3,110,461

L. BROCKMAN

Nov. 12, 1963

CONTROL SYSTEM FOR RAILWAY CAR CLASSIFICATION YARD

3 Sheets-Sheet 1

Filed Aug. 28, 1958

- &

5ls” -t g =z
¥3IQYVLIY dNOYO Z'ON 40 GN3I LIX3 Iv . .
- 0 o < >
ALIOOT3A ¥VO Q3MIS3A 40 9OTYNY_ 39VLIOA Aok o SS T
el $ ‘ O —oNITanoo oL Tonvisld &% \\\ &
o9 - HIONTTIND 2O =
Ll L1x3 ~ ILEE ) \
+8)>—e 5 ~ Aligviiod 2 0
T ol _ ~__SOIISIHILOVEVHD yoval (D T
sl 02" ol xm_._wl_l_. N _
& v 1INDHIO — & N
AT 1iNowIo 1IN0¥ID
5227 awAaa 04.LNOD 04 LNOD
o NOLAIS AVT3Y LiX3|  |Avi3d Y03HOD
e | — —1
IS LINo¥Io | A
HF T041N00 | L fuziuaant || SN2 | | yamoros
mm._uwm ¥3IIAIdWY 3snd 3QOHLYD
iz !l HOLVNIWINOSIa I'ON |_ vl ——1
{
¥3AI3034 | O
wowz |3LlwsNwyl]
am
INSINVHOZW m_z<:o A
04 LNOD oEzoo 4010313Q
d3GHVLY| | [y3cuvizy] | iHoiam
. | _
2y [
/
¥3QHv.L3Y HI0NVLIY m>>
dno¥o 20N/  dNO¥S | ON
SVNNI LNV
YNOILOFNIa .
B S s | s vIi9l4




3,110,461

CONTROL SYSTEM FOR RAILWAY CAR CLASSIFICATION YARD

Filed Aug. 28, 1558

3 Sheets-Sheet 2

L. BROCKMAN

Nov. 12, 1963

T s’ Z N
4% €g o <( o
e ES ES 2
= §X S
20 \E
8t O <
0s @ ;0
e o T
‘ 6t 1505 _j
+8)
|
/o >
_ , — a | 37
_ | 527
N<mm _ . 1INoYID _ _ L
. 104 1NOD _ si
1 aviay X32 592
227| NOILVIDILNY |
= (-8 = = =
H H , 1INoNID LINDYID
e 83 041INOD 041NOD iz
38 AVI3d Lx3 | |aviay woawo| | B
d
gg” L — ¥2
SLINJYID
_ 1 YILYIANI NI L muuo\wo_.ﬁ._k.,_ﬂw.._
_ 62-3 of H3I4dNY / 3s7Nd
+9) +8) 92 Ty €2 é3
% | < N | _
91 LINDYID TO¥INOD AVI3Y Q33dS .
_l _—I , 1z w3AEoam
—_ ML LINSNVY L
HOLVNININOSIQ 2'ON

a1'o14



Nov. 12, 1963 L. BROCKMAN 3,110,461
CONTROL SYSTEM FOR RAILWAY CAR CLASSIFICATION YARD

Filed Aug. 28, 1958 3 Sheets~Sheet 3
- |
FIG.2A. ; | ;
f | _MAXIMUM WEIGHT CAR :
<IN ANY WEIGHT CLASS !
CAR MINIMUM WEIGHT CAR - .
]
VELOCITY IN ANY WEIGHT CLAS'S :
]
| [
Al-da—— i |
Sl-da -- , A2 dan — }
————————————————— 82 - e = —--—:lc-—
[N COMPUTER OUTPUT VOLTAGE | |
ANALOG OF CAR VELOCITY !
MAXIMUM WEIGHT CAR
FIG.2B. IN ANY WEIGHT CLASS ;. RELAY DROPS AWAY

Pu— RELAY PICKS UP

f

ooy [k
VELOCITY ANALOG

MINIMUM WEIGHT CAR

IN ANY WEIGHT CLASS

COMPUTER OQUTPUT

| . ~
VOLTAGE ANALOG OF ! . S2da. T
CAR VELOCITY | - ;
ENTRANGE TO EXIT OF NO.I EXIT OF NO.2
NO.I RETARDER RETARDER RETARDER

O0_|2 13 la
RETARDER
OPERATING MECHANISM

INVENTOR.

' L.BROCKMAN
WEIGHING BY .

DEVICE WD

HIS ATTORNEY




United States Patent Of

3,110,461
Patented Nov, 12, 1963

1CC

1

3,110,461
CONTROL SYSTEM FOR RATLWAY CAR
CLASSIFICATION YARD
Lyle Brociuman, Rochester, N.Y., assignor to General
Sigaal Corperation, a corperation of New York
Filed Aug. 28, 1958, Ser. No. 757,715
5 Claims. (CL 246—182)

This invention relates to a railway car . classification
vard, and more particularly pertains fo an organization
for controlling the speeds of cars passing through one or
more successive car retarders according to a predeter-
minde retardation pattern.

In a classification yard, a train of railway freight cars
is pushed over the crest of a hump, and each car is then
allowed to roll by gravity down the hump and over a
number of route-selecting switches to a particular one of
a number. of destination tracks. In this way, the cars
of a train can be classified according to their intended
destinations.

The grade of the hump is made sufficient so that the
car with the hardest rolling characteristics can travel over
track providing relatively high rolling resistance and vet
reach the most remote destination in the classification
yard despite other adverse factors, such as strong head-
winds, with sufficient speed to couple onto other cars
already in that destination track. Easier rolling cars,
must, consequently, be decelerated so that they too may
each their destination tracks with a suitable coupling
speed. This deceleration is accomplished by providing
car retarders along the track rails whose brake shoe
beams- apply controllable braking pressure to the rims
of the car wheels.

In rolling from the crest of the hump, the cars are
switched by an automatic switching system from the main
track to a plurality of branch tracks and then over addi-
tional switches to their final destination tracks. One or
more car retarders are located along the main track, and
these are called “hump retarders.” Additional car re-
tarders are included in the branch tracks as well so that
the speed of each car or cut of cars can be controlled
according to the particular conditions relating to the
group of tracks it will travel over, and these retarders
are called “group retarders.”

In modern classification yards, apparatus is provided
for automatically controlling the various retarders with
the objective of causing each car to reach its intended
destination with a preselected coupling speed. The con-
trol system determines the car’s weight, its rolling charac-
teristics, destination, distance-to-go, and various other fac-
tors, and from this data determines the desired release
speed for each car from the final retarder. Speed meas-
uring apparatus is also provided that is effective to re-
lease each retarder as soon as the ‘car’s speed has been
reduced to the desired value.

The kinetic energy that a car possesses as it enters a
retarder is directly related to its weight so that a greater
braking effort must be applied by the retarder to a heavy
weight car than to a car of lighter weight. Another lim-
itation in selecting the braking effort to be applied by the
retarder results from the fact that a too-heavy retarda-
tion applied to a light car will actually squeeze the car
wheels out of the brake shoe beams so that the effective-
ness of the retarder is greatly diminished. It is, there-
fore, the practice to determine the weight of each car as
being in one of several categories such as the three cate-
gories of light, medium, and heavy. The retarder is ini-
tially set for each car then in accordance with its weight
class, and this setting is made so that the heaviest car
likely to be encountered in a particular weight class can
have its speed reduced as it passes through the retarder
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from the maxzimum entering speed expected to the low-
est probable exit speed. It has also been the practice to
continnally measure the speed of each car, as by radar
speed measuring apparatus, as the car passes through
the retarder and to reduce or entirely release the. retard-
er’s braking effort when it has been determined that the
car speed is at or near the predetermined release speed.

It follows that, according to the above-described man-
ner of operation, the preselected retardation setting of
a retarder in accordance with the weight class of a par-
ticular car will, nevertheless, act on the car according to
whether its weight is at one extreme or the other of its
weight class. Specifically, a particular predetermined po-
sition of the retarder may be established for a car known
to be in the medium weight class, and this setting of the
retarder will, it is known, be effective to reduce the speed
of the heaviest car in the medium weight class to its de-
sired exit velocity from the highest expected retarder en-
tering speed likely to be possessed by such a car, and sub-
stantially the entire length of the retarder will be re-
quired in order to effect this amount of deceleration. On
the other hand, this same setting of the retarder will pro-
duce a considerably higher rate of deceleration on a car
that js the lightest of those in the medium weight class.
Consequently, this setting of the retarder will cause the
lightest of the cars in the medium weight category to have
its speed reduced to the desired exit velocity within the
first portion of such retarder rather than utilizing all or
substantially all of the retarder to accomplish this result.

The above-described mode of operation has been given
particularly with respect to cars of the medium weight -
classification, but it necessarily follows that it applies
as well to-cars of any of the various classifications. Thus,
it may be stated that, in general, a car whose weight is
near the maximum for its particular weight classification,
regardless of which weight category this is, will have its
speed reduced gradually as it moves through the retarder,
and will not reach its predetermined release velocity until
it is near the exit end of the retarder. On the other
hand, a car in any weight category whose weight is at
the light end of the range of values for that category will
have its speed reduced to substantially the desired exit
velocity in the very first portion of the retarder.

It follows from this description, therefore, that when-.
ever a car of light weight in its particular weight classi-
fication is followed by another car whose weight is at the
heavy end.of its weight classification, there will be a
tendency for the second car to catch up with the first since
the first car will have a considerably lower average veloc-
ity while traveling through the retarder than will the sec-
ond car. If the separation between the two cars is suffi-
ciently reduced in this way, it will be impossible for the
two cars to be sent to divergent routes since there will
not be sufficient time after the first car has passed over
a particular switch for that switch to be operated to the
opposite position before the second car passes over such
switch. Alternatively, this condition of loss of separa-
tion also brings about what is known as “cornering” which
results when the two close-together cars are sufficiently
spaced to travel over divergent routes but are so close
to one another immediately after passing over the par-
ticular switch that caused their routes to diverge, that the
two car bodies will collide and ‘do considerable damage.

One expedient for overcoming the undesirable charac-
teristics of operation here described is to provide a large
number of weight classifications and a correspondingly

- large number of different retardation settings so that for

each car, regardless of its weight, a particular correspond-
ing retarder setting can be established that will result in
requiring the substantial entire length of the retarder to
reduce the speed of that car from the entrance speed
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to the desired exit speed. This expedient, however, re-
quires a considerable increase in complexity in both the
weight measuring apparatus and in the car retarder con-
trol means.

To overcome these objections, it is proposed, according
to the present invention, to provide a system whereby
substantially the entire length of a rétarder will be utilized
in bringing the speed of a car down from its entering
speed to the desired leaving speed, irrespective of the
weight of the car. In general, this is accomplished by
establishing a predetermined retardation pattern for each
car. According to this system, there is established a vary-
ing quantity which represents the permissible speed of
the car at each point in its travel through the retarder.
This permissible speed level for the car at each instant
takes into account the effectiveness of the remaining por-
tion of the retarder in reducing car speed and thus its
magnitude constantly is diminished as the car passes
through the retarder. The control system then attempts
to contro! the speed of the car so that the speed will
continually correspond to that value represented by the
varying analog. In this way, the speed of each car, re-
gardless of weight is reduced gradually to the desired exit
velocity so that overtakes are considerably diminished.

1t is, accordingly, an object of this invention to provide
a control system for a car retarder classification yard
wherein each retarder is controlled so as to bring about
a gradual reduction of car speed over the length of re-
tarder.

1t is a further object of this invention to provide a con-
trol system for a car classification yard wherein overtakes
of successive cars is reduced to a minimum.

It is another object of this invention to provide a sys-
tem for the control of the retarders in a car classification
yard in which the stored analog of desired car velocity at
each point in the progress of the car through the retarder
is progressively reduced in response to the successive
Doppler frequency pulses provided by the radar speed
measuring apparatus.

Other objects, purposes, and characteristic features of
this invention will be obvious from the drawings and will
be described as the description of the invention progresses.

To describe this invention in detail, certain conven-
tional illustrations and symbols are used.. Electromag-
netic relays are illustrated diagrammmatically, and various
electron tubes are shown in a conventional manner and
without illustrating the filaments for such tubes.  The
symbols (B-+) and (B—) -illustrate connections made
to the positive and negative terminals, respectively, of a
source of voltage suitable for the operation of various
electron tubes, and the symbol for ground connection in-
dicates a connection made to voltage intermediate be-
tween the (B-+) and (B—) levels. The symbols (-)
and (—) indicate connections made to the positive and
negative terminals, respectively, of a source of lower volt-
age suitable for the operation of relays and the like.

In describing this invention in detail, reference will
be made to the accompanying drawings which illustrate
one specific embodiment of this invention.  In these draw-
ings:

FIGS. 1A and 1B, when placed side by side, illustrate
one embodiment of this invention;

FIG. 2A illustrates graphically the mode of operation
in the contrel of retarders according to the prior art; and

FIG. 2B illustrates graphically the mode of operation
in the control of car retarders according fo the present
invention;

FIG. 3 illustrates the control circuits for the retarder
control mechanism.

Described briefly, it is contemplated that, in the system
of the present invention, a voltage analog of car speed
will be established which will represent the permissible
speed of the car at each peint of its travel through the
retarder. This quantity is a function of the car’s posi-
tion in the retarder, the desired leaving speed of the car
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from the retarder, and the capabilities of the retarder in
reducing the speed of the car as it passes through the re-
tarder. More specifically, as each car enters the retarder
there is stored in a storage means the voltage analog of
meximum permissible car speed for a car entering the
retarder. 'This voltage analog is arrived at by taking into
account the approximate desired release speed of the car
from the retarder and the capabilities of the retarder in
reducing car speed over its entire length, 1If the speed of
the car as it enters the retarder is'in excess of this stored
voltage analog, then the predetermined braking pressure
of the retarder, selected in accordance with the weight
class of that car, is applied. As the car progresses
through the retarder, the stored voltage analog is pro-
gressively reduced in value by successive increments so
selected that, just before the car is about to emerge from
the retarder, the stored voltage analog will have been
reduced to an amount representing a velocity equal to
that which has been determined by the computing means
as being the proper release speed for that car from the
retarder.

As the car progresses through the retarder, the pre-
determined retarder pressure, selected in accordance with
car weight classification, is applied whensver the meas-
ured car speed is in excess of that corresponding to the
stored voliage analog, but is released whenever the car
speed falls below this value. When the stored voltage
analog has been reduced to the value representing the
computed exit velocity, then the retardation will be se-
lectively applied in accordance with whether the meas-
wired car speed is above or below such computed wvalue.
In this way, each car, regardless of its weight, has its
speed reduced progressively as it passes through the re-
tarder; it is ot possible for a light weight car in any par-
ticular weight category to have its speed reduced abruptly
in the first portion of the retarder and thus bring about
the occurrence of overtakes.

FIG. 1A shows a portion of one of the branching tracks
referred to above. For the purposes of describing this
invention, it is not deemed necessary to illustrate the hump
retarder or the control thereof nor the route-selecting
switches which are to be found between the hump and
group retarders. As is common practice, two successive
group retarders are shown in the single stretch of track
which diverges, over a number of route-selecting switches,
to a plurality of classification tracks. Each of thess
tracks is diagrammatically illustrated as being occupied
by a plurality of freight cars. Each of the group retard-
ers has associated therewith a retarder control mechanism
RCM which is selectively controlled in the manner shown
in FIG. 3.

In advance of the No. 1 group retarder of FIG. 1A is
shown weighing means comprising a floating weighing
rail WR which is variously deflected in accordance with
the weight upon it, and this acts upcon the weight detec-
tor WD selectively in such a way that a determination
can.be made as to whether each car is of the heavy,
medium, or light-weight class. Weight measuring means
of this kind is shown and fully described in the co-pend-
ing application of S. M. Phelps, U.S. Ser. No. 386,095,
filed October 14, 1953, now Patent IMo. 2,868,534, and
assigned to the assignee of the present invention.

The speed measuring apparatus is shown as including a
directional antenna positioned between the track rails near
the exit end of each retarder. The transmitter-receiver
such as the transmitter-receiver 16 associated with the
directional antenna for the No. 1 group retarder provides
a high frequency signal which is directed by the antenna
towards approaching cars. The antenna also receives the
higher frequency sighal that is reflected from such ap-
proaching cars. The increase in frequency of the reflected
signal is in accordance with the Doppler principle and is
directly related to the wvelocity of the approaching car
with respect to the antenna. The transmitier-receiver 18
mixes the two signals of different frequency to obtain a
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difference or beat frequency signal which is proportional
to car speed. This beat frequency signal is applied to the
No. 1 discriminator 11 which controls the operation of
both speed and anticipation relays which is used in effect-
ing the release of the retarder and also actuates the check
and exit relays 1CK and 1EX to provide certain desired
functions as will be explained.

FIG. 1A also shows that an exit velocity computer 12
is provided, and this computer determines for each car
or cut of cars that is to pass through the one or more
retarders at a group retarder location, the desired leaving
speed of the car or cut from the final retarder seciion.
Since the particular type of exit velocity computer used
is immaterial to the operation of the present inveation,
its function will not be described in detail. Briefly, the
computer may be assumed to be of the D.C. analog typs
as is «disclosed, for example, in the U.S. patent applica-
tion of Auer et al., Ser. No. 782,153, filed December 22,
1958, which provides an output signal in the form of a
direct-current voltage whose level is proportional to the
velocity that a car should have as it emerges from the
No. 2 group retarder. The computer 12 is shown as
receiving a plurality of inputs, each of which has been
found to affect the determination of the desired exit
velocity. Among the input factors are the characteristics
of the track to be traversed by the car after leaving the
retarder, the car’s rollability as determined by measuring
its performance over a previcus stretch of track, car
weight, cut length, the distance that the car must travel
after emerging from the last retarder until it reaches the
point of coupling in the selected classification track, the
desired coupling velocity, and other miscelianeous factors
which may include a manual adjustment made by an
operator.

The output voltage of the computer 12 is applied di-
rectly over wires 13 to the speed relay control circuit
#4 of the No. 1 discriminator and over wire 15 to the
speed relay control circuit 16 of the No. 2 discriminator.
it will be noted that the No. 1 and No. 2 discriminators
for the two respective group retarders are identical; how-
ever, in order to provide for a detailed description of the
present invention, the speed relay control circuit 16 of
the No. 2 discriminator has been shown in detail where-
as the corresponding circuit is shown only in block dia-
gram form in the No. 1 discriminator.

A potentiometer 17 is shown as being connected be-
tween the wire 13 on which appears the output voltage
of the computer 12 and the wire 18 which is connected
to the (B--) terminal. As a result, there appears on the
movable tap of the potentiometer 17 a voltage which is
applied to the anticipation relay control circuit 19 of the
No. 1 discriminator over wire 2§ which is a function of
the output voltage of computer 12 but is'somewhat greater
than this voltage in accordance with the position of this
tap. Aswill presently be described, the level of the volt-
age applied to the speed and. anticipation relay control
circuits of each discriminator controls the operating point
of the respective relays S1 and Al. Since the speed re-
lay control circuit 14 receives a voltage corresponding
to the desired release speed as provided by the computer
12, the relay S1 will be actuated when the car speed has
been reduced to such level. However, since the anticipa-
tion relay control circuit 1% receives a voltage on wire 20
that is somewhat higher, the relay A1 will be actuated as
soon as the car speed has been reduced to a level some-
what greater than the desired release speed as determined
by the computer 12. This provides for a partial release
of the retarder braking effort just prior to the car’s speed
having been reduced to the desired release speed as will
later be more fully explained.

In describing the operation of the discriminator cir-
cuits, reference will be made particularly to the No. 2
discriminator of FIG, 1B since it is here that the speed
relay control circuit is shown in detail. The beat fre-
quency signal provided by the transmitter-receiver 21,
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which is connected by wire 21a to a directicnal antenna
associated with retarder No. 2, is applied to the cathode
follower 22. The cathode follower 22 supplies its out-
put signal, which is still the beat frequency signal pro-
portional to car speed, to the pulse forming circuits 23
and also to the check relay control circuit 24 and the exit
relay control circuit 25. The function of the cathode
follower is to isolate the output of the transmitter-re-
ceiver 21 from the warious circuits to which its output
beat frequency signal is applied.

The exit relay control circuit 25 controls the relay 2EX
in accordace with the amplitude of the beat frequency sig-
nal. This circuit organization causes relay- 2EX to be
picked up whenever the beat frequency signal has an
amplitude above some predetermined minimum value and
to release when this signal reaches a low value indicating
that the car or cui has passed over the directional an-
tenna and is at the point of leaving the respective retarder.
The check relay control circuit 24 also operates in ac-
cordance with the amplitude of the beat frequency signal
but is instead so organized that it causes the picking up
of relay 2CK when the weight detector WD is first actu-
ated, provided the beat frequency signal has an amplitude
above some minimum value with the result that this
relay is actually picked up jusi prior to the entry of a
car or cut into the associated retander and remains picked
up while the car is in the retarder. For a detailed descrip-
tion of the check and exit relay control circuits, reference
may be made to the copending application of Kendall
and Auer, Jr., Ser. No. 513,364, filed June 6, 1955, and
assigned to the assignee of the present invention.

The pulse forming circuits 23 respond to the beat fre-
quency signal by providing an output comprising a square
wave of voltage whose frequency equals the frequency of
the original beat frequency signal. This square wave of
voltage is amplified by the amplifier-inverter 26 and
applied to both the speed relay control circuit 16 and
the anticipation relay control circuit 27. The square
wave pulses have a varying frequency which corresponds
continucusly to the speed of the approaching car; how-
ever, the pulses are 2ll of uniform amplitude and of uni-
form width. As shown diagrammatically in FIG. 1B, the
output of the pulse forming circuits 23 comprises positive-
going pulses; whereas, the output of the amplifier-inverter
26 comprises negative-going voltage pulses.

Various relationships between speed, frequency, and
voitage may be established.” As an aid in describing the
operation of this system, it is desirable to assume cer-
tain relationships among the different quantities. Thus, in
one specific embodiment of this invention, the high fre-
quency signal that was transmitted towards moving ve-
hicles was selected to be of a value which would result
in a beat frequency of approximately 7.5 cycles per sec-
ond for each mile per hour of car speed. ‘A car moving at
8 miles per hour, for example, then causes a beat fre-
quency signal of 60 cycles per second, Furthermore, the
relationship between drequency and voltage was estab-
lished on a one-tc-one basis. Thus, the voltage analog
relating to a car speed of 8 miles per hour with a result-
ing beat frequency of 60 cycles per second was a D.C.
voltage of 60 volts.

The speed relay control circuit 16 of FIG. 1B controls
the actuation of relay 52 in such a manner that this relay
is released and thereby opens the retarder at a particular
car speed whose value is dependent upon the output voit-
age of the computer 12 as applied to the cathode of the
diode 28. More specifically, in accordance with the rela-
tionship described above, if a voltage level of 60 volts is
applied to this cathode from the computer 12, the re-
lease of relay S2 will occur when the car speed has been
reduced to 8 miles per hour.

The manner in which this control of relay S2 is ob-
tained will now be described in detail. Thus, the plate of
the diode is connected through resistor 29 to (B--); there-

5 fore, the voltage at the plate of this tube tends to rise to



o

b
7
the (B+) level. However, it cannot rise substantiall
above the levei of the conirol veltage applied to th
cathode of diode 28 since any attempt of the plate to rise
appreciably above this level results in conduction with an
increased voltage drop across the plate resistor 29. Thus,
the plate voitage of diode 28 rests normally at a voliage
only slightly above that applied to the cathode.

The negative-going rectangularly spaced pulses of con-
stant width and amplitude appearing at the output of the
amplifier inverter 26 are applied through capacitor 3%
to the plate of diode 29 and cause the voltage at the plate
of dicde 28 to decrease by a corresponding amount for
each negative-going excursion. Thus, negative-going voit-
age pulses appear at the plate of diode 28. MNow, how-
ever, the upper level of each pulse is fixed as being just
slightly above the level of the voltage at the cathode of
diode 28. Although their width and amplitude are still
constant, the average value of the pulses is now deter-
mined by the control voltage which sets their upper base
line. Thus, with a high value of control voltage, the pulses
have a high average value since their upper level is then
at a high value. Similarly, a low value of the control
voltage causes the pulses at the plate of dicde 28 to
have a low average value since their upper level is the
at a lower value.

These negative-going pulses at the plaie of dicde 28 are
applied tc an integrating circuit that comprises the ca-
pacitors 3% and 32 and the resistors 33 and 34. Under
normal conditions, when no car is present to provide a
beat frequency signal, triode tubs 35 is fully conduciive
since its grid is connected to the plate of dicde 2§, and
this plate is steadily positive when it is not receiving nega-
tive pulses from amplifier-inverter 26. The resuliant
large voltage drop across plate resistor 36 then results in
a relatively low voltage at the plate of this tube. This
low voltage is unable to overcome the negative bias pro-
vided by the connection of the grid of tube 37 through
resistor 38 to (B—) so that tube 37 is cut off and relay
82 included in its plate circuit is dropped away.

The negative-going pulses at the plate of diode 28
charge the integrating capacitors 31 and 32 negatively.
The higher their frequency; the less that capacitors 31
and 32 can discharge between successive pulses; comnse-
quently these capacitors 31 and 32 become negatively
charged to an amount directly dependent on the frequency
of these negative going pulses. The seduced charge on
capacitors 31 and 32 is, of course, also a function of the
average or D.C. level of these pulses. When their average
value is high, they are less able to reduce the charge on
these capacitors than when they are of low average vaiue.
Thus, the smaller the control voltage applied to the cath-
ode of diode 28, the lower the average value of the puises
at the plate of this tube and the greater the charge on
capacitors 31 and 32 will be reduced. A mere detailed
disclosure of the mode of operation of the integrating cir-
cuit is found in the pricr U.S. patent application of Ken-
dail et al., Ser. No. 339,162, filed June 2, 1953.

Since the charge on the integrating capacitors 3% and 32
is thus dependent on pulse frequency and on the value of
the voltage applied to the cathode of tube 28, it is possible
to balance the two so that tube 35 wiil just verge on the
condition of conductiveness. ‘In other words, for each
value of control voltage directly affecting the average value
of the pulses, there is a corresponding frequency of these
pulses such that the average charge on capacitors 31 and
32 is just sufficient to allow tube 35 to conduct. When
the pulse frequency is increased, but with the control
voltage remaining the same as compared te the balance
condition, capacitors 31 and 32 receive more negative
charging pulses in any given period of time and so as-
sumes a more negative average charge, causing tube 3§
to be driven beyond cut off. Similarly, maintaining pulse
frequency, but lowering the controi veltage causes pulses
at the same rate but a lower average value tc charge ca-
pacitors 31 and 32 so that their average charge again
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becomes less positive. On.the other hand, a redustion
in the pulse frequency or, altérnatively, an increase in
the control voltage causes capacitors 32 and 32 to be more
highly charged so that tube 35 then becomes conductive.

Consequently, for any value of control voltage applied
to the cathode of diode 28 and representing a correspond-
ing car speed, thers is a pulse frequency at which the
balanced condition occurs with tube 35 verging on the
conductive condition, and it is at this car speed that relay
52 drops away to thereby actuate the retarder mecha-
nism.. For higher car speeds, the pulse frequency is
greater, capacitors 31 and 32 are more negatively
charged, tube 35 is cut off, iube 37 is conductive, and
relay S2 is picked vp. For lower car speeds, the op-
posite conditions prevail, and relay $2 is dropped away.

Before describing further the apparatus of FIGS. 1A
and 1B, it is believed expedient to describe how control
of the retarder is effected, particularly how the factor of
weight influences the positioning of the retarder. The
manner in which the restarder operating mechanism is

electively controlled is iftustrated in FIG. 3. When there

is no car in, or immediately in approach either of the
group retarders so that the check relay 1CX is dropped
away, the repeater relay 1CKP associated with the check
relay is dropped away. Consequently, a circuit is then
completed from (-+), through back contact 39 of relay
1CKP and over wire 49 to the input wire No. 4 of the
retarder operating mechanism ROM. The application of
electrical energy to this particular wire causes the re-
tarder to assume a fully closed position.

When the car approaches the retarder so that the relay
1CK is picked up, the repeater relay 1CKP also picks up
and this results in the application of energy from ()
through front contact 39 of relay 1CKP to wire 41, If
the speed relay-S1 is picked up at this time, as would
normally be the case, indicating that car speed is above the
desired car speed, energy is then applied from wire 44,
through froat contact 42, to wire 43.

The position to which the retarder operating mecha-
nism is operated is dependent upon car weight since a
heavy car requires a greater braking effort than does a
light car. For a car detected as being of the heavy weight
classification by the -weighing device, relay 2H is picked
up. Under these circumstances, energy is then applied
from wire 43, through front contact 44, to wire 45.

Normally, the car speed would, upon entry of the car in
the retarder, be above the speed at which the anticipa-
tion relay Al drops away. Therefore, the energy appear-
ing on wire 45 would be applied through front contact 46
to the No. 4 input wire of the retarder operating mecha-
nism so that the retarder is operated for the heavy car
to its fully closed position. As the heavy car is decelerated
by the retarder, its speed eventually reaches the particular
speed at which the anticipation relay Al is controlled to
drop away. When this occurs, front contact 46 of relay
A%l opens, thereby removing energy from the input wire
Mo. 4. At this time, the back contact 46 closes to energize
the input wire No. 3. This results in the partial opening
of the retarder.  When the car speed has been further re-

uced to the level at which the speed relay Si is to
operate, back contact 42 of relay S1-closes and energizes
the input wire No. 0 of the retarder operating mecha-
nism. This results in the retarder being operated to its
fully released position.

By analogy with this description it is evident that, with
car speed above the releasing speeds for the Al and Si
relays, the retarder operating mechanism is controlled to
apply braking pressure in accordance with the weight as
determined by the conditions of relays 3H, 1M, and 1L.
Upon the operation of the anticipation relay Al, the re-
tarder is partially opened so as to decrease the bLraking
effect on the car. Finally, when car speed has been
further reduced to substantiate the desired leaving speed
from the retarder, the relay S1 drops away and the retarder
is then fully open.
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As was previously explained, each of the various re-
tarder settings is originally adjusted to ensure that the
application of that particular retarder pressure to all
cars of the corresponding weight class will be effective in
reducing the speeds of all such cars from the maximum
expected retarder entering speed down to the usual levels
of release speed. For example, as shown in FIG. 3, the
retarder is initially set in the No. 3 retardation position
for a car whose weight has been detected as being in the
medium class. This particular position of the retarder
must then be effective to reduce the speed of the heaviest
of the different cars in the medium weight class from its
maximum retarder entering speed to the desired leaving
speed. This control of the retarder is shown in the upper
curve of FIG. 2A which shows how the speed of a maxi-
mum weight car in a particular weight class may be varied
as it moves through the retarder. The graph shows that
the car speed is not reduced while the car is in the No. 1
group retarder to a sufficiently low speed to result in the
release of either the Al or S1 relays. It is not until the
car is substantially near the exit end of the No. 2 group
retarder that its speed is reduced to the level where the
relay A2 will drop away. This level of operation of the
relay A2 is shown as being somewhat above that of the
relay S2 which, in turn, is shown as operating at the
particular car velocity determined by the output of the
computer 2. Upon the release of the anticipation relay
A2, the retarder braking effort is partially reduced as
shown by the decrease in slope of the curve, but some
retardation is continually applied until the relay S2 drops
away. At this time, the retarder is fully opened and the
car speed then remains substantially constant during the
remainder of its travel through the retarder.

The particular retarder setting that is established in
view of the requirements of the heavier cars in a particular
weight class is, according to the systems of the prior art,
effective to reduce the speeds of minimum weight cars in
any weight class to the desired release speed within. the
first portion of the No. 1 group retarder. This is shown
in the lower of the two curves of FIG. 2A. It is assumed
that, as is the usual practice, the various control relays
AL, 81, A2 and S2 are governed to be released sequentially
in the order given as the car speed is reduced. This
sequential operation is obtained by providing a some-
what higher control voltage on wire 27q for the anticipa-
tion relay control circuit 27 than for the speed relay con-
trol circuit 16 by means of potentiometer 60. Still higher
control voltages are similarly provided for the speed and
anticipation relay control circuits 14 and 189, respectively,
by providing potentiometers connected in a manner similar
to potentiometer 69.

As shown, the car speed is rapidly reduced until the
speed is reached at which the anticipation relay Al will
drop away. The braking effort is then decreased but con-
tinues until a lower car speed is reached when the relay
81 drops away.” The car then receives no more retarda-
tion in the No. 1 group retarder so that its speed may

remain substantially comstant until it enters the No. 2 -

group retarder. Of course, if the car were to accelerate
further in the No. 1 group retarder after the relay S1 had
dropped away, this relay would again pick up when the
car speed had become somewhat in excess of the value
which produced the release of this relay, and the retarder
would then reapply braking pressure to such car.

As the car enters the No. 2 group retarder, its speed is
further reduced since the full retarder pressure for the
weight class of that car is applied, and this retardation re-
mains in effect until the anticipation relay A2 drops away.
The braking effort is then somewhat reduced until the
car speed has finally reached the level at which the relay
52 is released. All retardation is then removed and the
car will then pass through the rest of the No. 2 group
retarder without any further braking, provided that its
speed does not rise appreciably above the precomputed
release speed.
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This prior art mode of operation as illustrated in FIG.
2A results in the fact that a car whose weight is at the
lower end of the range of car weights in its particular
weight class will have its speed reduced within the first
portion of the group retarders and will, therefore, travel
through the remainder of the retarder sections at a rela-
tively low speed. This condition greatly increases the
possibility of an overtake since the following car will not,
unless it is also of minimum weight for its class, have
its speed brought down to the precomputed release speed
until it is substantially about to emerge from the group
retarders.

To overcome these drawbacks of the retarder control
systems of the prior art, the system of the present inven-
tion has been devised. Thus, a capacitor 47 has been
provided, and this capacitor is initially charged for each
car to a voltage that represents the analog of the permis-
sible speed the car may have as it enters the No. 1 group
retarder. This voltage is selected in accordance with the
usual values of release speed for the different cars from
the No. 2 group retarder and also in accordance with the
capabilities of the retarder in reducing the speeds of cars.
As has been stated, the initial retarder position is selected
in accordance with car weight so that it might at first ap-
pear that the capabilities of the retarder are a function
of the weight class of the cars, However, it has been
found that the different retarder positions are roughly
equaily effective on the respective weight classes of cars
in reducing the speeds of such cars within the confines
of the retarder. In other words, the two successive group
retarders are, in their No. 4 retarding position, approxi-
mately as effective in reducing their speed of a car falling
within the heavy weight class as they are effective in the
No. 3 position to reduce the speed of a medium weight
car. Consequently, the weight of a car need not be taken
into account in determining what the initial voltage on
the capacitor should be. Also, although the desired exit
velocity varies for different cars, it has been found that
satisfactory results may be obtained by using an average
value for the exit velocity. In actual practice it has been
found desirable, in fact, to charge the capacitor initially
with a voltage level that will ensure, under all conditions,
that the capacitor will be discharged to the level of the
computer output voltage before the car has reached the
exit end of the No. 2 group retarder.

As will presently be shown, it is the voltage across the
capacitor. 47 which is applied to the anticipation and
speed relay control circuits of both discriminators, and
the result is that the objective of this system is continually
to control the speed of the car at each instant in accord-
ance with the level of the voltage on the capacitor, pro-
vided only that the capacitor veltage is above the output
voliage of the computer 12. When the capacitor voltage
becemes discharged to a level where it is below the com-
puter output voltage, it then is the objective of the system
to control the car speed in accordance with the compuier
output.

The capacitor 47 can become charged only in the event
that both the check relays associated with the two dis-
criminators are released. This ensures that the. capacitor
voltage will be effective on the discriminators only when
both the No. 1 and No. 2 group retarders are unoccupied
for reasons which will later be made clear. The charg-
ing voltage for the capacitor 47 is obtained from the junc-
tion of resistor 48 and potentiometer 49 connected in
series between (B-) and ground. Adjustment of the
tap on the potentiometer 42 provides the means for ad-
justing the level of the charging voltage in accordance
with the principles described above. This charging voit-
age is effective through the back contact 5¢ of relay 2CK,
wire 58a, back contact 51 of relay 1CK and wire 51a to
charge capacitor 47. Upon the picking up of relay 1CK,
which occurs when a car actuates the weight detector WD
immediately in approach of the No. 1 group retarder, the
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above-described charging circuit for capacitor 47 is
cpened. ’

The capacitor voltage is applied as the input signal to
a cathode foliower comprising triode tube 52, The cut-
put voltage of this cathode follower appearing across its
cathode resistor 53 is somewhat less than the voltage on
the capacitor but is, of course, of the same positive polar-
ity and varies in accordance with such capacitor voltage.
This cutput voitage is applied through the rectifier 54 to
the wire 13. Initially, this voitage is substantially above
the output voltage of the computer 1%, and since the out-
put impedance of the cathode follower is relatively low,
it is this voliage that appears on the wire 13 rather than
the output voitage provided by the higher impedance out-
put of the computer 2.

The upper terminal of capacitor 47 is not only con-
nected to the grid of triode 52 but also to the plate of
another tricde 55. This tube has its cathode coanected
through a current limiting resistor 56 to ground, and its
control grid is connected through a capacitor 57 to the
output of the pulse forming circuits 23. This tube 55
is normally biased to the cut-off conditicn by having its
control grid connected through a rectifier 59 to the (B—)
voltage terminal. - The output pulses provided by the
pulse forming circuit 23 are thus applied to the grid cir-
cuit of this tube. The voltage on the grid is prevented
from ever becoming more negative than the level of the
(B—) voltage supply because of the connection of the
grid through the rectifier 52 to this (B—) terminal. How-
ever, each positive-going rectangularly shaped pulse ob-
tained from the pulse forming circuits 23 produces a volt-
age increase on the grid of tube 55 and causes the rectifier
59 to present a high impedance in the grid circuit so that
only a very slight charging of the capacitor 57 can occur.
Consequently, substantially the full amplitude of each
pulse appears on the grid of tube 55 and causes this tube
to be conductive thrcughout the duration of such pulse.
Each such occurrence of conduction of tube 55 results in a
partial discharge of the capacitor 47.

As is well-known in the art, Doppler speed measuring
systems of the radio frequency type employed in this in-
vention provide, in effect, a separate pulse for each uni-
form increment of travel of the vehicle. Thus, for the
micro-wave frequencies empioyed in one embodiment of
this invention, one beat frequency pulse was provided for
approximately each 2%2 inches of travel of a railway car.
Thus, it is known exactly how many pulses will be pro-
vided by the pulse forming circuits 23 in the time that it
takes for a car to travel over the length of the No. 1 and
Wo. 2 group retarders. With this known number of
pulses, the cathode resistor 56 of tube 55 is selected in
value such that the known number. of pulses will discharge
the capacitor 47 from its predetermined initial voltage
‘0 a value less than the lowest expected output voliage
of the computer 12 by the time the car emerges from the
No. 2 group retarder,

Consequently, the cars passing through the retarders
have their velocities, according to the present invention,
controlled in the manner graphically illustrated in FIG.
2B. A car whose weight is at or near the maximum for
its weight class has its speed gradually reduced through
the length of the two successive retarders €o that it reaches
+he desired release velocity near the exit end of the No. 2
group retarder. The anticipation relay A2 is dropped
sway when the car speed-is slightly above that precom-
puted for that car by the computer 12. The retarder be-
comes fully released only when the car speed has been
broughit down to the computed release speed so that the
speed relay S2 will drop away.

For a car whose weight is toward the lighter end of iis
particular weight class, its retardation pattern may be sub-

1
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stantially as shown by the lower curve of FIG. 2B. Thus,
the intial setiing of the retarder tends to reduce the car

speed quickly as shown by the firsi portion of this curve.
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Tn the meantime, ihe capacitor 47 is continually being dis-
charged by the pulses received from the pulse forming
circuits 23, When the car speed reaches a value slightly
above the existing capacitor voltage, the relay Al will
drop away. This point of operation of the relay Al is
fixed by the position of the tap of potentiometer 17.
Thus, if this tap were at its lowest point so that the voltage
on it were equal to the output of the computer 12, then
the relay Al would not be released until the car speed
had been reduced o a level corresponding to the voltage
then across the capacitor 47. However, the position of
this tap is adjusted to provide for a partial release of the
retarder’s braking effort so that there will be less tend-
ency for the car speed to be overcontrolled.

With the dropping away of the relay Al, the car is still
decelerated but now at a less rapid rate. If the decelera-
tion is such, however, that the voltage analog of the car
speed at any instant becomes equal to or less than the
voltage across capacitor 47, then the relay 81 will drop
away and cause the retarder to be fully opened. Under
these circumstances, the car will ordinarily then not de-
celerate further; it may, in fact, have its speed increased
since the group car retarders are actually located on an
accelerating grade. However, even if the car speed re-
mains constant, the capacitor 47 is continually being dis-
charged so that eventually the relay Si may again pick
up and cause the retarder to again apply braking force
to the car. When the car enters the No. 2 group retarder
the same mode of operation applies with respect to the
control of the relays A2 and S2 associated with such
retarder.  The result is that the car speed may fuctuate
gradually above and below the value represented by the
progressively-discharging capacitor 47.

This acticn can occur, however, only until the capacitor
&7 has discharged to the level where its voltage equals
the output voltage of the computer 12. At such time, the
rectifier 34 becomes effective in that the high back re-
sistance it provides makes it impossible for the oufput
voltage of the cathode follower tube 52 to be impressed
upon the wire 13 when such voltage is less than that pro-
vided by computer 12. Therefore, when this condition is
reached, the comtrol of the relays S2 and A2 is entirely
in accordance with the output voltage provided by the
computer 12 so that the car will be released from the re-
tarder at a speed at or very near that predetermined for
the car by the computer.

It will be apparent from a comparison of FIGS. 2A and
2B that the conditions which tend to. bring about over-
takes in the operation according to the prior art are not
present when the operation is according to the present in-
vention as particularly llustrated in FIG. 2B. It will be
noted from FIG. 2B that cars of eithér maximum or mini-
mum weight in their particular class will all have their
speed reduced gradually throughout their travel in the re-
tarders. There is, therefore, no chance for successive
cars 10 have their respective speeds considerably different

~ as they pass through the group retarders.
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As previously mentioned, it is necessary that both the
check relays 1CK and 2CK be dropped away in order that
the capacitor 47 can receive its initial charge. This con-
dition requires that both retarders be unoccupied at the
time a car is about to enter the MNo. 1 group retarder. if
this condition is not met, the capacitor 47 will not be
charged as the car enters the MNo. 1 group retarder and
the output voltage of the cathode follower tube 52 will be
at a low value, ordinarily below that provided by the com-
puter 12 all the time that the car is passing through the
retarders. For such a car, therefore, the principles of
operation of this invention will not apply. More specifi-
cally, the voltage on wire 13 will then continually be the
computer output voltage during the time that the car is
moving through the group retarder and, if the car is of
relatively light weight for its particular class its speed wil
be guickly reduced to the computed releass speed. It
will be evident from this description that this provides a
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means for correcting partially for overtake condition that
may have occurred before the cars entered the group re-
tarders. If two successive cars are following one another
so closely that the second is about to enter the No. 1
group retarder before the first has vacated the No. 2
group retarder, the capacitor cannot be charged and so
cannot be effective and the second car will, unless it is of
relatively heavy weight, be brought down to the release
speed sooner than it ordinarily would, and this will tend
to increase its spacing relative to the car ahead.

"The control system of this invention has been described
particularly in connection with the control of group re-
tarders, but it is evident that it applies equally well to
the control of hump retarders. It is also, of course, im-
material as to the location of the directional antenna as-
sociated with the speed measuring apparatus for each
retarder.

Having thus described a control for car retarders in a
railway car classification yard, I desire it to be understocd
that various meoedifications and adaptations may be made
thereto without in any manner departing from the spirit
or scope of this invention.

What I claim is:

1. In a system for controlling the speeds of railway
cars rolling by gravity over a stretch of sloping track, a
car retarder disposed along said stretch of track and oper-
able selectively from a nonbraking position to a plurality
of braking positions, computer means for predetermining
a voltage analog of the desired exit speed of said car from
the leaving end of said retarder in response o a plurality
of factors to cause said car to arrive at a predetermined

" location beyond said retarder with a selected speed, means

for setting up a voltage analog comparable to a velocity
approaching the maximum velocity the car may have at
the entrance to said retarder and yet have its speed re-
duced by said retarder over substantially its entire length
to said exit speed, means for storing said voltage, radio
frequency speed measuring apparatus effective to provide
output pulses whose frequency is related to the speed of
each car passing through said retarder, circuit means re-
sponsive to said pulses for progressively reducing said
stored voltage as said car progresses through said re-
tarder to cause said voltage to be reduced to a value rep-
resenting 'a velocity for said car not greater than said de-
sired exit speed of said car by the time said car leaves said
retarder, and means responsive to said stored voltage
when said voltage is greater than the output of said com-
puter means but being responsive to the output of said
computer means when said stored voliage is less than the
output of said computer means for controlling the brak-
ing effect of said retarder on said car.

2. Speed controlling means for railway cars rolling by
gravity over i stretch of sloping railway track comprising,
at least a single car retarder disposed along said track
and operable selectively to open and closed positions for
selectively applying controllable braking pressure to the
wheels of each car passing through said retarder, means
for initially setting up a voltage whose amplifude is pro-
portional to a car speed approaching the maximum speed
a car may have at the entrance to said retarder and yet
have its speed reduced within said retarder in response to
a selected pressure exerted by said retarder to a value
that will permit said car to arrive at a predetermined point
beyond said retarder with a selected speed, speed measur-
ing means of the radio-frequency type for providing a
succession of pulses whose frequency is continuously pro-
portional to the velocity of said car as it passes through
said retarder, and means for reducing said voltage by sub-
stantially uniform decrements in response to said respec-
tive pulses to thereby cause said voltage to be propor-
tional to the desired car speed when the car is at any
point within said retarder, and means responsive jointly
to said speed measuring means and said stored voltage for
causing said retarder to apply said braking pressure as
the car progresses through the retarder only when a volt-

(14

10

20

25

30

35

40

45

50

-60

65

70

75

i4
age analog of the measured speed of said car is in excess
of the then existing stored voltage.

3. In a system for controlling the speeds of railway
cars rolling by gravity over a stretch of sloping railway
track, a car retarder located slong said stretch of track
and selectively operable to open and closed positions for
selectively applying controllable braking pressure to the
wheels of each car passing through said retarder, com-
puter means for predetermining a desired exit speed of
said car from the leaving end of said retarder in response
to a plurality of factors to cause said car to arrive at
a predetermined location beyond said retarder with a
selected speed, means for providing a voltage analog of
car speed approaching the maximum velocity the car may
have at the entrance to said retarder and yet have its speed
reduced by said retarder over substantially its entire length
to said exit speed, means for storing said voltage only
provided that said retarder is unoccupied, radio-frequency
speed measuring apparatus effective to provide oufput
pulses of uniform width and amplitude whose frequency
is proportional to the speed of each car passing through
said retarder, and means for reducing said voltage in re-
sponse to each «of said pulses by an amount effective to
reduce said stored voltage in response to the sum of said
pulses received as said car passes through said retarder
to a value representing a velocity less than said predeter-
mined exit velocity, control means for said retarder re-
ceiving analog voltages representing both said desired exit
speed established by said computer means and said stored
voltage, means including a rectifier to prevent said stored
voltage from being applied to said ccntrol means when
said stored voltage has been reduced to a value less than
the voltage corresponding to said. desired exit speed, said
control means being responsive jointly to said speed meas-
uring means and to whichever of the speed voltages re-
ceived by said contrel means is greater for causing said
retarder to apply said braking pressure only when the
measured speed of said car is in excess of that correspond-
ing to the then effective speed voltage.

4. In a system for the control of the speeds of railway
cars rolling by gravity over a stretch of railway track, at
least a single car retarder located along the track rail and
being selectively operable to open and a plurality of dif-
ferent braking positions, means for initially setting up a
voltage whose amplitude is proportional substantially to
the maximum speed a car may have at the entrance to
said retarder and yet have its speed reduced within said
retarder in response to a selected pressure exerted by said
retarder to a value that will permit said car to arrive at
a predetermined point beyond said retarder with a selected
speed, storage means including a capacitor for storing said
voltage weight measuring means for determining the
weight classification of a car in advance of said retarder,
means for selecting ' braking pressure for said retarder
in accordance with the measured weight class of said car,
speed measuring means of the radio-frequency type for
providing a succession of pulses of uniform width and
amplitude whose frequency is continuously proportional
to the velocity of said car as it passes through said re-
tarder, circuit means including an electron tube associ-
ated with said capacitor and being rendered effective in
response to each of said pulses to partially discharge said
capacitor to thereby cause said voltage to be proportional
to the desired leaving speed of said car from said retarder
when said car is in substantially the final portion of said
retarder, and means responsive jointly to said speed meas-
uring means and said stored voltage for causing said
retarder to apply said braking pressure only when the
measured speed of said car is in excess of that correspond-
ing to said stored voltage as a car progresses through the
retarder. )

5. Speed controlling means for railway cars rolling by
gravity over a stretch of sloping railway track comprising;
at least a single car retarder disposed along said track and
capable of applying a controllable braking pressure to the
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wheels of cach car passing through said retarder, means
for providing an analog voltage whose amplitude is sub-
stantially proportional to the maximum speed a car may
have at the entrance to said retarder and yet have its speed
reduced within said retarder to a value that will permit
said car to arrive at a predetermined point beyond said
retarder with a selected speed, a capacitor for storing said
voltage, speed measuring means of the radio-irequency
type for providing a succession of pulses whose frequency
is continuously proportional to the velocity of said car as
it passes through said retarder, circuit means including an
electron tube associated with said capacitor and respon-
sive to each of said pulses produced as said car passes
through said retarder for rendering said tube momentarily
conductive to thereby positively discharge said capacitor,
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whereby the voltage across said capacitor when said car
is in substantially the final portion of said retarder is an
analog of the desired leaving speed of said car from said
retarder, and means responsive to both said speed meas-
uring means and said voltage stored in said capacitor as
a car progresses through the retarder for causing said
retarder {0 apply said braking pressure only when the
measured speed of said car is in excess of that corre-
sponding to said stored voltage.
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