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4 Claims,

My invention relates to decoding apparatus
and more particularly to apparatus of this char-
acter which enables codes such as are used in
coded wayside signaling and automatic train con-
trol to be decoded by a group of counting relays.
My invention also relates to the method of de-
coding which involves setting up a definite ref-
erence time periodically and counting the num-
ber of impulses which occur during such reference
time.

One okject of my inventicn is to provide a sim-
ple and effective method for decoding a “fre-
quency” code by means of impulse counting. An-
other object of my invention is to provide a re-
lay counting chain comprising relays which may
be of the non-safety type for decoding codes of
the “rate” or “frequency” type which are dis-
tinguished from one another by the number of
impulses occurring per unit of time. A further
object of my invention is to provide certain safety
features and so arrange the apparatus that it
will operate with the safety and reliability which
is essential in apparatus designed for railway sig-
naling service.

I accomplish the foregoing cbjects by establish-
ing a definite reference time interval which de-
termines the number of impulses of a given code
which can be effective during such time interval
and which, in turn, determines the number of
counting relays which can operate during the
reference interval, thus providing selective op-
eration in accordance with the code being re-
ceived.

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

The accompanying drawing is a diagrammatic
view showing decoding apparatus embodying my
invention applied to a section of railway track

adapted for coded wayside signaling employing *

a frequency code.

Referring to the drawing, the insulated section
of railway track D—E is traversed by traffic nor-
mally passing from left to right, in the direction
of the arrow, and receives coded current at its
exit end from the track transformer TE, the
primary winding of which is periodically ener-
gized with alternating current supplied from a
source having the terminals BX—CX over one or

another of the coding contacts 80, 128, or 183 ©

of the code transmitter CTE. The code which is
supplied to the track at any given time depends
on the traffic conditions in advance of the sec-
tion D—E. That is to say, if two or more blocks
in advance of the section are unoccupied, then
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180 code will be supplied; if only one block is un-
occupied, the code will be 120; whereas if the
block immediately in advance is occupied, the ef-
fective code will be 80. The specific code select-
ing circuits are not shown in the drawing since
these are well known and are not essential for
an understanding of the invention. It will be suf-
ficient to say that each code transmitter CTE and
CTD is so designed that it closes its contacts 180,
120, and 80 at the rate of 180, 120, and 80 times
per minute, respectively, and that track circuit
current coded at one or another of these rates
is constantly supplied to the rails of section D—E.

Connected across the rails at the entering end
of the section is a code following alternating cur-
rent track relay TR having a constantly ener-
gized local element 2 and a track-connected ele-
ment 3. Relay TR will follow the individual im-
pulses of the code supplied to the track and will
operate its contacts 4—5 and 4—6 in step with
the code. Each code transmitter is provided with
a timing contact 7 which is closed for a predeter-
mined time interval and open for another pre-
determined time interval during each cycle of
operation of the code transmitter. If the code
transmitter is of the motor driven type, a con-
venient way of obtaining these time intervals is
to employ an additional cam which closes contact
1—8 for the desired portion of the cam revolu-
tion and opens it, closing contact 7—8 for the
remainder.

For purposes of illustration, I shall assume that
one complete timing cycle consumes 1.5 seconds
and that of this period, 1.05 seconds represents
the time during which front contact T—8 is closed
and 0.45 second represents the time during which
this contact is open. The back contact 1—9 will
be clesed for a time interval slightly less than
0.45 second because of the two transit times of
contact finger 1 involved in the movement be-
tween the fixed contacts 5 and 6. These time in-
tervals are chosen for purposes of illustration
only and are not to be understood as limiting
the scope of the invention in any way.

Starting relays F and G control the operation
of the relay counting chain comprising relays 0
to 15, inclusive, and the energization of one or
the other starting relay depends on whether front
contact 4—5 or back contact 4—6 of relay TR
is closed at the time contact T—8 closes and the
counting begins. If contacts &—5 and 1—8 are
closed, then a pick-up circuit for relay F is estab-
lished, but if contact 4—8 is closed when con-
tact 1—8 becomes closed, then relay G is picked
up. When once picked up, relay F or relay G
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remains in the picked up position by virtue of
a stick circuit which remains closed until the
opening of ths timing contact 7—8. The pick-
up of one or the other of these relays prepares
a pick-up circuit for the first counting relay and
for subsequent counting relays, as will appear
hereinafter.

The relay S is a slow release relay having a
release time slightly greater than 1.05 seconds or
sufficient to bridge the closed time of contact
T—8, but less than 1.5 seconds, that is, less than
the duration of one timing cycle. Relay S pre-
pares the stick circuits for the counting relay
chain. Each counting relay is provided with an
upper winding, as viewed in the drawing, which
is the pick-up winding, and with a lower or hold-
ing winding.

Depending on the number of counting relays
picked up during the timing cycle, which de-
pends in turn upon the code then effective in the
track, one or another of the signal control relays
I, R, A will be picked up, thereby causing the
proper signal indication in accordance with traffic
conditions in advance to be displayed for trafiic
entering the section.

By drawing a diagram of each of the three
codes to scale, it can be shown that during the
assumed time interval of 1.05 seconds, the code
following track relay will change its positicn a
maximum of 3 and a minimum of 2 times for 80
code; a maximum of 5 and a minimum of 4 times
for 120 code; and a maximum of 7 and a mini-
mum of 6 times for 180 code. That is to say,
during the time that the timing contact T—38 is

closed, contact 4—5 or 4—S§ of relay TR may close 2

the above number of times, depending upon how
far in-step or out-of-step the two code transmit-
ters CTD and CTE may be at the particular time.
Having given the foregoing general explana-
tion, I shall now describe more specifically the
operaticn of the apparatus in decoding the track
circuit code. I shall assume that track relay TR
is responding to 80 code and that the timing
contact T—8 became closed simultaneously with
the closing of front contact 4—5 of relay TR.
The closing of contact T—8 establishes an obvious
energizing circuit for relay S which includes the
terminals B—C of a source of current and the
back contacts 16 to 21, inclusive, of the counting
relays connected in series. Pick-up of relay S
closes the front contact 22 which prepares stick
circuits for the counting relay chain, as individ-
ual relays of the chain become picked up in se-
quence. As shown in the drawing, contact 7—8
has just closed and relay S is ready to pick up.
The simultaneous closing of contacts T—8 and
4—05 causes energy to be supplied to the starting
relay P over g pick-up circuit which can be traced
from one terminal B, contact 7—8, wire 23, con-
tact 4—5, wire 24, back contact 25 of relay G,
wire 26, and winding of relay F, to the other ter-
minal C of the source. Once relay F picks up, it
establishes a stick circuit for itself which includes
contact T—8, wires 23 and 27, front contact 28 of
relay F, and wire 23, to the relay winding. This
stick circuit excludes contact 4—5 of relay TR,
so that once relay F is picked up, it will remain in
this condition until the expiration of the full time
during which the timing contact T—8 is closed.
as. previously pointed out.
opens the back contact 30 so that pick-up of relay
G cannot occur until the start of a new counting
cycle. It is to be noted that if the back contact
4—6 of relay TR had been closed at the time con-
tact 7—8 became closed, then an obvicus pick-up

Pick-up of relay F 7
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circuit would have been established for relay G
over back contact 30 of relay F so that relay G
rather than relay ¥ would, under that condition,
prepare the pick-up circuits for the counting
relays.

The pick-up of relay F has no immediate effect
upon the counting relays until relay TR releases
in response to the first “off” period of the code.
At that time, g pick-up circuit is closed for count-
ing relay 19 as follows: from one terminal B,
timing contact 7—8, back contact 4—8 of relay
TR, wires 31 and 32, front contact 33 of relay F,
and wires 4 and 35, to the upper or pick-up
winding of relay 18 and the other terminal C of
the source. Relay 13 closes a stick circuit for
itself over front contact 22 of relay S, wires 36
and 37, front contact 38, and wire 39, to the lower
or stick winding of relay {9. Relay 18§ will sub-
sequently remain picked up for the remainder of
the cycle and will prepare a pick-up circuit for
the counting relay (1 at its front contact 49.

Relay 1 will pick up as soon as relay TR again
cioses its front contact 4—35 in response to the
“on” period of the code which marks the second
change in position of relay TR. The pick-up cir-
cuit includes the timing contact 7—8, front con-
tact 4—35 of relay TR, wire 41, front contact 42
of relay F, wires &3 and 44, front contact 49 of
relay {9, and wire 45, to the pick-up winding of
relay 11. Once picked up, relay |l closes a hold-
ing circuit for itself over the front contact 22 of
relay S and its own front contact 45. Since 80
code has been assumed and since for this code
there will usually be two changes of position of
relay TR, with a maximum of three changes,
during the time that the timing contact 7—8 re-
mains closed, this contact will now open during
the “on” code period just referred to and the back
contact T—9 will close. As g result, relay F will
release and in so doing will close an energizing
circuit for the signal control relay I. which may
be traced as follows: from terminal B, back con-
tact T-—8 of the code transmitter, wire &7, front
contact 48 of relay S, back contacts 49 and §98 of
relays ' and G, respectively, front contacts 54
and 52 of relays 18 and 11, respectively, and back
contact 53 of relay {2, to the winding of relay L
and terminal C. If there had been three changes
of positicn of relay TR, the energizing circuit for
relay L would have included the front point of
contact 53 of relay 12 and the back contact 54 of
relay 3. Relay L is of the slow release type and
will remain picked up during the counting cpera-
tion provided that it receives an energizing im-
pulse during an appreciable portion of the time
that contact 7—9 remains closed.

Fellowing the opening of the timing contact
?—3, relay S will release at the end of its slow re-
iease period and will thereby open the stick cir-
cuits for relays 10 and Ii (and any additional
counting relays) at its contact 22 so that these
relays will release, in preparation for the start
of a new counting cycle. When the timing con-

act T—8 again closes, the foregoing operations
invelving the pick-up of relays 10 and {1 will be
repeated and relay L will receive the required
impulse of energy for maintaining this relay
rvicked up. It should be noted that all of the
counting relays must first be released before the
pick-up circuit for relay S can become closed.
This introduces a checking feature into the ap-
paratus which makes it possible to use counting
relays of the non-safety type, thus appreciably
decreasing the cost of the apparatus. Starting
relays F and G are similarly checked against a
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failure in their energized position since the cir-
cuits for the signal control relays are carried
over back contacts of the starting relays. The
track relay TR and the signal control relays L,
R, A, should, of course, be of the safety type.

If the traffic conditions are such that 120 code
is effective in the section, then under this condi-
tion there will be a minimum of 4 and a maxi-
mum of 5 changes in position of the track relay
TR during the time that contact 7—8 is closed.
Accordingly, in addition to the pick-up of count-
ing relays 18 and {1, relays 12 and 18 (and some-
times relay 14) will also be picked up, in sequence,
so that a short while after contact T—9 closes, an
energizing impulse will be delivered to the signal
control relay R, over the same circuit as previ-
ously traced for relay L except that the front
point of contact finger 53 of relay 12 will now be
closed and the energizing circuit will include the
front point of contact 58 of relay (3 and the
back contact 55 of relay {4. When 180 code is
effective in the section, the additional counting
relays (4 and {5 will be picked up so that relay
A will receive energy and will remain picked up
as long as this code is effective.

By a slight change in the connections as shown
dotted in the drawing, all of the relays A, R, and
L can be maintained picked up on 180 code, and
relays R and L can both be picked up on 120
code, rather than having but one relay picked up
on its respective code.

Should a defect develop in the code transmit-
ter CTD so that its operation would slow down,
resulting in a substantial increase in time dur-
ing which contact T—8 remained closed, a point
would soon be reached where relay S would re-
lease before contact T—8 became closed, thus
making it impossible for any of the counting re-
lays except the first to pick up. Under this con-
dition, not any of the signal control relays would
receive energy so that the fault would be indi-
cated by the display of a “danger” indication
at lamp 56 notwithstanding permissive traffic
conditions. Lamps 57, 58, and 59 indicate the
presence of 80, 120, and 180 code, respectively, in
the section D—E and the energization of these
lamps will be obvious from the drawing. If the
relays I and R are connected as shown by the
dotted lines, then the lamps may be connected in
the manner shown by the corresponding dotted
diagram. The particular devices controlled bv
relays L, R and A are well-known and form no
part of my invention so that detailed description
of this portion of the apparatus is unnecessary.

From the foregoing it will be apparent that I
have provided means for decoding a frequency or
rate type of code by means of a relay counting
chain comprising relays which may be of non-
safety type and have provided a safe, simple,
and reliable arrangement of apparatus for ac-
complishing this result. Although I have used
certain specific codes for illustrative purposes and
have described a system employing but three
codes, it will be obvious that the apparatus and
method embodying my invention may be used for
decoding any suitable code of the rate type and
that by suitably increasing the number of count-
ing relays, the number of codes which the appa-
ratus is capable of decoding can likewise be in-
creased.

Although I have herein shown and described
only one form of decoding apparatus embodying
my invention, it is understood that various
changes and modifications may be made therein
within the scope of the appended claims without
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departing from the spirit and scope of my in-
ventien.

Having thus described my invention, what I
claim is:

1. Apparatus for decoding a frequency code
comprising in combination, a code following relay
responsive to the code being decoded, a timing
contact which is closed periodically for a prede-
termined time interval, a pair of starting relays
one or the other of which is picked up when said
timing contact becomes closed depending upon
whether said code following relay is in its picked
up or released position respectively, the respective
starting relay remaining picked up thereafter
until said timing contact becomes opened, a chain
of counting relays, and means including said tim-
ing contact, a contact of said code following relay,
and a contact of said respective starting relay for
causing sequential operation of said counting re-
lays in step with changes in position of said code
following relay, the code being determined in ac~
cordance with the number of said counting re-
lays operated during said predetermined time in-
terval.

2. Apparatus for decoding a frequency code
comprising in combination, a code following relay
responsive to the code being deccded, a timing
contact which is closed periodically for a pre-
determined time interval, a pair of starting relays
one or the other of which is picked up when said
timing contact becomes closed depending upon
whether said code following relay is in its picked
up or released position respectively, the respective
starting relay remaining picked up thereafter
until said timing contact becomes opened, & slow
release checking relay energized over said timing
contact in its closed position and having 3 release
time longer than said predetermined time inter-
val, a chain of counting relays, a pick-up circuit
for each relay of said counting chain including
said timing contact, a contact of said code fol-
lowing relay and a front contact of said respec-
tive starting relay, and a stick circuit for each
counting relay including a front contact of said
checking relay and a front contact of the respec-
tive counting relay, said counting relays operat-
ing sequentially one at a time in step with
changes in position of said code following relay,
each counting relay when picked up closing its
own stick circuit and preparing the pick-up cir-
cuit for the next counting relay of the chain.

3. Apparatus for decoding a frequency code
comprising in combination, a code following relay
responsive to the code being decoded, a timing
contact which is closed periodically for a prede-
termined time interval, a pair of starting relays
one or the other of which is picked up when said
timing contact becomes closed depending upon
whether said code following relay is in its picked
up or released position respectively, the respec~
tive starting relay remaining picked up thereafter
until said timing contact becomes opened, a chain
of counting relays, means including said timing
contact, a contact of said code following relay
and a front contact of said respective starting
relay for causing sequential operation of said
counting relays in step with changes in position
of said code following relay, said counting relays
remaining operated until the expiration of said
time interval, and an indicator effective when
said timing contact is open and receiving energy
over a circuit which includes a back contact of
each starting relay and front contacts of those
counting relays which have become operated dur-
ing said time interval.
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4, Apparatus for decoding a frequency code
comprising in combination, a code following relay
responsive to the code being decoded, a timing
contact which is closed periodically for a prede-
termined time interval, a pair of starting relays
one or the other of which is picked up when
said timing ccntact becomes closed depending
upon whether said code following relay is in its
picked up or released position respectively, the
respective starting relay remaining picked up
thereafter until said timing contact becomes
opened, a slow release checking relay energized
over said timing contact in its closed position and
having a release time longer than said predeter-
mined time interval, a chain of counting relays,

2,309,743

means including said timing contact, a contact of
said code following relay and a front contact of
said respective starting relay for causing sequen-
tial operation of said counting relays in step with
changes in position of said code following relay,
said counting relays remaining operated until the
expiration of said time interval, and an indicator
effective when said timing contact is open and
receiving energy over a circuit which includes a
back contact of each starting relay, a front con-
tact of said checking relay, and front contacts of
those counting relays which have become oper-
ated during said time interval.

GECRGE W. BAUGHMAN.,



