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PATENT OFFICE

WILLIAM D. HAILES,

SIGNAL COMPANY, OF ROCEESTER, NEW YORK

CONTINUOUS INDUCTIVE TRAIN CONTROIL SYSTEM

Application filed July 20; 1929. Serial Wo. 379,638,

This invention relates in: general to- coded
continuous train control systems, responsive
to- counting' or pattern type codes, as dis--
tinguished from: frequency type codes, and
lias more particular reference toran improve-
ment in decoding means for such systems:
whereby to- make it non-responsive to. fre-
quency type codes to set up & favorable indi-
cation. ’

. This invention solves: the same general

problem, with regard to cyclie or counting
type code systems, as is solved by applicant’s
Patent 1,794,609 granted March 3, 1981, in
conmection with systems responsive to rate

. or frequency type codes.

The present invention is primarily an im-
provement in decoding means for use-in con-
nection with systems such, as shown for ex-
ample, in the W. D: Hailes application Ser.
No. 228,059, filed October 22, 1927, and relat-
ing to alternating current’ train contrel sys-
tems; and as shown in the Hailes application
Ser: No. 249:457 filed January 25, 1928 and
relating to direct current train control type

- of systems..

Ti the same manner in whieh one is much
Tess likely #0 encounter aceidentally produced:
coded train control current than to encounter
accidentally produced uncoded train control
current, it is quite apparent that one is less
likely to encounter accidentally produced
coded train control current of the counting or
pattern. type than to encounter accidentally
produced coded traim control current of the
frequency or non-pattern. type: .

Tn the applications abeve referred to, the
systems disclosed are designed to distinetively:
respond to coded train control current of the:
cyclic or counting code type as distinguished
from the frequency code type, placed on the
track rails. It is possible however to pro-
duce a code of the frequency type which. will
operate these systems to set up:& proceed indi-

cation in the engine cab. Itis thus seen that.

under danger or stop:- conditions; in which

either no train control current, ora steady

uninterrupted: train: control current, is nor-
mally present:in the track rails, it 1S coneelv-
able that a: vibrating contact or loose wire

50- or the like on the trackway or on the locomo-

tive, might operate to aecidentally produee:
a frequency type code so as to operate the:
deeoder of the systems in question to: set, up:
a: proceed cab: indication:. :

With the forms of decoders shown im: the:
applications 228,009 and 249:45%, above: re-
ferred to, (for example in Fig. 6 of applica-
tion: 228,059) the decoding means includes;
relays for selectively setting up: cireuits: for
the different cab indieations, means for- them:
placing energy on the particular eircuit just
set up, and means for then restoring the. de-
coder- to normal condition and breaking: the:
circuit set up ; foreach cycle of code:

Tn other words; a cyelic code operaties: te
first set up a circuit for controlling a given:
caly indication, a means for then energnzing
this eireuit, and: & means operahle subsequent-
ly thereto for breaking this circuit, the last
two means being: relays and conveniently be-
ing considered as executing-and: clear-out re-
lays respectively.

Tt is clear that with: a. frequency type code:
with a given timing of on and off periods: of
current, which is insufficient to allow the exe-
cuting relay to release, no proceed eontrol:
circuit which this code can alternately set up
car be executed or energized, and: hence in
accordance with the system I question, &
stop-indication results. - In this case the fre-
quency codeisincapable of givinga faverable
indication..

Again; with a frequency type code with: &
given timing of on: and’ off periods of current.
which: time. is suffieient not only to allow the:
executing relay to release but also to permit:
clearing” out of the decoder- after sueh re-
lease, only the control circuit eorresponding
to- & ome-hump code can. be set. up:
cuted.. : ‘ ~

Again, if the frequency code is so- timed:
that the off periodsof current are long enough:
to. allow the executing relay to release, but
are: too short to allow the clearing out of the:
decoder by release of the clear-out relay; such:
a frequency code can suceessively piek up the:
various relays im the deceder om each om
period: of current, and on each oft period of
current can execute the then set up cireuit,
witheut allowing subsequent clearing out.
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In this manner it is possible for the decoding
means of said two cases to respond to a fre-
quency type code to successively set up more
and more favorable indication circuits and
to execute each in turn, thus to finally set up
a proceed indication circuit which thereafter
is maintained and periodically executed.

One purpose of the present invention is
to provide a decoding means for counting or
cyclic type codes which cannot respond-to a
frequency type code, regardless of the tim-
ing of such code, to set up favorable indica-
tions. This is accomplished by providing
either a special supervisory or monitor relay
for preventing such response to a frequency
type code or it is accomplished by arranging
the various counting relays constituting the
decoder so as to give a monitor control and
prevent such response to frequency type
codes. :

- In the present invention, the functions of
execution and clearing-out are combined in
a single relay, instead of having them sepa-
rately handled by two separate relays as in

. the said two applications.

It is further provided, in the present inven-
tion, that due either to the monitor relay, or
to the particular arrangement of counting
relays, execution cannot oceur without clear.
ing out also occurring immediately there-

-after.

k)

In this manner, as with the two Hailes ap-
plications 228,059 and 249457, a frequency
type code which is too fast to permit execu-
tion can only result in setting up a stop indi-
cation while a frequency type code which is
slow enough to permit not only execution
but clearing out, cannot pick up the decoding
relays beyond those required for setting up
the one-hump code circuit and hence can
only result in intermittently setting up and
executing a one-hump code circuit.

In other words a fast frequency code can.

pick up all the relays of the decoder but can-
not execute any circuit, so that a stop indica-
tion is set up, while a slow frequency code,
on the first off period of current, executes to
execute a one-hump code indication if em-
ployed, and if the off period of current be
long enough a clearing out of the decoder
follows. ,
- If, however, in the present invention, the
pericd during which current is off is only
long enough to execute, but not long enough
to clear out in the normal manner, the next
on period of current causes the monitor re-
lay or control means to release and enforce
clear-out of the decoder. Thus, regardless
of the rate of the frequency type code, any
execution must be followed by a clearing-
out of the decoder so that the frequency code
cannot operate through the decoder beyond
the point for completing a one-hump code
circuit.

In view of the above considerations, as

1,824,134

will more clearly appear after the detailed
description of the invention which is to fol-
low, reference being made to the accompany-
ing drawings, it is contemplated by this in-
vention to use, if desired, but three indica-
tions, instead of four indications such as
employed in the Hailes application 228,059
above referred to, with the caution or Y in-
dication, corresponding to a one-hump
cyclic code, entirely omitted. In this man.
ner, by omitting the one-hump code indica-
tion, the decoder is made wholly non-respon-
sive to frequency type codes for setting up
anything but a stop indication.

11, however, it is desired to use four indi-
cations, it is contemplated by this invention
to still omit the one-hump code indication
and to supply an added indication by em-
ploying two additional counting relays (as

R and R®) whereby to add to a thoroughly

safeguarded system having three indications
as considered Just above, a fourth indication,
This four indication system then would in-
clude indications in addition to the stop in-
dication, corresponding to two, three and
four hump codes for setting up in the cab,
respectively, Y, Y/(, and ( signals.

In the above manner, this invention con-
templates a system having decoding means
capable of giving any desired number of dis-
tinctive indications, and at the same time
be wholly non-responsive to frequency type
codes to set up any but a stop indication. ;

It is' further contemplated to. provide
means for checking the operativeness of the

. . . P 3
monitor relay, whereby to indicate when

the system is not protected against response
to frequency type codes by the monitor con-
trol.

Further objects, purposes and character-
istic features of the invention will appear as
the description progresses, reference being
made to the accompanying drawings show-
ing, solely by way of example, and in no
manner whatsoever in a limiting sense, sev-
eral forms which the invention can assume.
In the drawings:—

Fig. 1 is a diagrammatic view of car-
carried apparatus in accordance with one
form of this invention, in which a warning
whistle is included, but in which no brake
applying means is employed, the apparatus
including a check whistle (or check red
light), which sounds or lights up once for
each cycle of code in case the monitor relay
mmproperly sticks up.

Fig. 2 is a diagrammatic view of counting
or cyclic codes useable in connection with
the apparatus of Fig. 1, and also shows the
operation of the Fig. 1 apparatus by the re-
spective codes.

Figs. 3,4 and 5 are time studies, in graphic
Torm, of the effects on the apparatus of Fig.
1 of fast, slow, and medium rate frequency
codes, respectively. '
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© Tig. 6 1s a diagrammatic view of a slight-
Iy modifled form: of the car-carried appa-

vatus of Fig. 1, in which, the whistle is
omitted but brake. applying apparatus is in-
cluded, and wherein a: control is included for

giving: an absolute stop regardless of

acknowledgment.

Fig. 7 is a. diagrammatic view of another

embodiment of the invention, and shows. car-
carried apparatus in which no monitor relay,
per se, is employed, but in which decoding
relays.are so. connected up as to give monitor
control. ‘

Fig. 8 is a graphic time study of the nor-
mal operation of the apparatus of Fig. 7 by
pattern or cyclic type eodes.

Figs. 9,10, and 11 ave graphic time studies,
respectively, of the response of the Fig. 7 ap-
paratus, to fast, slow, and medium frequency
or rate codes. ,

TFig. 12 is a graphic time study of the re-
sponse of the Kig:. 7 apparatus to a fast-
changing-to-slow frequency or rate code.

Reterring now to the drawings, there is
shown in Fig. 1, a stretch. of railway track
constituted by rails 1, to which is applied, and
from. which is. removed, train control cur-
rent, either alternating or direct, in accord-
ance with the various codes used in econnec-
For
example, the codes can be as shown in Fig.
2, wherein it 1s graphically represented that
current is applied for a short period of:time
to-the track rails, and is then removed there-
frem for a shext period of time, to be again
applied and again removed, etc., until one
complete cycle of codes has been sent, after
which the current is kept off of the rails for
a selectively long time before another cycle
of code is sent.

In Fig. 2 are shown codes wherein the pro-
ceed, or @, code is constituted by three suc-

cessive on and off periods followed by an ex--

tended off peried to. thus constitute a three-
hump code. For the approach restricting

" indication, ¥ /G, there is a two-hump code

50:

60:

while for the caution or Y code there is a
one-hump: code.. The timing of the codes. is
chosen-to properly cooperate with the car-car-
ried: apparatus and of course this timing of
the codes and also of various parts of the
ear-carried apparatus can be varied at will
without. departing from the present inven-
tion.

Carried on.a car, represented by wheels and
axles 2, are receiving coils 8 in inductive re-
Iation to the track rails, whereby to receive
energy inductively from the train control
currents: and pass. this energy through a
fiker F' designed to pass only the desired fre-
quency of current if alternating current be
caployed. The filter is connected to an. am-
plifier A, the output side of which is con-
nected to a coding primary relay CPR

5 having contact fingers 4 and 5. The appa-

to: attracted and retracted position accord-

3

ratus just described is substantially identical
with the corresponding parts of the Hailes ap-
plications 298,059 and 249.457.

- It will be seen from the above that relay
CPR operates its contact fingers 4 and 5

ing as train control current is on, or off, the
track rails.

Controlled by the coding primary relay
CPR is a bank of decoding relays R, R?, R?,
R4, R® and R® which are connected up to pick *
up and to stay up in certain arrangements so
as to place energy on the particular one of a
repeater relay group constituted by relays
R Rep, Y Rep, Y/G Rep., and G Rep, which
corresponds to the particular code being re-
ceived.. The R Rep relay corresponds to stop:
conditions and is energized when none of the.
codes of Fig. 2 are being received by coils 8,
under which conditions relay CPR is main-
tained either in attracted or retracted posi-
tion, so that ‘he stop indication is given when
train control current is either steady on or
steady off.

Depending on which one of the repeater
group of relays is energized, a particular one
of the wires g, v/g, y or 7is energized. For
example, with relay R Rep, energized energy
is applied to wire 7.

Inciuded in the invention is a group of ac-
Imowledging relays I Stk, Y Sik, and /G
=tk, which, tegether with an acknowledging
contactor Ack, is arranged to silence an audi-
biesignal AWV, in the form of & whistle valve
which sounds when de-energized, the circuits ,
being arranged so that any change to a more
restrictive condition causes de-energization
of the whistle AWV which continues to sound
until the acknowledging contactor is oper-
ated.

There is also included in the invention a
visual cah signal for indicating the different
traffic conditions, by showing G, Y/G, Y, or
R, corresponding respectively to proceed, ap-

proach restrictive, approach and stop, and

these cab signals are controlled by various
contaets of the acknowledging group of re-
lays and of the repeater group of relays.
With the exception of the decoding means
constituted primarily by relays R*—R* and
an associated audible check signal AWV*
which is a whistle which sounds when ener-
gized, all of the parts above described in con-
nection with Fig. 1, are substantially as set
forth in the previously mentioned Hailes ap-
plication 228,059 and 249,457, Accordingly
only a further very brief description of the
operation of this part of the apparatus is
deemed necessary in the present application.
The apparatus of Fig. 1 is shown in the 3
condition and position assumed when the car
is in a danger or stop block.  Under these
conddtions, relay CPR is down and all of the
relays R*—R° of the deceding group of re-

=)

3
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gizing circuit for all of the repeater relays
e\’cept relay R Rep, which is energized
through a cireuit including contact ﬁnoer 6
and back point of Y Rep, contact finger 7
and back }Jomt of Y/ Rep and contact fin-
ger 8 and back point of & Rep. Energiza-
tion of this R Rep relay places energy cn
wire 7 to hold relay R S¢% in energized posi-
tion through a stick circuit which includes
contact ﬁlwer 9 and front point of R Rep,
wire 7, contact finger 10 and front pomt of

R UM. and the Wlnfhno of R Sk, (it being

understood that acknowle doment has been
performed to first pick up 161:1)7 R Stk as is
clear from the other Hailes appli 1ti®ns).

With relay R Sk in pm ced up condition

elay Y Stl, is held picked up ﬂnouon its
pick-up circuit which inclu f'{ es a front point
of R Stk and likewise relay Y /G Sik is held
up through a front noint of Y %‘f With
Y/or Stk in attracted position energy is ap-
plied to the acknowledging whistle AWV
through a cirenit which incl Tudes conmct fin-
ger 11 and front pom* of Y/ SZ‘Z, acknowl-
edwmo contact finger 12 and Lronc point t
thevnof, and the whistle in question.

Also with the conditions outlined above
the R mb signal is energized through a cir-
cuit which includes the R omnal contack ﬁn—
ger 13 and front point of relay R Rep, wir
14 and contact finger 15 fmd front poln‘f of
relay R Sgk.

On a change in traffic cond ififmq as, for
example, o cle‘u“, in ‘which the G, or three-
hump, code of Fig. 2 is placed on the track
rails and picked up by the receiving coils 3,
relay CPR picks up and releases in a manner
to follow the code and thereby operate t‘la
decoding relays R*—RS in a manner to be
more S}Jecnﬁ'c 1lly  described bJow to pick

“them all up and hold them up, W her eby to

55

o
o

place energy on relay G Rep to pick such
relay up so as to put energy on wire g
thr 0110‘11 contact finger 16 and front point of
relay (3 Rep.

After expiration of the release time for

relay R Rep, this relav drops to thﬂreby de-
energize its corresponding stick relay R S#k
which in turn drops the other two stick re-
lays of the acknowledging group whereby to
take energy off of the whistle AWVV Bug
with the & u(Zp relay up energy is placed on
the ¢ wire to the ‘ehy enemwe the whistle
AWY *hr ugh ackn owle(mﬂw contact finger
12 and
any sounding of the whistle on a change to
morve favorable trafic conditions. Thus sy 1t
will be. cbserved, no acknowledgment is nee-
essary when the change is to more favorable
traflic conditions. L1ke‘mse, the G cab sig-
nal is energized through a cirveuit mchmmor
a contact ﬁnoer and f’ ont point of the (3 Bep
relay ‘md a contact f finger and back point of
each of the three acknowledgmg relays.
Tf there now be a change in trafiic condi-

front point theveof to thus prevent

1,824,184

tions to less favorable conditions such, for
example, as from proceed, or G, to approach
restricted, or Y/&, the Y/G code the two-
hump code operates CPR to cause the decod-
ing group R™_R* to remove energy from re-
lay & Rep and place it on relay Y/G Rep.
As a result of relay G Rep releasing, energy
is removed from the whistle AWV, and the
whistle sounds and continues to sound until
the
pressed.

.This act results in picking up the R Stk
relay through a circuit including the nor-
mally open 'tcknowledge contact finger 17
and back point thereof. With relay R Stk
momentarilly up, relay Y Stk picks up
through a front point of R StZ, i. e. its next
inferior relay, and in like manner and in se-
quence Y/G Stk picks up though a front
peint of its next inferior stick relay, and this
last relay, after picking up, sticks up through
Wire ?//(/ which is now energized due to the

Y /G Rep relay being picked up, whereby to
apply energy to whistle AWV through con-
tact finger 11 and front point of Y/G Stk re-
I v, ete., whereby to silence the whistle. At
the same time, the visual signal Y/G in the
cab is energized through a front point of its
correspending repeater relay, Y/G Rep, a
front point of the acknowledging relay Y /G
Stk and a back point of each of the other two
acknowledging relays.
 Thus, on a change to less favorable condi-
tions, whistle AWV is sounded, and contin-
ues to sound until acknowledgment is per-
formed.

The above described operation is substan-
tially the same as occurs in the Hailes appli-
cation 228,059 above referred to, to which
reference should be made for a more detailed

-description.

Coming now to the arrangement and oper-
ation of the decoding group of relays R*—R¢,
for setting up energizing circuits for the
various 1‘epeater relays R Rep, ete., 1t will
be noted that relay R, which is conveniently
termed a monitor relay, is energized through
a plClx up circuit including a contact ﬁncrer
17* and back pomt of R“, contact finger 18
and back point of relay R°, contact ﬁnder 19
and back point of relay R*, contact ﬁnoer 20
and back point of relay R® and contact ﬁnﬂer
21 and front point of relay R2 Whe1eby
relay R* cannot pick up until after rel: ay R?
is up and only then provided relays R*—R¢
are down.

‘When once picked up, relay R* can be stuck
up through a stick circuit including contact
nngex 92 and front point of relay R?, yand con-

tact finger 4 and back point of rel‘w CPR,
and also through a stick circuit 1nclud1n0
contact finger 95 and front point of R, and
contact ﬁnO'eL 23 and front point of R

Before proceedlnﬁ further in the descrip-
tion it should be noted that the relays are

acknowledging contactor Ack 1s de-
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variously timed as indicated in the figures of
drawings, from which it is seen that relay Rt
is quick to pick up and quick to release, while
relays R*—R?® are all quick to pick up, but
are slow to release, R? having a release time
of approximately .2 seeonds, while relays
R*—R® inclusive have release times of ap-
proximately .33 seconds.

As will appear more clearly as the discrip-

tion progresses, relays R*—RS® each has a

pick-up eircuit and a stick-up circuit, the
pick-up circuit of each relay including a front
point of either R or R? and a front point
of all other relays of lower exponent value,
(that is, of the relays to the left as viewed in
Fig. 1,) together with a back point of the
relay having the next higher exponent value,
(that is, of the relay next to the right as
viewed in Fig. 1.) '
Furtherore, the stick circuit for each of
the relays R%—R¢ includes a front point of
relay R*, R?, of the relay in question, and any
other relay to the left thereof as viewed in
Fig. 1, together with a back point of the

© relay, if any, immediately to the right

thereof.

Also included in connection with the de-
coder of this inventien, is the above men-
tioned whistle AWV?, which has an energiz-
ing circuit including a contact finger 24 and
back point of relay R?, a contact finger 25 and
front point of relay R, and contact finger 5
and front point of relay CPR, whereby to
operate, as described more fully below, to
sound once for each cycle of code, in the event
the moniter relay R* improperly stays in at-
tracted position. This furnishes a check on
the functiening of menitor relay R? which, if
functioning properly prevents response of
the decoder to frequency type codes to set up
anything but a stop indication. »

Considering now the operation of the de-
coder, assume that a-one-hump code, such as
shown in Fig. 2, for Y, be applhied to the track
rails 1. Relay CPR picks up once and re-
leases once for each cvele of code. On the
first pick up of relay CPR, relay R? is ener-
gized through contact finger 4 and front
point of relay CPR, through a circuit which
1s obvious from the drawing. Immediately
on picking up of relay R?, its contact finger
21 and front point completes the above re-
ferred to pick up eircuit for velay R where-
apon relay R* picks up, and being picked up,

iy

7 sticks up as referred to above through con-

taet fAinger 23 and front point of relay R2,
On the first release of relay CPR, relays
R* and R® being up, relay R® is picked up
through a circuit including contact finger 5
and back point of CPR, contact finger 26 and
front point of relay R? and contact finger 27
and backpoint of relay R4 '
Thus the one-hump code operates to pick
up relays R2—R? which operate, on the sub-

sequent. release of relay R2 two-tenths sec-

onds after its desenergization, to complete an
energizing circuit for the repeater relay Y
Rep, corresponding to the Y code, which cir-
cuit includes contact finger 23 and back
point of R?, contact finger 28 and front, point
of R', contact finger 29 and front point of
R? and contact finger 80 and back point of R%.

If, instead of the one-hump, or Y, code, a.
two-hump or Y /G code is received, on the sec-
ond successive pick-up of relay CPR, relay
E* is picked wp through a circuit including
the contact fingers 5 and 25 and their front
points, contact finger 31 and front peint of
R®, and contact finger 32 and back point of
R®.  Once up, relay Rt is stuck up through a
stick circuit which includes contact fingers
37, 86, 31> and 27* and front points of relays
R*, R?, R* and R*, and contact finger 83 and
back point of R, - : ,

On the second release of relay CPR, relay
R? is picked up through contact finger 5 and
Lack point of relay CPR, etc., in a manner
gimilar to that described in conneetion with
the pick up of relay R?, and when once picked
up, relay R’ is stuck up in a manner similar
to that deseribed in connection with relay R

Thus with a two-hump. eode, relays R*—R?
are picked up, with R*—R?® stuck up, where-
by, upon the subsequent release of relay R?,
an energizing cireuit is completed for - re-
peater relay Y /G Rep, which includes con-
tact finger 23 and back point of R, contact
finger 28 and front: point of R, contaet fin-
ger 29 and front point of R?; contact finger 30
and frent point of R, contact finger 34 and
front point of R® and contact finger 35 and
baek point of RE. -

“In a similar manner, with a three-hump or
G- code, as shown in Fig. 2, the third succes-
sive pick-up of CPR picks up and sticks up
R®, the third release of CPR having no opera-
tive effect, whereby, with this code, energy is
transferred by contact finger 85 and baek
point of relay R¢, from the Y /G Rep relay to
the G Reprelay. - ‘ :

In Fig. 2, not only are the different codes
graphically shown, but also is shown the nor-
mal operation of the decoder relays R™—R¢ in
response to the codes,

Considering the G code, for example, it is
seen that on the first pick-up of relay CPR,
first relay R? picks up, and immediately
thereafter relay R picks up, and on the first
release of CPR, relay R® picks up and sticks
up.  On the second pick up of CPR, relay R#
picks up and sticks up, while on the second
release of CPR relay R® picks up and sticks
up.” On the third pick up of CPR, relay R¢
picks up and sticks up while on the third re-
lease of CPR nothing immediately occurs,
but it is clear from Fig. 1, that energy is ré-
roved, by the release of CPR, from relay R?
which can be conveniently considered the
executing relay. : o -

As shown in Fig,. 2, with the particular
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timing chosen, .2 of a second after CPR re-
leases, for the third time, relay R* releases to
thereby energize the G Rep relay.

. - Release of executing relay R also breaks

10

20

the stick-up circuit for relays R*—R® at con-
tact finger 36 of relay R?, whereby .33 seconds
after the release of relay R?, relays R*—R®
release to clear out the decoder and prepare

_ it for the next cycle of code, whatever that

may be. .

" Tt should be noted that the stick circuit for
relays R®—R?® runs through a front point of
relay R? and is also brought through contact
finger 37 and front point of monitor relay
R During execution by the release of relay
Rz, relay CPR is down and accordingly, while
the stick circuit for relay R?, which passes
through contact finger 23 and front point of

_ relay R?, is broken, the other stick circuit for

relay R* which passes through contact finger

- 4 and back point of relay CPR is intact so

3

that relay R* is maintained up.

On the first pick up, however, of relay CPR -

.. in the next cycle of code, the last referred to
23

stick circuit for relay R* is broken by the
picking up of contact finger 4 of CPR and
shortly thereafter the other stick circuit for

relay R* is completed by R? picking up its.
. contact finger 23. During this intervening
- period however, during which both stick cir-

cuits for relay R are broken, relay R* re-
leases to thereby break the stick circuit for re-
lays R*—Re by releasing its contact finger 7.

‘As shown in Fig. 2, in connection with the
G code, immediately after relay R* picks up
on the first impulse in a cycle of code, relay
R immediately follows provided all of the
relays R*—R?® are at that time down, or, in
other words, provided a clearing out of the

) decoder has taken place between successive

cycles of code.

Thus it is seen that in the normal operation
of the decoder of Fig. 1, at the beginning of
each cycle of code monitor relay R* first ve-
leases and then, after the picking up of relay
R?, immediately picks up, since under the nor-

“mal operation, there is a sufficient blank or off

period of current between successive cycles

" of code to not only permit relay R? to release

and thus apply energy to the particular re-
peater relay chosen, but also sufficient to per-
mit relays R®—R?® to release.

We come now to the operation of the de-
coder under abnormal conditions, that is, for
example, under conditions of frequency codes
which  may accidentally -be present and
against which it is necessary to be protected.

In Fig. 8, for example, there is shown a

¢ frequency code, that isa code having no par-

ticular pattern and including no extended off
or blank periods. As indicated by the cap-
tion of the Figure, this code is fast enough, .1
second, to be faster than the release time of

5 executing relay R? so that the first three im-

1,824,134

pulses of code will successively pick up the
various relays R*—R® as described above.
But inasmuch as there is an insufficient time
during which current is removed from the
track rails to permit relay R? to release its
contact fingers, no energy can be applied to
the circuit which has been set up for repeater
relay G Rep. Thus, with no execution, en-
ergy is on relay R Rep and stop conditions
are set up, so that with this timing of fre-

uency code the decoder is incapable. of re-
sponding thereto to give a favorable indica-
tion.

Referring now to Fig. 4, a frequency code
is here shown having a different timing,
namely, a timing in which the off periods or
blanks are of sufficient duration not only to
permit release of relay R? and effect an exe-
cution, but also to release all of the relays
R*—R® which may have been picked up, to
thus permit clearing out of the decoder.

-With such a code, relays R*~—R? are picked
up on the first on and off, and then the circuit
set up, which is for the repeater relay Y Rep,
is executed by release of relay R2, after which
relay R? releases. Thus when the next 1m-
pulse of code is received the decoder responds
anew and merely repeats what has already
been described. Hence this timing of code
cannot progress through the decoder beyond
the R® relay. It is thus seen that the most
that can be done with such a code is to cause
the decoder to respond to execute a one-hump
code and set up the indication corresponding
to a one-hump code.

Thus, to discard the one-hump code is indi-
cated, and by so doing the decoder is made
wholly immune to respond to such codes for
showing anything but a stop indication.

Coming now to Fig. 5, there is here shown
a frequency code, as indicated by the cap-
tion, which falls between the two previously
considered codes with regard to its timing.
In this case the timing is such that execution
is permitted by the blank or off period but it
is of insufficient duration to permit the usual
clearing out of the decoder by the dropping
of such of the relays R®*—R® as may have been
picked up. :

In this case, after the first on and off pe-
riod, relays R*—R® are up, and on release
of relay R? to execute, energy is applied to
the Y Rep relay and one of the stick circuits
for R! is broken. On the next on period of
current, relay CPR picks up as usual, and
thereby breaks the only remaining stick cir-
cuit for relay R, the monitor relay, which
releases before its other stick circuit, through
contact finger 23 and front point of relay
R?, is completed by the subsequent picking
up of relay R?. With the monitor relay R*
down, the stick cireuit holding R? up is, and
remains, broken, and hence after a proper
lapse of time, depending on the release time

for relay R?, such relay releases to thus clear
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out the decoder, and it is only after the re-
lease of such of the relays R>—RS as are then
up, that monitor relay R* picks up so as to
permit the normal operation of the decoder.

Thus, in the case of a code such as that cof
Fig, b, all that it can accomplish is to oper-
ate through the decoder up to picking up
relay R? the monitor relay then stepping in
if, as in this last case, the blank period is
not long enough to clear out the decoder as
is the case in Fig. 4, and enforces clearing out
of the decoder. "In this manner the code of
Fig. 5 can do no more than repeatedly set up
and execute a one-hump code, and according-
ly, as in connection with Fig. 4, the discard-
ing of any indication corresponding to a
one-hump code is indicated and is eontem-
plated by this invention.

By employing only codes of two or move
humps, the decoder of the form of Fig. 1 is
made whelly immune against frequency codes
to set up favorable indications. In the pres-
ent instance, by discarding the one-hump
code, the system becomes a three-indication
svstem having proceed, caution and stop in-
dicated, respectively, by G, Y and R cab
dications, and set up, respectively, in re-
sponse to a three-hump code, 2 two-hump
code, and current either steady on or steady
off.
If a four, or more, indication system be
desired, all that is necessary is to employ two
additional counting relays as R? and R® (not
shown) for each added indication, arranged
in the same relative manner to the rest of the
decoder as are present relays R° and R%. We
should then have, for example, a four-indi-
cation system, including relays R'—R*, and
responding to four, three and twe hump
codes and current steady on or steady off,
for setting up cab indications of &, Y/G, Y,
and R. This process can be applied to the
decoder to give any number of indications
desired.

It.1s seen from the above discussion that
the immunity of the decoder from favorabls
responding to frequency codes, is dependen
on the proper functioning of the mon%?o}r
stick

Dol
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s
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relay R%. This relay may improperly st
in either the attracted or retracted position.
If relay R* sticks in the retracted position,
the executing circuit is permanently opened
gince it includes contact finger 28 of monitor
relay R, and with this executing circuit
open, energy can only be applied to the R
Rep relay of the repeater relay group, so
that only a stop or R indication can he set
up. Thus this failure is or the side of safety
and is self-checking and self-revealing. -
If, on the cther hand, relay R sticks in its
atiracted position, so as not _
de-energized, the protectién normally af-
forded by this monitor relay is lost, and a fre-
quency code timed such as shown in Fig. 5,
can first pick up relays R*—R?, then execute

mittent warning signal 1s sounded.

to release when

7

Y, and before clearing out is possible, can
then on the next hump of code, piek up relays
R* and R® to then execute Y /G, after which,
before clearing out can cceur, the next humyp
can pick up R® after which the indication G,
or proceed, is periodically executed after each
hump of code. In other words, a code which,
can cause execution, but is too fast to allow
clearing out, can operate the decoder of Fig.
1 by successively picking up and executing
the different indications, until it reaches the
highest or least restrictive indication, and
then can continue to repeatedly execute this
least restrictive indication, unfess the moni-

tor relay R* be operative to enforce a clear- -

ing out after each execution, as explained in
detail in connection with Fig. 5.

But with the arrangement shown in Fig. 1,
should monitor relay R* improperly stick up,
warning signal AWV?, which scunds when
energized, will sound once for each cycle of
code 50 as to indicate that monitor relay pro-
tection isnot present. The energizing circuit
for whistle AWV?* passes through contact
finger 24 and back point of relay R?, contact
finger 25 and front point of relay R* and con-
tact finger 5 and front point of relay CPR.
Thus the whistle is not energized when relay
CPR is down and likewise is not energized
when relay CPR is up, since, on CPR picking
up, relay R* releases before relay R? picks up,
and the release of relay R* breaks the ener-
glzing circuit just referred to for the signal.
Thus, in normal operative condition of relay
R, signal AWV issilent. If, however, relay
R* sticks up so that the decoder is deprived
of monitor control, each time relay CPR picks
up after execution, the energizing circuit is
completed for whistle AWV?* and remains en-
ergized for a short period until relay R? picks
up and breaks this circuit.

~ From the foregoing it can be seen that the

decoder, when subject to monitor control, is
wholly immune from frequency type codes
for setting up favorable indications, and
when not subject to monitor control, if the
defective operation of the monitor relay is
stich as to destroy this immunity from favor-
able operation by frequency codes, an inter-
_ Of
course, a visual or other type of signal can be
used: to replace either or both of the whistles
AWVt and AWV, '

Referring now to Fig. 6, there is here shown
a fragmentary portion of car-carried-appa-
ratus which constitutes a slight modification
of the form shown in Fig. 1. "With this form
of apparatus, an added indication is obtained,
whereby a rate type code of sufficient rapidity
operates to enforce a step control regardless
of anything that the engineer can do.

In the form shown in Fig. 6, there is in-

cluded an electro-magnetic device, EPV,

which can be of any usual or desired form,

and arranged to be normally energized and
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when de-energized to automatically apply the
brakes. The energizing circuit for the KPV
includes a reset contactor Res and front point,
and a contact finger 40 and front point of a
control relay EPV—R, whereby release of
relay EPV—R results 1n de-energization of
the brake applying device EPV. This relay
EPV—R is provided with means, as by a
copper band or the like, for making it slow
acting on release, so that it requires approxi-
mately five seconds velease time, whereby de-
energization thereof for short periods of time
does not result in the velay releasing.

This control relay EPV—R is energized in
much the same manner as is the whistle AWY
in Fig. 1, its energizing circuit including a
contact finger 39 and back point of relay R,
the acknowledging finger 12! and front point,
and either the wire 41, or the wire 42 and con-
tact finger 11* and front point of the Y/G
Stk relay. Thus this control relay is ener-
gized in a manner similar to the whistle AWV
of Fig. 1, deriving its energy either directly
throngh wire 41 and the proceed repeater
relay G Rep,or, upon proper operation of the
acknowledging: contactor Ack', through a
contact finger (11%) and front point of the
Y /G Stk relay. The main difference in ¥ig.
6, from Fig. 1, is that the energizing circuit
in question also includes the contact finger

T
a3

39 and back point of relay R* (the relay R*
‘having an aditional contact finger 39 in the

Fig. 6 form).

Hrom the above described apparatus, it can
be seent that, as in the Fig. 1 form, on chang-
ing to more faverable conditions, relay
TPV—R remains energized without neces-
sity for ncknowledgment, in the same manner
as with AWV in Fig. 1. On the other hand,
whien” going to more restrictive conditions,
energy is taken off of velay EPV—R and is
put on this relay again énly if acknowledg-
ment be performed within the release time,
five seconds, of the relay. Acknowledgment

45 o fter release of relay BPV—R isof no avail

‘that an

since the acknowledging circuit includes a
contact finger 38 and iront point of relay
EPV—R. : :
T acknowledgment be not performed with-
in the required time, on passing into mor
restrictive territory, relay BPV-—R releases
to thereby open the energizing circuit for the
brake applying device BPV, with the result
automatic brake application is in-
evrred. It is then necessary, in order to re-
lease the brakes, and permit the train to pro-
ceed, to first bring the train to a full stop and
then depress the reset contactor Res, which
is nccessible only from the ground, whereby

23 to place energy on wire 43* which operates in

a manter lar to the Fig. 1 form to suc-
cessively pick up the various stick acknowl-
edeing  relays, to thus re-energize relay
WPV R whereby to re-energize EPV.
Coming now to the function performed by

1,824,134

contact finger 39 of relay R, it is clear that
unless this contact finger be released at least
once every five seconds, the energizing circuit
for relay EPV—R is broken for a sufficient
time to drop this relay and de-energize EPV,
thereby to apply the brakes. Thus, by send-
ing a frequency code having a timing fast
cnough to prevent release of relay R* that is,
fast enough to prevent execution, (see Ifig. 1)
relay R* which, as explained above is stuck up
through a cireuit including contact finger 23
and front point of relay R?, remains up in-
definitely, with the result that relay EPV—R
drops and causes an automatic brake applica-
tion. It is obvious that contact finger 39 can
be transferred to relay R? from R* and obtain
the same control of EPV—R.

While no whistle or other signal corre-
sponding to AWV of Fig. 1 is shown in Fig.
6, it is clear that such a whistle can be em-
ployed, and connected up, in Fig. 6 in the
same manzer as in Fig. 1 so that, on going
into more restrictive territory, an audible
signal is given to indicate that acknowledg-
ment is necessary. If acknowledgment be
performed within the drop-away time of re-
lay EPV—R, the acknowledging signal will
be silenced and an automatic brake applica-
tion will be forestalled. If, however, ac-
mowledgment be not performed in due time,
an automatic brake application results and
the acknowledging whistle continues to sound
until the reset contactor is operated.

Tt is to be understood that all of the fea-
tures of Fig. 1 are to be retained in the form
shown in Fig. 6, this Fig. 6 showing merely
the features additional to Fig. 1, which fea-
tures are constituted primarily by the ab-
solute stop control in respense to a relatively
rapid frequency code, together with the brake
applying means ete. In Fig. 6, therefore,
there is shown a system which includes not
only four cab indications in the same manner
as 1n the form of Fig. 1, but a fifth control
which is an absolute stop control, produced
by a relatively rapid frequency code and
which cannot be forestalled by acknowledg-
ment or any other act which the engineer can
perform. :

Referring now to Fig. 7, there is here
shown a portion of car-carried apparatus
constituting a simplified and improved de-
coder wherein the monitor control for guard-
ing against operation of the decoder by fre-
quency type codes for setting up favorable in-
dications, is present, although one relay less,
for a given number of indications, is em-
ployed in the decoder.

In this form of invention, as in the form
of Tig. 1, there are track rails 1%, occupied

by a car indicated by wheels and axles 2%,

carrying ‘receiving coils 8%, connected up
through a filter F* and an amplifier A* to a
coding primary relay CPR having contact
fingers 4! and 5' whereby the contact fingers
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4" and 5 pick up and release in accordance
with coded current in the track rails 1%,

Controlled by relay CPR is a decoder con-

stituted primarily by five decoding relays
R—R". :

Each of the relays R*—R?® has a pick-up
winding and a stick-up winding, and is ar-
ranged, as indicated on the drawings, to be
slow to release, relay R? requiring .2 seconds
to release, and each of the others requiring
.33 seconds to release. S ,

In accordance with the particular code on
the track rails, this decoder operates to place
energy on the various wires y* and g* to en-
ergize, respectively, a caution repeater relay,
and a proceed repeater relay, as in the form
shown in Fig. 1. A wire 44 is indicated in
dotted line in Fig. 7 to indicate that this
wire which would be energized by a one-
hump cede, is entirely discarded in order to
make the decoder wholly immune from fre-
quency or rate type codes, as explained
above. Accordingly the decoder of Fig. 7
is arranged to give three indications, a pro-
ceed or G indication by placing energy on
the g* wire in response to a three-hump
code, a caution or Y indication by placing
energy on the y* wire in response to a two-
hump code and a stop or R indication in re-
sponse to a onc-hump code, and to current
steady on or steady off.. The red repeater
relay, R Rep, of Fig. 1 is, in the form shown
in Fig. 7, energized through- a circuit in-
cluding a back point of each of the relays
Y—Rep and G—Rep whereby in the ab-
sence of either a proceed or a caution indica-
tion, a stop indication must necessarily be
shown, S

If it be desired to have the decoder of
Fig. 7 give four indications instead of three,
it 1s preferable, instead of using the indica-
tion corresponding to a one-hump code, to
employ two additional decoding relays, as
R¢ and R7, connected to the right of relay
R? in the same manner as to be described
in detail below in connection with relays
R* and R%, whereby to give an indication
controlled by a four-hump code; In this
manner a decoder can be built up giving
any desired number of indications and still
be wholly immune from favorably respond-
ing to a frequency or rate type code.

Before giving a detailed description of |

the various circuits involved in the decoder
of Fig. 7 it may make for clearness to state
that, with current steady on or steady off,
ali of he relays R*—R® are down. With a
one-hump code only relays R* and R are
picked up, for executing a one-hump code
indication (which as just described has been
wholly discarded). With a two-hump code
relays R*—R¢* are picked up to place energy,
upon execution, on the #* wire. With a
three-hump code relays R'—R® are picked

9

up to place energy, upon execution, on' the
gt wire. ’

The' operation of the decoder will he
traced in response to a three-hump or pro-
ceed code such as shown, for example, in
Fig. 8, and this will explain clearly the op-
eration of the decoder in response to the two-
hump code and a one-hump code if any, it
being remembered that the two-hump- code

stops at picking up relay R¢, while the one- ¥

hump code stops at picking up relay R2

On relay CPR picking up for the first
time, relay R* is picked up through a cireuit
including contact finger 4* and front point
of CPR, contact finger 45 and back point of
R# and the pick up winding PU of R.

On the subsequent release of CPR, relay
R? is picked up through a circuit including
contact finger 5 and back point of CPR,
contact finger 46 and front point of R,
contact finger 47 and back point of R? and
the pick up winding PU of R2, After be-
ing picked up, R? is stuck up through a cir-
cuit including contact finger 48 and front

point of R*, contact finger 49 and front

point of R? the stick winding Stk of R2
and contact finger 50 and back point of R®.

On the second pick-up of CPR relay R®
is picked up through a circuit including con-
tact finger 4* and front point of CPR, con-
tact finger 45 and front point of R? con-
tact finger 51 and front point of R, the
stick winding of R, contact finger 52 and
baek point of R*, and the pick up winding

of R% R after being picked up is stuck up’

through a circuit including the stick circuit
traced above for R? but with contact fin-
ger 50 of R® in raised position, and contact
finger 53 and back point of R+,

On the following, or second, release of
CPR, relay R* is picked up through a cir-
cuit including the contact fingers 5%, 46 and
47 and front points of CPR, R* and R? re-
spectively, contact finger 54 and back point

of R® and the pick-up winding of R4~ Af-

ter being picked up, relay R* is stuck upina

.manner similar to what has already been de-

scribed.

On the third
lay R® is picked
should now be

pick-up of relay CPR, re-
up through a ecireuit which
easily traceable on Fig. 7,

-and is stuck up through a stick circuit which

also should now be easily traceable.
On the third release of relay CPR, no fur-

ther relays are picked up, but both the pick- !

up and stick circuits for relay R* are broken
by the release of contact finger 4* of relay
CPR, so that, in the present case .2 seconds
after this last release of CPR, relay R? re-

Ieases to break the stick cireuif for the four

relays R*—R?, and at the same time to com-
plete an-executing circuit for the particu-
lar code being received, in the present case
the three-hump, or proceed, code. This ex-
ecuting circuit includes contact finger 48 and
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back point of RY, contact finger 55 and front

point of R?, contact finger 56 and front point
of Re, contact finger 57 and front point of
R¢ and contact finger 58 and front point of
R?, to thus place energy on the g* wire.

1t can be readily seen that, with a two-

hump code, relays R*—R¢ are picked up in

sequence in the manner described above, but
relay R? remains down, whereby to leave con-
tact finger 58 of relay R° down, thus to place
energy on wire y* instead of g*, to thus ex-
ecute Tor the caution or two-hump code.

- The normal operation of the decoder shown
in Fig. 7, and just described, is llustrated
graphically in Fig. 8, with regard to both
the G, or proceed, code and the Y, or cau-
tion, code. In this figure is shown graphi-
cally how, after one cycle of code has pro-

‘gressed through the decoding relays, the

dropping of relay CPR de-energizes R* which

‘can be considered both an executing and a

clear-out relay. On release of R*, contact

“finger 48 thereof drops to execute by plac-

ing energy on the proper repeater relay wire,
and to break the stick circuit for the re-
maining relays which have been picked up
and are stuck up, so that these remaining
relays subsequently release and clear out the
decoder in preparation for the next cycle of
code. '

Referring now to Fig. 9, there is here
shown in graphic form the response of the
coder of Fig. 7 to a frequency or rate code
which is equal to or faster than, the release
time of the executing relay R*. Asindicated
in the figure, the first three humps of the
rate code pick up relays R*—R® but in as
much as there is insufficient time during
which CPR is down, for R* to drop, no ex-
ecution can follow. Therefore, no energy
can be placed on either the y* or g* wire,
with the result that the red repeater relay
is energized to set up a stop indication,

Referring now to Fig. 10, there is here
shown, in graphic form, the response of the
decoder of Fig. T to a frequency or rate type
code which is slow enough not only to al-
low execution, by the dropping of relay R*,
but also to allow the subsequent release of
such of relays R2—R? as have been picked
up. As can be seen from the figure, the first
on and off period of current picks up re-
lays R* and R?, after which R* drops to ex-
ecute a one-hump code indication if it be
used, but in the present case this indication
has been discarded, and then relay R* re-
leases to clear out the decoder. Thus it is
seen that with a slow rate code, as illustrated,

“the -code can progress through the decoder

only up to picking up of relay R* and the
time is sufficient during the off period of cur-
rent to drop both of these relays so that
each succeeding current impulse must start

“at the beginning of the decoder.

Referring now to Fig. 11, there is here

1,824,134

shown in graphic form the manner in which
the decoder of Fig. 7 responds to a frequency
type “‘code which is slow enough to permit
execution by the release of R, but is not slow
enough to permit release of relays R*—R® in
the normal manner.

In this case, on the first pick-up of CPR,
R* picks up through a front point of CPR and
a back point of R% On the first release of
CPR, R? picks up through a back point of
CPR, a front point of R* and a back point of
R# and is then stuck up as described above.
Relay R* then releases .2 seconds after the
release of CPR to execute a one-hump code if
used, that is, to attempt to place energy on
such as the dotted wire 44 which, as explained,
has been omitted. Before relay R*, however,
has time to release, relay CPR picks up for

the second time, but since the pick-up cireuit

for relay R® includes contact finger 51 and
front point of R, R* cannot be picked up,
and also, since R? is still up, R* cannot be
picked up, with the result that the second
pick-up of relay CPR can have no effect until

after relay R? releases and thus clears out the ©

decoder.

Thus 1t is seen that, with a rate type code
such as in Fig. 11, the code cannot progress
through the decoder beyond picking up relay
22, and it is also clear that, if any attempted
execution occurs by the release of relay R,
it is necessary that clearing out of ali of the
other relays of the decoder which may have
been picked up, be completed, before the code
can further operate the decoder relays.

The form of decoder shown in Figure 7,
therefore, accomplishes the same useful re-
sults as accomplished by the form shown in
Fig. 1, but is simpler and cheaper in that it

eliminates one of the relays of Fig. 1. That *C3

is, relays R* and R? of Fig. 1 are, in effect, re-
placedin Fig. 7 by the single relay R*.

It is to be understood, of course, that the

check signal AWV* of Fig. 1, and the ac-
knowledging whistle AWV of Fig. 1, and also
the brake control means EPV and EPV—R
of Fig. 6, can all be used in connection with
the decoder of Fig. 7. In other words it is
contemplated that the decoder (R*—R?) of
Fig. 7 can be substituted for the decoder
(R'—R¢) of Fig. 1.
" Referring now to Fig. 12, it is herc shown
in graphic form how the decoder of Fig. T iz
immune to a fast rate code which changes to a
slow rate code as, for example, a rate code of
2 seconds changing to a rate code of .3 sec-
onds.

During the time the fast rate code, .2 sec-
onds, is being received, response of the de-
coder-is as indicated in Fig. 9, in which all
of the relays R*—R? are picked up and are
held up with no possibility of an execution
since there is insufficient time for the relense
of executing relay R*.

On the code changing to a slower rate, as 172
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:3 seconds, relay R releases to execute the cir-
cuit then set up, which is the proceed or G
indication: Thus energy is placed on wire
g* on the first release of R*. Since execution
has taken place, a clearing out of all of the
relays R*—R? is enforced in-the same man-
ner as described in connection with Fig. 11,
whereby, after this single execution of the
G code, nothing further is possible except the
attempted execution of a - one-hump code
which it is contemplated to wholly omit.
Furthermore a single execution of the G

code cannot brealk down the stop or R code

that was set up by the fast rate code since, as
shown in Fig. 1, the red repeater relay R Rep
requires 6 seconds to release. Before this re-
lay has-had a chance to release, the effect of
the single execution of G code has been dis-
sipated and G Rep releases, and again ener-
gizes R Rep to thereby retain thestop or R in-
dication. ' v : , :

. As mentioned in the introductory portions
of this specification, the timings of the va-
rious relays and of the various codes is not
of the essence of the present invention, it be-
ing contemplated that these times can be wide-
Ly varied, at will, in accordance with the at-
tendant circumstances, just so long as the code
timing is chosen to properly cooperate with
the relay timing to give operating character-
istics as described. :

By means of the above described systems,
applicant has provided train control systems
‘which are designed: to respond normally to
pattern or cyclic or counting type codes, to
set up distinctive cab indications and train
controls, with the apparatus so arranged as
to be whelly immune to operation by rate type
codes, regardless of the particular timing
of such rate codes, to set up anything but stop
indications and stop controls.

The above rather detailed description of
several forms of applicant’s invention, is
given solely by way of illustration, and 1s not
intended, 1n any manner whatsoever, in a
limiting sense. Obviously, the invention can
assume many physical forms, and is suscep-
tible of numerous modifications, and all such
forms and modifications are intended to be
embraced by.this invention, as come within
the scope of the appended claims.

Having described my invention, I now
claim:

1. In continuous train control systems, in
combination with code receiving means and
secondary circuits for setting up controls of
varying restrictiveness, a decoder for gov-
erning the secondary circuits and operated
by the receiving means, said decoder having
means making 1t incapable of setting up a
tavorable control in response to code having
spaced alternate on and off periods of cur-
rent, unless there intermittently occurs an
oft period, which is long relatively to said
alternate off periods. '

11

2. In continuous train control systems, in
combination with code receiving means and
secondary circuits for setting up controls of
varying restrictiveness, a decoder for govern-
ing the secondary circuits and operated by
the receiving means, said decoder being ar-
ranged to distinguish between cyclic codes
differing from each other by the number of
separate current impulses per cycle of code,
and including means making it incapable
of setting up a favorable control in response
to code having spaced alternate on and off
periods of current, unless there intermit-
tently occurs an off period which  is long
relatively to said alternate off periods. -

~ 3. In continuous train control systems, in
combination with code receiving means and
secondary circuits for setting up controls of
varying restrictiveness, a decoder for govern-
ing the secondary circuits and operated by
the receiving means, said decoder having
means making it incapable of setting up a
favorable control in response to code hay-
Ing spaced alternate on and off periods of
current, unless there intermittently occurs a
relatively extended off period, and out-of-
order indicating means initiated upon said
decoder failing to guard against responding
favorably to a code having no intermittently
occurring relatively extended off period.

4. In contiriuous train control systems, in
combination with code receiving means and
secondary circuits for setting up controls of
varying restrictiveness, a decoder for govern-
ing the secondary circuits and operated by
the receiving means. said decoder being ar-
ranged to distinguish between cyclic codes
differing from each other by the number of
separate current impulses per cycle of code,
and including means making it incapable of
setting up a favorable control in response to
code having spaced alternate on and off
periods of current, unless there intermit-
tently occurs a relatively extended off period,
and out-of-order indicating means initiated
upon said decoder failing to guard against
responding favorably to a code having no
Intermittently occurring relatively extended
off period. .

5. In continuous train control systems, 1n
combination with code receiving means and
secondary circuits for setting up controls of
varying restrictiveness, a decoder for gov-
erning the secondary circuits and operated
by the receiving means, said decoder having
means making 1t incapable of setting up. a
favorable control in response to code having
spaced alternate on and off periods of cur-
rent, unless there intermittently occurs an
offt period which is long. relatively to said
alternate off periods, and a brake applying
device controlled by said secondary circuits
and operating when initiated, to apply the
brakes, said decoder responding to a “stop”
code of. .sufficient rapidity and having no
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said intermittently occurring extended off
periods to initiate :said brake applying de-
vice. Sl e :

6. In continuous train control systems, in

combination with code receiving means and
secondary circuits for setting .up. controls of
varying restrictiveness, a decoder for govern-
ing the secondary circuits and - operated by
the receiving means, said decoder being ar-
ranged to distinguish between cyclic codes
differing from each other by the number of
separate current impulses per cycle of code,
and including means making it incapable of
setting up a favorable control in response to
code having spaced alternate. on and- off
periods of current, unless there intermit-
tently occurs an-off period which 1s long
relatively to said alternate off periods, and
a brake applying device controlled by said
secondary circuits and operating when ini-
tiated, to apply the brakes. said decoder re-
sponding to a “stop” code of sufficient rapid-
ity and having no said intermittently occur-
ring extended off periods to ‘initiate said
brake applying device. .-
"7 In continuous train control systems, in
combination with code receiving means anc
secondary circuits for setting up controls of
varying restrictiveness, a decoder for gov-
erning the secondary circuits and operated
by the receiving means, said decoder having
means making 1s incapable of setting up a
favorable control in response to code having
spaced alternate on and off periods of cur-
rvent, unless there intermittently occurs a
relatively extended off period, an out-of-
order indicating means initiated upon said
decoder failing to guard against responding
favorably to a code having no intermittently
occurring relatively extended oft period, and
a brake applying device controlled by said
secondary circuits and operating, when ini-
tinted, to apply the brakes, said decoder re-
sponding to a “stop” code of sufficient rapid-
ity and having nosaid intermittently occur-
ving extended off periods to initiate said
brake applying devce.

8. In continuous train control systems, in
combination with code receiving means and
secondary circuits for setting up controls of
varying restrictiveness, a decoder for gov-
erning the secondary circuits and operated
by the receiving means, said decoder having
means making it incapable of setting up a
favorable control in response to code having
spaced alternate on and off periods of cur-
rent, unless there intermittently occurs a rela-
tively extended off period, a brake applying
device controlled by said secondary circuits
and operating, when initiated, to apply the
brakes, said decoder responding to a “stop”
code of sufficient rapidity and having no said
intermittently occurring extended off periods,
to initiate said brake applying device, means
for initiating the brake applying device on

1,824,134

going into more restrictive territory, and an
acknowledging contactor incapable of pre-
venting initiation of the brake applying de-
vice due to said “stop” code, but operable to
prevent the other said initiation thereof.

9. A train control decoder, comprising, a
plurality of stepping relays for selectively
energizing different control circuits and op-
erable in response to a primary relay con-
nected to successively pick up and release to
thus follow a code, the stepping relays pick-
ing up in succession as the primary relay op-
erates, each stepping relay picking up
through a circuit including a front point of
each preceding relay and a back point of the
immediately succeeding relay, and all, save
the first, being stuck up through a circuit in-
cluding a front point of each preceding relay
and a back point of the immediately succeed-
ing relay, said first stepping relay controlling
all said control circuits, and a monitor relay
picked up through a back point of each of
said stepping relays and stuck up, in multi-
ple, through a back point of the primary
relay, and a front point of the first stepping
relay.

10. A train control decoder, comprising, a
plurality of stepping relays for selectively
energizing different control circuits and oper-
able in response to a primary relay connected
to successively pick up and release to thus
follow a code, the stepping relays picking up
in succession as the primary relay operates,
each stepping relay picking up through a cir-
cuit including a front point of each preceding
relay and a back point of the immediately
succeeding relay, and all, save the first, be-
ing stuck up through a circuit including
a front point of each preceding relay and a
back point of the immediately succeeding re-
lay, said first stepping relay controlling all
sald. control circuits, and a monitor relay,
picked up through a back point of each of said
stepping relays and stuck up, in multiple,
through a back point of the primary relay and
a front point of the first stepping relay, said
monitor relay also controlling all said con-
trol circuits..

11. A train control decoder, comprising a
plurality of stepping relays, for selectively
energizing different control circuits and op-
erable in response to a primary relay con-
nected to successively pick up and release to
thus follow a code, the stepping relays pick-
ing up in successiion as the primary relay
operates, each stepping relay picking up
through a circuit including a front point of
each preceding relay and a back point of the
immediately succeeding relay, and all, save
the first, being stuck up through a circuit in-
cluding a front point of each preceding relay
and back point of the immediately succeed-
ing relay, sald stepping relay controlling
all said control circuits, and a monitor relay,
picked up through a back point of each of
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said stepping relays, and stuck up, in multi-
ple, through a back point of the primary re-
lay and a front point of the first stepping
relay, said monitor relay also controlling all
said control circuits, and the stick circuits for
the stepping relays, through its front points.

12. A train control decoder, comprising, a
plurality of stepping relays for selectively
energizing different control circuits and op-
erable in response to a primary relay con-
nected to successively pick up and release to
thus follow a code, the stepping relays pick-
ing up in succession as the primary relay op-
erates, each stepping relay picking up
through a circuit including a front point of
each preceding relay and a back point of the
immediately succeeding relay, and all, save
the first, being stuck up through a circuit in-
cluding a front point of each preceding re-
lay and a back point of the immediately suc-
ceeding relay, said first stepping relay con-
trolling all said control circuits, and a moni-
tor relay, picked up through a back point
of each of said stepping relays, and stuck up,
in multiple, through a back point of the pr1-
nmary relay, and a front point of the first
stepping relay, said monitor relay also cou-

troiling all said control circuits and being’

quick enough acting to release if the primary
relay picks up when the first stepping relay
is down. ‘

18. A train control decoder, comprising, a
plurality of stepping relays for selectively
energizing different control circuits and op-
crable in response to a primary relay con-
nected to pick up and release to thus follow
a code, the stepping relays picking up in suc-
cession as the primary relay operates, each
stepping relay picking up through a circuit
including a front point of each preceding re-
lay and a back point of the immediately suc-
ceeding relay, and all; save the first, being
stuck up through a circuit including a front
point of each preceding relay and back point
of the immediately succeeding relay, said
first stepping relay controlling all said con-
trol circuits, and a monitor relay, picked up
through a back point of each of said stepping
relays, and stuck up, in multiple, through a
back point of the primary relay and a front
point of the first stepping relay, said moni-
tor relay also controlling all said control
circuits and the stick circuits for the step-
ping relays, through its front points, the
monitor relay being quick enough acting to
release if the primary relay picks up when
the first stepping relay is down.

14. A train control decoder, comprising, a
plurality of stepping relays for selectively
energizing different control circuits and op-
erable in response to a primary relay connect-
ed to pick up and release to thus follow a
code, the stepping relays picking up in suc-
cession as the primary relay operates, each
stepping relay picking up through a circuit
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including a front point of each preceding
relay and a back point of the immediately
succeeding relay,-and all, save the first, being
stuck up through a circuit including a front
point of each preceding relay and back point
of the immediately succeeding relay, said
first stepping relay controlling all said con-
trol circuits, and a menitor relay, picked up
through a back point of each of said stepping
relays and stuck up, in multiple, through a
back point of the primary relay and a front
point of the first stepping relay, said moni-
tor relay also controlling all said control cir-
wits and the stick circuits for the stepping
relays through its front points, the monitor
relay being quick enough acting to release if
the primary relay picks up when the first
stepping relay is down, and an out-of-order
indication connected to be energized if the
menitor relay fails to release when de-ener-
gized. :

15. A decoder for train control systems,
consisting, of only a plurality of stepping re-
lays picked up in succession as a primary re-
lay, arranged to follow train control code,
picks up and releases, each stepping relay, ex-
cept the last, picking up through a back point
ot a following relay, and each stepping relay,
except the first, picking up through a front
point of a preceding relay.

16. A decoder for train control systems,
comprising .a plurality of stepping relays
picked up in succession as a primary relay,
arranged to follow train control code, picks
up and releases, each stepping relay, except
the last, picking up through a back point of a
following relay,and each stepping relay, ex-
cept the first, picking up through a front
point of a preceding relay, a stick circuit for
the first stepping relay including a front
point of the primary relay, a stick circuit for
the other stepping relays including a front
point of the first stepping relay, and a plu-
rality of induction control circuits energiza-
ble through a back point of the first stepping
relay.

17. A decoder for train control systems,
comprising, a plurality of stepping relays
picked up in succession as a primary relay,
arranged to follow train control code, picks
up and releases, each stepping relay, except
the last, picking up through a back point of
a following relay, and each stepping relay,
except the first picking up through a front
point of a preceding relay, a stick circuit for
the first stepping relay including a front
point of the primary relay, and front and
back points of succeeding relays; a stick cir-
cuit for the other stepping relays including
a front point of the first stepping relay, and
a plurality of indication control circuits en-
ergizable through a back point of the first
stepping relay.

In testimony whereof I affix my signature.

- WILLIAM D. HAILES.
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