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My invention relates to railway braking ap-
paratus, and particularly to car retarders of the
type comprising wheel engaging braking bars
located beside a track rail and movable toward
and away from the rail into braking and non-
braking positions. More particularly, my in-
vention relates to apparatus of the type de-
scribed wherein the braking bars are arranged
to be moved to their braking positions by means
of one or more fluid pressure motors, and to he
restored to their non-braking positions by suit-
able biasing means.

One object of my invention is the provision
of improved means for automatically controlling
the braking action of a car retarder in accord-
ance with the speed of a car passing there-
through.

Ancther object of my invention is the provision
of improved timing means for measuring the
speed of a car passing through a car retarder.

Anocther cbject of my invention is the pro-
vision of improved means for progressively de-
creasing the braking force exerted by a car re-
tarder as the speed of a car being retarded by
the retarder approaches a selected one of a plu-
rality of predetermined control speeds, and for
releasing the retarder when the selected control
speed is reached.

A further object of my invention is the pro-

vision of means whereby the braking action of

a car retarder may be controlled automatically
in accordance with the speed of a car passing
through the retarder, or manually at the will of
an operator.

A still further cohject of my invention is the
provision of means for providing improved flex-
ibility of operation of a fluid pressure operated
car retarder by enabling the pressure which is
supplied to the retarder to operate it to be grad-
uated into manually selected levels.

According to my invention the stretch of track
with which the retarder is associated is provided
with a series of single rail track circuits each
of which includes an insulated rail section which
is sufficiently short so that two wheels of a car
cannot occupy the section at any one time. Each
track circuit includes a track relay, and 2 back
contact of all of the track relays in advance,
whereby only one track relay will be energized
at a time.
sets into operation time measuring means com-
prising a source of constant frequency alter-
nating current, and means for counting the
cycles of this source.

The means for counting the cycles of the

When any track relay is energized, it
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source includes a pair of half-step relays which
respond to alternate half cycles of the current,
whereby each relay operates once during each
cycle of the alternating current, and a unit chain
of counting relays which pick up successively
one each time a selected one of the half-step
relays operates. The counting relays are ar-
ranged to continue to operate as long as the
track relay which initiated their operation re-
mains energized. Assuming that the frequency
of the constant frequency source is 60 cycles, and
that the unit chain includes 6 relays, it will be
seen that successive relays of the unit chain
will pick up at intervals of 1624 milliseconds, and
the chain will complete a full cycle of operation
every 100 milliseconds.

The time measuring means also includes a
multiple chain of counting relays so arranged
that the relays of this latter chain will advance
progressively one each time the unit chain com-
pletes a round trip of operation.

The time measuring means further includes
meahs for restoring the counting chain to start-
ing position to initiate a new timing period each
time a new track relay picks up.

The relays of the unit and multiple chains
control other relays for effecting a graduated
reduction in the pressure of the fluid applied to
the operating cylinder of a fluid pressure oper-
ated car retarder in accordance with the setting
of a manually operable lever to cause the re-
tarder to release when the speed of a car has
been reduced to a selected speed.

The apparatus also includes means whereby
the retarder can be controlled manually inde-
pendently of the manually operable lever.

Other objects and characteristic features of
my invention will become apparent as the de-
seription proceeds. :

I shall describe two forms of railway braking
apparatus embodying my invention,and shall then
point out the novel features thereof in claims.

In the accompanying drawings, Figs. 1q and 1b
are views which, when placed one above the
other with Fig. la on top in such manner that
the dotted lines leading to the bottom of Fig. 1a
align with the dotted lines leading to the top
of Fig. 1b, together constitute a view partly sec-
tioned and partly diagrammatic illustrating one
form of apparatus embodying my invention.
Figs. 2a and 2b are views similar to Figs. 1a and
1b illustrating another form of apparatus em-
bodying my invention. Fig. 3 is a table showing
the method of connecting the front contacts of
certain ones of the relays forming part of the




apparatus illustrated in Figs. 1a, 1b, 2¢ and 2b
to obtain predetermined control speeds.

Similar reference characters refer to similar
parts in all three views.

Referring first to Figs. la and 1D, the reference
characters 1 and la desighate the track rails of
a stretch of railway track over which cars nor-
mally move in the direction indicated by the
arrow under such conditions that it is desirable
to at times control the speed of the cars auto-
matically. For example, the stretch of track
here shown might be in a classification yard of
the hump type through which cars move under
the influence of gravity. It is obvious that in
service of this kind the speed of individual cars
or strings of cars will vary through wide limits
depending among other things on the specd at

. which they go. over the hump, the temperature,
the weight of the car and its contents, and the
condition of the car as to whether it is a free
running car or otherwise,

In order to control the speed of the cars, the
stretch of track illustrated in the drawings is
provided with a car retarder CR which in the
form here shown comprises two braking bars 2
and 3 extending parallel with, and located on
opposite sides of rail {, and two similar braking
bars 2a and 8¢ extending parallel with and located
on opposite sides of rail 1a.

The braking bars 2, 3, 2a and 3c¢ are cperated
by a fluid pressure motor M (Fig. 1b) comprising
a cylinder 4 containing a reciprocable piston § at-~
tached to one end of a piston rod 6. The braking
bars 2, 3, 2a and 3a are operatively connected
with the piston rod 6 through a suitable linkwork
here shown as comprising a bell crank T and &
lever 8 pivotally supported at point 9. When
piston 5 occupies its extreme left-hand position,
in which it is illustrated in the drawings, the
braking bars occupy their non-braking or in-
effective positions in which they are out cof en~
gagement with the wheels of a car traversing the
rails 1 and {e. When piston § is moved to its
right-hand position, however, as when fluid pres-
sure is admitted to the left-hand end of cylinder
4, the braking bars 2, 3, 2z and 3a are moved
toward the associated rails to their effective or
braking positions in which they will engage the
wheels of a car traversing the rails | and fq, to
retard the speed of the car.

The braking bars 2, 2, 2¢ and 3¢ are constantly
biased to their non-braking positions by any suit-
able means, here shown as a spring {0 which is
interposed in the cylinder 4 between the right-
hand end of the cylinder and the piston 8.

The motor M is controlled by two magnet valves
Vi and V2, each comprising a valve stem 12 biased
to an upper position by means of 2 spring {1, and
provided with an armature 13 and a winding 14.
When valve VI is energized, as shown in the draw-
ings, valve stem 12 of this valve is moved down-
wardly against the bias of spring {1, and a pipe {8
which communicates with the left-hand end of
motor M is then connscted with atmosphere
through a port 15, When valve VI is deenergized,
however, pipe 18is disconnected from atmosphere,
and is connected with a pipe 1€ leading to valve
V2. When valve V2 is energized, valve stem 12 of
this valve moves downwardly, and connects pips
16 with pipe 1T which is constantly supplied with
fluid pressure, usually air, from a suitable source
not shown in the drawings, but when valve V2 is
deenergized, as shown in the drawings, pipe 16 is
fhen disconnected from pipe 1. It will be ap-

parent, therefore, that when valve Vi is energized,
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the regicn of the cylinder 4 of motor M between
the piston 5 and the left-hand end of the cylinder
is connected with atmosphere, so that the braking
bars of the car retarder will then be held in their
ineffective or non-braking positions by the spring
{0. When, however, valve Vi is deenergized and
valve V2 is energized, fluid pressure will ke sup-
plied to the left-hand end of cylinder 4 of motor
M, thus causing the braking bars to move to their
effective or braking positions. It will be obvious
that when the braking bars are moved to their
hraking positions, they will exert a braking force
which is proportional to the pressure of the fluid
which is then supplied to the Ieft-hand end of
motor M.

The valves V are controlled in part by a plu-
rality of pressure responsive devices P20—30
and P45-—55, each comprising a Bourdon tube 21
connected to pipe 18 and hence subjected to the
pressure of the fluid in the left-hand end of
motor M.  Each Bourdon tube confrols two con-
tacts 22—22¢ and 22-——22b. 'The pressure respon-
sive devices P25—29 and P4E—55 are so con-
structed and so adjusted that they will operate
sucecessively as the pressure in the region of cylin-
der 4 between the piston § and the left-hand end
of the cylinder increases. For example, for all
pressures below 20 pounds per square inch, the
contact 22—22¢ of each of these devices is closed.
If the pressure exceeds 20 pounds per square inch,
however, the contact 22—22q of device P20—39
cpens, and if the pressure exceeds 30 pounds per
square inch, contact 22—22b of device P20—30
closes. In similar manuner, the pressure respon-
sive device P45—55 is adjusted to open its contact
29 22q at 45 pounds per square inch, and to close
its contact 22—22b at 55 pounds per square inch.
Of course, these specific pregsures are not essen-
tial but are only mentioned for purposes of ex-
planation. -

"The valves V arc also controlled in part hy 2
plurality of relays PO, 2PO, {P2n—30, 2P29—30,
|PA5—55 and 2P45—55 which relays, in turn, are
controlled by speed responsive apparatus in a
manner which will be described in detail herein-
after.

The valveg V are further controlled by means
of a manually operable lever I, which, as here
shown, is capable of assuming five positions, indi-
cated by dotted lines in the drawings, and desig-
nated by the reference characters pd to p4, in-
clusive. Operatively connected with the lever L
are a plurality of contacts 25, 26, 2T, 28 and 29.
Contacts 25, 28, 27 and 28 are closed, respectively,
in the 08, pl, 2 and p3 positions of lever L, while
contact .29 is closed in the pi position, the »4
position, or any position intermediate these two
positions. :

The lever L will usually be located at a point
remote from the. braking apparatus, as in the
control cabin of a classification yard car retarder
system, and will be connected with the braking
apparatug by means of line wires extending from
the control cabin to the braking apparatus.

The previously menticned speed responsive ap-
paratus. for controlling relays P9, 2P9, | P26—30,
2P20—39, {P45—B5 and 2P43—8S comprises a
series of relatively short insulated conirol sec-
tions 1T, 2T, 3T, 4T, 5T and 8T, which control
sectiong are formed in the rail {. 'These control
sections will usually be of uniform lengths, and
their lengths may be varied as conditions require,
but the lengths of these sections will preferably
he such that two wheels of a car cannot occupy
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the same section at any one time. A preferred
length for these sections is 3 ft. 1% in.

Associated with each control section ig a track
relay designated by the reference character R
with a prefix corresponding to the reference
character for the associated section. These
track relays are sensitive quick acting relays, and
each relay is connected in a track circuit which,
when all of the track relays are initially deener-
gized and a pair of wheels moves onto any one of
the track sections T, includes a suitable source of
current here shown as a battery 20, a back con-
tact 34 of a relay 25U, a back contact 331 of a
relay 18U, a back contact 3! of each of the
track relays in advance of the occupied
section, the winding of the track relay of the oc-
cupied section T, the wheels and axle of the pair
of wheels on the occupied section T, and the
rail la.

When a track relay picks up due to the energy
supplied over any one of the track circuits just
described, if the track relay is an even-numbered
relay, relay 28U will pick up by virtue of a circuit
which I shall describe presently and will open its
back contact 34, and if the track relay is an odd-
numbered relay, relay 18U will pick up by virtue
of a circuit which I shall also describe presently
and will open its back contact 33f. However,
when either back contact 34 of relay 28U or back

contact 321 of relay {SU opens, the front contact -

32 of the picked-~up track relay will then be closed
and will have completed a branch circuit in mul-
tiple with the contacts 331 and 34 in series, which
branch circuit will maintain energy on the
picked-up track relay as long as the pair of
wheels which caused the track relay to pick up
remain on the associated section. For example,
if track relay {TR picks up due to a pair of car
wheels entering section (T, relay {SU will pick up
and will open its front contact 331, but track re-
lay (TR will be maintained in its energized con-
dition after front contact 331 opens until the pair
of wheels leaves section I'T, by virtue of a branch
circuit including front contact 32 of track relay
I'TR.

When any one of the track relays is energized,
and a pair of wheels W enters any section in rear
of the section for the energized relay, the track
circuit for such rear section will be held open at
the back confact 31 of the picked-up track relay,
and the track relay for such rear section will re-
main deenergized.

When a track relay is energized, and the pair
of wheels which caused it to become energized
enters the section next in advance, the front con-
tact 32 of the energized track relay will remain
closed long enough to complete a track circuit for
the advance relay which track circuit will be
similar to the circuit described above except that
thig eircuit will include the front contact 32 of
the picked-up relay in place of the back contact
34 of relay 28U and the back contact 331 of relay
{SU in series. The reason why a track relay re-
mains energized until the relay next in advance
picks up when the pair of wheels which caused
the relay to become energized passes from the as-
sociated section to the section next in advance is
that the wheels will always engage the advance
section for a brief interval of time before they
will break contact with the rear section.

It will be seen, therefore, that when no car is
traversing the track circuited territery through
the retarder, the track relays T will all be deener-
gized. When, however, a car traverses the irack

circuited territory, as the forward pair of wheels
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enters each track section, the track relay for such
section will pick up, and the track relay for the
section next in rear will release. As soon as the
forward pair of wheels passes out of section 6T,
relay 6TR will release and will cause relay ISU
or 2SU to release. As soon as these relays are
both released, the track circuit for each relay
whose associated section ig then occupied by a
pair of wheels will become completed at the back
contacts 331 and 34 of these relays. However,
only the track relay for the section which is then
occupied by the leading pair of wheels in the
track circuited territory wiil complete its pick-up
stroke since the opening of the back contact of
this relay will interrupt the track circuits for all
of the relays in the rear.

The speed responsive apparatus also comprises
means for measuring the time during which any
of the track relays is energized to thereby provide
a measurement of the speed of the car.

In the particular form illustrated, this time
measuring means comprises a suitable source of
constant frequency alternating current, illus-
trated in the drawing as an alternator A, and
means for counting the cycles of this source. In
actual prachice, the socurce of alternating current
will generally comprise the usual commercial
power source.

The means for counting the cycles of alter-
nating current includes two half-step relays PX
and NX of the quick acting two winding polar
magnetic stick type and two oppositely poled
half wave rectifiers 334 and 35. The one winding
31q of relay PX is connected with alternator A
over a front contact 36 of a relay W, the recti-
fler 334 and a normal contact 38 of relay NX,
while the other winding 37b of relay PX is con-
nected with the alternator A over front contact
26 of relay W, rectifier 324, angd reverse contact
39 of relay NX. In a similar manner, the wind-
ing 8ia of relay NX is connected with alter-
nater A over front contact 38 of relay W, rectifier
35, and a normal contact 40 of relay PX, while the
other winding 37b of relay NX is connected with
alternator A over front contact 3§ of relay W,
rectifier 35 and reverse contact 41 of relay PX.
The rectifier 324 is poled to pass current during
positive half cycles only, while the rectifier 85
is poled to permii current to flow during negative
half cycles only.

With the relays PX and NX connected with al-
ternator A in the manner just described, it will
be apparent that when front contact 38 of relay
W is open, both relays PX and NX will be de-
energized. When, however, front contact 36 of
relay W becomes closed, during the first half
cycle of current which flows from alternator A
winding 372 of relay PX or winding 27a of relay
NX will become energized depending upon
whether the half cycle is g positive or a negative
half cycle. Assuming for purposes of illustration
that the first half cycle is positive, the resultant
energization of winding 372 of relay PX will

% cause this relay to open its normal contact 40 and

close its reverse contact 4f. 'The clesing of con-
tact &1 willi complete the circuit for winding 31b
of relay NZX, agnd as a result, the first negative
half cycle will cause winding 37b of relay NX
10 become energized, whereupon this relay will
open its normal contact 38 and will close its
reverse contact 39. The closing of reverse con-
tact 39 will complete the circuit for winding 371b
of relay PX, and during the next positive half
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cycle winding 27Tb of relay PX will become en-
ergized and will cause reverse contact -4 of
relay PX to cpen, and normal contact 48 to close.
Contact 40 now being closed, the next negative
half eycle will energize winding 37a of relay NX,
with the result that reverse contact 39 will open
and normal contact 38 will close.
described cycle of cperation will then start to
repeat itself, and the relays PX and MNX will
continue to alternately close their normal and
reverse contacts as long as the contact 36 re-
mains closed. .

The relay W is controlled by the track relays
R in such manner that this relay will be en-
ergized whenever any one of these track relays
is energized, by virtue of circuits which I shall
describe shortly.

The relay NX is provided, in addition to the
previously mentioned normal and reverse con-
tacts 38 and 28, with a normal contact £2—A42q
and & reverse contact 42—42Dh. Assuming for
purposes of illustration that the alternator A has
a frequency of 60 cycles, it will be apparent that
when ‘the relay NX is operating, these contacts
will become alternately closed at intervals of
Yo of a second or 1624 milliseconds. This rafe
will vary only to the exfent that the frequency
of the alternator A varies, which variation will
be extremely small, particularly if the alternator
A comprises a commercial source of power.

The cycle counting means also comprises a
unit chain of counting relays U ito 61 arranged
to pick up successively in response to the alter-
nate operation of the contacts 42—42a and

42— 42b of relay NX, and a multiple chain of 3

counting relays. 0M to BM arranged to advance
progressively one each time the unit chain com-
pletes a round trip of operaticn. The relays of
hoth chains are of the quick acting neutral type.

Associated with the unit and multiple counting
chains is a relay MX of the two winding polar
magnetic stick type which serves to make the
selection of the circuits for the relays of the mul-
tiple group necessary to cause them to pick up in
succession in response to each round trip of
operation of the unit chain, and a similar relay
UX, the function of which wiil be made clear
presently.

The operation of the timing means as a whole
is as follows: When the track relays T are all
deenergized, as is the case when no car is
traversing the stretch of track shown in the draw-
ing, the relays of both timing chains, and the
associated relays W, 18U, 28U, NX, PX, MX and
UX are all deenergized. When a car starts to
traverse the stretch of track shown in the draw-
ing, relay I'TR will pick up first for reasons which
will be apparent from the foregoing description,
and the picking up of this relay will complete
a circuit for relays W, ISU, iU and the winding
48 of relay UX in series, which circuit may he
traced from the terminal B of a suitable source
of direct current not shown in the drawings,
through the winding of relay W, a back contact
233—33b of each of the track relays 6TR, 5TR,
4TR, 8TR and 2TR, front contact 33—33a of
track relay ITR, the winding of relay 18U, a
back contact 44 of each of the relays 2U to 6U,
inclusive, of the unit counting chain, a back
contact 45 of each of the relays M to §M of the
multiple counting chain, winding 48 of relay UX,
wires 46 and 47, and the winding of relay 1U to
the other terminal C of the source. Relays W,
iSU and iU will therefore pick up immediately,

The above
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and relay UX will reverse its armature to open
its normal contacts and close its reverse con-
tacts.

The picking up of relays IU and ISU com-
pletes a stick or holding circuit for these relays
passing from terminal B through the winding of
relay W, a back contact 33—323b of each of the
track relays 8TR, 5TR, #TR, 8TR and 2TR, front
contact 83—32a of track relay I'TR, the winding
of relay |SU, front contact 48 of relay ISU,
wires 58 and 51, back contact 52 of relay 2U, front -
contact 53 of relay 1U, and the winding of relay
{7 to terminal C. The function of these stick
cireunits will be made clear presently.

The picking up of relay W completes at its
front contact 35 the previously described oper-

" ating circuits for the relays PX and NX, and
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these relays therefore start to alternately operate
on alternate half cyeles of the alternator A in
the manner described hereinbefore.

Since relays W and IU are koth picked up when
the relays NX and PX start to operate, the first
time reverse contact 42—~42b of relay NX becomes
clesed, it completes a pick-up circuit for relay 2U
passing from terminal B through front contact
43 of relay W, reverse contact 42—42b of relay
MX, wire 58, front contact 54 of relay (U, and the
winding of relay 2U to terminal C. Relay 20U
therefore picks up and interrupts at its back
contacts 44 and 2, respectively, the previously
described pick-up and stick circuits for relay 1T,
and completes at its front contact ¥3 a stick or
holding circuit which is similar to the previousty
traced stick circuit for relays {SU and U with
vhe exception that this latter circuit includes a
hack contact 52 of relay 38U, front contact §3 of re-
lay 2U and the winding of relay 2U in place of
a back contact 52 of relay 2U, front contact 53
of relay {U, and the winding of relay {U. Relay
{U, therefore, now becomes deenergized, while
relay 2U remains energized as long as relay
3U remains deenergized. :

- When normal contact 42—42a of relay NX
again closes, it completes a pick-up circuit for re-

5 lay 83U which is similar to the corresponding pick-

up circuit just traced for relay 20U, and which

ill therefore be apparent from an inspection of
the drawing.  Relay 3U therefore picks up and in-
terrupts both the pick-up and stick circuits for
relay 21U which causes relay 2U to release. The
picking up of relay 83U also completes a pickup or
holding circuit for this relay similar to the pre-
viously traced pick-up or holding circuit for re-
lays 1T and 2U.

When relay NX next closes its reverse contact,
relay 4U will pick up and relay 3U will release, and
when relay NX next closes its normal contact, re-
lay 5U will pick up and relay U will release
and so on, until a complete cycle of operation of
the unit chain is completed. When this hap-
pens, if section T is then still cccupied, relay
1T will again pick up by virtue of circuit connec~
tions between the €U and (U relays similar to
these between any two succeeding relays of the
chain, and will start the operation of the chain
over again. It will be seen, therefore, that the
relays §U to 68U will continue to climb around and
arcund as long as track relay I'TR remains ener-
gized. It will also be apparent that if the fre-

quency of the alternator A is 60 cycles, so that
the contacts 42—42a and 42—420b become alter-
nately closed at intervais.of 1634 milliseconds, the
time spacing between the picking up of succes-
sive relays- U will be 1625 milliseconds, and the
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chain will complete a round trip of operation in
exactly 100 milliseconds.

The front contact 49 of relay ISU, in addition
to being included in the previously described
stick circuits for the relays 1U to 6U, is also in-
cluded in a pick-up circuit for the starting relay
OM of the multiple chain, which latter circuit
may be traced from battery B through the wind-
ing of relay W, back contact 33—33b of each of
the track relays 6TR, 5TR, 4TR, 3TR and 2TR,
front contact 33—33a of track relay ITR, the
winding of relay (SU, front contact 49 of re-
lay {SU, wire 50, a back contact 60 of each of
the relays 5M, 4M, 3M, 2M and M of the multiple
chain, and the winding of relay OM to terminal C.
It will be seen, therefore, that as soon as relay
18U becomes energized following the energization
of track relay ITR, relay OM of the multiple
chain will pick up.

With relay OM picked up, when relay 3U picks
up during the first round trip of operation of the
unit chain, it will complete at its front contact
64 a circuit for the one winding 65 of the trans-
fer relay MX, and this relay will thereupon open
its normal contact §6—66a and will close its re-
verse contact §6-——660. This circuit includes in
addition to front contact 64 of relay 3U, front
contact 63 of relay OM, as will be obvious from an

inspection of the drawings. The circuit will be- -

come opened as soon as relay 3U releases, but
since relay MX is of the magnetic stick type,
contact 66—6€b will remain closed until this relay
is again energized in the direction to close its
normal contact.

As a result, when relay 6U of the unit chain
picks up during the first round trip of operation,
a pick-up circuit is completed for relay M
passing from terminal B through front contact
43 of relay W, front contact 67 of relay 6U, re-
verse contact 66—B6b of relay MX, front con-
tact 62 of relay OM, and the winding of relay
IM to terminal C. Relay IM thereupon picks up,
and completes a stick circuit passing from ter-
minal B through the winding of relay W, back
contact 38—33b of each of the track relays TR,
STR, 4TR, 3TR and 2TR, front contact 33—33¢
of track relay ITR, the winding of relay (SU,
front contact 49 of relay ISU, wire 58, a back
contact 80 of each of the relays 5M, 4M, 3M and
2M, a front contact 61 of relay IM and the wind-
ing of relay IM to terminal C. This stick circuit
serves to retain relay IM energized after relay
6U releases as will be obvious.

‘The picking up of relay IM in addition to com-~
pleting its own stick circuit also interrupts at its
back contact 83 the pick-up circuit for relay OM,
and this latter relay therefore releases.

When relay 3U picks up during the second
round trip of operation of the unit chain, the
resultant closing of contact 64 completes a circuit
for the other winding 68 of relay MX including
front contact 63 of relay 1M, and relay MX then
opens its reverse contact 66—866b and closes its
normal contact 66—66a.

With normal contact €6—66a of relay M
closed, when relay 6U of the unit chain picks up
during the second round trip of operation of this
chain, the resultant closing of its front contact
67 completes a pick-up circuit for relay 2M in-
cluding front contact 62 of relay {M. This latter
circuit will be apparent from an inspection of the
drawing without further detaileg description.
Relay 2M thereupon picks up and interrupts the
previously traced stick circuit for relay {M and
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completes a stick circuit for itself similar to the
previously traced stick circuit for relay IM.

On the third round trip of the unit chain since
front contact €3 of relay 2M is now closed, the
resulting closing of front contact 64 of relay 3U
will complete another circuit for winding 65 of
relay MX which will cause this relay to again
open its normal contact 66--66a and close its
reverse contact 66—66b, and when relay 6U picks
up, the closing of its front contact 61 will com-
plete a pick-up circuit for relay 3M. Relay 3M
will thereupon pick up and relay 2M will release.

In a similar manner if track section T remaing
oeceupied long enough on the fourth and fifth
round trips of the unit chain, relays 4M and 5M
will pick up and relays 3M and 4M will release.

It will be seen, therefore, that each time the
unit chain progresses to and including the 6U re-
lay, the multiple chain will advance its action by
one relay. Accordingly, assuming that the fre-
quency of the alternator A is 60 cycles so that the
unit chain completes a round trip of operation
each 100 milliseconds, the picking up of each pro-
gressive relay of the multiple chain represents
a period of 100 milliseconds. In the particular
embodiment of my invention shown provision is
made for counting up to 500 milliseconds by the
picking up of the M relays, after which, of course,
another 100 milliseconds may be counted by per-
mitting another round trip of the unit chain,
making a total of 600 milliseconds with the cir-
cuits as shown.

It will also be seen that the relay MX merely
serves to make the necessary circuit selection of

- the M group of relays so that each pick-up ac-

tion of the 68U relay of the unit chain will advance
the multiple group of relays by one relay.

The function of the hereinbefore referred to
stick circuit for relay 1U, and of the stick circuits
for each of the other U relays of the unit chain
is to maintain these relays energized during the
interval of time which elapses between the open-
ing, at contact 42—42a or 42—42b of relay NX,
of the pick-up circuit for the relay whose stick
circuit is then closed and the picking up of the
relay next in advance in the chain.

The stick circuits for the relays of the multiple
chain similarly serve to maintain the M relay
which last became energized in its energized con-
dition during the interval which elapses between
the opening of its pick-up circuit at contact
66—66a or 66—8&6b of relay MX, and the picking
up of the relay next in advance. In other words,
the stick circuits for both chains function to keep
the chains in operation as long as the track relay
which started the operation remaing energized.

‘When the car which caused track relay ITR to-
pick up advances to the point where relay 2TR
picks up, the resultant opening of back contact
33—38b of track relay 2TR interrupts any of the
stick circuits which then happens to be closed
for any of the relays of either the unit and mul-
tiple chains, and relays W and 1SU therefore
immediately become deenergized. As soon as re-
lay W becomes deenergized, it opens the pick-up
circuits for each of the relays of both chains, and
since the pick-up and stick circuits for the relays
of both chains are then all open, these relays all
become deenergized. The deenergization of relay
W also momentarily stops the operation of the
PX and NX relays.

Ags soon as the back contacts of 81l of the U
relays and the back contacts of all of the M relays
all become closed, thereby checking that these
relays are all deenergized, a pick-up circuit for




relay U is eompleted at front contact 35—33a of
track relay 2TR and current flows from battery
B through the winding of relay W, a back con-
tact 33-—33b of each of the track relays §TR,
5TR, 4TR and 3TR, front contact 33—33a of
track relay 2TR, the winding of relay 28U, back
contact 10 of each of the relays 2U to 6U, in-
clusive, a back contact 71 of each of the relays
OM to 5M, inclusive, the winding 72 of relay UX,
wire 46, and the winding of relay {U to terminal
C. Since relays 18U and W are both included
in this circuit, these relays and relay U all pick
up. Furthermore, since the winding 12 of relay
UX is included in this circuit, this relay reverses
its armature, thereby cpening its normal contacts
and closing its reverse contacts.

When relay 28U picks up, it completes a stick
circut for relay 1U, and a pick-up circuit for re-
lay OM which circuits are similar to thé circuits
which were completed by relay 1SU following the
picking up of track relay ITR with the exception
that these latter circuits each include a front
contact 33—33a of track relay 2TR, the winding
of relay 2SU, and front contact 13 of relay 25U
in place of front contact 33—334 of track relay
{'TR, the winding of relay ISU, and front contact
49 of relay I1SU.

When relay W picks up, it sets the counting
chains into operation, and these chains.then func-
tion to measure the time required for the pair of
wheels of the car to traverse section 2TR in the
same manner as these chains functioned to
measure the time for the forward pair of wheels
of the car to traverse section IT. The circuits for
the various relays of the two counting chains will
all be similar to those previously described except
for the fact that each stick circuit will now in-
clude front contact 33—33a of track relay 2TR.
the winding of relay 2SU and front contact 13 of
relay 28U in place of front contact 83—33a of
track relay (TR, the winding of relay {SU and

ront contact 49 of relay 1SU.

When track relays 3TR and §TR subsequently
pick up, the relay 1SU will be picked up and the
apparatus will function in the same manner as
when relay 1TR was picked up. Similarly, when
the relays 4TR and 6TR pick up the apparatus
wil] function in the same manner as when relay
2TR is picked up. It will be seen, therefore, that
as a car advances through the track circuited
territory, the relays 1SU and 28U alternate in
their action depending upon whether an odd or an
even-numbered track relay is then picked up.
Tach SU relay checks that all relays of both
counting chains have become decnergized before
it can pick up after which the {U relay of the
unit chain picks up for the beginning of a new
timing period.

The back contacts 331 and 34 of the IEU and
28U relays are included in the pick-up circuits for
the track relays for check purposes. As long as
the track relays become successively energized,
the multiple front contacts of the track relays
by-pass the back contacts of the SU relays and
accordingly freely permit the relay next in ad-
vance $0 pick up. After the leading car axle
leaves .section 6T, it will be apparent that the
relay 6TR will have to release before any of the
other track relays in the rear caa pick up.. Ac-
cordingly, all other multiple front contacts of
the track relays are then opened, and it is then
necessary that both SU relays be released in
order that their back contacts 231 and 34 may
close and permit another track relay in rear of
track relay 6TR to pick up. This check is pro-
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vided in order to prevent the counting relays
from doubling back to another section without
first having been reset to the starting point.

The function of the W relay is to provide the
necessary separate contacts for supplying operat-
ing energy to the NX and PX relays and to the
counting chain during the energized periods of
the track circuits.

Tt should be pointed out that while I prefer
to provide a source of alternating current con-
trolling the energization of the half-step relays
PX and NX to effect the energization of the suc-
cessive relays of the timing chains, the alternating
current source and associated half-step relays
may be replaced by any suitable motor means
which will alternately close the contacts 42—=42a
and 42-—-£2b at a known fixed rate.

It will be obvious that the particular relays of
the unit and multiple chains which are picked
up ab any one time are a measure of the time that
any section which is then functioning as a
messuring section has been occupied. It will also
be obvicus that since the sections have a known
fixed length, the speed of a car passing through
the car retarder can be determined from the time
during which a séction is occupied by a pair of
wheels. It follows, therefore, that the relays of
the counting chains which are picked up when
a pair of wheels vacates a section which is then
functioning as a measuring section serve as a
measure cof the average car speed while the car
is traversing a length equal to the lengths of the
measuring sections.. For example, assuming that
the track sections T are all 3 it. 1% in. long, and
that the alternator A has a frequency of 69 cycles
per second, if a track section remains occupied
for 266 milliseconds, which is the time it will re~
main occupied with an average car speed of 8
miles per hour, when the section becomes vacated,
relays 2M and 4U will be picked up, and it fol-
lows that if these relays are picked up when a
meastiring section becomes vacated, it is an indi-
cation that the car which caused them to pick
up was traveling at an average speed of § miles
per hour. Similarly, if a track section which is
serving as a measuring section is cccupied for
€00 milliseconds, which corresponds to a car speed
of 3.1 miles per hour, relays 6U and SM will be
picked up to indicate that the car speed is 3.1
miles per hour. 'The car speeds corresponding
to various relay combinations are shown in tabu-
lar form in Fig. 3, and by reference to this table
the car speed for any particular relay combina-
tion can be determined.

The previcusly referred to relays (Pd§—85,
{P28—88 and PO constitute one group of relays,
and the previcusly referred to relays 2P45—55,
2p29—20 and 2P0 constitute anrother group of
relays, for so controlling the valves Vi and V2
as to effect an automatic stepped reduction in
the pressure of the fluid supplied to the motor M
as the speed of a car passing through the car
retarder approaches a predetermined control
speed which depends upon the setting of lever L,
angd for effecting the full release of the retarder
when this particular ccntrol” speed is reached.
Theze two groups of relays are caused to function
alternately; according as an odd or an even-nuti-
bered track section iz acting as a speed measur-
ing section, by means of the UX relay which it
will be remembered closes its normal contacts
56—58q, 51—57a, 58—88¢ and 5%—89%¢ or itg re-
verse contacts %8—58b, 51—B7b, §8—58b and

59—59b according ag an odd-numbered frack re-
lay ITR, 3TR or 5TR, or an even-numbered
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track relay 2TR, 4TR or 6TR is picked up, and
each P relay is provided with a plurality of con-
trol circuits controlled by different contact com-
binations of the relays of the unit and multiple
counting chains.

In the particular form of my invention illus-
trated in the drawings, each P relay is provided
with a different control circuit for each of the
pl, p2 and p3 positions of the lever L, making
three control circuits for each relay. The con-
trol circuits for the IP and 2P relays are similar
except for the fact that each control circuit for
each of the iP relays includes a normal contact
of the UX relay, whereas each control circuit
for each of the ZP relays includes a correspond-
ing reverse contact of the UX relay. These con-
trol circuits may be varied as conditiong require,
but as shown in the drawing they are so arranged
that when lever L: occupies its pf position, which
position I shall term for convenience its high
speed positicn, relay (P45-—55 or 2P45—55 will
pick up when relays IM and 5U are simultaneous-
ly picked up, the relay 1P25—380 or 2P25-—30 will
pick up when the relays 2M and 2U are simul-
taneously picked up, and the relay IP0 or 2P0
will pick up when ths relays 3M and IU are si-
multaneously picked up. When, however, lever
L occupies its p2 position, which I shall term its
medium speed position, relay (P§5—585 or 2PA5—

55 will pick up when relays 2M and U are simul- »

taneously picked up, relay 1P20—30 or 2P20—390
will pick up when relay 3M is picked up and relay
IPQ or 2P) will pick up when relay 4M is picked
up. Similarly, when lever L occupiss its p3 posi-
tion, which I ghall term its low speed position,
relay {P45—55 or 2P45—585 will pick up when re-
lays 2M and A1 are both picked up, relay (P20—
30 or 2P29—2%2 will pick up when relays 3M and
40U are simultaneously picked up, and relay {P0
or 2P0 wiil pick up when relays 5M and 2U are
simultaneously picked up.

By virtue of circuits which will be described in
detail hereinafter, when lever L is first moved to
its ni, »2 or 3 position, the fluid pressure motor
M will be supplied with fluid at full line pressure,
which I shall assume for purposes of explanation
to he 100 pounds per square inch. If the relay
1P45—55 or 2P45—55 subsequently picks up, the
pressure in motor M will be automatically re-
duced to a pressure of between 45 and 55 pounds
per square inch, if relay (P20—30 or 2P20—30
picks up, the pressure in motor M will be auto~
matically reduced to a pressure of between 20
and 30 pounds per square inch, and if the relay
1P0 or 2P0 picks up, motor M will be vented to

atmosphere to effect the automatic releage of the.

car retarder.

The p8 position of lever L is its “off” position
~and is the position to which the lever is moved
when it is desired to manually release the re-
tarder.

The p4 position of lever L is provided to ob-
tain the full braking force available irrespective
of the speed of a car which is being retarded, and
when the lever occupies this position, the speed
contrel apparatus is ineffective to control the re-
tarder as will appear presently.

Associated with the relays 1P45—55, 1P20—30
and {PJ is a stick relay ISP which is picked up
whenever any one of these pressure control re-
lays is picked up, and associated with the pres-
sure contrcl relays 2P45—55, 2P20—30 and 2P0
is a stick relay 28P which is picked up whenever
any one of these last mentioned speed control

relays is picked up.
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Since a time element is involved from the time
a pair of car wheels enters a track circuit which
is then functioning as a measuring section until
a speed determination can be made, it is neces-
sary that any pressure control that is obtained
by the picking up of any one of the P relays in
response to an immediately preceding speed de-
termination be maintained for a sufficient length
of time to overlap the interval required to make
the new speed measurement. Thus, once a given
pressure control has been obtained by means of
one of the P relays, it should be maintaineq as
long as successive speed measurements indicate
the need for that particular pressure. It is for
the purpose of obtaining this overlap action that
the two groups of pressure control relays are
provided, and this overlap is obtained by the use

. of energy stored in a condenser which is shunted

around each pressure control relay P in series
with one or more resistances, and which renders
the relay slow releasing.. A condenser is used
kecause it guarantees a definite time element in
a shorter space of time than is possible with
schemes utilizing the saturation of the relay to
obtain the time element.

The stick relays ISP and 2SP are provided to
prevent the pressure control relays from starting
their timing period at the time of their pickup
instead of waiting until the track section the
occupancy of which caused them to pick up is
vacated. Thus the SP relays on each succes-
sive speed measurement will maintain energy on
any pressure control relay which is then ener-
gized until such time as the next track circuit
becomes operated, in which event the reversing
of the UX relay will release the SP relay which
was previously energized and will thereby permit
the condenser associated with the energized pres-
sure control relay to function to delay the re-
lease of the pressure control relay until a new
speed measurement is completed.

Due to the fact that conditions change from
time to time in a-car retarder yard due, for ex-
ample, to weather changes, seasonal difference
in the lading of the cars, etc., it is desirable to
be able to readily vary the car speeds at which
the P relays function, and to this end, I per-
manently connect each of the contacts of the
timing relays of the unit and multiple chains
which are provided for controlling the P relays
to a different pair of terminal posts mounted on
a terminal board TB (Fig. 1b). This terminal
board is also provided with a plurality of terminal
posts 81, 82 and 83 which are permanently con-
nected to a wire 90 leading to contact 26 of lever
L, with a plurality of terminal posts 84, 85 and 86
which are permanently connected to a wire 91
leading to contact 27 of lever L, and with a plu~
rality of terminal posts 87, 88 and 89 which are
permanently connected to a wire 82 leading to
contact 29 of lever L. This terminal board is
further provided with a plurality of terminal
posts 93, 94 and 95 which are permanently con-
nected to a wire 102 leading to the movable con-
tact finger 57 of relay UX, with a plurality of
terminal posts 96, 97 and 98 which are perma-
nently connected to a wire 103 leading to the
movable finger 58 of relay UX, and with a plu-
rality of terminal posts 99, 180 and 181 which
are permanently connected to a wire 104 leading
to the movable finger 59 of relay UX.

With the terminal board B arranged in this
manner, when it is desired to effect the opera-
tion of one of the P relays at any particular car
speed for a particular lever setting, reference is
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first made to the chart shown in Fig. 3 to defer-
mine which combination of contacts of the unit
and multiple groups come closest to. the desired
speed, and the contacts of this combination are
then connected in series by mesns of jumpers,
between one of the terminal posts which is per-
manently connected to the lever contact which
is closed for the particular lever setting, and one
of the terminal posts which is permanently con-
nected to the wire 162, 103 or 184 leading to the
contact of the UX relay which is included in the
particular control circuit for the desired P relay.
For example, if it is desired to cause the P8 and
2P) relays to operate at a speed of 4 miles per
hour when lever L occupies its p8 or low speed
position, it is necessary to connect a contact
of the 5M relay and a contact of the 2U relay
4n the circuit for these relays, and this is accom-
plished by connecting a jumper 85 from the

terminal post 89 to the one terminal post which s

is connected with front contact 11 of relay 2U,
a jumper 106 from the other terminal post which
is permanently connected with front contact 71
of relay 2U to the one terminal post which is
permanently connected with the contact 58 of re-
lay 5M, and a jumper I87 from the other ter-
minal post which is permanently connected with
the terminal post 80 of relay 2U to terminal
post 101, In actual practice the relay contact
which is connected to each terminal post wiil
be indicated by suitable marking means asso-
ciated with the terminal post and the other ter-
minal posts which are not connected with relay
contacts will be properly identified by snitable
markings to indicate the proper circuit with
which they are associated.

As shown in the drawings, all parts occupy the
positions which they normally occupy when no
car is passing through the retarder, that is to
say, all relays are deenergized, lever L occupies
its p0 or off position, and valve V2 is deenerglized.
Valve Vi, however, is energized over a circuit
which may be traced from terminal B of the
source through contact 25 of lever L, line wire
115, wires 116, 117 and 118, and the winding of
valve VI to terminal C.  As was pointed out here-
inbefore, when valve V2 is deenergized and valve
Vi is energized, cylinder 4 of motor M is discon-
nected from the source of fluid pressure and is
connected with atmosphere, and the braking bars
are held in their ineffective or non-braking posi-
tions by the spring (9. The contact 22—22q of
each of the pressure responsive devices P is
closed, and the contact 22—22b of each of these
devices is open.

In explaining the operation of the apparatus
as a whole, T shall assume that a car which is to
be retarded is aporoaching the retarder, and the
operator wishing to cause the car to leave the
retarder at the highest speed for which the ap-
paratus is designed moves lever L from its p9 or
off position to its p( or high speed position. The
movement of the lever L. from its p@ to its pl
position will interrupt at its contact 25 the cir-
cuit which was previously closed for valve Vi,
and will complete at its contact 29 a circuit for
valve V2 which may be traced from battery B
through contact 29 of lever L, wire {89, back con-
tact 110—IiiBe of relay (PO, back contact
10— 10a of relay 2P0, back contact {{8—{10q
of relay 1P20—30, back contact {10—112¢ of re-
lay 2P20—39, back contact {18—118a of relay
1P45—85, back contact 110—{18a of relay
2P45--55, wires 11, 112 and 13, and the winding
of valve V2 to terminal C. Valve VI will there-
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fore become deenergized and will disconnect cyl-
inder 4 of motor M from atmosphere, and valve
V2 will become energized and will connect cylin-’
der 4 with pipe Ii, thereby admitting fluid- to
eylinder 4 at full line pressure. The braking bars
will therefore immediately move from their inef-
fective or non-braking positions to their effective
or braking positions.

When the first axle of the car enters track sec-
tion I'T, track relay TR will pick up and will
cause the W, {SU and (U relays to immediately
pick up. The picking up of track relay {TR will
also cause the winding 48 of relay UX to become
energized, but since the normal contacts of this
relay are already closed, the energization of this
relay will not cause any operation of the relay
contacts. The picking up of the W relay im-
mediately starts the operation of the half-step
relays PX and NX, and since relay ISU is then
energized, the counting chain starts to function
to measure the speed of the car. If the speed of
the car is sufficiently slow to cause the IM and
5T relays to pick up, a circuit will become closed
for pressure control relay {P45—585 and stick
relay ISP passing from terminal B through con-
tact 26 of lever L, wire 88, terminal post 81,
jumper 118, front contact 13 of relay §U, jumper
120, front contact I8 of relay IM, jumper 121,
terminal post 93, wire (62, normal contact
51—57q of relay UX, wire 121, resistor 122, the
winding of relay 1P45—55, wire 146, and the
winding of relay 8P to terminal C. This circuit
includes a resistor 124 and a condenser 125 in
series connected in multiple with the resistor 122
and the winding cof relay 1P45-—-55 in series.
Relay (P45—55 and stick relay ISP will there-
fore pickup and will complete a stick circuit pass-
ing from terminal B of the source through front
contact 127 of relay 18U, wire 128, normal contact
55—80a of relay UX, wire 129, back contact (39
of relay ISP, wire 181, back contact 132—I132¢ of
relay (PO, wire 133, back contact {34—134a of
relay 1P29—30, wire 133, front contact 136 of re-
lay IP§5-—55, the resistor 122, the winding of
relay 1P45—55, wire 148, and the winding of re-
lay I8P to terminal C. This stick eircuit also
inciudes the condenser 25 and resistor 124 re-
ferred to hereinbefore. - It should be noted that
since this stick circuit includes front contact 127
of relay ISU, back contact (34—134a of relay
iP28-—30 and back contact 132—i32a of relay
iF6, when relay [P45—55 becomes energized un-
der the conditions just described, it wiil subse-
quently remain energized until relay 1P20—30 or
relay iP8 picks up or section iT becomes vacated
even though the relays 5U and IM of the count-
ing chain which caused it to become energized
subsequently release.

The picking up of relay (P45—58 interrupts
at its back contact [18-—i10a the circuit which
was previously closed for valve V2 and completes
al its front contact 118—I 10D a circuit for valve
Vi passing from battery B through contact 29
of lever L, wire 109, back contact {10-—110a of
relay {P0, back contact 118—118a of relay 2P8,
back contact |{9—illa of relay (P20--38, back
contact 119—!i0a of relay 2P20—30, front con-
tact {18—I116b of relay 1P45-—55, wire 140, con-
tact 22—22b of pressure responsive device

PE5—83 wires 11T and {18, and the winding of
valve Vi to terminal C. Valve V2 therefore be-
comes deenergized and disconnects motor M from
the source of fluid pressure, and valve Vi be-
comes energized and vents motor M to atmos-
Valve VI will continue to vent motor M

phere,
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to atmosphere until the pressure in the cylinder
4 decreases to 55 pounds per square inch, at
which time contact 22—22b of pressure respon-
sive device P45—55 will open and will deenergize
valve VI, If the pressure in the cylinder 4 de-
creases below 45 pounds per square inch, the re-
sultant closing of contact 22—22b of pressure
responsive device P45—55 will complete another
circuit for valve V2, and current will flow from
battery B through contact 29 of lever L, line wire
109, back contact 110—I110a of relay [P0, back
contact 110—118a of relay 2P9, back contact
110—118a of relay 1P20—30, back contact
110—118a of relay 2P20—30, front contact
[10—110b of relay IP45—B55, wire 140, contact
22—22¢ of pressure responsive ‘device P45—55,
wires 112 and (13, and the winding of valve V2
to terminal C. Valve V2 will therefore become
energized and will connect motor M with the
source of fluid pressure until the pressure in-
creases to 45 pounds per square inch at which
time contact 22——22b of pressure responsive de-
vice P45—55 will open and will deenergize valve
V2. It will be seen, therefore, that when relay
iP45—55 becomes energized, the fluid in the
eylinder 4 of motor M will be reduced to a pres-
sure of between 45 and 55 pounds per square
inch, and will be subsequently maintained at

this pressure as long as relay (P45—55 remaing

energized,

If the speed of the car is sufiiciently slow while
the leading pair of wheels is traversing section
ITR to cause relays ZM and 2U of the multiple
and unit courting chains to both becomie picked
up, a circuit will then be completed for relay
IP20—30 passing from terminal B of the source
throuigh contact 26 of lever L, wire 90, terminal
post 82, jumper 141, front contact 15 of relay 2U,
jumper 142, front contact 19 of relay 2M, jumper
143, terminal post 96, wire 103, normal contact
B8—58a of relay UX, wire (44, resistor {41, the
winding of relay IP20—38, wires 145, 156 and
146, and the winding of relay ISP to terminal
C. This latter circuit also includes a condenser
148 and a resistor 149 in series connected in
multiple with the resistor 147 and the winding
of the relay 1P20—39 in series. Relay IP20—30
will therefore pick up, and relay ISP will remain
picked up. When relay 1P20—30 picks up, it
completes a stick cirecuit passing from. terminal
B through front contact {27 of relay ISU, wire
128, normal contact 55—56a of relay UX, wire
129, front contact 138 of relay (SP, wire 131,
hack contact (32—132a of relay PO, wire 133,
front .contact 134—134b of relay iP20—38, re-
sistor (41, the winding of relay 1P20—30, wires
145, 156 and {48, and the winding of relay {SP
to terminal C. This stick circuit includes the
condenser 148 and resistor 147 referred to here-
inbefore. This stick circuit for relay iP20—30
will maintain this latier relay energized until
relay [SU releases or relay (P9 picks up.

The picking up of relay (P20—39 interrupts
at its back contact 118—I11fa any circuit which
was previously cleosed for either valve V2 or valve
Vi, and completes at its front contact 110—1{0b
another circuit for valve VI passing from ter-
minal B through contact 29 of lever L. line wire
189, back contact {i8-—1!10g of relay (PO, back
contact (10—110a of relay 2P0, front contact
10—1{12b of relay (P20—30. wire (49, contact
22—22b of pressure responsive device P20—30,
wire 148, and the winding of valve VI to terminal
C. Valve V2 if it is not already deenergized
when this circuit becomes clesed will become de-
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energized, and valve VI will become energized to
thereby again vent fluid from motor M. When
the pressure of the fluid in cylinder 4 of motor
M decreases to 30 pounds per square inch, con-
tact 22—22b  of pressure responsive device
P20—30 will open and will deenergize valve VI,
and if the pressure in the cylinder of motor M
decreases to 20 pounds per square inch, contact
22—22a of pressure responsive device P20—30
will close and will complete .another circuit for
valve V2 which is similar to the circuit just
traced for valve VI with the exception that this
latter circuit includes contact 22—22a of pressure
responsive device P20—30, wire (i3, and the
winding of valve V2 in place of contact 22—22b
of pressure responsive device P20—30, wire 118
and the winding of valve VI. It will be seen,
therefore, that when relay IP20—30 becomes en-
ergized under the conditions just described the
pressure responsive device P20—38 will function
to reduce the pressure of the fluid in cylinder M
to a pressure of between 20 and 30 pounds per
square inch.

If the car which is traversing the stretch of
track shown in the drawing has been slowed down
by the car retarder sufficiently to permit relays
3M and (U to pick up while the leading pair of
wheels is traversing section ITR, relay P8 will
become energized by virtue of a circuit passing
from terminal B of the source through contact
26 of lever L, wire 80, terminal post 83, jumper
180, front contact 17 of relay iU, jumper 151,
front contact 80 of relay 3M, jumper 152, termi-
nial post 99, wire 104, normal contact 59—59a
of relay UX, resistor 153, the winding of relay
IP0, wires 156 and {48, and the winding of relay
ISP to terminal C. This latter circuit includes
a condenser {54 and a resistor 155 in series con-
nected in multiple with the resistor 153 and the
winding ,of relay (PO in series. Relay IP0 will
therefore pick up and since this pick-up circuit
includes relay ISP, relay ISP will remain ener-
gized. When relay IP0 becomes energized, it
completes a stick circuit passing from terminal

5 B through front contact 127 of relay iSU, wire

128, normal contact 56—56a of relay UX, wire
128, front contact 130 of relay ISP, wire i3I,
front contact 132—132b of relay (FO, re51stor
153, the winding of relay {P0, wires 156 and 148,
and the winding of .relay ISP to terminal C.
This stick circuit also includes the condenser
154 and the resistor (55 which are included in
the pick-up circuit for relay (P8. This stick
circuit will maintain relay P93 energized until
the leading palr of wheels vacates track section
ITR. o

The opening of back contact 110—1.18a of relay
P9 interrunts all circuits which were previously
closed for either valve VI or.valve V2, while the
closing of front contact 110—I110b of this relay
completes a circuit for the valve Vi passing from
terminal B through contact 29 of lever L, line
wire, 109, front contact 110—110b of relay 1P3,
wires (16, (1T and- 118, and the winding of relay
Vi to terminal C. Valve Vi therefore becomes
energized and vents the fluid in cylinder M to
atmosphere to thereby effect the release of the
retarder.

I shall now assume that with lever L in its pl

-position, the leading pair of wheels of a car pass

out of section ITR and into section 2TR while
relay [P45—55 is energized. When this happens
relay ISU will release and relay 25U will pick
up to initiate a new timing period in the man-

75 ner previously described. When relay {SU re-
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leases, it -will--interrupt~at-its" front contact- 127
the stick cireuit-which was previously-clesed: for
yelay IP45—55 and relays {P4§5—55 and {SP will
therefore -both become : deenergized. Due, -how-

ever, to the-condenser 125 and resistor [24=as- «

sociated with relay-1P45—55, this relay will'not
release for -a-sufficient interval-of time: to per-
mit-a new time . measurement to be made.

“The picking-up-of relay 28U will cause relay
UX 10 cpen its normal contacts and close its-re-
verse-contacts, and as soon-as a New time meas-
urement has been made, the relay- 2P45--55-will
pick up:by virtue of a-circuit which is similar-to
that - previously- traced for relay - P45—>55 ~with

the exception that-this latter-circuit includes -

reverse -contact 57—571b of relay UX -and -the
winding of relay 2P45—85: together with the-as-
sociated - condenser &1 -and associated - resistors
{61 and -162-in-place-of the contact 57—5Ta-of

relay “UX -and -the -winding -of -relay  IP45—56 »2

together -with :the-associated condenser 125-and
resistors 124 and-122. As soon afterrelay 2P45—
55 picks up as relay {P46—55 releases; the -relay
2P45--55- will become -effective -to -control -the

valves V1 and V2 in the same manner that these -

valves -were ‘previously -centrolled by the -relay
1 P45-—55.

If when lever-L occupies -its-pl -position, the
leading pair of wheels of a.car-which is being

retarded passes from section “1TR- to 2TR when 3

either -the pressure control relay 1P20—30 or
1PO is .energized, the pressure -control -relay
2P28—30. or “2P0O _will subsequently be rendered
effective to control the valves VI and V2 as soon

as.a new measurement of speed can be made if 3:

the speed of the car has not changed until the
new measurement is.completed.

It will:be apparent that a new speed meas-
urement will be made each.time the leading. pair
of wheels-enters.a new track section, and if the
car speeds up between two speed measurements,
when the next speed measurement is made, the
pressure control relays witl automatically func-
tion to increase the braking pressure. It is. be~

lieved.that this operation will be apparent from -4

an . inspection. of the drawings without the ne-
cessity for describing it in detail.

“When lever L. is moved .to its p2 . position, the
apparatus functions in the same manner as when
it is moved to its pf. position with the.exception
that_under these.conditions the pressure. control
relays.are provided. with different centrol cir-
cuits to.cause.the.pressure of the fluid supplied
to motor M to.be reduced. in.graduated steps as

the speed of a car approaches the control speed =5

corresponding to. this. lever position .and the.re-
tarder . to be automatically released when the
speed-of the.car reaches this control speed. The
control circuit.fer the 1P45-—55 relay under these

canditions passes from terminal B.of the source :

through. contact 27 of lever L, wire 8¢, terminal
post .84, Jjumper 163, . front contact 75.of relay
AU, jumper 184, front contact 18 of relay 2M.
jumper (65, terminal post-84, wire 102, normal

contact 51-—5T¢. of relay UX. wire 121, resistor .6:
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122, the winding of relay  [P45—55, wire i46,

and the winding of relay [SP to terminal C.
This. circuit includes the condenser {25 and the
‘resistor 124. ~The circuit for the relay 2P45—55

is the_same as that just traced for the relayv 7

{P45—55 except for:-the differences- which will
‘be apparent from an-inspection-of the-drawings
-and from the foregoing description.

The circuit for relay  {P20—30 -when lever.L

occupies its-p3--position-passes from terminal B -

12;320;802

-through front contact 27-6f lever L, wire 81, ter-

minal  post- 85, jumper 165, front contact>18 of
relay-3M,; -jumper 167, terminal post 87, - wire' 103,
normal -contact 58—5%¢ of relay UX, wire 144,
resistor 147; the winding of relay {P25—38, wires
145, 156 arid - 148, and ‘the winding -of relay ISP
to-terminal *C. This circuit includes the:con-
denser 188 and resistor 149 as will be obvicus.

" *The circuit for the relay (PO when lever L
occupies its-p2 position passes from  terminal’B
through- contact 21 of lever L, wire 81, terminal
post <85, jumper - (88, front- contact 83 of relay
&ML, jumper 189, wire 184, normal contact £8--59¢
of ‘relay UX, resistor 153 and the winding of're-
Jay -1PO ‘in series in multiple with cendenser
154-and resistor 155, wires 156 and’ {48, and the
winding-of relay ISP to terminal C.

“When ‘lever L occupies its »3 position, the:cir-
cuit for relay (P45—55: passes from terminal.B
through -contact 28 of lever:L, .wire 82, terminal

‘post+87, jumper- 113, front contact 7§ of ‘relay

2U, jumper 174, front contact-88 of relay -2M,
jumper {75, terminal -post 93, wire 182, normal
contact: 57—57e of relay UX, wire (21, resistor
122 and-the winding of relay:{PAE-—ES in-series
in-multiple-with condenser 125 and resistor 124,
wire -146,-and the winding of relay. 1SP to termi-
nalB.

+The circuit for relay iP20—30 when lever L
occupies its p8 position passes from ferminal -
B of the -source through contact 28 of lever L,
wire<82, terminal post 88, jumper {708, front con-
tact 11.of relay -4U, jumper Ti, front contact
19 of relay :3M, wire 172, terminal post 92, wire
183, normal contact ‘58—58a of relay UX, wire
144, resistor #47 in series-with- the winding .of
relay ‘IP28—30 in .multiple with condenser 148
.and -resistor 149 in series, wires I45, 156 and (48
and the winding of relay ISP to terminal C.

“The -circuit for relay PO when lever I occu-
‘pies.its-p3 position passes from battery B through
contact 28 of lever L, -wire 92, terminal post
89, jumper 1085, front contact 71 of relay 2U,
jumper 108, front contact 89.of relay M, jumper
407, terminal -post 181, wire (04, normal:con-
tact '59—>59a of relay UX, resistance 153 and the
winding of relay PO connected in multiple with
the condenser 154 and the resistor {85 in.series,

wire 156, and the-winding of relay ISP to termi-

nal C.

The circuits for each of the relays 2P45—§5,
2P20—30 and 2PO when lever L. occupies its p2
and 38 positions differ from the circuits Jjust
traced for the relays (P45—53, {P28-—39 and {PO
in-the same manner that the circuits for the re-
lays 2P45—55, 2P20—39-and 2PO differ from-the
circuits “for the relays iP45-—55, {P20-—30 and
4PO when lever "L -occupies its p! position, and
will-be apparent from -an inspection of the draw-
ing without further description.

“If the operator moves lever L to its p4 posi-
tion, the speed responsive apparatus is rendered
ineffective to control the retarder and under these
conditions the valve V2 becomes energized and
remains energized by virtue of a circuit which
passes from battery B through contact 29 of lever
L, line wire 109, back contact (18—110a of relay
{PO, back -contact 1{0—110e of relay 2PO, back
contact 1189—I11Ca of relay 1P26—30, back con-
tact {10—10a of relay 2P20-—38, back contact
110—110a of relay 1P45—FE55, back contact {10
A10a.-of relay 2P45—55, wires {11, 112 and 113,
and the winding of valve V2 to terminal C. Since
valve :V2.remains energized under these condi-
tions the:braking bars are held.in their braking
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positions by fluid at full line pressure, and the
retarder is effective to exert its maximum brak-
ing force during the entire time the car is passing
through the retarder.

It will be apparent from the foregoing that
with railway braking apparatus constructed in
the manner shown in Fig. 1 the operator by prop-
er operation of the lever L may cause the brak-
ing bars to become automatically released when
the speed of a car which is being retarded by the
retarder decreases to any one of a plurality of se-
lected speeds, which speeds may be varied as con-
ditions require. It will also be apparent that
when the speed of a car is being reduced hy the
retarder, the pressure of the fluid supplied to the
fluid pressure motor of the retarder will be re-
duced in two stages prior to the actual release of
the retarder, thereby providing a more effective
control of the car retarder than would otherwise
be possible. It should be particularly pointed
out that the track circuit lengths as well as the
alternating current frequency of the alternator A
can be varied depending upon the condition ob-
taining and the accuracy desired. Ordinarily 80

cycle alternating current would be used since o

this is the usual commercial frequency available
and one that can be accurately controlled in view
of its general use for operating electric clocks.
If desired an entirely independent source or any
desired source of frequency may bhe used.

It will also be apparent that the counting chain
combinations and the number of steps involved in
each chain is merely a matter of choice depend -
ing upon the conditions to be served. If desired,

in cases where longer timing is needed it wonld ::

be feasible to introduce three groups of multipli-
ers instead of restricting the apparatus to the two
groups shown. For such an arrangement the
second group would of course rotate in a manner

similar to the first grcup, and the third group 4

would then be used to total the number of revo-
lutions made by the second group. This princi-
ple could be carried on as far as is necessary.

It should further be pointed out that the num-
ber of speeds that may be selected by the opera-
tor from the lever L is purely a matter of design.
The attached drawings show a high, medium and
low speed. This may be amplified to any desired
number of speeds that may be needed. Further-

more, the numbker of pressure reductions is de- &t

pendent only on the amount of the equipment
which is provided. Moreover there is no neces-
sary or essential relationship between the num-
ber of speed controls and the number of pressure
reductions that may be provided.

Referring now to Fig. 2, the apparatus here il-
lustrated is generally similar to that shown in
Fig. 1. However, the apparatus shown in Fig. 2
includes certain additions that have heen made
to permit it to perform additional functions, and
embodies certain circuit changes which permit
a reduction in the number of relays required and
the numbser of contacts which are necessary on
other relays, as will be made clear.

As shown in Fig, 2, an additional pressure re-
sponsive device P10-—80 is previded to provide an
additional braking pressure. The device P10—84
is similar to the previously described devices
P20—30 and P45—55 except for the fact that its
contact 22—22¢ is adjusted to open at 70 pounds
per square inch, and its contact 22—22p is ad-
justed to close at 80 pounds per square inch.

Furthermore, as shown in Pig. 2, a standard
control lever L similar to the lever L has been
provided to permit the car retarder CR to be
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manually controlled wholly independently of the
speed responsive apparatus, together with a man-
ually operable switch MS which functions to shift
the control of the car retarder from one lever to
the other.

As shown in the drawing, the switch MS occu-
pies the position in which the lever L is effective
to control the retarder, and in which its contacts
200—200¢ and 201—201{q are closed, and its con-
tacts 200—200b and 20/—20(b are open. When
it is desired to control the retarder by means of
the lever Ll, this switch is reversed to open its
contacts 208—200a and 20i—20!¢ and to close
its contacts 200—206b and 281—201(D.

The contrel of the car retarder by means of
lever Li is as follows. When this lever occupies
its p0 or “off” position in which it is shown in
the drawings, all contacts of the lever with the
exception of the contact 23 are open, and under
these conditions valve V2 is deenergized and valve
V1 is energized over a circuit which passes from
terminal B through contact 20i—2013 of switch
MS, contact 25 of lever Li, wire 202, wire 203,
and the winding of valve VI to terminal C. Since
valve V2 is deenergized, pipe 17 is disconnected
from pipe 16, and the supply of fluid pressure
to cylinder 4 of motor M is therefore cut off, and
since valve VI is energized, cylinder 4 is con-
nected with atmosphere. The braking bars are
therefore held in their ineffective or non-brak-
ing positions by the spring {8. 'The contact 22—
22q of each of the pressure responsive devices P
is closed, and the contact £2-—22b of each of these
devices is open.

I shall now assume that the cperator wishes to’
make a comparatively light brake application.
To do this he moves lever L! from its »0 to its
pl position, thereby opening contact 25 and clos-
ing contact 26. The opening of contact 25 in-
terrups the circuit which was previously closed
for valve VI at this contact, and valve VI there-
fore now becomes deenergized and disconnects pipe
i8 from port 15. The closing of contact 26 com-
pletes a circuit for valve V2, and current flows
from battery B through contact 201—20ib of
switch MS, contact 26 of lever I.i, lihe wire 204,
contact 22—22a of pressure responsive device
P20—30, wire 205, and the winding (4 of valve
V2 to terminal C. Valve V2 therefore becomes
energized and connects pipe {7 with pipe 18, so
that fluid at full line pressure is now supplied to
cylinder 4, thus causing the braking bars to move
to their effective or braking positions. As socn
as the fluid in cylinder 4 reaches 20 pounds per
square inch, contact 22—22¢ of pressure respon-
sive device P26—20 wiil open and will interrupt
the circuit just traced for valve V2. Valve V2
will then become deenergized and will cut off the
supply of flu'd to cylinder 4 of motor M until
the pressure in the motor again decreases below
20 pounds per square inch at which time valve V2
will again become energized and will again admit
fluid to the cylinder. If the fluid in the cylinder
4 of motor M increases to a pressure of 30 rounds

. per square inch for any reason, contact 22—22b

of pressure responsive device P20—38 will become
closed and will complete a circuit for valve Vi
which passes from terminal B through contact
200—204% of switch MS, coniact 28 of lever T4,
line wire 204, contact 22—22% of pressure respon-
sive device PI0—29, an asymmetric unit 206 in
its lew resistance direction, and the winding i4
of valve VI to terminal C. Valve V! will there-~
fore become energized and will vent Au'd from
cylinder 4 until the pressure again decresses to
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30 pounds per square inch and permits contact.
228-—22b to be open. It will be seen, therefore,

that when lever Ll occupies its »! position, the:

braking bars will be held in their braking posi-
tions by a pressure of between 20 and 30 pounds
per square inch. )

If the operator desires to.make & more powerful
brake application, he will move lever Li to its
p2 position in which contact 27 is closed. Under
these conditions, valve Vi will be deenergized
and valve V2 will become energized over & circuit
which passes from battery B through contact
261{—20b of switch MS, contact 2T of lever i,
line wire 207, contact 22—22¢ of pressure re-
sponsive device P45—05, wire 285, and the wind-
ing {4 of valve V2 to terminal C. Fluid pressure
will therefore now be admitted to- cylinder 4 of
motor M until the pressure of the finid in the
cylinder increases to 45 pounds per square inch,
at which time control 22-—22a of pressure re-
sponsive device PA5—B6 will open and will de-
energize valve V2. If the pressure in cylinder 4
now increases to 55 pounds per square inch, con-
tact 22—22b of pressure responsive device PAE—BE
will become closed and will complete another cir-
cuit for valve Vi, this latter circuit passing from:
battery B through contact 281—201b of switch
MS, contact 27 of lever Ld, line wire 207, contact
22_-3%b of pressure responsive device P45-—35,
asymmetric unit 208 in its low resistanece direc-
tion, and winding 14 of valve V1{ to terminal C.
valve VI will therefore become: energized and
will exhaust fluid from cylinder 4 until the pres-
sure decreases to that at which contact 22220
of pressure responsive device P45—55 opens. I
will be apparent, therefore; that when lever Lt
occupies its p2 position, the braking bars will be
held in their braking positions by a pressure of
between 45 and 55 pounds per square inch.

If the operator moves lever Li to its p3 position,
valve V2 will then become energized over a cir-
cuit which passes from battery B through con-
tact 281—261Db of switch MS, contact 28 of lever
L, line wire 298, contact 22—22¢ of pressure re-
sponsive device P16—88, wire 208, and the wind-
ing {4 of valve V2 to terminal C. Under these
conditions, fluid will be supplied to cylinder 4 of
motor M until the pressure in the cylinder reaches
70 pounds per square inch which is the pressure

at which contact 22—22a¢ of pressure responsive g

device P79-—88 opens. If the pressure in cylin-
der 4 now increases to 80 pounds per square inch,

contact 22—22b of pressure responsive device

PT10—80 will become closed and will complebe still
another circuit for valve Vi, This latter circuit.
for valve VI may be traced from battery B through
“contact 201—201p of switch MS, contact 28 of
lever L, line wire 298, contact 22—22b of pres-
sure responsive device P70—89, asymmetric unit
206 in its low resistance direction, and the wind-
ing 4 of valve VI to terminal B. Valve Vi will
therefore become energized until the pressure in

cylinder & of motor M again decreases to 80

pounds per square inch. It will be seen, there~-
fore, that when lever L is moved to its p3 posi-
tion, cylinder 4 is supplied with fluid at a pres-
sure of between 70 and 80 pounds per square
inch, so that the braking bars exert a corre-
sponding braking force.

If the operator desires to cause the braking
bars to exert their maximum braking force, he
will move lever Ll to its p4 position. Under these
conditions, valve V2 will become energized and
will subsequently remain energized by virtue of

g cireuit which passes from battery B through-
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contact 231—28ib of switch MS, contact 29 of
tever Li, line wire-209, wire 205, and the winding,
of valve V2 to terminal C. It will be apparent,
therefore, that under these conditions the brak-
ing bars wiil be held in their braking positions:by
fluid at full line pressure.

t should be ohserved: that if the cperator
moves lever Li from a position corresponding to:
a higher braking force to a position correspond-
ing to a lower kraking force, the apparatus im-
mediately and automatically reduces the braking
pressure to a value corresponding to the new po-
sition of the lever in a manner which will be.
apparent from the drawings without fracing the
sequence of operation in detail.

When lever L occupies any one of its pi, p2, 3
or ph positions, so that the braking bars occupy
their braking positions and the operator wishes.
0. restore the braking bars to their non-braking
positions in which they are illustrated in . the:
drawing, he will restore lever L to its 06 or off.
position. When he does this, all circuits previ--
ously traced for valve V2 will be interrupted,
and the circuits previcusly described for valve:
V1 including contact 25 of lever LI will become:
closed. Valve V2 will therefore become deener-.
gized and valve Vi will become energized. -As a.
result, the supply of fluid pressure to the cylinder
4 of motor M will be cut off and the fluid which.
was previously supplied to the cylinder will be.
vented to atmosphere. The braking bars will
therefore move under the influence of the spring.
{8 to their ineffective or non-braking positions..
When the braking bars reach their non-braking:
positions, all parts are restored to:the positions in:
which they are shown in the drawings.

Associated with lever L. is a relay LP which.
provides a means for decreasing the general level.
of the braking pressure at the will of the operator
when the car retarder is being controlled by-the.
speed responsive apparatus. The relay LP is pro--
vided with a control circuit which passes from
terminal B through contact 201—201c of manu-.
ally operable switch MS, contact 29 of lever L,
contact 281 of a manually operable switch MSI,
line wire 210, and the winding of relay LP to
terminal C. With relay LP controlled over this.
circuit it will be apparent that when the car
retarder is being controlled by lever I, if contact.
311 of switch MSI is then closed, relay LP will
be picked up in all positions of lever L except.
the o9 position. It will also be apparent. that.
relay LP can be released at any time by operat-
ing the switch MS{ to open the contact 211. )

Tn actual practice the switch MSI will usually
be 2 push button of the stick type which is built
into lever L, and which is arranged to be retained.
in either of its two positions by suitable detent
means.

Only two pressure control relays {FP and [PO.
are provided in Fig, 2. The relay IP has asso-
ciated therewith a stick relay ISP-and is provided
with three pick-up- circuits one for each of the
pl, p2 and p3 positions of lever L.

When lever L occupies its pl position, the pick-
up. circuit for relay ISP passes from battery B.
through contact 200—283z of manually oper-
able switeh MS, contact 26 of lever L, wire 80,
terminal post 81, jumper {19, front contact 15 of
relay 5U, jumper 128, front contact 18 of relay
{M, jumper 121, terminal post 83, a resistor 218.
in series with the winding of relay {P connected:
in multiple with a condenser 221 in series with
resistor 228, and the winding of relay ISP to.
terminal C. It will be noted that this cireuit.
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.includes front contact 15 of relay 5U and front
contact 78 of relay IM in series, and it will be ap-
.parent, therefore, that when lever L occupies its
vl position, relay IP will pick up if the speed of
‘a car passing through the retarder becomes less
than that at which the relays 5U and {M pick
up, namely 11.6 miles per hour,

‘When lever L occupies its pZ position, the pick-
.up cireuit for relay 1P then passes from terminal
B of the source through contact 209—200a of
manually operable switch MS, contact 27 of lever
L, wire 91, terminal post 84, jumper 163, front
contact 15 of relay {U, jumper 184, front con-
tact 18 of relay 2M, jumper 165, terminal post 94,
resistor 219 in series with the winding of relay 1P
connected in multiple with a condenser 22f in
.series with a resistor 220, and the winding of
relay ISP to terminal C, 'This circuit includes
front contact 75 of relay {U in series with front

contact 18 of relay 2M, and it follows that when

lever L cccupies its p2 position, relay ISP will
pick up if the speed of a car passing through the
retarder becomes less than 9.8 miles per hour.
When lever L occupies its 3 position, the
pick-up circuit for relay IP then passes from
terminal B through contact 260—200a of manu-
ally operable switch MS, contact 28 of lever I,
wire 92, terminal post 87, jumper 113, front con-
tact 16 of relay 2U, jumper 174, front contact 80
of relay 2M, jumper {15, terminal post 95, re-
- sistor 218 in series with the winding of relay IP
- connected in multiple with the condenser 221 in
-series with a resistor 220, and the winding of
relay ISP fo terminal C. This circuit includes
front contact 16 of relay 2U in series with front
contact 89 of relay 2M, and it will be seen that
when lever L occupies its p3 position, relay IP
will become picked up if the speed of the car
passing through the retarder becomes less than
5.1 miles per hour.
Relay IP is also provided with a plurality .of
- stick circuits each of which includes terminal B
of the source, a front contact 215 of a different
one of the U relays, wire 216, back contact 21T—
211a of relay ISPO, wire 231, front contact 130
of relay ISP, front contact 218 of relay IP, re-
sistance 219 in series with the winding of relay
IP . connected in multiple with condenser 22i in
series with resistor 229, and the winding of relay
- {SP to terminal C. The front contact 215 of at
least cone of the U relays is always closed when
.the unit counting chain is operating and it will
be seen, therefore, that when relay {P once picks
up it will remain picked up either until the unit
. chain stops operating, or until relay 1SPO picks
S up.
The relay IPO likewise has associated there-
-with a stick relay ISPO and is provided with
three pick-up circuits one for each of the »l,
p2 and p3 positions of lever I. When lever L
occupies its pl position, the pick-up circuit for
- relay IPO passes from ferminal B through con-
tact 280—200c of manually operable switch MS,
contact 2§ of lever L, wire 90, terminal post 83,
_ Jumper 158, front contact 17 of relay U, wire
. 181, front contact 82 of relay 3M, jumper 152,
terminal post 99, the resistor 222 in series with
the winding of relay IPO connected in multiple
with a condenser 224 in series with a resistor
. 223, and the winding ISPO to terminal C of the
source.

- ever the speed of a car traversing the stretch
" of track shown in the drawing is less than 6.7
. miles per hour, it will be apparent that when
. lever Li occupies its pl position, the relay (PO

Since relays {U and 3M pick up when--
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will pick up if the speed of a car traversing the
stretch of track shown in the drawing decreases
to a speed of less than 6.7 miles per hour.

When lever L occupies its p2 position, relay
IPO will then become energized if the speed of
a car traversing the stretch of track in the draw-
ing decreases below a speed of 5.3 miles per hour
by virtue of a circuit which passes from terminal
B through contact 200—200z of manually op-
erable switch MS, contact 27 of lever L, wire 91,
terminal post 86, jumper 168, front contact 80
of relay 4M, jumper 169, terminal post 108, re-
sistor 222 in series with the winding of relay
{PO connected in multiple with a condenser 224
in series with a resistor 228, and the winding
of relay {SPO to terminal C.

When lever L occupies its p3 position, relay
{PO will then become energized if the speed of
a car traversing the stretch of track in the draw-
ing decreases below a speed of 4 miles per hour
by virtue of a circuit which passes from terminal
B through contact 200—200¢ of manually op-
erable switch MS, contact 28 of lever L, wire 92,
terminal post 89, jumper (05, front contact 11
of relay 2U, wire 106, front contact 83 of relay
5M, jumper 107, terminal post 101, resistor 222
in series with the winding of relay (PO con-
hected in multiple with a condenser 224 in series
with resistor 223, and the winding of relay 1SPO
to terminal C,

Relay IPO is further provided with a plu-
rality of stick circuits each of which passes from
terminal B through front contact 215 of a dif-
ferent one of the U relays, wire 216, front con-
tact 217—2{1b of relay ISPO, front contact 218
of relay (PO, resistor 222 in series with the
winding of relay IPO connected in multiple with
condenser 224 in series with resistor 223, and
the winding of relay ISPO to terminal C.

Referring now particularly to the speed re-
sponsive portion of the apparatus shown in Fig.
2, relay 'W has been eliminated, and the energiz-
ing circuits for the half-step relays PX and NX
previously described in connection with Fig. 1
have been modified to include a front contact
212 of relay ISU or a front contact 213 of relay
2SU in place of front contact 3§ of relay 'W.
It will be apparent, therefore, that when either
relay ISU or relay 2SU picks up, the half-step
relays PX and NX will immediately start to
operate and will continue to operate as long
as the relay which initiated the operation re-
mains energized.

Relay UX has also been eliminated in Fig. 2,
and the initial pick-up circuit for the 1T relay
which becomes closed when the operation of
the unit counting chain is initiated by the pick-
ing up of any one of the odd-numbered track
relays {TR. 3TR or 5TR has been modified to
include a back contact 13—13a of relay 28U
in place of the winding of the W relay, and a
back contact 255 of relay ISPO and a back con-
tact 228 of relay ISP in place of the winding 48
of the relay UX. Tracing this circuit in detail
for the condition when track relay 5TR is picked
up, for example, this circuit passes from ter-
minal B through back contact 33—33b of track
relay 6TR, front contact 33—33a of track relay
5TR, the winding of relay {SU, back contact

- 13—13a of relay 28U, a back contact 43 of each
. of the relays 2U to 6U, inclusive, a hack contact

45 of each of the M relays, back contact 225
of .relay ISPO, back contact 228§ of relay ISP,

7_' and the winding of relay 1U to terminal C.
9

- The .initlal pick-up circuit for the (U relay
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which becomes -closed when the operation of
the counting chain is initiated by the picking
up -of any of the even-numbered track relays
2TR, 4TR and §TR in Fig. 2 has been modified
in a manner similar to the circuit controlled by
the odd-numbered track relays, and will be ap-
parent from the above and from an inspection

of the drawing without further detailed descrip-

tion.
. Tt should be pointed out that since the initial
pick-up circuits for relay 1U each include a back
contact 225 of relay ISPO and a back contact 226
of relay ISP, the relay 1SU or 28U will not pick
up in Fig. 2 unless relays ISP and {SPO are both
deenergized. This check insures that the SP
relays have released between counting operations
and permits the elimination of the alternate series
of pressure control relays shown in Fig. 1.

Tt should also be pointed out that this change
makes possible the elimination of the UX relay,
and reduces the pick-up circuits for the 1T relay
to a single series of back contacts instead of a
double set as shown in Fig. 1.

The OM relay has been eliminated in Fig. 2,
and the stick circuits for the remaining M relays
and for the U relayshave been modified to include
in addition to the front contact 48—48b of the
1SU relay or a front contact 13—13b of the relay
28U depending upon whether the 18U or 28U
relay is then energized, a back contact of the SU
relay which is deenergized. That is to say, when
‘the relay 18U is -energized, the stick circuits for
each of the M or U relays includes in addition to
the front contact 49—49b of relay 15U, back
contact 13—13a -of relay 28U, and when relay
‘281 is energized, the stick circuits for each of the
U or M relays includes in addition to the front
contact  13—13b of relay 2SU, back contact
49__49¢ of relay {SU. Except for the modifica-

tion just noted, and a modification of the stick *

circuit for the relay 3U which I shall describe
presently, these stick circuits are otherwise iden-
tical with the circuits previously described in con-
nection with Fig. 1.

The pick-up circuits for the U and M relays in
Fig. 2, with the exception of the pick-up circuit
for relay 3U and the pick-up circuit for the iM
relay, are identical with the corresponding cir-

cuits shown in Fig. 1-except for the fact that front

contact 43 of relay W has been omitted from these
cireuits. This contact has been omitted because
the stick circuits for the U relays include the
windings of the SU relays which insures proper
operation of the U chain.

The pick-up circuit for relay 3U when all of the
M relays of the multiple chain are deenergized
passes from battery B through a normal contact
42—42q of relay NX, front contact 54 of relay 2U,

10
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the winding of relay 3U, wire 232, back contact

62—83¢a of each of ‘the relays 5M, 4M, 3M, 2M and
¢M, and winding 68 of relay MX to terminal C of
the source. When relay {M is picked up, the
pick-up circuit for relay 3U on the next round
trip of operation of the unit chain will pass from
battery B through contact 42—42a of relay NX,
front contact 54 -of relay 2U, the'winding of relay
3U, wire 232, back contact 63—63a of relays 5M,
4M, 2M and 2M, front contact 63—630 of relay
iM, and the winding 65 of relay MX to terminal
C. Each time a succeeding one of the M relays
of the multiple chain picks up, its front contact
will be included in the pick-up cireuit which next
becomes closed for relay 3U, as will be obvious.

Tt should be noted that with the pick-up cir-
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cuiits for relay 3U arranged in this manner, ‘the
windings 65 and 68 of relay MX will be alternately
energized in response to-successive energizations
of the relay 3U, whereby the relay MX is caused
to alternately open and close its polar contacts to
effect the successive energization of the relays of
the multiple chain in the same manner as in
Fig. 1.

The pick-up circuit for relay (M in Fig. 2is
closed by the picking up -of relay 6U, and when
this circuit becomes closed if an odd-numbered
track relay is then picked up, this circuit passes
from terminal B through back contact 33—383b of
each of the track relaysin advance of the picked-
up track relay, front contact 33—33a of the
picked-up track relay, the winding of relay {sU,
back contact 13—713a of relay 28U, front contact
45— 450 of relay ISU, wire 50, back contact 60 of
each of the relays -5M, 4M, 3M and 2M, normal
contact 234 of relay MX, front -contact 233 of
relay 60U and the winding of relay IM to ter-
minal C.

The pick-up circuit for relay (M when any of
the even-numbered track relays 2TR, 4TR or 6TR
is then picked up passes from terminal B through
back contact 33—33b of each track relay in
advance of the pieked-up track relay, front con-

tact 83—32g of the picked-up track relay, the

winding of relay 28U, back-contact 439—49a: of
relay §SU, front contact T3—13b of relay 2SU,
wire §8, a back contact 68 -of each of the relays
5M, 41, M and 2M, normal -contact 234 of relay
MZX, front contact 233 of relay 6U, and the wind-
ing of relay |M toterminal C.

The stick circuits for relay 23U in Fig. 2 differ
from the stick circuits for relay 3U in Fig. 1 in
the same manner that the pick-up circuits for
relay 3U in Fig. 2 differ from the pick-up circuits
for relay 83U in Fig. 1. It is believed, therefore,
that these stick circuits will be -obvious from an
inspection -of the drawing without further de-
tailed description.

The operation of the time measuring means as
a whole with the apparatus constructed as shown

5 in Fig. 2a is essentially the same as the operation

of the apparatus shown in Fig. la, it being noted
that with the apparatus shown in Fig. 2a the NX
and PX relays are set into operation by the pick-
ing up of the SU or 28U relay in response to the
picking up of a track relay and are subsequently
‘maintained in operation until such track relay
releases. With the relays X and PX in opera-
tion, the relays of the unit and multiple chains
will function to register the time the relays NX
and PX remain in operation to thereby measure
the speed of g car traversing the track circuited
stretch through the retarder. ' 'Since the opera-
ticn of the time measuring apparatus shown in
Pig. 2¢ is essentially the same as that shown in
Fig. 14q, a detailed description of the operation of
this pertion ¢f the apparatus is believed to be
unnecessary.

The operation as 'a whole of the aparatus
shown in Figs: 2 and 2a is as follows: When
the manually operable switch MS occupies the
position shown, the apparatus is conditioned for
the control of the car retarder by the lever L.
Lever L, is shown in its pd position and when the
lever occupies this pesition, all circuits for valve
V2 are open and valve Vi is energized over a
circuit which passes from terminal B through
contact 201—29{a of manually operable switch
MS, contact 25 of lever I, line wire I19, wires
116 and 203, and the winding. 14 of valve V1 %o
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‘terminal C. Since valve V2 is deenergized and

valve Vi is energized, the braking bars are held
in their non-braking positions by the spring 10.

I shall now assume that with the apparatus
conditioned to be controlled by the lever L, the
operator moves the lever from its p0 to its pl
position to slow down a car which is approach-
ing the retarder to the maximum control speed
for which the sapparatus is designed. The
movement of lever L from its p0 to its 1 posi-
tion interrupts the circuit which was previously
closed for valve Vi and completes one or the
other of two circuits for valve V2 depending
upen whether relay LP is then energized or de-

energized. Assuming that relay LP is ener- I

gized as shown in the drawing, the circuit for
valve V2 passes from terminal B through con-
tact 261—201¢ of switch MS, contact 29 of lever
L, wire 235, back contact 236—235a of relay

IP0, back contact 231—23Ta of relay (P, front 2

contact 238—2380 of relay LP, wire 229, contact
22224 of pressure responsive device P45—55,
wire 205, and the winding {8 of valve V2 to
terminal C. Valve V2 will thersfcre become
energized and will admit fluid pressure to cylin-
der 4 of motor M until the pressure in the cyl-
inder increases to 45 pounds per square inch,
whereupon the pressure responsive device
P45-—-55 will function to maintain the pressure

in the motor at a pressure of between 45 and 55 o

pounds per square inch.

If now with lever L in its pi position and with
relay LP picked up, relay [P becomes picked up
due to the speed of the car passing through the

retarder decreasing to the value at which relay

{P becomes picked up, the circuit which was
previously closed for valve V2 will become in-
terrupted at back contact 227-—237¢ of relay IP,
and a circuit wili become closed for valve Vi pass-

ing from terminal! B through confact 28{—20ig *

of manually operable switch MS, contact 29 of
lever 1., wire 2385, back contact 238—235a
of relay 1P8, front contact 237—2370 of relay
{P, front contact 248—32400 of relay LP, wire
241, contact 22—220 of pressure responsive de-
vice P20—30, asymmetric unit 208 in its low
resistance direction and the winding of valve Vi
to terminal C. Valve V{ will therefore become

energized and will vent fiuid pressure from cyl- 5

inder 4 of motor M until the pressure decreases
to 20 pounds per square inch whereupon pres-
sure responsive device P20—38 wiil then func-
tion to maintain the pressure of the fluid in

motor M at a pressure of between 20 and 30 ;

pounds per square inch.

If when lever L was moved te its p! position re-
lay LP had then been deenergized, valve V2 would
then have becorae energized over a circuit which
passes from battery B through contact 201—291{¢
of manually cperable switch MS, contact 28 of
lever L, wire 288, back contact 235—236q of re-
lay {P8, back contact 237—237a of relay IP,
back contact 288—228¢ of relay LP, wire 242,
and the winding {4 of valve V2 to terminal C.
Under these conditions, none of the pressure
responsive devices is included in the control of
the valve V2, and it will be apparent therefore
that the resultant energization of the valve V2
would cause fluid at full line pressure to be sup-
plied to motor M.

If, with lever L in its pl position and relay

. LP deenergized, relay [P becomes energized due
. to the speed of the car decreasing to the proper
. speed, the circuit previously traced for valve V2
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would then become interrupted at back contact
231—237a of relay 1P and a circuit would be-
come closed for valve VI at front contact
23T—237b of relay IP which latter circuit may
be traced from battery B through contact
201—201q of manually operable switch MS, con-
tact 29 of lever I, wire 285, back contact
238236 of relay (PO, front contact 231—2310
of relay IP, back contact 240—240a of relay LP,
wire 239, contact 22-—22b of pressure responsive
device P46—b55, asymmetric unit 206 in its low
resistance direction, and the winding {4 of valve
Vi to terminal C. Valve VI will therefore be-
come energized and will vent fluid from cylinder
4 of motor M until the pressure decreases to 45
pounds per square inch at which time the pres-
sure responsive device P45—55 will function to
subsequently maintain the pressure of the fluid
in cylinder 4 of motor M at the pressure of be-
tween 45 and 55 pounds per square inch.

If, when lever L occupies its pl position, the
speed of the car decreases sufficiently to cause
relay [P0 to pick up, all circuits previously traced
for valve V and Vi will become interrupted and
a circuit for valve VI will become closed pass-
ing from battery B through contact 201—261{a of
manually operable switch. MS, contact 29 of
lever L, wire 235, front contact 236—235b of
pressure responsive device [P0, wire {15, and
the winding of valve VI to terminal C. Valve
VI will therefore become energized and will
vent the fluid which was previously supplied to
the motor M to atmosphere to thereby permit
the spring 19 to move the braking hars to their
non-braking or released positions.

It will be seen, therefore, that when lever L
is moved to its pl position, cylinder 4 of motor
M will be supplied with fluid at full line pressure
or at approximately half full line pressure ac-
cording as reiay LP is then released or is picked
up. It will also be apparent that if relay LP is
picked up when relay IP hecomes deenergized,
the pressure will be decreased from a pressure
of between 45 and 55 pounds to a pressure of
between 20 and 30 pounds, whereas if relay IP
becomes picked up when relay LP is released,
the pressure of the fluid in motor M will be
decreased from full line pressure to a pressure
of between 45 and 55 pounds.

It should be noted that relay LP can be
picked up or released at the will of the opera-
tor by merely operating the switch MS{, and
it follows, therefore, that when the lever cccu-
pies its p! position, the operator can change the
base pressure at which the retarder overates from
the full line pressure to half line pressure or
vice versa at will. This feature is particularly
desirable in yards where some of the cars are
heavy cars and other cars are light weight cars,
and permits the operator to make the desired
selection between the braking force which will
be applied to the heavy cars and the braking
force which will be applied to the lizht cars
to thereby prevent derailment of the light cars.

The operation of the apparatus when lever L
is moved to its p2 or »3 position is similar in
all respects to that just described for the opera-
tion of the apparatus when lever L is moved to
its pi position with the exception that under
these latter conditions the speed af which the
P relay picks up will be different from the speeds
2t which this relay picked up when tha lever
occupied its p! positien. It is believed, there-
fore, that this operation will be understood froem
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the drawings without furfher detailed descrip-
4ion. When lever L is moved teits pd ‘position,
‘the speed Tesponsive apparatus is rendered inef-
fective to control the relays (P and PO, and the
-apparatus ‘will therefcre exert -either the full
praking pressure or half the full braking pres-
sure depending upon whether relay LP is then
veleasad or picked up -as will readily be ‘under-
stood. )

If the .operator wishes to render the speed con-
trol lever L ineffective to control the retarder
and to -contrel the retarder by means the
standard control lever Li, he will operate the
.switch MS to open the contacts 291—281a and
208-—2608¢ and close its contacts 284-—284b and
780—200b. The control -of the retarder by the
lever Ll wag explained in detail hereinbefore and
need not be repeated.

‘One sgvantage of speed responsive apparatus
embodyihg my invention is that since it employs
.a ccounting -chain in which the units of time be-
tween the -cperation of the successive relays of
the -chain are the alternating current cycles, it
is -apparent that the accuracy -will be dependent
primarily upon the accuracy of the alternating
current power source. In view of the close reg-
ulation which is available for alternating cur-
rent power sources there can be very little error
in this portion :of the apparatus. As long .as

of

the relays function as intended there remains

only the error that may result depending upon
how the first -cycle of the counting operation is
split in getting the relays -of the counting chain
into .@chtion, and alse where the cut-off point
comes in stoppimg of the chain, Accordingly,
thereoretically there can be a maximum possible
error of two - cycles in a given timing operation.
Tn the case of a control speed of 4 miles per hour
using a track circuit 3 ft. 1% in. long, a timing
of approximately 500 milliseeonds is ‘involved.
1f the maximum error which .can -occur is an
error of two cycles, this would re resent an error
of only six and a half per cent for this speed.

Another advantage of apparatus embodying
my invention is that the timing is entirely inde-
pendent of the variables ordinarily caused by
temperature, voltage, etc.

Another agvantage of apparatus embodying
my invention is that it possesses a high .degree
.of flexibility. The track circuit lengths as well
as the frequency of the alternating current for
cperation of the system can be selected dspend-
ing upcn the conditions obtaining and the ac-
curacy desired. Since the system is designed
primarily for cperation on €0 cycle current, it
can be operated on the current which is com-
mercially avaiiable. If desired, an entirely in-
dependent source or any -desired source of con-
stant frequency current may be used. )

Tt is also apparent that the counting chair
.combingticns including the number of .steps in-
volved in each chain.is merely a matter of choice
depending upon: the conditions to ‘be served.
If desirable, in cases where longer timing is
needed, more .groups of multipliers may be em-
ployed. For such an grrangement the second
group would of course rotate .in similar fashion
to the first -group .and the third group would
total the number .of complete cycles of cpera-
tion made by the second group. This principle

may of course be carried as far as it is found
desirable.

It is further apparent that the number of
speeds that.may
“the controller is purely a matter of -cheice.

be.selected by the operator from
The
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aftached disclosure shows three speeds. This
may be amplified as desired te any number -0f
speeds that may be needed. It is slso apparent
that the number -of pressure reductions -is -de-
pendent -only ‘upon the design and ithe amount

-of -equipment provided. -Also ‘there is no neces-

sary or essential relationship ‘hetween the num-
ber -of speed controls and the number of pres-
sures provided.

Although I have herein shown and described
only two-forms of railway braking apparatus em-
bodying my invention, it is understood that var-
ious .changes and -modifications may be made
therein within the scope-of the appended claims
without departing from the spirit and scope of
my invention.

Having thus deseribed my .invention, what I
claim is:

1. Apparatus for measuring the speed of .a
vehicle compiising a chain of counting Telays,
a source of controlled frequency alternating cur-
rent, and means effective while said vehicle is
traversing a fixed distance for successively ener-
gizing said relays -at .the rate of one for each
cycle of said source. )

2. Apparatus for measuring the speed of :a
vehicle comprising .a relay, means for energizing
said relay while said vehicle is traversing .a fixed
distance, 2 pair of -contacts which are alternately
operated at a fixed rate when said relay is ener-
gized, and means for counting the number of
operations .of said contacts while said relay is
energized.

3. Apparatus for measuring the. speed of a
vehicle -comprising a unit chain and a multiple
chain of counting relays, means for energizing
the relays of said unit chain one during each

cycle of a constant frequency source of alter-

nating current while said vehicle is traversing a
fixed distance, and means for successively ener-
gizing the relays of said muliiple chain one dur-
ing each complete cycle of operation of said unit
chain to totalize the number of complete cycles
of operation of said unit chain.

4. Apparatus for measuring the speed of a
vehicle comprising, a source of controlled fre-
quency alternating current, a first relay, means
for energizing said first relay while said vehicle
is traversing a fixed distance, a source of con-
stant frequency alternating current, a pair- of
half-step relays, means controlled by said first
relay and effective when said first relay is ener-

gized for connecting said half-step relays with

said source in such manner that said half-step
relays will become alternately energized on al-
ternate half cycles of said source, and time
measuring means responsive to the number of

.operations of one of said hali-step relays.

5. In combination, a socurce of controlled fre-
quency alternating current, a pair ‘of half-step
relays of the two winding polar magnetic stick
type, .means including a first rectifier poled to
pass current during positive half cycles only -of

" said source and a normal contact of the one

70

relay for connecting the one winding of the other
relay with said source, means’including said first
rectifier and a reverse .contact of said one relay
for connecting the other winding -of said other
relay with said source, said other relay being so
constructed that it will close its -normal ‘or its
reverse contacts according as its one-or its cther
winding is energized, means including -a second

_rectifier poled -to -pass current -during -negative

%

‘half eycles only-of-said source-and a.normal.con-
tact-of said -other relay for connecting the :one
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winding of said one relay with said source, means
including said second rectifier and a reverse con-
tact of said other relay for connecting the other
winding of said one relay with said source, said
one relay heing so constructed that it will close
its normal or its reverse contacts according as
its one or its other winding is energized, whereby
said relays will alternately operate on alternate
half cycles of said source, and means controlled
by one of said relays for counting the number
of operations of said one relay.

6. In combination, a source of controlled fre-
quency alternating current, a pair of half-step
relays of the polar magnetic stick type each con-
nected with said source over circuit means con-
trolled by the other in such manner that said
relays will alternately operate cn alternate half
cycles of current supplied by said source, and
means controlled by one of said relays for count-
ing the number of operations of said one relay.

7. In combination, a stretch of railway track,
an insulated section formed in one rail of said
streteh; a frack circuit including the winding
of a track relay, said sectior , and the opposite
rail of said stretch; a source of controlled fre-
quency alternating current, and means controlled
by said track relay for counting. the cycles of
sald source when said track relay is energized to
measure the speed of a car traversing said
stretch.

8. In combingtion, a streteh of railway track,
an insulated section formed in one rail of said
streteh, said section being of such length that
it cannot be occupied by more than one wheel
of a car at any one time, a track relay connected
with said section and arranged to be energized
when said section is occupied by a car wheel, 5
source of constant frequency alternating current,
and means including a chain of counting relays
set into operation by energization of said relay
for counting the cycles of said source while said
relay is energized to measure the speed of a car
traversing said stretch.

9. Apparatus for repeatedly measuring the
speed of a car traversing a stretch of track com-
prising a series of track sections formed in said
streteh, said sections being of such lengths that
only one wheel of a car can occupy a section af
a time, a track circuit for each section including
the section, a source of current, the winding of
an associated track relay and a back contact
of each of the track relays in advance, whereby
the track relays will become successively ener-
gized and deenergized as the car traverses said
stretch, and time measuring means set into
operation by the energization of each relay.

10. Apparatus for repeatedly measuring the
speed of a car traversing a stretch of track com-
prising a series of track sections formed in said
stretch, said sections being of such lengths that
only one wheel of a car can occupy a section at a
time, a track circuit for each section including the
section, a source of current, the winding of an
associated track relay and a back contact of each
of the track relays in advance, whereby the track
relays will become successively energized and de-
energized as the car traverseg said streteh, time
measuring means set into operation by the ener-
gization of each relay, said time measuring means
comprising a source of controlled frequency alter-
nating current, a pair of half-step relays which
alternately operate on alternate half cycles of the
current supplied by said source when any one of
said track relays is energized, and a chain of

counting relays which pick up successively in
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response to the operation cf g particular one of
said half step relays.

11. Apparatus for repeatedly measuring the
speed of a car traversing a streteh of track com-
prising a series of track sections formed in said
stretch, said secticng being of such lengths that
only one wheel of a car can 0CCUpPy a section at g
time, a track circuit for each section including
the section, a source of current, the winding of an
associated track relay and a back contact of each
of the track relays in advance, whereby the track
relays will become successively energized and de-
energized as the car traverses said stretch, and
time measuring Tneans set into operation by the
energization of each reiay, said time Ineasuring
means comprising a source of constant frequency
alternating current, and Imeans for counting the
cycles of said source.

12. Apparatus for measuring time comprising a
Pair of contacts, means for alternately closing said
contacts at a constant frequency, a chain of
counting relays, meang for energizing the firsg
relay of the chain and simul{aneously energizing
sald first mentioned means to set said chain into
operation, and means controlled by said contacts
for thereafter consecutively energizing the relays
of the chain as long as said contacts continue to
operate.

13. Apparatus for Measuring time compriging a
pair of contacts, means for alternately closing said
contacts at a constant frequency, a chain of
counting relays, means for energizing the first
relay of the chain and simultaneously energizing
sald first mentioned means to set said chain into
operatien, and means controlled by said contacts
for thereafter consecutively energizing the relays
of the chain ag long as said contacts continue to
cperate over a series of pick-up circuits each of
which includes & front contact of the relay next
in rear and a series of stick circuits each of which
includes a back contact of the relay next in ad-
vance,

14, Apparatus for measuring time comprising a
bair of contacts, means for alternately closing said

; contacts at g constant frequency, a chain of

counting relays, means for setting said first men-
tioned means in operation and for simultaneously
energizing the first relay of the chain, and means
for subsequently consecutively energizing the re-
lays of said chain one each time one of said con-
tacts becomes closed and for releasing the relay in
rear of the energized relay,

15. Apparatus for measuring the speed of a car
traversing a stretch of track comprising a series
of relatively short track sections formed in said
streteh, a series of track relays one for each track
section, a track circuit for each section including
the rails of the section, a source of current, the
winding of the associated track relay and a back
contact of each of the track relays in advance,
a chain of counting relays, and means for setting
said chain into ocperaticn each time one of said
track relays picks up.

16. Apparatus for measuring the speed of a car
traversing a streich of track comprising a series
of relays and means for operating them consecu-
tively when a car traverses said stretch for time
intervals which depend upcn the speed of the
car, a source of constant frequency alternating
current, a chain of counting relays, and means
controlled by each relay of said series of relays
and effective when any relay of the series becomes
operated for consecutively energizing the relays of
said chain one for each cycle of said source.

17, Apparatus for measuring the speed of a car




“yeturns to its starting
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traversing a stretch of track comprising a source
of constant frequency alternating current, & series
of contacts, means for consecutively operating
gaid contacts when & car traverses said stretch for
time intervals which depend upon the speed of
the car, and means for counting the cycles of said
source newly seb into operation by the cpsration
of eacn successive contact of the series.

18, Apparatus for measuring the speed of a car
traversing a stretch of track comprising a series
of relatively short insulated track sections formed
in one rail of said streteh, a series of track relays
cne for each track section, two checking relays;
g track circuit for each track relay jincluding &
“gource of current, the associated - section, the

opposite rail of the streteh, a back contact of each
track relay of the series in advance, and & hack
contact of each of said checking relays in geries
- copnected in multiple with a front contact of each
of said track velays: time measuring means,
‘means for energizing the one check relay when
any one of the alternate relays of the ‘series start-
ing with the first relay picks up provided said
“time measuring means then occupies & starting
positien and for simultaneously setting said time
measuring means into operation, means for ener-
gizing the other check relay when any one of the
alternate relays of the series starting with the
second relay picks up provided said time measur-
ing means then cccupies its starting position and
for simultanecusly setting said time measuring
means into operation, means for maintaining
_either check relay energized when it once be-
" somes energized until said time measuring means
position, and means for
to return to its start-
gifferent track relay

causing said timing means
_ing position each time &
“picks up. o
"7 49, Apparatus for measuring the speed of a car
“iraversing @ stretch of track comiprising a series
of insulated track gections formed in one rail of
said stretch, said sections being of such lengths
" that only one wheel of & car can occupy any one
section at a time, a series of track relays one asso-
" ciated with each track section; a track circuit for
each track relay including a source of current, the
associated section, the opposite-rail of said streteh
and a back contact of each ‘frack relay in ad-
vance; whereby each track relay will pick up when

and only when the associated track section is the G

leading occupied section, & chain of counting re-
lays adapted to pick up and release progressively
. when said chain is in operation, means effective
when all of said track relays are deenergized for
preventing any track relay from subsequently
picking up unless all of the relays of said chain
are deenergized, and means effective when any
track relay picks up for causing said chain to
operate until the relay next in advance picks up.

20. Apparatus for measuring the speed of a car
traversing 2 stretch of track comprising a series
of relays, means for successively picking up and
releasing the relays of said series in response to
a car traversing said stretch, each said relay be-
ing picked up for a time interval which is propor-
tional to the average speed of a car over a fizxed
distance individual to the relay, a source of con-
stant frequency alternating current, & pair of
half-step relays, means effective when any-one of
the relays of said series picks up for connecting
said haif-step relays with said source 'in such
manner that they will alternately operate on al-
ternate half cycles of the current supplied by said
-source, the one. half-step relay being provided

with two contacts which are alternately operated
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when said relay is operating, o -chain of counting
relays; a plurality of pick=up circuits for the first
relay of said chain each including a front con-
tact of a different alternate one of the relays of
said series beginning with the first relay, the
winding of a first checking relay and a back con-
tact of each relay of the chain except said first
relay: a plurality of other pick-up circuits for the
first relay of said chain each including & front
contact of 2 different one of the relays of said
series beginning with the second relay, the wind-
ing of a second checking relay and a back con-
tact of each relay of the chain except said first
relay; a pick-up circuit for each relay of said
chain inéluding a front contact of the relay next
in rear end one or the other of the contacts of
gaid ong half-step relay aceording as the relay
is an odd or even-numbered relay, whereby said
relays will pi¢k up in succession as long as said
one-half step relay is ‘operating, a plurality of
stick circuits two for each relay of said chain and
each including a front contact of the associated
relay, a back contact of the relay next in ad-
vance, the winding of the checking relay which
was included in the starting circuit for the first
relay of the chain and a front contact of such
checking relay, and means’ controlled by said
checking relays for preventing any relay of said
series of relays from picking up when the relays
of said series are all deenergized unlass both said
checking relays are then deenergized.

91, Apparatus for measuring the speed of a car
traversing a stretch of track c¢oiprising & series
of insulated track sections formed in one rail of
said stretch, said sections being of. stich lehgths
that only one wheél of a car ¢an occupy any one
section at a time; & series of track relays one as-
sociated with each track.section, two. checking
relays, a track circuit for each track relay includ-
ing a source of current, the associated séction, the
opposite rail of said stretch, ‘and & back contact
of each track relay in ‘advance and 4 back con-
tact of each of said checking relays; whereby
each track relay will pick up whien and only when
the associated track section is the leading occu-
pied section and tiien only if said chécking relays
are both deenérgized or fhe track rélay next in
rear was previously picked up, a chain of count-
ing relays, a pair of contacts, means for alternate-
ly operating said cohtacts at a constant frequency
when any oné of said track relays is picked up,
a first series of starting circuits for the first relay
of said chain each including a front contact of a
different alternate one of said track relays begin-
ning with the first track relay, the winding of said
firet checking relay, and a back contact of each
relay of said chain except said first relay; a sec-
ond series of starting circuits for ‘the first relay
of said chain éach inc¢luding a front contact of a
different alternate cne of said track relays begin-
ning with the second track relay, the winding of
said seccond checking relay, and a track -circuif
of each relay of the series except said first relay,
a pick-up circuit for each relay of the chain each
including a front contact of the relay next inrear

. and oxe or the cther of the contacts of said pair
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a‘ccording" as ‘phe relay is an odd or an even-num-
bered relay, whereby the relays of said chain will
pick up in succession as long as said pair of con-

facts are alternately operated, and a plurality of

stick cireuits two for each relay of said chain and
each.including a front contact of the associated
relay, a back contact of the relay nextin advance,
the winding of the ¢hecking relay-which was in-

elided in the starting circuit for the first relay
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of the chain and a front contact of such checking
relay.

22. In combination, a stretch of railway track,
a fluid pressure operated car retarder associ-
ated with said stretch for retarding the speed
of a car traversing said stretch, a series of rela-
tively short insulated control sections formed in
one rail of said stretch, a series of track relays
one associated with each track section, a track
circuit for each track relay including a source
of current, the associated section, the opposite
rail of said stretch, and a back contact of each
track relay in advance, whereby each track re-
lay will pick up when and only when the associ-
ated track section is the leading occupied section,
time measuring means comprising a source of
constant frequency alternating current and a
counting chain for counting the cycles of szid
source, means controlled by each track relay for
setting said time measuring means into opera-
tion, and means controlled by said time measur-
ing means for controlling the pressure of the finid
supplied to said car retarder.

23. In combination, a stretch of railway track,
a fluid pressure operated car retarder associ-
ated with said stretch for retarding the speed
of a car traversing said stretch, a series of in-
sulated track sections formed in one rail of said
stretch, a series of track relays one associated
with each section; a track circuit for each track
relay closed to pick up the associated relay by
the occupancy of the associated section if and
only if all of the sections in advance are un-
‘'occupied, a unit chain of counting relays, means
for energizing the relays of said chain in suc-
cession when any one of said track relays is
picked up, a multiple chain of counting relays,
means for energizing the relays of said multiple
chain one each time said unit chain completes
a round trip of operation, a plurality of pressure
control relays, means controlled by the relays of
said unit and multiple chains for selectively en-
ergizing said pressure control relays in accord-
ance with the speed of a car traversing said
stretch, and means controlled by said pressure
control relays for controlling the pressure of the
fluid supplied to said car retarder.

24. In combination, g stretch of railway track,
a car retarder associated with said stretch, a
chain of counting relays, means for energizing
the relays of said chain in succession when a car
is traversing said stretch for successive intervals
of time the duration of which intervals depends
upon the speed of the car during the interval,
and means controlled by said relays for control-
ling the braking action of said car retarder.

25. In combination, a stretch of railway track,
a car retarder associated with said stretch,
means for measuring the speed of a vehicle pass-
ing through said car retarder comprising a source
of controlled frequency alternating current and
means for counting the cycles of said source while
the car is traversing a fixed distance, and means
controlled by said speed measuring means for
controlling the braking action of said car re-
tarder to cause the braking force to decrease
as the speed of the car decreases and to cause
the retarder to automatically release when a
predetermined control speed is reached.

26. In combination, a stretch of railwzy track,
a car retarder associated with said stretch, means
for measuring the speed of a vehicle passing
through said car retarder comprising a source of
controlled frequency alternating current and
means for counting the cycles of sald source
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while the car is traversing a fixed distance, and
means controlled by said speed measuring means
for controlling the braking action of said car re-
tarder.

27. In combination, a stretch of railway track,
a car retarder associated with said stretch, means
for repeatedly measuring the spesd of a car
traversing said stretch comprising a source of
constant frequency alternating current and a
chain of counting relays for ceunting the cycles
of said source each time the car advances a fixed
distance, and means selectively controlled by
the relays of said chain for controlling the brak-
ing action of said car retarder. .

28. In combination, a stretch of railway track,
& car retarder associated with said stretch, means
for measuring the speed of a car traversing said
stretch, a speed control lever, means controlled
jointly by said lever and by said speed measur-
ing means for causing said car retarder to exert
a braking force which depends upon the speed
of the car, a manually operable switch associ-
ated with said lever, and means controlled by
said switch for changing the general level of the
braking force exerted by said car retarder.

29. In combination, a stretch of railway track,
a braking bar extending parallel to a track rail,
a fluid pressure motor for moving said braking
bar toward the track rail to a braking position,
a source of fluid pressure, a first magnet valve
effective when energized for connecting said mo-
tor with a source of fluid pressure, a second mag-
net valve effective when energized for connecting
said motor with atmosphere, a relay, a lever
having an “off” and an “on” position, means ef-
fective when said lever occupies itg “off” position
for energizing said second magnet valve, a first
contact which becomes opened when the pres-
sure of the fluid in said motor increases to a
predetermined pressure and a second contact
which becomes closed when the pressure of the
fluid in said motor increases to a pressure which
is somewhat higher than the pressure at which
sald first contact opens, means effective when
said lever occupies its “on” position and said re-
lay is deenergized for energizing said first mag-
net valve to supply said motor with pressure from
sald source at the full pressure of said source,
means effective when said lever occupies its “on”’
bosition and said relay is energized for energiz-
ing said first magnet valve in series with said
first contact to supply said motor with DPressure
from said source until the pressure increases to
the pressure at which said first contact becomes
cpened, and means effective when said lever oc-
cupies its “on” position and said second contact
becomes closed for energizing said second mag-
net valve to prevent the pressure of the fluid in
said motor from increasing beyond the pressure
at which said second contact closes. .

30. In combination, a stretch of railway track,
a fluid pressure operated car retarder for re-
tarding the speed of a car traversing said stretch,
a plurality of relays, means for progressively en-
ergizing said relays as the speed of a car trav-
ersing said stretch progressively decreases, meang
effective when all of said relays are deenergized
for supplying said car retarder with fluid at a
predetermined pressure, and means for decreas-~
ing the pressure of the fluid supplied to said
retarder progressively in response to the pro-
gressive energization of said relays.

31. In combination, a stretch of railway track,
a fluid pressure operated car retarder associated
with said stretch, two setg of pressure control
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relays, means effective when a .car -is- traversing
. gaid stretch for alternately controlling the re-
1ays of the two sets in accordance with the speed
of the car in such manner that none of the relays
will become operated if the speed is above a pre-
determined speed, one of the relays will become

operated if the speed drops below a first pre- .

determined speed, two of the relays will ‘operate

in successicn if the speed drops helow a second.
predetermined speed, ete.,.means controlled by 1

the.relays of either set which is then respensive
to the speed of a-car traversing said stretch for
selectively controlling the pressure.of the fluid
supplied to said car retarder, and means effective
when. either set of relays is effective to-control
the .pressure of the fluid supplied to said car
retarder for maintaining its control umtil the
other set subsequently-becomes effective to con-
trol said retarder.

32. In combinaticn, a stretch of railway track,
a fluid pressure operated car retarder associated
with said stretch, two sets of pressure control
relays, means for controlling the relays of the
two sets in accordance wilh the.speed of a car
traversing said stretch in such meanner that the
relays of one get or the other alternatively wiil

pick up and release in succession to. an extent

which depends upon the car speed at the time,
means controlled by the relays of the other set
for selectively controlling the pressure of the fiuid
supplied - to said retarder, and means effective
when either set of relays is controlling the re-
tarder for continuing.the control ¢f the retarder
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- by such set until the other set becomes. effective

to control the retarder.
23, In combination, a stretch.of railway track,
o fluid pressure operated car retarder associated

- with said stretch, a first lever, means controlléd

by said first. lever for  supplying. said car. re-
tarder with fuid at different pressures for dif-

ferent. lever settings, a second:lever, means con-

trolled by said second.lever. for initially supply-
ing said retarder with fluid at a predetermined

-~ pressure and for -decreasing. said. .pressure in
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graduated steps as the speed of a_car.traversing
said stretch decreases, and: manually: operable
means for rendering .one lever or the other ef-
fective to.control:the supply of fluid pressure to
said car retarder. .

34, In combination, a stretch of railway track,
o fluid pressure operated car retarder asscciated
with said stretch; a first.lever, means controlled
by said first lever for supplying said car retarder
with fluid at different pressures for different lever
settings, a second lever, means controlled by said
second lever for initially supplying said retarder
with fluid at a predetermined . pressure and for

. decreasing said pressure in graduated steps as the

speed of a car traversing said stretch decreases
until the -pressure supplied:-to said motor de-
creases to a pressure which depends “upon the
lever setting and for subsequently: releasing the
retarder automatically, and:manually operable

-means for rendering one-lever or the other ef-
- fective to control the supply of fluid pressure to

sald car retarder.
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