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Miy 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 be 
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. 
Another object of my invention is the provision 

of improved timing means for measuring the 
Speed of a car passing through a car retarder. 
Another object 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 object 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 
lated 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, cai' 
cannot occupy the Section at any one time. Each 
track circuit includes a track relay, and a back 
contact of all of tine 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 
IrelayS operates. The counting relays are ar 
ranged to continue to operate as long as the 
track relay which initiated their operation re 
mains energized. ASSunning 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 16% 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 con 
pletes a round trip of operation. 
The time measuring means further includes 

means 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 
scription proceeds. - 

I shall describe two forms of railway braking 
apparatus embodying myinvention, and shall then 
point out the novel features thereof in claims. 
In the accompanying drawings, FigS. id and b 

are views which, when placed one above the 
Other with Fig. 1d. On top in Such manner that 
the dotted lines leading to the bottom of Fig. 1?t 
align with the dotted lines leading to the top 
of Fig. 16, together constitute a view partly sec 
tioned and partly diagrammatic illustrating one 
form of apparatus embodying my invention. 
Figs. 2d. and 2t 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. la, 1b, 2a and 2b 
to obtain predetermined control speeds. 

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

Referring first to FigS. 1d, and ib, the reference 
characters and a designate 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 3a extending parallel with and located 
on Opposite sides of rail fa. 
The braking bars 2, 3, 2a, and 3d, are Operated 

by a fluid pressure motor M. (Fig. 1b) comprising 
a cylinder 4 containing a reciprocable piston 5 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 7 and a 
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 of en 
gagement with the wheels of a car travel'sing the 
rails and d. When piston 5 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, 2a, 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 a, to 
retard the Speed of the car. 
The braking bars 2, 3, 2a, and 3a are constantly 

biased to their non-braking positions by any suit 
able means, here shown as a spring f) which is 
interposed in the cylinder 4 between the right 
hand end of the cylinder and the piston 5. 
The motor Mis controlled by two magnet valves 

V and V2, each comprising a valve stem 2 biased 
to an upper position by means of a spring , and 
provided with an armature i3 and a winding 4. 
When valve V is energized, as shown in the draw 
ings, valve sten f2 of this valve is moved down 
Wardly against the bias of spring , and a pipe 8 
which communicates with the left-hand end of 
motor M is then connected with atmosphere 
through a port 5. When valve W is deemergized, 
however, pipe f8 is disconnected from atmosphere, 
and is connected with a pipe f6 leading to valve 
V2. When valve V2 is energized, valve stem 2 of 
this valve moves downwardly, and connects pipe 
6 with pipe 7 which is constantly supplied with 

fluid pressure, usually air, from a suitable source 
not shown in the drawings, but when valve W2 is 
deenergized, as shown in the drawings, pipe f is 
then disconnected from pipe fl. It Will be ap 
parent, therefore, that when valve W is energized, 
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2,320,802 
the region 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 W is deenergized and 
Valve W2 is energized, fluid pressure will be 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 
braking positions, they will exert a braking force 
Which is proportional to the pressure of the fluid 
which is then supplied to the left-hand end of 
motor M. 
The valves W are controlled in part by a plu 

rality of pressure responsive devices P20-30 
and P45-55, each comprising a Bourdon tube 2 
connected to pipe 8 and hence subjected to the 
preSSure of the fluid in the left-hand end of 
motor M. Each Bourdon tube controls two con 
tacts 22-28.a. and 22-22b. The pressure respon 
Sive devices P2-3 and P45-55 are so con 
structed and so adjusted that they will operate 
successively as the pressure in the region of cylin 
der 4 between the piston 5 and the left-hand end 
cf the cylinder increases. For example, for all 
pressures below 20 pounds per square inch, the 
Contact 22-22a of each of these devices is closed. 
If the pressure exceeds 20 pounds per square inch, 
however, the contact, 22-220 of device P2C-39 
cpens, and if the pressure exceeds 30 pounds per 
square inch, contact 22-22b of device P20-30 
closes. In similar manner, the pressure respon 
sive device P45-55 is adjusted to open its contact 
22-22d at 45 pounds per Square inch, and to close 
its contact 22-22b at 55 pounds per square inch, 
Of course, these specific pressures are not essen 
tial but are only in entioned for purposes of ex 
planation. 
The valves W are also controlled in part by a, 

plurality of relays IPO, 2PO, P2R)-30, 2P29-3C, 
P45-55 and 2Ps 5-55 which relays, in turn, are 

controlled by speed responsive apparatus in a 
manner which will be described in detail herein 
after. 
The valves 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 dra Wings, and desig 
nated by the reference characters p0 to p4, in 
clusive. Operatively connected with the lever L. 
are a plurality of contacts 25, 26, 27, 28 and 29. 
Contacts 25, 26, 27 and 28 are closed, respectively, 
in the po, p, p2 and p3 positions of lever I, while 
contact. 29 is closed in the p position, the p4 
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 
apparatus by means of line wires extending from 
the control cabin to the braking apparatus. 
The previously mentioned speed responsive ap 

paratus for controlling relays P0, 2P9, P28-30, 
2P20-39, P45-55 and 2P45-55 comprises a 
series of relatively short insulated control Sec 
tions T, 2T, 3T, AT, 5T and 6T, which control 
sections 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 
be 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. 1/2 in. 
Associated with each control section is 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 30, a back Con 
tact 34 of a relay 2SU, a back contact 33 of a 
relay SU, 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 a. 
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 2SU 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 ESU will pick up by virtue 
of a circuit which I shall also describe presently 
and will open its back contact 33. However, 
when either back contact 34 of relay 2SU or back 
contact 33 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 33 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 I, relay SU will pick up 
and will open its front contact 33, but track re 
lay ITR will be maintained in its energized con 
dition after front contact 33 opens until the pair 
of wheels leaves section iT, by virtue of a branch 
circuit including front contact 32 of track relay 
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 contact 3 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 
this circuit will include the front contact 32 of 
the picked-up relay in place of the back contact 
34 of relay 2SU and the back contact 33 f 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 territory through 
the retarder, the track relays Twill all be deener 
gized. When, however, a car traverses the track 
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 SU 
or 2SU to release. As soon as these relays are 
both released, the track circuit for each relay 
whose associated section is then occupied by a 
pair of wheels will become completed at the back 
contacts 33 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 will 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 agpal'atuS also comprises 

iiheans for measuring the time during which any 
of the track relays is energized to thereby provide 
a neasurement of the Speed of the car. 

In the particular fol'nin illustrated, this time 
neaSuring means Cornprises 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 practice, the source 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 
370, of relay FX is connected with alternator A 
over a front contact 36 of a relay W, the recti 
fier 334 and a normal contact 38 of relay NX, 
while the other winding 37b of relay FX is con 
nected with the alternator A over front contact, 
36 of relay W, rectifier 334, and reverse contact, 
39 of relay NX. In a similar manner, the wind 
ing 3a of relay NX is connected with alter 
nator A over front contact 36 of relay W, rectifier 
35, and a normal contact, 40 of relay PX, while the 
other winding 37 b of relay NX is connected with 
alternator A over front contact 36 of relay W, 
rectifier 35 and reverse contact 4f of relay PX. 
The rectifier 334 is poled to pass current during 
positive half cycles only, while the rectifier 35 
is poled to permit, current to fiow 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 3S 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 Sa of relay PX or winding 37a of relay 
NX Will become energized depending upon 
whether the half cycle is a positive or a negative 
half cycle. Assuming for purposes of illustration 
that the first half cycle is positive, the resultant 
energization of winding 3a of relay PX will 
cause this relay to open its normal contact 40 and 
close its reverse contact 4, The closing of con 
tact 4 will complete the circuit for winding 37b 
of relay NX, and as a result, the first negative 
half cycle will cause winding 3b of relay NX 
to 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 37 b 
of relay PX, and during the next positive half 
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cycle winding 37b of relay P2K will become en 
ergized and will cause reverse contact 4 of 
relay PX to open and normal contact 40 to close. 
Contact 4 now being closed, the next negative 
half cycle will energize winding 3a of reay NX, 
With the result that reverse contact 39 Will open 
and normal contact 38 will close, 
described cycle of operation will then start to 
repeat itself, and the relays PX and NX will 
continue to alternately close their normal and 
reverse contacts as long as the contact. 36 re 
nains closed. 
The relay W is controlled by the track relays 

R in Such manner that this relay Will be en 
elgized. 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 39, With a normal contact A2-42d. 
and a reverse contact 42-42b. Assunning 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 
40 of a second or 16% milliseconds. This rate 
will vary only to the extent 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 to 6J 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 
counting relays CM to 5M arranged to advance 
progressively one each time the unit chain conn 
pletes a round trip of operation. The relays of 
both 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 mu 
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 will be made clear 
presently. 
The operation of the tinning 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 tinning chains, and the 
associated relays W, ISU, 2SU, NX, PX, MX and 
UX are all deenergized. When a car starts to 
traverse the stretch of track shown in the draw 
ing, relay 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, SU, U and the winding 
48 of relay U2X in series, which circuit may be 
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 
33-33b of each of the track relays GTR, 5TR, 
4TER, 3 TR and 2TR, front contact, 33-33d of 
track relay TR, the winding of relay SU, a 
back contact 44 of each of the relays 2U to 6U, 
inclusive, of the unit counting chain, a back 
contact 43 of each of the relays GM to 5M of the 
multiple counting chain, winding 48 of relay UX, 
wires 46 and 47, and the winding of relay U to 
the other terminal C of the source. Relays W, 
SU and U will therefore pick up immediately, 
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and relay U2 will reverse its arniature to open 
its normal contacts and close its reverse con 
tacts, 
The picking up of relays IU and SU com 

pletes a stick or holding circuit for these relays 
passing from terminal B through the winding of 
relay W, a back contact 33-33b of each of the 
track relays 6TR, 5TR, 4TR, 3TR and 2TR, front 
contact 33-33a of track relay TR, the winding 
of relay SU, front contact 49 of relay SU, 
wires 50 and 51, back contact 52 of relay 2U, front . 
contact 53 of relay U, and the winding of relay 
U to terminal C. The function of these stick 

circuits will be made clear presently. 
The picking up of relay W completes at its 

front contact 35 the previously described oper 
atting circuits for the relays PX and NX, and 
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these relays therefore start to alternately operate 
On alternate half cycles of the alternator A in 
the manner described hereinbefore. 

Since relays W and U are both picked up when 
th& "elayS NX and PX start to operate, the first 
tire reveise contact 42-42b of relay NX becomes 
clesed, it completes a pick-up circuit for relay 2U 
passing from termina B through front contact 
43 of relay W, reverse contact 42-42b of relay 
NX, wire 55, front contact 54 of relay U, and the 
Winding of relay 2U to terminai C. Relay 2U 
therefore picks up and interrupts at its back 
contacts A4 and 52, respectively, the previously 
described pick-up and stick circuits for relay U, 
&nd completes at its front contact 53 a stick or 
izolding circuit which is similar to the previously 
traced Stick circuit for relays SU and U with 
the exception that this latter circuit includes a 
back contact 52 of relay 3U, front contact 53 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 deemergized, while 
relay 2U remains energized as long as relay 
3tJ remains deenergized. 
When normal contact 42-42a of relay NX 

again closes, it completes a pick-up circuit for re 
5 lay 3U which is similar to the corresponding pick 
up circuit just traced for relay 2U, 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 2U which causes relay 2U to release. The 
picking up of relay 3U also completes a pickup or 
holding circuit for this relay similar to the pre 
viously traced pick-up or holding circuit for re 
lays U and 2U. 
When relay NX next closes its reverse contact, 

relay 4U will pick up and relay 3U will release, and 
When relay N2Kriext closes its normal contact, re 
lay, 5U will pick up and relay 4U will release 
aid So Gn, liltil a complete cycle of operation of 
the unit chain is completed. When this hap 
pens, if section iT is then still occupied, relay 
U will again pick up by virtue of circuit connec 

tions between the 6U 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 eU will continue to climb around and 
around as long as track relay TR remains ener 
gized. It Will also be apparent that if tie fre 
quency of the alternator A is 60 cycles, so that 
the contacts 42-42a and 32-32b become alter 
nately closed at intervals of 1624 miliseconds, the 
time Spacing between the picking lup Of Succes 
Sive relays. U will be 1624 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 SU, in addition 

to being included in the previously described 
stick circuits for the relays U 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, 5TFR, 4TR, 3TR and 2TR, 
front contact 33-33a of track relay TR, 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 
SU becomes energized following the energization 

of track relay TR, relay OM of the multiple 
chain will pick up. 
With relay OM picked up, when relay 3U picks 

up during the first lound 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 86-66a and will close its re 
verse contact 86-66b. 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. 
come opened as soon as relay 3U releases, but 
since relay MX is of the magnetic stick type, 
contact 66-66b will remain closed until this relay 
is again energized in the direction to close its 
normal contact. 
As a result, when relay GU 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 66-66b of relay MX, front con 
tact 62 of relay OM, and the winding of relay 
M. to terminal C. Relay M thereupon picks up, 
and completes a stick circuit passing from ter 
minal B through the winding of relay W, back 
contact 33-33b of each of the track relays 6TER, 
5TR, 4TR, 3TR and 2TR, front contact 33-33a 
of track relay TR, the winding of relay SU, 
front contact 49 of relay SU, wire 50, a back 
contact 60 of each of the relays 5M, 4M, 3M and 
2M, a front contact 6 of relay M and the Wind 
ing of relay M to terminal C. This stick circuit 
serves to retain relay M energized after relay 
SU releases as will be obvious. 
The picking up of relay Min addition to com 

pleting its own stick circuit also interrupts at its 
back contact 69 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 Irelay MX including 
front contact 63 of relay M, and relay MX then 
opens its reverse contact 66-66b and closes its 
normal contact 66-66ct. 
With normal contact 66-66d of relay MX 

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 detailed 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 M. 
On the third round trip of the unit chain since 

front contact 63 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 65-66d. and close its 
reverse contact 66-66b, and when relay 6U picks 
up, the closing of its front contact 67 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 Trenains 
occupied 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 6U 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 U, 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 66-66b 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 remains energized. 
When the car which caused track relay TR to . 

pick up advances to the point where relay 2TR 
picks up, the resultant opening of back contact 
33-33b 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 SU therefore 
immediately become deemergized. As soon as re 
lay W becomes deemergized, 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. 
As Soon as the back contacts of all of the U 

relays and the back contacts of all of the M relays 
all become closed, thereby checking that these 
relays are all deemergized, a pick-up circuit for 

  



relay U is completed at front contact 33-33d 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 6TR, 
5TR, 4TR and 3TR, front contact 33-33a of 
track relay 2TR, the winding of relay 2SU, back 
contact 70 of each of the relays 2U to 6U, in 
clusive, a back contact 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 lSU and W are both included 
in this circuit, these relays and relay U all pick 
up. Furthermore, since the winding 72 of relay 
UX is included in this circuit, this relay reverses 
its armature, thereby opening its normal contacts 
and closing its reverse contacts. 
When relay 2SU picks up, it cumpletes a stick 

circut for relay U, and a pick-up circuit for re 
lay OM which circuits are similar to the circuits 
which were completed by relay SU following the 
picking up of track relay TR. 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 3 of relay 2SU 
in place of front contact 33-33a of track relay 
iTR, the winding of relay f SU, and front contact 
49 of relay SU. 
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 2R, in the 
same manner as these chains functioned to 
measure the time for the forward pair of Wheels 
of the car to traverse section T. 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 ROW in 
clude front contact 33-33d of track relay 2TR. 
the winding of relay 2SU and front contact 73 of 
relay 2SU in place of front contact 33-33a of 
track relay TR, the winding of relay SU and 
ront contact 49 of relay SU. 
When track relays 3TR and 5TR subsequently 

pick up, the relay SU will be picked up and the 
apparatus will function in the same manner as 
when relay TR was picked up. Similarly, when 
the relays ATR and 6TR pick up the apparatus 
Will 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 ISU and 2STJ alternate in 
their action depending upon. Whether an odd or an 
even-numbered track relay is then picked up. 
Each SU relay checks that all relays of both 
counting chains have become deemergized 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 33 and 34 of the SU and 

2SU 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 to pick up. After the leading car axle 
leaves section 6T, it will be apparent that the 
relay 6ER will have to release before any of the 
Other track relays in the rear Cash 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 33 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. 

It 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 Sulc 
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 42-42b at a known fixed rate. 

It Will be obvious that the particular relayS of 
the unit and multiple chains which are picked 
up at any one time are a measure of the time that 
any section which is then functioning as a 
measuring section has been occupied. It Will also 
be obvious 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 section 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 of the average car speed While the car 
is traversing a length equal to the lengths of the 
in easuring sections. For example, assuming that 
the track sections T are all 3 ft. 1/2 in... long, and 
that the alternator A has a frequency of 60 cycles 
per second, if a track Section remains occupied 
for 266 milliseconds, which is the time it will re 
nain occupied with an average car speed of 8 
miles per hour, when the section becomes vacated, 
'elays 2M and SU will be picked up, and it foll 
lows that if these relays are picked up when a 
measuring section becomes vacated, it is an indi 
cation that the car which caused them to pick 
up was traveling at an average Speed of 8 miles 
per hour. Similarly, if a track section which is 
Serving as a measuring section is occupied for 
600 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 
iniles per hoir. 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 previously referred to relays 35-55, 

AP2-3) and PO constitute one group of relays, 
and the previously referred to relays 2EP45-55, 
2P23-39 and 2PO constitute another group of 
relays, for so controlling the valves W. and W2 
as to effect an automatic stepped reduction in 
the pressure of the fluid supplied to the motor M 
as the speed cf a car passing through the car 
retarder approaches a predetermined control 
speed which depends upon the setting of lever L., 
and for effecting the full release of the retarder 
when this particular control spsed is reached. 
Shese two groups of relays are caused to function 
alternately, according as an odd or an even-num 
bered track Section is acting as a speed measur 
ing section, by means of the UX relay which it 
Will be remembered closes its normal contacts 
56-56d, 5-5 cl, 58-58C and 53-59ct or its re 
verse contacts 55-56b, 57-5b, 58-58 b and 
33-59th according as an odd-numbered track re 
lay TR, 3 TR or 5TR, or an even-numbered 
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track relay 2TR, 4TR or GTR 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 
pil, p2 and p3 positions of the lever I, 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 2P relays includes a correspond 
ing reverse contact of the UX relay. These con 
trol circuits may be varied as conditions require, 
but as shown in the drawing they are so arranged 
that when lever occupies its pf position, which 
position I Shall term for convenience its high 
Speed position, relay p5-55 or 2P45-55 will 
pick up when relays M and 5U are simultaneous 
ly picked up, the relay P25-30 or 2P25-30 will 
pick up when the relays 2MI and 2U are simul 
taneously picked up, and the relay P0 or 2P0 
will pick up when the relays 3M and U are si 
multaneously picked up. When, however, lever 
I occupies its p2 position, which I shall term its 
medium speed position, relay P45-55 or 2P45 
55 will pick up when relays 2M and fly are simul 
taneously picked up, relay P20-30 or 2P20-3C 
will pick up when relay 3M is picked up and relay 
fP) or 2P) will pick up when relay 4M is picked 
up. Similarly, when lever L. Occupies its p3 posi 
tion, which I shall term its low Speed position, 
relay P45-55 or 2P45-55 will pick up when re 
lays 2M and AU are both picked up, relay P20 
30 or 2P29-3 will pick up when relays 3M and 
4U are simultaneously picked up, and relay PO 
or 2PO will 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 noved to 
its p, p2 or g3 position, the fluid pressure motor 
M will be supplied. With fluid at full line pressure, 
which I shall assuline for purposes of explanation 
to be 100 pounds per Square inch. If the relay 
P45-55 or 2Pi5-55 subsequently picks up, the 
pressure in notor 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 notor M will be auto 
matically reduced to a pressure of between 20 
and 30 pounds per Square inch, and if the relay 
IPO or 2P0 picks up, motor M will be vented to 
atmosphere to effect the automatic release of the. 
car retarder. 
The p 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 
control apparatus is ineffective to control the re 
tarder as Will appear presently. 
Associated with the relays P45-55, P20-30 

and PO is a stick relay SP which is picked up 
whenever any one of these pressure control re 
lays is picked up, and associated with the pres 
Sure control relays 2P45-55, 2P20-30 and 2PO 
is a stick relay 2SP which is picked up whenever 
any one of these last. In entioned 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 tine 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 maintained 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 
because 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 tine element. 
The Stick relays SP 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 8, 82 and 83 which are permanently con. 
nected to a Wire 90 leading to contact, 26 of lever 
I, With a plurality of terminal posts 84, 85 and 86 
Which are permanently connected to a Wire 9 
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 92 leading to 
contact 29 of lever I. This terminal board is 
further provided With a plurality of terminal 
posts 93, 94 and 95 which are permanently con 
nected to a wire O2 leading to the movable con 
tact finger 5 of relay UX, with a plurality of 
terminal posts 96, 97 and 98 which are perma 
nently connected to a wire 03 leading to the 
movable finger 58 of relay UX, and with a plu 
rality of terminal posts 99, O and O which 
are permanently connected to a wire 04 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 deter 
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 means 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 C2, fo3 or 04 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 P and 
2P relays to operate at a speed of 4 miles pe." 
hour when lever L. occupies its p3 or low Speed 
position, it is necessary to connect a contact 
of the 5M relay and a contact of the 2J relay 
in the circuit for these relays, and this is accorn 
plished by connecting a jumper 25 from the 
terminal post 89 to the one terminal post which is 
is connected with front contact 7 of relay 2 J, 
a jumper 06 from the other terminal post which 
is permanently connected with front contact : 
of relay 2U to the one terminal post which is 
permanently connected with the contact 80 of re 
lay 5M, and a jumper T from the other ter 
minal post which is permanently connected with 
the terminal post 80 of relay 2U to terminal 
post Of. In actual practice the relay contact 
which is connected to each terminal post will 
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 suitable 
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 deemergized, lever L. occupies 
its p0 or off position, and valve W2 is deenergized. 
Valve Wil, however, is energized over a circuit 
which may be traced from terminal B of the 
source through contact 25 of lever T, line Wire 

5, wires 6, 7 and 8, and the winding of 
valve W to terminal C. As Was pointed Out here 
in before, when valve V2 is deenergized and valve 
V is energized, cylinder 4 of motor M is discoin 
nected from the source of fluid pressure and is 
connected with atmosphere, and the braking bai's 
are held in their ineffective or non-braking posi 
tions by the spring (). The contact 22-22a 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, I shall assume that a car which is to 
be retarded is approaching 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 , from its p or 
off position to its p? or high speed position. The 
movement of the lever I, from its p0 to its p 
position will interrupt at its contact 25 the cir 
cuit which was previously closed for valve Wil, 
and will complete at its contact 29 a circuit for 
valve W2 which may be traced from battery R 
through contact, 29 of lever L, wire 99, back con 
tact 0- to of relay P0, back contact 
0- 0a of relay 2P0, back contact - Oct. 

of relay P20-30, back contact - d. of re 
lay 2P29-3), back contact f to- Ga. of relay 
P45-55, back contact 0- led of relay 
2P45-55, wires , 2 and 3, and the winding 
of valve V2 to terminal C. Walve W. Will there 
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fore become deenergized and Will disconnect cyl 
inder 4 of motor Mi fron atmosphere, and Valve 
W2 Will become energized and will connect cylin-' 
der 4 with pipe i, thereby admitting fluid to 
cylinder 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 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 SU 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 M and 
5U relays to pick up, a circuit will become closed 
for pressure control relay P45-55 and Stick 
Jeay SF passing from terminal B through con 
tact 26 of lever L., Wire 90, terminal post 8, 
jumper 3, front contact 75 of relay 5U, jumper 
f 29, front contact, 8 of relay M, jumper 2, 
terriniinal post 93, Wire 2, normal contact 
57-5a of relay UX, wire 2 f, resistor 22, the 
winding of relay P45-55, wire 46, and the 
winding of relay SP to terminal C. This circuit 
includes a resistor 24 and a condenser 25 in 
Series corrected in multiple with the resistor 22 
and the winding of relay P45-55 in series. 
Relay P45-55 and stick relay SP will there 
fore pickup and will complete a stick circuit pass. 
ing from terminal B of the source through front 
contact 2 of relay SU, wire 28, normal contact 
56-56a of relay UX, wire 29, back contact 39 
of relay SP, wire 2, back contact 32-32d of 
relay PO, wire f33, back contact 34-134a of 
relay P29-30, wire 35, front contact 36 of re 
lay P45-55, the resistor 22, the winding of 
relay Pá5-55, wire 46, and the winding of re 
lay SP to terminal C. This stick circuit also 
includes the condenser 25 and resistor 24 re 
ferred to hereinbefore. It should be noted that 
silice this stick circuit includes front contact 27 
of relay SU, back contact f36-34a of relay 
iP23-30 and back contact 32-32a of relay 
PE, when relay P45-55 becomes energized un 

der the conditions just described, it will subse. 
quently remain energized until relay P20-30 or 
relay P. picks up or section iT becomes vacated 
even though the relays 5U and M of the count. 
ing chain which caused it to become energized 
Subsequently release. 
The picking up of relay P45-55 interrupts 

at its back contact f-f a the circuit Which 
was previously closed for valve V2 and completes 
at its front contact 0-lb a circuit for valve 
W passing from battery B through contact 29 
of lever I, Wire C9, back contact f-f Oa of 
relay P0, back contact 0-f Oa of relay 2P0, 
back contact 9-i 0a of relay P20-30, back 
contact )-ffa of relay 2P20-30, front con 
tact -f f(b of relay P45-55, wire 140, con 
tact 22-22b of pressure responsive device 
P45-55, wires 7 and 18, and the winding of 
Valve W. to terminal C. Valve W2 therefore be 
comes deemergized and disconnects motor Mfrom 
the Source of fluid pressure, and valve W be 
comes energized and vents motor M to atmos 
phere. Valve V will continue to vent motor M 

  



2,820,802 
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 W. 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 W2, and current will flow from 
battery B through contact 29 of lever L, line wire 
f09, back contact Q- Oa of relay IPO, back 
contact ff0- d. of relay 2P0, back contact 
lf 0-ff Oa of relay P20-30, back contact 
0-10a of relay 2P20-30, front contact 
0-flob of relay P45-55, wire f40, contact 

22-22a of pressure responsive device P45-55, 
wires f2 and 3, and the winding of valve W2 
to terminal C. Valve W.2 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 
W2. It will be seen, therefore, that when relay 
P45-55 becomes energized, the fluid in the 

cylinder 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 
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this pressure as long as relay P45-55 remains 
energized, 

If the speed of the car is sufficiently slow while 
the leading pair of wheels is traversing Section 
ITR to cause relays 2M and 2U of the multiple 
and unit counting chains to both become picked 
up, a circuit will then be completed for relay 
fP20-30 passing from terminal B of the source 
through contact 26 of lever L, wire 90, terminal 
post 82, jumper 4, front contact 75 of relay 2U, 
jumper 42, front contact 79 of relay 2M, jumper 
43, terminal post 96, wire 03, normal contact 
58-58a of relay UX, wire f 44, resistor 47, the 
winding of relay P20-30, wires 45, 56 and 
46, and the winding of relay SP to terminal 

C. This latter circuit also includes a condenser 
148 and a resistor f49 in series connected in 
multiple with the resistor 47 and the winding 
of the relay P20-39 in series. Relay P20-30 
will therefore pick up, and relay SP will remain 
picked up. When relay P20-30 picks up, it 
completes a stick circuit passing from terminal 
B through front contact 27 of relay SU, wire 
38, normal contact 55-56a of relay UX, wire 
129, front contact 39 of relay SP, wire f3, 
back contact 32-32a of relay PO, wire 33, 
front contact 34-34b of relay P20-30, re 
sistor 47, the winding of relay P29-30, wires 
j45, 56 and 46, and the winding of relay SP 
to terminal C. This stick circuit includes the 
condenser 48 and resistor 47 referred to here 
inbefore. This stick circuit for relay P20-30 
will maintain this latter relay energized until 
relay SU releases or relay P) picks up. 
The picking up of relay P20-3a) interrupts 

at its back contact - fot any circuit which 
was previously closed for either valve W2 or valve 
Vf and completes at its front contact 0- Ob 
another circuit for valve V passing from, ter 
minal B through contact 29 of lever L, line wire 
09, back contact 9-fog of relay PO, back 

contact f-f 9d, of relay 2P0, front contact 
f G- 2b of relay P24-3. wire 49, contact 
22-22b of pressure responsive device P20-30, 
wire 3, and the winding of valve W to terminal 
C. Walve V2 if it is not already deenergized 
when this circuit becomes closed Will become de 
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energized, and valve W will become energized to 
thereby again went 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 V, 
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 
Walve W2 which is similar to the circuit just 
traced for Valve Wf with the exception that this 
latter circuit includes contact 22-22a of pressure 
responsive device P20-30, wire f3, and the 
winding of valve W2 in place of contact 22-22b 
of pressure responsive device P20-30, Wire 8 
and the winding of valve W. It will be seen, 
therefore, that when relay P20-30 becomes en 
ergized under the conditions just described the 
pressure responsive device P20-30 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 TR, relay PO will 
become energized by virtue of a circuit passing 
from terminal B of the source through contact 
26 of lever T, wire 90, terminal post 83, jumper 
50, front contact 77 of relay f U, jumper 5, 

front contact 80 of relay 3M, jumper 52, termi 
nal post 99, wire if O4, normal contact 59-59a 
of relay UX, resistor f 53, the winding of relay 
PO, wires f6 and 46, and the winding of relay 
SP to terminal C. This latter circuit includes 

a condenser 54 and a resistor 55 in series con 
nected in multiple with the resistor 53 and the 
winding of relay fP) in series. Relay PO will 
therefore pick up and since this pick-up circuit 
includes relay SP, relay SP will remain ener 
gized. When relay PO becomes energized, it 
completes a Stick circuit passing from terminal 
B through front contact f 27 of relay SU, wire 
f28, normal contact 56-56a of relay UX, wire 
f29, front contact 30 of relay SP, wire 3, 
front contact f32-32b of relay PO, resistor 
f53, the winding of relay, PO, wires 56 and 46, 
and the Winding of relay SP to terminal C. 
This Stick circuit also includes the condenser 
54 and the resistor f35, which are included in 

the pick-up circuit for relay fB0. This stick 
circuit will maintain relay PO energized until 
the leading pair of wheels vacates track Section 
TR. 
The opening of back contact O-a of relay 
PO interrupts all circuits which were previously 

closed for either valve W or valve W2, while the 
closing of front contact flo-fi Ob of this relay 
completes a circuit for the valve W passing from 
terminal B through contact 29 of lever L, line 
wire. O9, front contact lo-fi Ob of relay Pa, 
wires 6, 7 and 8, and the Winding of relay 
W? to terminal C. Walve W 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 p? 
position, the leading pair of wheels of a car pass 
ot, of Section TR and into section 2TR, while 
relay P45-55 is energized. When this happens 
relay SU will release and relay 2SU Will pick 
up to initiate a new timing period in the man 
ner previously described. When relay SU re 
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leases, it - will interrupt at its front contact. 27 
the stick circuit-which was previously closed for 
relay, P45-55 and relays P45-55 and SP will 
therefore both become : deemergized. Due, how 
ever, to the condenser f25 and resistor 24sas- : 
sociated With relay. P45-55, 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 2SU will cause relay 
UX to open its normal contacts and close its re 
verse contacts, and as soon as a new time meas 
urement has been inade, 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 57-57b of relay UX is and the 
winding of relay 2P45-55 together with the-as 
sociated condenser 6 and associated resistors 
f6 and 62-in place of the contact 57-57 a of 
relay UX and the winding - of relay IPA 5-55-2 
together with the associated condenser 25 rand 
resistors 24 and 22. As soon after relay 2P45 
55 picks up as relay P45-55 releases, the relay 
2P45-55 - will become effective to control - the 
valves V and V2 in the same manner that these : 
valves were previously-controlled by the relay 
P45-55. 
If when lever - L. occupies its p1 position, the 

leading pair of wheels of a car which is being 
retarded passes from section of TR to 2TR when : 
either the pressure control relay P20-30 or 
fPO is energized, the pressure - control relay 
2P20-30, or 2PO will subsequently be rendered 
effective to control the Valves W. and V2 as soon 
as a new measurement of Speed can be made if 
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 will 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 p position with the exception 
that under these conditions the pressure control 
relays are provided. with different control 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 for the P45-55 relay under these 
conditions passes from terminal B. of the Source 
through contact 27 of lever I, wire 9 , terminal 
post 84, jumper 63, front contact 75 of relay 
U, jumper 64, front contact 78 of relay 2M. 
jumper 65, terminal post-94, wire ?2, normal 
contact .57-57 a of relay. UX, wire 2?, resistor 6: 
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22, the winding of relay. P45-55, wire E 46, 
and the Winding of relay SP to terminal C. 
This circuit includes the condenser 25 and the 
resistor 24. The circuit for the relay 2P45-55 
is the same as that just traced for the relay 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 of P20-30 when lever .I. 

occupies its p3-position passes from terminal B 75 
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through front contact 2 of lever L, wire 9, iter 
minal post '85, jumper. 66, front contact 3 of 
relay, 3M, jumper 16, terminal post 9;, wire 93, 
normal contact 58-58d of relay UX, wire .44, 
resistor 47, the winding of relay P38-39, wires 
f45, 56. and 46, and the Winding of relay SP 
to terminal C. This circuit includes the con 
denser 48 and resistor 49 as will be obvious. 

. The circuit for the relay PO when lever 
occupies its p2 position passes fronn terminal:B 
through contact 21 of lever I, Wire 9t, terminal 
post $35, jumper 88, front contact. 83 of relay 
4M, jumper 89, wire 34, normal contact 59-59a 
of relay UX, resistor. 53, and the winding of re 
lay PO in Series in multiple with coin denser 
54 and resistor 55, wires 56 and 48, and the 
winding of relay. SP to terminal C. 
When lever L. occupies its p3 position, the cir 

cuit for, relay P5-55; passes from terminal E3 
through contact 23 of lever L, wire 92, terminal 
post 8, jumper 73, front contact S of relay 
2U, jumper 14, front contact 89 of relay 2M, 
jumper-75, terminal post 93, wire C2, normal 
contact 57-5d of relay UX, wire 2, resistor 
if 22 and.the winding of relay. P45-55 in series 
in multiple with condenser 25 and resistor 24, 
wire 45, and the winding of relay. SP to termi 
naB. 
The circuit for relay - 29-3. When lever L. 

occupies its p3 position passes from terminal 
B of the source through contact 28 of lever L, 
wire 92, terminal post 88, jumper 10, front con 
tact 77 of relay 4U, jumper T , front contact 
79 of relay 3M, wire 12, terminal post 93, wire 
93, normal contact 53-58a of relay UX, wire 
44, resistor 4 in series with the Winding of 
relay P2-3 in multiple with condenser 48 
and resistor of 49 in series, wires 45, 56 and 46 
and the winding of relay SP to terminal C. 
The circuit for relay frC) when lever I, occu 

pies its p3 position passes from battery B through 
contact 28 of lever L, wire 92, terminal post 
89, jumper C5, front contact 77 of relay 2U, 
jumper 06, front contact 89 of relay 5M, jumper 
iO, terminal post Of, wire 04, normal con 
tact 59-59a of relay UX, resistance 53 and the 
Winding of relay IPO connected in multiple with 
the condenser 54 and the resistor 55 in series, 
'Wire...f56, and the winding of relay SP to termi 
na. C. 
The circuits for each of the relays 2P45-.55, 

2P20-30 and 2PO when lever I, occupies its p2 
and p3 positions differ from the circuits just 
traced for the relays P45-55, P28-33 and PO 
in the same manner that the circuits for the re 
layS2P45-55, 2P20-30 and 2PO differ from the 
circuits for the relays P45-55, P20-30 and 
PO 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 I, to its p4 posi 
tion, the Speed responsive apparatus is rendered 
ineffective to control the retarder and under these 
conditions the valve W2 becomes energized and 
remains energized by virtue of a circuit, which 
passes from battery B through contact 29 of lever 
L., line wire 09, back contact f 8- 0a of relay 
PO, back contact 0- 0a of relay 2PO, back 

contact f-f Ca of relay P26-30, back con 
tact 0-foa of relay 2P20-3, back contact 
f0- 0a of relay P45-55, back contact - 

if Oa of relay 2P45-55, wires , 2 and 3, 
and the winding of valve W2 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 by the 
retarder, the pressure of the fluid supplied to the 
fluid pressure notor 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 60 
cycle alternating current Would be used since 
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 be 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 tinning is needed it would : 
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 group, and the third group 
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 nun 
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, mediurn and 
low speed. This may be amplified to any desired 
number of speeds that may be needed. Further 
more, the number of pressure reductions is de- i. 
pendent only on the amount of the equipment 
which is provided. Moreover there is no neces 
Sary Or essential relationship betWeen the nun 
ber of Speed controls and the number of preSSure 
reductions that may be provided. 

Referring now to Fig. 2, the apparatls here ill 
lustrated is generally similar to that shown in 
Fig. 1. However, the apparatus shown in Fig. 2 
includes certain additions that have been 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 number of contacts which are necessay on 
other relays, as will be made clear. 
As shown in Fig. 2, an additional pressure re 

sponsive device P70-80 is provided to provide an 
additional braking pressure. The device P78-89 
is similar to the previously described devices 
P20-30 and P45-55 except for the fact that its 
contact 22-22a is adjusted to open at 70 pounds 
per square inch, and its contact 22-22b is ad 
justed to close at 80 pounds per square inch. 

Furthermore, as shown in Fig. 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 
20-200a, and 20 -20 a. 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 L, this switch is reversed to open its 
contacts 209-200a, and 20 -20 a. and to close 
its contacts 209-20 Gb and 29-20 ft. 
The control of the car retarder by means of 

lever L 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 25 are open, and under 
these conditions valve W2 is deemergized and valve 
W is energized over a circuit which passes from 
terminal B through contact 20-20 lb of switch 
MS, contact 25 of lever Li, wire 202, wire 203, 
and the Winding of Valve W to terminal C. Since 
valve W2 is deemergized, pipe 7 is disconnected 
from pipe 6, and the supply of fluid pressure 
to cylinder 4 of motor M is therefore cut off, and 
since valve V 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 0. The contact 22 
22a of each of the pressure responsive devices P 
is closed, and the contact 22-22b of each of these 
devices is Open. 

I shall now assume that the operator wishes to 
make a comparatively light brake application. 
To do this he noves lever from its p0 to its 
pf 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 V at this contact, and valve Vf there 
fore now becomes deenergized and disconnects pipe 
i8 from port 5. The closing of contact 26 com 
pletes a circuit for valve W2, and current flows 
from battery B through contact 20 -20 b of 
switch MS, contact 26 of lever Li, line wire 204, 
contact 22-22a of pressure responsive device 
P20-30, wire 205, and the winding f 4 of valve 
V2 to terminal C. Waive W2 therefore becomes 
energized and connects pipe 7 with pipe 6, 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 soon 
as the fluid in cylinder 4 reaches 20 pounds per 
Square inch, contact 22-22d, of pressure respon 
sive device P2C-30 will open and will interrupt 
the circuit, just traced for valve W2. Walye W2 
will then beconne deenergized and will cut off the 
supply of fluid to cylinder 4 of motor M until 
the pressure in the motor again decreases below 
20 pounds per square inch at which time valve W2 
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 pounds 
per square inch for any reason, contact, 22-22b 
of pressure responsive device P20-30 will become 
closed and will complete a circuit, for valve V 
which passes from terminal B through contact 
2 -20 lb of switch MS, contact. 25 of lever I, i, 
line wire 24, contact 22-22b of pressure respon 
sive device P-38, an asymmetric unit, 206 in 
its low resistance direction, and the winding it 
of valve W to terminal C. Valve W will there 
fore become energized and will vent, fluid from 
cylinder 4 until the pressure again decreases to 
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30 pounds per square inch and permits contact 
220-22b to be open. It will be seen, therefore, 
that when lever L. occupies its pi 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 a more powerful 
brake application, he will move lever T. to its 
p2 position in which contact 27 is closed. Under 
these conditions, valve W will be deenergized 
and valve V2 will become energized over a circuit 
which passes from battery B through contact 
2C-20 b of switch MS, contact 27 of lever , , 
line wire 29, contact, 22-22d of pressure re 
sponsive device P45-55, wire 25, and the wind 
ing 4 of valve W2 to terminal C. Fluid pressure 
will therefore now be admitted to cylinder 4 of 
notor M. Until the pressure of the filuid in the 
cylinder increases to 45 pounds per square inch, 
at which time control 22-22a of pressure re 
sponsive device P45-55 will open and Will de 
energize valve W2. If the pressure in cylinder A 
now increases to 55 pounds per Square-inch, Con 
tact 22-23b of pressure responsive device P45-55 
will become closed and Will complete another cir 
cuit for valve Wii, this latter circuit passing from 
battery B through contact 21-20 lb of switch 
MS, contact 2 of lever Li, line wire 267, contact 
22-22b of pressure responsive device F45-55, 
asymmetric unit 206 in its low resistance direc 
tion, and winding 4 of valve W to terminal C. 
Valve V? will therefore become energized and 
will exhaust fluid from cylinder 4 until the pres 
sure decreases to that at which contact 22-22b 
of pressure responsive device P45-55 Opens. It 
will be apparent, therefore, that when lever I, 
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 front battery B through co 
tact 2-2 b of switch MS, contact. 28 of lever 
Ll, line wire 28, contact 22-22d of pressure re 
sponsive device P7C-3C, wire 265, and the wind 
ing 4 of valve W2 to terminal C. Under these 
conditions, fluid will be supplied to cylinder 4 of 
motor IV until the pressure in the cylinder reaches 
70 pounds per square inch which is the pressure 
at which contact 22-22d of pressure responsive. 
device P70-80 opens. If the pressure in cylin 
der 4 now increases to 80 pounds per square inch, 
contact 22-22b of pressure responsive device: 
P70-S will become closed and will complete still 
another circuit for valve W. this latter circuit. 
for valve V? may be traced from battery B through 
contact. 2C-20 lb of Switch MS, contact 28 of 
lever L, line wire 208, contact 22-22b of pres 
sure responsive device P70-8), asymmetric unit 
296 in its low resistance direction, and the Wind 
ing 4 of valve V to terminal B. Valve W will 
therefore become energized until the pressure in 
cylinder 4 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 W2 Will become energized and 
will subsequently remain energized by virtue of 
a circuit which passes from battery B through 
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contact 2 -2 b of switch. MS, contact. 29 of 
lever , , line wire-209, wire 205, and the winding. 
of valve W2 to terminal C. It will be apparent, 
therefore, that under these conditions the brak 
ing bars will be held in their braking positions: by 
fluid at full line pressure. 

It should be observed that if the operator 
moves lever Lt from a position corresponding to, 
a higher braking force to a position correspond 
ing to a lower braking force, the apparatus im 
lediately 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 tracing the 
sequence of operation in detail. 
When lever Li occupies any one of its p , p.2, p3 

or p4 positions, so that the braking bars occupy 
their braking positions and the operator Wishes. 
to restore the braking bars to their non-braking 
positions in which they are illustrated in the: 
drawing, he will restore lever Li to its p0 or off 
position. When he does this, all circuits previ-. 
ously traced for valve V2 will be interrupted, 
and the circuits previously described for valve: 
W including contact 25 of lever L will become. 
closed. Valve W2 will therefore become deener 
gized and Valve Wii 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 
9 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 20-20 fa of manu-. 
ally operable switch MS, contact 29 of lever L, 
contact 2 of a manually operable switch MS , 
line wire 2, 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. 
2 of switch MS f is then closed, relay LP will 
be picked up in all positions of lever L, except. 
the p 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 2. 
In actual practice the switch MSI will usually 

be a 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 
leaS. 
Only two pressure control relays P and PO. 

are provided in Fig. 2. The relay P has asso 
ciated therewith a stick relay SP and is provided 
With three pick-up circuits one for each of the 
p, p2 and p3 positions of lever L. 
When lever L. occupies its pf position, the pick 

up circuit for relay SP passes from battery B. 
through contact 200-200a, of manually oper 
able switch MS, contact 26 of lever L, wire 90, 
terminal post 8, jumper 9, front contact 75 of 
relay SU, jumper 29, front contact. 78 of relay 
FM, jumper 12, terminal post 93, a resistor 29. 
in Series With the winding of relay EP connected 
il Inultiple with a condenser 22 in series with 
resistor 228, and the winding of relay (SP to 
terminal C. It will be noted that this circuit. 
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includes front contact 75 of relay 5U and front 
contact 78 of relay Min series, and it will be ap 
parent, therefore, that when lever I occupies its 
p position, relay P 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 p2 position, the pick 

up circuit for relay P then passes from terminal 
B of the source through contact 200-200a of 
manually operable switch MS, contact 27 of lever 
L, wire 9, terminal post 84, jumper 63, front 
contact 75 of relay U, jumper 64, front con 
tact 78 of relay 2M, jumper 65, terminal post 94, 
resistor 29 in series with the winding of relay P 
connected in multiple with a condenser 22 in 
series with a resistor 220, and the Winding of 
relay SP to terminal C. This circuit includes 
front contact 75 of relay U in series with front 
contact 78 of relay 2M, and it follows that when 
lever L. occupies its p2 position, relay SP 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 p3 position, the 

pick-up circuit for relay P then passes from 
terminal B through contact 200-200a of manu 
ally operable switch MS, contact 28 of lever Tu, 
wire 92, terminal post 8, jumper 13, front con 
tact 76 of relay 2U, jumper 74, front contact 80 
of relay 2M, jumper 75, terminal post 95, re 
sistor 29 in series with the winding of relay P 
connected in multiple with the condenser 22 in 
series with a resistor 220, and the winding of 
relay SP to terminal C. This circuit includes 
front contact 76 of relay 2U in series with front : 
contact 80 of relay 2M, and it will be seen that 
when lever L. occupies its p3 position, relay P 
will become picked up if the speed of the car 
passing through the retarder becomes less than 
9.1 miles per hour. 
Relay P is also provided with a plurality of 

stick circuits each of which includes terminal B 
of the source, a front contact 25 of a different 
one of the U relays, wire 26, back contact 27 
2a of relay SPO, wire 23, front contact 30 
of relay SP, front contact 28 of relay P, re 
sistance 29 in series with the winding of relay 
(P. connected in multiple with condenser 22 in 
series with resistor 220, and the Winding of relay 
SP to terminal C. The front contact 25 of at 

least one of the ly relays is always closed When 
the unit counting chain is operating and it will 
be seen, therefore, that when relay Ponce picks 
up it will remain picked up either until the unit 
chain stops operating, or until relay SPO picks 

9. 
The relay PO likewise has associated there 

with a stick relay SPO and is provided with 
three pick-up circuits one for each of the pil, 
p2 and p3 positions of lever L. When lever L. 
occupies its pi position, the pick-up circuit for 
relay PO passes from terminal B through con 
tact 20-200a of manually operable Switch MS, 
contact 26 of lever , wire 90, terminal post 83, 
jumper 50, front contact TT of relay U, wire 
5, front contact 82 of relay 3M, jumper 52, 
terminal post 99, the resistor 222 in series with 
the winding of relay PO connected in multiple 
with a condenser 224 in series with a resistor 
223, and the winding SPO to terminal C of the 
SOCe. 
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 L. occupies its p 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 niles per hour 
by virtue of a circuit which passes from terminal 
B through contact 200-200a of manually op 
erable switch MS, contact 27 of lever L, wire 9, 
terminal post 86, jumper 68, front contact 80 
of relay 4M, jumper 69, terminal post 100, re 
sistor 222 in series with the Winding of relay 
fPO connected in multiple with a condenser 224 
in series with a resistor 223, 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 200-200a of manually op 
erable switch MS, contact 28 of lever L, wire 92, 
terminal post 89, jumper 05, front contact 77 
of relay 2U, wire C6, front contact 8) of relay 
5M, jumper f07, terminal post fo, resistor 222 
in series with the winding of relay IPO con 
nected in multiple with a condenser 224 in series 
with resistor 223, and the winding of relay SPO 
to terminal C. 

Relay PO is further provided with a plu 
rality of stick circuits each of which passes from 
terminal B through front contact 2 5 of a dif 
ferent one of the U relays, wire 26, front con 
tact 2 7-2 fib of relay SPO, front contact 28 
of relay PO, resistor 222 in Series with the 
winding of relay PO connected in multiple with 
condenser 224 in series with resistor 223, and 
the winding of relay SPO 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 
22 of relay SU or a front contact 23 of relay 
2SU in place of front contact 36 of relay W. 
It will be apparent, therefore, that when either 
relay (SU 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 U 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 73-73a of relay 2SU 
in place of the winding of the W relay, and a 
back contact 255 of relay SPO and a back con 
tact 226 of relay SP 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 
73-73a of relay 2SU, a back contact 44 of each 
of the relays 2U to 6U, inclusive, a back contact 
45 of each of the M relays, back contact 225 
of relay SPO, back contact 226 of relay SP, 
and the winding of relay flu to terminal C. 
- The initial 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 GTR 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. 

. It should be pointed out that since the initial 
pick-up circuits for relay U each include a back 
contact 225 of relay SPO and a back contact 226 
of relay SP, the relay SU or 2SU will not pick 
up in Fig. 2 unless relays SP 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. 

It should also be pointed out that this change 
makes possible the elimination of the UX relay, 
and reduces the pick-up circuits for the U 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 MIrelays 
and for the U relays have been modified to include 
in addition to the front contact 49-49b of the 
SU relay or a front contact 73-73b of the relay 
2SU depending upon whether the fSU or 2SU 
relay is then energized, a back contact of the SU 
relay which is deenergized. That is to say, when 
the relay SU is energized, the stick circuits for 
each of the Moi U relays includes in addition to 
the front contact 49-49b of relay SU, back 
contact 3-13a of relay 2SU, and when relay 
2SU is energized, the stick circuits for each of the 
U or M. relays includes in addition to the front 
contact 3-73b of relay 2SU, back contact 
49-49a 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 MI 
relay, are identical with the corresponding cir 
Cuits shown in Fig. 1 except for the fact that front 
contact 43 of relay Whas been omitted from these 
circuits. 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 deemergized 
paSSes from battery B through a normal contact 
42-42a of relay NX, front contact 54 of relay 2U, 
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the Winding of relay 3U, wire 232, back contact 
63-63a of each of the relays 5M, AM, 3M, 2M and 
FM, 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, 
M, 3M and 2M, front contact 63-63t of relay 
fM, 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 circuit which next 
becomes closed for relay 3U, as will be obvious. 

It should be noted that with the pick-up cir 
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cuits 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 3J, 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. 2 is 

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 33-33b of 
each of the track relays in advance of the picked 
up track relay, front contact 33-33a of the 
picked-up track relay, the winding of relay f SU, 
back contact 73-3a of relay2SU, front contact 
49-49b of relay SU, 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 6U and the winding of relay M to ter 
minal C. 
The pick-up circuit for relay fM 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 picked-up track relay, front con 
tact 33-33a of the picked-up track relay, the 
Winding of relay 2SU, back, contact 49-49a of 
relay SU, front contact 73-73b of relay 2SU, 
wire 58, a back contact 60 of each of the relays 
5M, 3M, 3M and 2M, normal contact 234 of relay 
MX, front contact 233 of relay 6U, and the wind 
ing of relay M to terminal C. 
The Stick circuits for relay 3U 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 3U 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 
in Fig. 2d. is essentially the same as the operation 
of the apparatus shown in Fig. 1a, it being noted 
that with the apparatus shown in Fig. 2a the NX 
and FX relays are set into operation by the pick 
ing up of the SU or 2SU 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 NX 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 a car traversing the track circuited 
stretch through the retarder. Since the Opera 
tion of the time measuring apparatus shown in 
Fig. 2d. is essentially the same as that shown in 
Fig. 1d, a detailed description of the operation of 
this portion of 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 T, is shown in its po position and when the 
lever occupies this position, all circuits for valve 
V2 are open and valve Vi is energized over a 
circuit. Which passes from terminal B through 
contact 20-20 fa of manually operable switch 
MS, contact 25 of lever L, line wire 5, wires 
f6 and 203, and the winding 4 of valve v to 

  



2,320,802 
terminal C. Since valve W2 is deenergized and 
valve W is energized, the braking bars are held 
in their non-braking positions by the spring le. 

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 p 
position to slow down a car which is approach 
ing the retarder to the maximum control speed 
for Which tile apparatus is designed. The 
movement of level L from its p0 to its p posi 
tion interrupts the circuit which was previously 
closed for valve W and completes one or the 
other of two circuits for valve W2 depending 
upon whether relay LP is then energized or de 
energized. ASSuming that relay LP is ener 
gized as shown in the drawing, the circuit for 
Valve W2 passes froin terminal B through con 
tact, 29 -20 fa of switch MS, contact 29 of lever 
L1, Wire 235, back contact 236-233d of relay 
PO, back contact 237-23d of relay it, front 

contact 238-2385 of relay LP, wire 238, contact 
22-22a of pressure responsive device P45-55, 
wire 205, and the winding 4 of valve W2 to 
terminal C. Walve W2 will therefore 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 notor at a pressure of between 45 and 55 
pounds per Square inch. 

If now with lever I in its p 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 
E becomes picked up, the circuit which was 

previously closed for valve V2 will become in 
terrupted at back contact 23:-23d of relay P, 
and a circuit, Willi become closed for valve W paSS 
ing from terminal B through contact 20 -20 a 
of manually operable switch MS, contact, 29 of 
lever i, wire 235, back contact 236-236d. 
of relay P), front contact 23-23b of relay 
P, front contact, 246-24 Cb of relay LP, wire 
23, contact, 22-23 to of preSSure responsive de 
vice P2-3C, asymmetric unit 205 in its low 
resistance direction and the Winding of Valve W. 
to tennial C. Walve Vi Will therefore become 
energized and will vent fluid pressure from cyl 
inder 4 of notor M until the pressure decreases 
to 20 pounds per square inch. Whereupon pres 
sure responsive device P2C-3) will then func 
tion to raintain the pressure of the fluid in 
motor M at a pressure of between 20 and 30 
pounds per Square inch. 

If When levei Li was moved to its p position re 
ay LP had then been deenergized, Valve W.2 would 
then have become energized Over a circuit Which 
passes from battery B through contact 20-28 fa. 
of manually operable Switch MS, contact 29 of 
lever L, wire 235, back contact 235-236a of re 
lay P3, back contact 237-23 la of relay P, 
back contact, 238-238C, of relay LP, Wire 242, 
and the Winding 4 of valve W2 to terminal C. 
Under these conditions, one of the preSSure 
responsive devices is included in the control of 
the valve W2, and it will be apparent therefore 
that the resultant energization of the valve W2 
would cause fluid at full line pressure to be Sup 
plied to motor M. 

If, with lever L in its pi position and relay 
LP deemergized, relay P becomes energized due 
to the speed of the car decreasing to the proper 
speed, the circuit previously traced for Wave W2 
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would then become interrupted at back contact 
231-231a of relay P and a circuit would be 
come closed for valve W at front contact 
237-237b of relay P which latter circuit may 
be traced from battery B through contact 
20-20 fa of manually Operable Switch MS, COn 
tact 29 of lever L, wire 235, back contact 
236-236a of relay PO, front contact 231-237b 
of relay P, back contact 240-240a of relay LP, 
wire 239, contact 22-22b of pressure responsive 
device P45-55, asymmetric unit 235 in its low 
resistance direction, and the winding 4 of valve 
W to terminal C. Valve Vf 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 PO to pick up, all circuits previously traced 
for valve W and W will become interrupted and 
a circuit for valve W will become closed pass 
ing from battery B through contact 20-2Ga of 
manually operable Switch MS, contact 29 of 
lever L., Wire 235, front contact 236-236t) of 
pressure responsive device P0, wire 6, and 
the winding of valve W to terminal C. Valve 
Wf Will therefore become energized and will 
vent the fluid which was previously supplied to 
the motor M to atmosphere to thereby permit, 
the Spring G to move the braking bars to their 
non-braking or released positions. 

It Will be seen, therefore, that when lever I 
is moved to its p position, cylinder 4 of motor 
Mi will be supplied with fluid at full line pressure 
or at approximately half full line pressure ac 
cording as relay LP is then released or is picked 
up. It will also be apparent that if relay LP is 
picked up when relay P becomes 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 fr 
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 inerely 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 operates 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 light cars 
to thereby prevent derailment of the light cars. 
The operation of the apparatus when level L. 

is noved to its p2 or p3 position is sinhilar in 
all respects to that just described for the opera 
tion of the apparatus When lever L is noved to 
its pi position with the exception that under 
these latter conditions the speed at which the 
: Prelay picks up will be different from the speeds 
at which this relay picked up when the lever 
occupied its p position. It is believed, there 
fore, that this operation will be understood from 
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the drawings without further detailed descrip 
-tion. When lever I, is moved to its p4 position, 
the speed responsive apparatus is rendered inef 
fective to control the relays P. and APO, and the 
apparatus will therefore exert either the full 
b;aking pressure or half the full braking pres 
sure depending upon whether relay LP is then 
released Ol' picked up as "will readily be under 
stood. 

If the operatol wishes to render the Speed con 
trol lever L ineffective to control the retarder 
and to control the retarder by lineans Cf the 
standard control lever LS, he will operate the 
switch MS to open the contacts 2 -20C and 
20-26a and close its contacts 2 -23 b and 
28G-23 Clb. The control of the retarder by the 
lever L was explained in detail herein before and 
need not be repeated. 
One advantage of speed responsive appašratus 

embodying my invention is that since it employs 
a counting chain in which the units of time be 
tween the operation 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 
the relays function as intended thei'e 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 action, and also where the cut-off point 
comes in stopping of the chain. Accordingly, 
thereoretically there can be a maximum possible 
-error of two cycles in a given tining operation. 
In 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 milliseconds is involved. 
If the maximum erro; which can -occur is an 
error of two cycles, this would represent 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 advantage cf 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 
operation of the System can be selected depend 
ing upon the conditions obtaining and the ac 
curacy desired. Since the system is designed 
primarily for operation on 60 cycle current, it 
can be operated on the current which is com 
mercially available. If desired, an entirely in 
dependent source or any desired source of con 
stant frequency current nay be used. 

It is also apparent that the counting chair 
icombinations 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 nultipliers may be en 
ployed. For such an arrangement the Second 
group would of course rotate in similar fashion 
to the first group and the third group would 
total the number of complete cycies of Opera 
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 be selected by the Operator from 
the controller is purely a matter of choice. e 
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attached disclosure shows three speeds. This 
may be amplified as desired to any number of 
Speeds that may be needed. It is also apparent 
that the number of pressure reductions is de 
pendent only upon the design and the amount 
of equipment provided. Also there is no neces 
sary or essential relationship between the nun 
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 en 
bodying my invention, it is understood that War 
ious changes and -modifications may be made 
thereira. Within the Scope of the appended claims 
without departing from the spirit and scope of 
my invention. 

Having thus described my invention, what I 
claim is: 

1. Apparatus for measuring the speed of a 
Vehicle comprising a chain of counting relays, 
a Source of controlled firequency 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. w 

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, a 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 
5 vehicle conprising 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 multiple 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 
neaSuring means responsive to the number of 
operations of one of said half-step relays. 

5. In combination, a Source 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 
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 other 
Winding is energized, means including a second 
rectifier poled to pass current during negative 

75 
half cycles only of said source and a normalcon 
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 being 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 coin 
trolled by the other in such manner that said 
relays will alternately operate on 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 
stretch; a track circuit including the Winding 
of a track relay, said section, and the opposite 
rail of Said stretch; a Source of controlled fre 
quency alternating current, and lineans controlled 
by said track relay for counting the cycles of 
said source When said track relay is energized to 
measure the speed of a car traversing said 
stretch. 

8. In combination, a stretch of railway track, 
an insulated section formed in One rail of said 
stretch, 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, a, 
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 
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 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 neaSuring the 
speed of a car traversing a stretch pf 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 traverses said stretch, 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 a particular one of 
said half step relays. 

11. 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 traverses said stretch, and 
time measuring means set into operation by the 
energization of each reiay, said time measuring 
means Comprising a Source of constant frequency 
alternating current, and means 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, means for energizing the first 
relay of the chain and simultaneously energizing 
Said 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 neaSuring time comprising a 
pair of CCintacts, 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 
Said 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 
Cperate Over a Series of pick-up circuits each of 
which includes a 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 
Van Ce. 

14. Apparatus for measuring time comprising a 
pair of contacts, means for alternately closing said 
contacts at a 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 ireleasing 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 
stretch, 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 
cCntact of each of the track relays in advance, 
a chain of counting relays, and means for setting 
Said chain into operatigra each time one of Said 
track relays picks up. 

16. Apparatus for measuring the Speed of a car 
traversing a stretch of track comprising a series 
of relays and means for operating then consecu 
tively when a car traverses said stretch for time 
intervals which depend upon 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 
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traversing a stretch of track comprising a source 
of constant frequency alternating current, a Series 
of contacts, means for consecutively operating 
said contacts when a 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 set into operation by the Operatios 
of each successive contact of the series. 

13. Apparatus for measuring the speed of a ca." 
traversing a stretch of track comprising a Series 
of relatively short insulated track sections formed 
in one rail of said stretch, a series of track relays 
one for each track section, two checking relays; 
a track circuit, for each track relay including 3. 
source of current, the associated section, the 
opposite rail of the stretch, a back contact of each 
track relay of the series in advance, and a back 
contact of each of said checking relays in Series 
connected in multiple with a front contact of each 
cf said track relays; time measuring Ineans, 
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 a starting 
position, 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 rea,Sul'- 
ing means then occupies its starting position and 
for simultaneously setting said time measuring 
means into operation, means for maintaining 

- either check relay energized when it once be 
comes energized until said time measuring means 
returns to its starting position, and means for 
causing said timing means to return to its start 
ing position each time a different track relay 
picks up. 19. Apparatus for measuring the Speed of a car 
traversing a stretch of track comprising a series 
of insulated track sections formed in one rail of 
said stretch, said sections being of such lengths 
that only one wheel of a 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 stretch 
and a back contact of each track relay in ad 
vance; whereby each track relay will pickup when 
and only when the associated track section is the 
leading occupied section, a 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 a 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 fixed 
distance individual to the relay, a source of con 
stant frequency alternating current, a pair of 
half-step relays, means effective when any. One of 
the relays of said series picks up for connecting 
Said half-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, a 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 a front 
contact of a 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 including a front contact of the relay next 
in rear and one or the other of the contacts of 
Said one half-step relay according as the relay 
is an odd or even-numbered relay, whereby said 
relays Will pick 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 irelay, and means controlled by said 
checking relays for preventing any relay of said 
Series of relays froin picking up when the relays 
of Said Series are all deenergized unless both said 
checking relays are then deemergized. 

21. Apparatus for measuring the speed of a car 
traversing a stretch of track comprising a series 
of insulated track sections formed in one rail of 
said stretch, said sections being of such lengths 
that only one wheel of a car can occupy any one 
Section at a time, a 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 section, the 
Opposite rail of said stretch, and a back contact 
of each track relay in advance and a back con 
tact of each of said checking relays, whereby 
each track relay will pickup when and only when 
the associated track section is the leading occu 
pied section and then only if said checking relays 
are both deenergized or the track relay next in 
rear WaS previously picked up, a chain of count 
ing relays, a pair of contacts, means for alternate 
ly Operating said contacts at a constant frequency 
When any one of said track relays is picked llp, 
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 
first checking relay, and a back contact of each 
reiay of Said chain except said first relay; a sec 
Ond 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 second track relay, the winding of 
Said Second checking relay, and a track circuit 
of each relay of the series except said first ielay, 
a pick-up circuit for each relay of the chain each 
including a front contact of the relay next in rear 
and one or the cther of the contacts of said pair 
according as the 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 
tacts are alternately operated, and 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 advance, 
the Winding of the checking relay which was in 
cluded 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 said 
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 fluid 
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, a 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 railway 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 said 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 Speed of a car 
traversing said stretch comprising a source of 
constant frequency alternating current and a 
chain of counting relays for counting 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, 
a 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 notor with atmosphere, a relay, a lever 
having an "off' and an "on' position, means ef 
fective When said lever occupies its “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 
Said 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 
Said source at the full pressure of said source, 
means effective when said lever occupies its “on' 
position and said relay is energized for energiz 
ing Said first magnet valve in series with said 
first contact to supply said motor with pressure 
from Said source until the pressure increases to 
the pressure at which said first contact becomes 
opened, 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, means 
effective when all of said relays are deemergized 
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 sets of pressure control   



relays, means effective when a car is: traversing 
said stretch for alternately controlling the re 
lays of the two sets in accordance with the speed 
of the car in such manner that incine 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 succession if the Speed drops below a second. 
predetermined speed, etc., means controlled by 
the-relays of either set which is then responsive . . . 
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 until the 
other set subsequently becomes effective to con. 
trol said retarder. 

32. In combination, 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 with the speed of a car 
traversing said stretch in such manner that the 
relays of one set or the other alternatively will 
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 of the retarder 
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by such set until the other set becomes, effective 
to control the retarder. 

33. In combination, a stretch of railway track, 
a fluid pressure. operated car retarder associated 
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with said stretch, a first lever, means controlled 
by Said first ever for Supplying said car re 
tarder with fluid 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 
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, 
a fluid pressure Operated car retarder associated 
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 
in eans for rendering one lever or the other ef 
fective to control the supply of fluid pressure to 
said car retarder. 
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