-end -of-this code. period, the ‘coder
-shifts' its-contacts-and current is-no ‘longer sup~
‘plied by the secondary winding-32,-and: the.de-
‘erease in the anode current -caused. toflow. in:the

tube VT is great enough to induece-an impulsedn

secondary’ winding-51 - sufficient <to -operate the
Telay MR back to its first position. ‘Consequently
the relay MR is-operated-atthe 180 code rate and
2 clear cabsignal is provided-to indiecate that the
section next in-advance is-uncccupied. - - -
“I shall next--assume -that the ‘seetion next - in
‘advance of section D—E is ‘occupied-and-the re-
lay DH is released during the time the train-TN4
is moving through the section D—E.. - Under this
‘traflic-conditicn' the secondary-windings 13-and
82 of- the transformer: DT -are- disconnected. at
front contaet 45 of-relay DH-and- only: pulses -of
-direct--current from the ‘battery ‘DB ~ofthe 75

code -are applied to the rails with-the ‘result-the -

relay MR -of the train "TNI is inactive and-aslow
speed -cab signal is provided: to indicate that the
section-next: in -advance is -occupied. Similarly,
if- another train-secupies-section B—F in-advance
of the train TNY; the frain in -advanee-shuntg-all
current -away. from-<the 4rain FTN{-and-the -relay
MR- s inective -and acslew speedd eab signal s
‘provided, It is t0 be -pointed out-that-the -cab
signal system here under eonsideration is-of the
‘type thet. provides -only -the two indications, a
clear cab signal-when at least one section in- ad-
vance'ig-unoccupied, -and -a slow speed cab signal
when the section-next sin -advance-is-oecupied,
and-giso when the-seetion being traveled is-occu-~
piedby-a-train ahead. ce e
-1 -shall next -desoribe - the--operation. of the
recelving apparatus for the-train TN2; and in
this .connection’ I:shall assumes: that $he ‘frain
TN is'not present.and that the train TN2 ‘meves
from#the :position: shown-in “Wig.- 1-to enter the
section “D—E--while: the-section +n ~advance: “of
-D—F iis--unoccupied. - ‘Under this- trafic condi-
‘tion the trackway. apparatus-at lecabion 5 func-
‘tions-to.supply slternating -current from the ‘sec-
ondary-winding- {2 to ‘the rails during ‘the-code
:period the-contact 44-of -coder I89CT is~cloged
-and. to supply alternating-curteas from 4he “S8C-
-ondary -winding 32. of -transformer: ‘DT 40 the
rails -during the--code :period -that -the -contact
i23-of :coder 186CT is-closed.  Tn.response to “this
rail-current,-the ‘électromotive -foree ~picked up
‘by-theinductors 24 and 22.of-the- train: TN2 is
of:the form indicated by Fig, 2. “That is; during
-one ‘hglicode -period the. alternating-current in
‘the rails has-a relatively-low- energy -level-and
during-the-other half «code period thesalternat-
ing:eurrent fowing.inithe rails-has-g-relatively
‘high.energy -level. :The parts ci*the-reeeiving
apparatus TR2-ofitrain TN2 -are. ‘proportioned

for: the reélay “H2 :to bevopersted sinzresponse:.to

Ihe oubpub:of the -amplifiers -when-the low.en-
ergy.level electromotive :force is -applied itouthe
input terminals:53 and 54 and. consequently: iit
willibesheld in:this:pesition glso:furing: the: haif
codesrperiad: that:ithe alternating ccurrent: is.of

ot
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-the +high-.energy : level.
‘train “IN2 is held in its.operated -position con~

10

Thus: relay H2 of :the

-tinuously. during ‘the’ time the train is.amoving

-through the section D-~E when alternating cur-

rent- first ‘from. secondary winding . {8 and.then

frem - secondary. winding '32 .is supplied to:the

rails: through- the frackway -apparatus at logg-

“tion-D. -

In-the event the séctibn in sdvance of ;see.tibh
D—E is-oecupied.and relay DE is. released: when

‘the train“TN2.moves into the.section D=-E, only

code pulses. of direct current. are.supplied to the
rails and:-thus the relay 52 is .deenergized..and
moves -fo “its -biased ‘position e effect.a slow

speed-cab signalfor the trainTN2.

It is to-be pointed .out that . when either: trajin
TN -or $rain TN2 -moves .out.of the-section P
-and coded ‘direct .current is. supplied to the rails,
-this coded. .direct current. of- either.the 75 code
-or-the 180 code is-effective to. operate the track

-relay ‘BTR. so that the apparatus is restored, %o

4tS normal position.

Although I have herein shown. and deseribed
but:..one form .of cab signal apparatus embody-
dng.any. invention, it is understood that warious
changes and modifications may. be made therein
within the.scope of the.appended elaims without
departing from the spirit and seope of my inven-
“tion, R L

Haying -thus described my invention, what:I
claim is: S

i.. In-.combination, -a.sechion of railway track
through. which .trains. equipped . with «cab signal

-anparaius responsive to-alternating current fow-

‘Ing.in. the track rails are operated: .said .cab
signal-.apparatus of at least. one .of -said trains
including -an .inductor, .an amplifier and & Telay
aperable in response 1o .a preselected root mean
square value of alternating current .of -a selected
freguency«flowing -in the -rails;. said. cab. signal
&pparatus -of ab least- one.other -of .said: trains
including-an inductor, an -amplifier -and-a relay

-operable-in. response to 2 given-code rate of- oc-

curence -¢f -a .given -variation -of -the root mesan

5 square-value of the alternating -current “of -gaid

selected frequency flowing: in the-rails; said-given
variations ‘being in the form -of -a square wave
type -modulation of ‘said- alternating. -current -of
sald -selected frequency;-an alternating current
source of said selected-frequency,-a coding -device
-operabile to.cyclically.operate o pair of contactsat
said -given -eode rate, -circuit means including
said souree-and said pair of ‘contacts for-cyclically
supplying-to :the raiis-of said -section-alternatiing
ourrent-of -a-high-and -a 'low -energy level, ‘the
modulation -of -said-alternating -current being of
the square wave ‘type, -said: low" enérgy-level ‘of
current -being -of -at- least said “preselected root
mean-square value, -and -said ‘high -energy- 1ével
-of -current ‘being -of-a root mesn square-valie
greater than said -preselected value by-at least
said given wariation. : ST
-2,/ In «combination, -8 -seetion .of railway track
#hrough.-which.trains .equipped-with -cab -signal
‘apparatus -responsive to- an alternating - electro-
motive force are operated,.each .of -said trains
gnal
apparatus -and -mounied for -induetive--relation
to-the track rails,-said-cab-signal-apparatus 6t at
least -one-of said strains including an -amplifier
and:a-relay operable-in response to an alterhat-
ing selectromotive force of-a selected frequenecy
and having at least a given oot -mesti’ Squdre
valuesupplied thereto; said -cab -signal -appara-
tus-of at least-one other-train‘incliding-an ams-

‘having -an-4inductor connected 4o-its -cab &
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plifier and a relay operable in response to an
alternating electromotive force of said selected
frequency and having at least a given variation
in its root mean square value oceurring at a
given code rate and in the form of a square
wave supplied thereto, a source of alternating
current of said selected frequency, a coding de-
vice operable to alternately close a first and &
second contact at said given code rate, a trans-
former having a primary winding receiving cur-
rent from said source and provided with a first
and a second secondary winding, circuit means
including said first and second contacts to al-
ternately connect said first and second secondary
windings to the rails of said section, said first
secondary winding supplying current effective to
induce in the inductor of a train an electromotive
foree having said given root mean square value,
and said second secondary winding supplying
current effective to induce in the inductor of a
train an electromotive force having a roof mean
square value greater than said given value by
at least said given variation, said given varia-
tion being in the form of a sguare wave modula-
tion of said alternating electromotive force of
said selected frequency.

3. Tn combination, a section of railway track
through which trains equipped with cab signal
apparatus responsive to an alternating electro-
motive force are operated; the apparatus of a
certain one of said trains including an amplifier
and a relay and being operative to provide a clear
signal indication only when an alternating elec-
tromotive force of a selected frequency and of at
least a preselected root mean sguare vaiue is
applied thereto; the apparatus of g certain other
one of said trains including an amplifier and a
relay and being operative to provide a clear sig-
nal indication only when an alternating electro-

motive foree of said selected frequency and hav- ©

ing a given code rate of a given variation in its
root mean sguare value is applied thereto, said
given variation occurring in the form of a square
wave modulation of said alternating electromotive
force of said selecied frequency, a source of al-
ternating current of said selected frequency, a
coding device operable to alternately close & first
and a second contact at said given code rate, a
transformer having a primary winding receiving

current from said source and provided with a &

first and a second secondary winding, a first and
a second circuit means including said first and
second contacts respectively to connect said first
and second secondary windings respectively to

the rails of said section, each said train pro- *

vided with an inductor connected to its cab sig-
nal apparatus and mounted for inductive rela-
tion to the track rails, said first secondary wind-
ing supplying a current effective to induce in
the inductor of a train an electromotive force
of said preselected root mean square value, and
said second secondary winding supplying a cur-
rent effective to induce in the inductor of a frain
an electromotive force having a root mean square
value greater than said preselected value by ab
least said given variation.

4. In combination, & track section, a source
of alternating current of a selected frequency, &
coding device operable to alternately close a first
and a second contact at a given code rate, a
transformer having a primary winding receiving
current from said source and provided with &
first and a second secondary winding, a first
circuit including said first contact to connect

said first secondary winding across the rails of 7
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said section, a second circuit including said sec-
ond contact to connect said second secondary
winding across the rails of said section, said first
secondary winding adapted to supply alternat-
ing current of at least a given low energy level
to the rails, and said second secondary winding
adapted to supply alternating current of at least
a given high energy level to the rails and which
high energy level is greater than said low energy
level by at least said given variation, the form
of said variation being on the order of a square
wave modulation of said alternating current.

5. In combination, a track section through
which trains normally move in a given direc-
tion, a code following direct current relay con-
nected across the rails at the entrance end of
said section, a battery, a source of alternating
current of a selecied frequency, a transformer
having a primary winding receiving current from
said alteranting current source and provided
with a first and a second secondary winding, &
coding device operable to alternately close a first
and a second contact at a given code rate, a first
circuit including said first contact to connect
said battery and said first secondary winding in
series acrosg the rails at the exit end of said
section, & second circuit including said second
contact to connect said second secondary wind-
ing across the rails at the exit end of said sec-
tion, said battery supplying direct current for
operating said relay when the section is unoe-
cupied, said first and second secondary windings
supplying alternating current of a low and high
energy level respectively for operating cab signal
apparatus responsive to non-coded alternating
current of said selected frequency and having
at least 8 given root mean square value and cab
signal apparatus responsive to alternating cur-
rent of said selected frequency and coded to
have a given variation in its root mean sguare
value, said given variation being in the form of
a square wave modulation of said alternating
current of said selected frequency.

6. In combination, a track section through
which trains normally move in a given direc-
tion, a given one of said trains equipped with cab
signal apparatus including an amplifier and a
relay responsive to alternating current of a se-
lected frequency and coded by being recurrently
varied in its magnitude at a given code rate, said
variation to be of at least a given value and in
the form of a square wave type modulation of
said alternating current of said selected fre-
quency, another one of said trains eguipped with
cab signal apparatus including an amplifier and
a relay responsive to alternating current of said
selected frequency and non-coded and of at least
a given magnitude, a source of alternating cur-
rent of said selected freguency, transformer
means receiving energy from said source and
having a first and a second secondary winding,
a coding device having a first and a second con-
tact and operable to alternately close said con-
tacts at said given code rate, a first cireuit in-
cluding said first contact to connect said first
secondary winding across the rails of said sec-
tion, a second circuit including said second con-
tact to connect said second secondary winding
across the rails of said section, said first second-
ary winding proportioned to supply alternating
current of at least said given magnitude, said
second secondary winding proportioned to supply
alternating current having a magnitude which
varies from said given magnitude by at least
said given value, each of sald trains equipped
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with an inductor connected to its cab signal
apparatus and mounted for inductive relation
to the rails to supply to the cab signal apparatus
an alternating voltage having the characteristics
of the alternating current supplied to the rails,
said characteristics including said square wave
modulation at said given code rate.

7. In combination, a section of railway track
through which trains equipped with cab signal
apparatus responsive to alternating current flow-
ing in the track rails are operated; said cab
signal apparatus of at least one of said trains
including an inductor, an amplifier and a relay
operable in response to a preselected root mean
square value of alternating current of a selected
frequency flowing in the rails; said cab signal
apparatus of at least one other of said trains in-
cluding an inductor, an amplifier and a relay
operable in response to a given code rate of oc-
currence of a given variation of the root mean
square value of the alternating current of said
selected frequency flowing in the rails, said given
variation being in the form of a square wave
type modulation of said alternating current of
said selected frequency; an alternating current
source of said selected frequency, a coding device
having a contact controlling member which is
cyclically operated to a first and a second po-~
sitlon at said given code rate, a transformer,
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circuit means including said contact member
and said transformer to connect said source
across the rails of said section, said circuit means
including means controlled by said contact mem-
ber to cause the alternating current supplied to
the rails to be of a low or a high energy level
according as said contact member is operated to
its first or its second position, said low energy
level of said current being of at least said pre-
selected root mean square value, and said high
energy level of said current being of a root mean
square value greater than said preselected value
by at least said given variation, said given varia-
tion occurring in the form of said square wave
modulation of said alternating current.
CHARLES B. SHIELDS.
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