NG A

3,402,289

EM FOR VEHICLES INCORPORATI
EHICLE TRAFFIC SAFETY CONTROL

K. BURKE ETAL

H.
AUTOMATIC CONTROL SYST
RANGING SYSTEM FOR V
<9, 1966

Sept. 17, 1968

2 Sheets-Sheet 1

Filed Dec.

d

S Ilnluurun
)
' 1INy
i Y3IdJOHD
“ 2-a
3
N <
._.mw%uww " 1100910 31vo
L
IALIWHL [T IAISSILIYIL
i
I1DIHIA ! .
4 ! 144
"
I .::._u
a3 wniag3l
h_\ o
2

" .
03 >
b4 w.
mr:n Z:
ST3 & <
AN O E
» <
[
35\ N «
o w
-
8T ol

YOLVHINIO
WIALSAS
ONIONVY
3
, NOILINN S v
b4
L sNvau
NOS IaVdLIOD |+ [prusnas @348
5 7 .
v o
e,
|
— .
I )
A s [ $30WN0S TWNOIS
m.sz_z_: - 1¥OJ43 IALLIVYL
m.vw “ b
: ! 14
bA 4

11N
Q334S HIIH

1914




NG A

3,402,289

EM FOR VEHICLES INCORPORATI
EHICLE TRAFFIC SAFETY CONTROL

H. K. BURKE ETAL
RANGING SYSTEM FOR V

AUTOMATIC CONTROL SYST
Filed Dec. 29, 1966

Sept. 17, 1968

2 Sheets-Sheet 2

THEIR ATTORNEY

| i
t - 1%
! | g8 i watsAs| SS9y
! L “_ ONIONYY vmmm
i (2]
1 ] “ N .
“ o8 m e IJK 2
m sg | & i ak
D e PN " =y
_ 2
m €8 m B
I .
VA -
i HINASNVL -] |
LY/ SN m
Y AN .~
6 cvw 6
X4
JWmhzoo mwut:ow
0443 | .
JAILLOVYL m ._N_“M.w_mn
wv i IALLOVYL
)
t
)
L




United States Patent Of

3,402,289
Patented Sept. 17, 1968

1CC

1

3,402,289
AUTOMATIC CONTROL SYSTEM FOR VEHICLES
INCORPORATING A RANGING SYSTEM FOR
VEHICLE TRAFFIC SAFETY CONTROL
Hubert K, Burke, Schenectady, and Gerald J. Michon,
Waterford, N.Y., assignors to General Electric Com-
pany, a corporation of New York
Filed Dec. 29, 1966, Ser. No. 605,913
8 Claims, (Cl. 246—167)

This invention relates to automatic control systems for
vehicles of the type wherein the vehicle is controlled in ac-
cordance with electrical signals and, more particularly,
to such systems wherein traffic safety is controlled in
accordance with electrical signals from a ranging system.
Although not limited thereto, the present invention is
especially suited for automatically controlling the opera-
tion of vehicles following a fixed route, such as railway
vehicles, and will be particularly described in that con-
nection,

In railway systems; such as rapid transit systems and
the like, for example, the vehicles must be operated in
compliance with various local speed limits as well as in
compliance with the particular traffic conditions existing
in advance of the vehicle. In the existing railway signal-
ing systems, the block system is employed and the con-
dition of traffic in advance is indicated in terms of the
particular block in which the vehicle ahead is located.
While various arrangements may be employed depending
upon track density and speeds, the typical block system
may be arranged to indicate whether the first block in
advance, the second block in advance or neither of such
blocks is occupied. In such a three-level block system,
for example, the block immediately behind the occupied
block would be assigned the red or stop indication; the
next following block, the yellow or approach with
caution indication; and the third block behind the oc-
cupied block would be assigned the green or clear
indication which would permit vehicle operation at maxi-
mum speed consistent with the local track speed limit.
In such a system, therefore, it is apparent that the
Iength of each block is determined by the running speeds
permitted and the braking capacity of the vehicles being
operated. Thus, the red block must be long enough to
permit stopping from yellow speed and the yellow block
must be long enough to permit vehicle retardation from
the green to the yellow speed.

Known train control and cab signaling systems employ
the block signaling system and vehicles may be provided
with apparatus responsive to coded track currents to pro-
vide a visual indication of maximum permissible speed
corresponding to the local track speed limit and the exist-
ing condition of traffic in advance. Apparatus may also
be provided to effect an automatic application of brakes
if the vehicle enters a track section indicating a more
restrictive signal aspect than the preceding track section
unless the operator within a predetermined time interval
manually applies the brakes to slow or stop the vehicle.

With the increasing demands being placed on rail-
way systems, especially urban rapid transit systems, there
has been a growing need to provide the fully automatic
operation of vehicles. That is, operation of vehicles
wherein no engine man or other operating personnel are
required for vehicle operation and where control of both
propulsion and braking is achieved in accordance with
received electrical command signals from wayside. Such
an automatic vehicle control system is described and
claimed in the copending application of Allen and Lich-
tenfels entitled, “Automatic Control System for Ve-
hicles,” Ser. No. 418,132 filed Dec. 4, 1964 now Patent
No. 3,334,224, and assigned to the same assignee as the
present invention. As described in that application, the
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wayside command signals may be provided by any suita-
ble signaling or communication system such as, for ex- .
ample, the existing block railway signaling systems.

It has been recognized in the art that the block system
possessed certain inherent limitations which limit track
capacity in the railway systems wherein such factors
as maximum track usage, vehicle speed, vehicle spacing,
vehicle headway (time spacing) and safety are so very
important. For example, in the block system, fixed block
lengths are required with considerable interblock wiring
and, since vehicle presence is expressed in terms of the
block in which the vehicle in advance is located, un-
certainty exists to an extent dependent upon the block
length as to the exact distance of each vehicle in ad-
vance. Although track usage can be increased in such sys-
tems by employing more and shorter block lengths pro-
viding a higher level system, such systems become ex-
termely expensive due to the multiplication of equip-
ment and to the considerable interblock wiring which
is required. Moreover, blocks shorter than the train
length offer no advantage except at known stop points
such as stations since the train ahead would always
bridge two track sections and show occupancy in both
blocks.

In view of the problems presented by the inherent
limitations of the block system, attempts were made in
the prior art to provide systems which would be capable
of more precisely indicating the distance between the
vehicle and an obstruction in advance, One such arrange-
ment is disclosed in U.S. Patent No. 2,702,342 to Kor-
man. An improved system of this general type is de-
scribed and claimed in the copending application of
Bolster et al., entitled, “Ranging Systems,” Ser. No.
297,789 filed July 26, 1933, now Patent No. 3,305,682,
and assigned to the same assignee as the present inven-
tion. In the system of application Ser. No. 297,789, a
range signal is continuously derived from transmitted
and reflected wave energy in a transmission line which
extends along the route of travel of the vehicle. The
signal so derived increases in value as a function of
increasing distance between the vehicle and a vehicle in
advance thereof. Since the system of that application is
so especially suited for measuring the distance between
a vehicle and another vehicle in advance, the present in-
vention will be particularly described in connection with
such a ranging system. It is to be understood, however,
that the ranging system of Patent No. 2,702,342 or any
other suitable ranging system may be utilized in the
present invention.

While the inherent limitations of the block system pre-
sent serious problems in the operation of any rapid tran-
sit system, such problems become more and more in-
tolerable in high performance automatically operated
systems wherein, in order to realize the full potential
thereof, vehicles must be permitted to be operated at high
speed and close spacing with absolute safety.

In the application of Bruce A. Wells, Ser. No. 518,171,
filed Jan. 3, 1966, there is disclosed and claimed a new
and improved arrangement incorporating a range signal,
from a sunitable ranging system, into a system for auto-
matically controlling the operation of vehicles so that
safe operation of the vehicles is provided in accordance
with wayside electrical signals representing only the local
track speed limit.

The system of the present invention, while it may be
said to embody the broad principle of operation set forth
in the above-identified Wells invention, differs therefrom
in various particulars including, for example, the arrange-
ment for implementing the range signal and producing
therefrom an allowable tractive effort signal for use as
an override limit. The present system provides two func-
tions in an inherently more “fail-safe” manner than any
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other system of which we are aware. These functions
are: separation of vehicles wherein the speed of the
vehicle is controlled to prevent overtaking and colliding
with a vehicle in advance; and safety stopping wherein
the vehicle is automatically brought to a stop a safe dis-
tance behind a fixed obstruction in advance thereof.

It is a primary object of this invention, therefore, to
provide a new and improved arrangement for controlling
the operation of a vehicle in response to received electrical
signals representing vehicle operating data, such as maxi-
mum local speed limits and a signal representing the dis-
tance between the vehicle and an obstruction in advance
thereof, which has an inherently more “fail-safe” and
reliable mode of operation than other known arrange-
ments.

Briefly stated, in accordance with one aspect of this
invention, a new and improved system is provided for
controlling the operation of vehicles in accordance with
tractive effort control signals representing the most re-
strictive mode of operation called for by (1) a number
of first electrical signals derived from electrical quanti-
ties representing vehicle operating data such as prescribed
maximum local speed limits, and (2) a second electrical
signal representing the distance from the vehicle to an
obstruction in advance thereof. In accomplishing the fore-
going, means are provided for comparing an electrical
signal proportional to the actual vehicle velocity and an
electrical signal, produced in response to the second elec-
trical signal, which is proportional to a maximum vehicle
velocity for a given range to provide a velocity error
signal whose amplitude and polarity vary as a function
of the difference in magnitude between the two signals
being compared. There is also provided a circuit means
for converting a preselected polarity of this velocity error
signal to an alternating current signal whose amplitude
is determined by the magnitude of the velocity error
signal. A minimum quantity selector means is provided
for producing a unidirectional voltage output signal rep-
resenting the smallest of all of the first electrical signals
present at its input. The alternating current signal and
the unidirectional output signal from the minimum quan-
tity selector means are applied to first and second input
means, respectively, of a gate circuit means which is oper-
ative to produce an alternating current output signal
whose amplitude is determined by the lesser amplitude
of the signals applied at such first and second input means.
This alternating current signal may then be utilized in
any convenient manner to control the propulsion or brak-
ing effort applied to the vehicle. For example, it may be
utilized as an A-C control signal or suitably rectified and
utilized as a direct current control signal.

The novel features believed characteristic of the in-
vention are pointed out with particularity in the ap-
pended claims. The invention itself, however, both as to
its organization and method of operation, as well as,
further objects and advantages thereof, may best be un-
derstood by reference to the following description taken
in conjunction with the accompanying drawings in which:

FIGURE 1 is a diagrammatic representation of a rail-
way system equipped with apparatus provided in accord-
ance with this invention;

FIGURE 2 is a block diagram of the system of this
invention; and

FIGURE 3 is a schematic circuit diagram showing cir-
cuit details of one embodiment of the present invention.

Referring now to the drawings, in FIGURE 1 there is
shown a vehicle 10 which follows the fixed route pro-
vided by the track 11. The operation of vehicle 10 is
arranged to be controlled automatically in accordance
with local track conditions, as represented by wayside
electrical speed limit signals, and the condition of traffic
in advance, as represented by an electrical range signal
derived on board the vehicle, the value of which range
signal increases as a function of increasing distance be-
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tween vehicle 10 and an obstruction, such as another
vehicle, in advance.

The various wayside speed limit signals for the differ-
ent track regions are arranged to be transmitted through-
out discrete communication zones corresponding to such
regions. Any suitable communication or signaling system
may be employed, such as for example, an inductive car-
rier system wherein the discrete communication zones are
provided by separate wayside inductive loops. Alterna-
tively, the discrete communication zones may be provided
by separate track circuit sections if a conventional coded
track circuit type of signaling system is employed .

For simplicity of explanation, track 11 in FIGURE 1
is shown divided into zones A, B and C by the dividers 14.
Dividers 14 are intended to represent schematically that
suitable means are provided for defining the limits of
each zone. Such dividers do not necessarily physically
divide the track rails although such actual physical divi-
sion may be provided when the conventional insulated
joint track circuit type signaling system is utilized. On
the other hand, when continuously conductive track rails
are employed, the limit of the zones may be provided
in any suitable manner such as by low impedance cross-
bonds, turned circuits or the like.

Although in any particular railway system various fac-
tors determine the maximum speed limit to be assigned
to the different regions along the route, for purposes of
explanation, zone A is shown as being assigned a high
speed limit, zone B a low speed limit and zone C a
medium speed limit which may, for example, correspond
to 70, 30 and 50 miles per hour. Electrical signals repre-
senting these different speed limits are illustrated as being
supplied to the communication zones associated with
such track regions by the transmitters 15, 16 and 17 re-
spectively. The condition of traffic in advance of the
vehicle determines whether or not the vehicle may travel
safely at the maximum allowable speed assigned a given
zone. In the system of the present invention the condi-
tion of traffic in advance is represented by an electrical
range signal derived on board the vehicle and which range
signal increases in value as a function of increasing dis-
tance between the vehicle 19 and an obstruction in ad-
vance.

Preferably, the range signal is provided by a ranging
system of the type disclosed and claimed in the foregoing
referenced application of Bolster et al., Ser. No. 297,789
the disclosure of which is intended to be incorporated
herein by reference. Accordingly, a transmission line 20
provided which extends along the track 11. As described
in detail in such copending application, the ranging system,
generally designated at 22 in FIGURE 1, includes a trans-
mitter 23 and a receiver 24. Transmitter 23 is provided
with an energy coupling device 25 for supplying energy
to the line 20. To assure propagation of wave energy in
transmission line 20 in one direction only, the ranging
system includes energy reflecting devices 26 and an energy
absorbing device 27 which devices are also carried by
vehicle 10. The input of receiver 24 is connected to a
signal extracting means 28. Signal extracting means 28
extracts a first signal from the transmitted energy in line
20 and a second signal from the reflected energy therein.
These two signals extracted from transmission line 20 are
then suitably phase compared to produce a signal which
continuously provides a measurement of the distance be-
tween vehicle 10 and a vehicle in advance, as described
in more detail in the copending application.

The broad concept of the present invention can be de-
scribed briefly in connection with the elementary diagram
of FIGURE 2. As shown, the range signal from a suit-
able ranging system, such as 22, is applied to the input
of a function generator 32 which is operative to gener-
ate a permissible vehicle velocity signal corresponding
to the range. That is, for a given range the vehicle must
not exceed a specified velocity so that function genera-
tor 32 generates a suitable range distance—velocity tra-
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jectory. The actual parameters of function generator 32
for any specific application will be determined by both
the required stopping trajectory and the system dynamics.
In the arrangement shown, the output of function gener-
ator 32 is a D-C voltage signal whose magnitude is pro-
portional to the minimum vehicle velocity that would
result in full braking effort for the range. Thus, the ve-
hicle could have any actual velocity under that indicated
by the output curve of the function generator 32, at a
given range, but would be in a decreasing level of brak-
ing as the actual velocity selected is reduced. By the time
the actual vehicle welocity is some predetermined wveloc-
ity less than the reference, full positive traction can be
applied to the vehicle. In practice the system has been
arranged, for example, to provide that the actual vehicle
velocity be less than the reference curve by an amount
(depending on the gain) which will provide for a brak-
ing rate equal to the scope of the reference at that range.

A D-C voltage signal whose magnitude is proportional
to the actual velocity of the vehicle is also produced and
this signal is compared with the permissible vehicle veloc-
ity signal to provide a wvelocity error signal. To this end,
a speed sensing means 40 is provided for producing a
unidirectional voltage signal whose magnitude is propor-
tional to the actual welocity of the vehicle. The permis-
sible vehicle velocity signal from function generator 32
and the actual vehicle velocity signal from speed sensing
means 40 are applied to a suitable comparison circuit
means 41, the output of which is proportional to the
velocity error. Conveniently, comparison circuit means
41 may be a simple summing resistance as shown in more
detail in FIGURE 3.

The velocity error signal from comparison circuit
means 41 is arranged to be of one polarity when the per-
missible velocity is of greater magnitude than the actual
velocity and of the opposite polarity when the actual
velocity is greater than the permissible velocity. For ex-
ample, in the arrangement selected for illustration, the
error signal is negative when the permissible velocity is
greater than the actual velocity. This is conveniently ac-
complished by making the actual vehicle velocity signal
positive and the permissible vehicle velocity signal from
function generator 32 negative as indicated. :

A suitable circuit means, generally designated at 42, is
provided for producing a control signal from the direct
current velocity error signal from comparison circuit
means 41 and a number of direct current tractive effort
command signals. The different tractive effort command
signals may represent, for example, output signals from
the speed control circuits, the positioned stop control cir-
cuits and one or more back-up or other control circuits
of an automatic vehicle control system such as, for ex-
ample, the system described in the foregoing Allen and
Lichtenfels application Ser. No. 418,132,

Preferably, circuit means 42 is of the type disclosed
and claimed in the copending patent application of Ger-
ald J. Michon, Ser. No. 619,672 filed Mar. 1, 1967 which
is operative to produce, from a number of direct current
signals, a control signal whose maximum ‘magnitude can
never exceed a level determined by a preselected one of
such direct current signals. Accordingly, the negative di-
rect current error signal from comparison circuit means
41 is converted to an A-C signal of a preselected fre-
quency having an amplitude which is proportional to the
magnitude of the error signal. To this end, the error sig-
nal from comparison circuit means 41 is applied to a
D-C chopper circuit 43 which is arranged to chop only
the negative signals thereby giving zero output for a pos-
itive polarity error signal. The A-C velocity error signal
so produced is applied as one input to a permissive gate
circuit means 44,

The other input to permissive gate circuit means 44 is
applied from the output of a minimum signal selector 45
having applied at its input a number of direct current
tractive effort command signals. For the particular ar-
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rangement selected for illustration all of the direct cur-
rent tractive effort command signals are of negative polar-
ity with the lowest magnitude signal designating the most
restricted operating condition.

Permissive gate circuit means 44 is operative to com-
bine the direct current tractive effort command signal
from minimum signal level selector 45 and the A-C sig-
nal from D-C chopper circuit 43 and deliver an A-C out-
put as a control signal having an amplitude equal to the
lesser amplitude of the two input signals thereto. This
A-C control signal from circuit means 42 may then be
utilized in any suitable manner with a tractive effort con-
trol 46 to control the propulsion or braking effort to be
applied to the vehicle. From the foregoing it can be seen
that the A-C signal from D-C chopper circuit 43 func-
tions to provide an override limit on the otherwise con-
trolling direct current tractive effort command signal ap-
plied to the other input of gate circuit 44.

An embodiment of the present invention is illustrated
in more detail in FIGURE 3. Different specific appara-
tus units included in FIGURE 3 are not part of the pres-
ent invention but have been illustrated to facilitate a more
complete understanding of the invention in an operating
environment. Also, these different apparatus units, the de-
tails of which it is unnecessary to consider in the pres-
ent application, have been represented by blocks. Accord-
ingly, block 22 represents a suitable ranging system which
for the embodiment illustrated may be of the type dis-
closed in the copending Bolster et al. application, Ser.
No. 297,789. Similarly, the blocks 29, 40 and 46 repre-
sent a suitable source of tractive effort command signals,
speed sensing means and vehicle traction control mean,
respectively, all of which may be of the type disclosed
in the copending application of Allen and Lichtenfels,
Ser. No. 418,132, for example.

As shown in FIGURE 3, therefore, the output of rang-
ing system 22 is suitably amplified by amplifier 48 and
utilized to drive the range function generator 32. In the
embodiment illustrated, where the ranging system 32 is
of the type described in the Bolster et al. application, the
range signal is an amplitude modulated 8 kilocycle sig-
nal in which the amplitude is directly proportional to
range for ranges between zero and about 3000 feet. Be-
yond about 3000 feet the only requirement is that the
range signal exist and be equal to or greater than the
value at 3000 feet. Although amplifier 48 is shown as a
separate block it would ordinarily be physically located
with or very near the ranging system apparatus to mini-
mize noise problems in the low signal level circuits.

The stopping trajectory requirements are dictated by
the expected track adhesion characteristics of the vehicle
modified by an appropriate safety factor, Also, as stated
previously, for any given range the vehicle velocity may
not exceed a specified value. To produce this result in
accordance with the present invention, a control trajec-
tory function is generated by function generator 32.

Preferably, function generator 32 is of the type dis-
closed and claimed in application Ser. No. 605,742 filed
Dec. 29, 1966 and assigned to the same assignee as the
present invention. The function generator of that applica-
tion produces a two-chord approximation of the specified
velocity-range trajectory for the particular application
and in 2 “fail-safe” manner by utilizing passive circuitry
for maximum safety and reliability. As described in detail
in that application, this is accomplished by applying the
alternating current signal from the ranging system to the
input windings of a linear transformer and a saturable
core transformer and summing, rectifying and extracting
the average value of the voltages produced at the output
windings of both the linear transformer and the saturable
core transformer.

Accordingly, as illustrated in FIGURE 3, function gen-
erator 32 includes a step-up linear transformer 5¢ and a
step-up saturable core transformer 52, Linear transformer
50 has a primary winding 53 and secondary windings 55
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and 56. Saturable core transformer 52 has a primary wind-
ing 58 and secondary windings 59 and 60. The primary
winding 58 of saturable core transformer 52 is con-
nected in series circuit with the secondary winding 55 of
linear transformer 59.

To assure fail-safe operation, secondary winding 55 is
preferably wound of resistance wire and this is illustrated
schematically by the resistances 61 and 62. By making
secondary winding 55 of resistance wire any failure in the
form of shorted primary turns on saturable core trans-
former 62 causes loading of the resistance wire secondary
winding 55 which results in a lower output voltage; a
lower output voltage indicates a smaller distance between
vehicles which is in the fail-safe direction.

One terminal 70 of linear transformer secondary wind-
ing 56 is connected through saturable core transformer
secondary winding 59, back-to-back connected diode de-
vices 72 and 74 and saturable core transformer second-
ary winding 60 to the other terminal 75; the center tap
76 of winding 56 being returned to a point of common
reference potential, shown as ground. A suitable filter
circuit is provided, including the series combination of
inductance 78 and capacitance 79, connected between the
junction 80 between diode devices 72 and 74 and ground.
The output of function generator 32 is developed across
resistance 81 in the form of a D-C voltage signal.

In operation, the amplified range signal is applied to
primary winding 53 of linear transformer 50 and through
secondary winding 55 to the primary winding 58 of sat-
urable core transformer 52. The output of linear trans-
former 50 and saturable core transformer 52 are summed,
rectified by diode devices 72 and 74 and the average value
extracted by the L-C filter circuit to provide the direct
current two-chord velocity-range function.

From the foregoing description of function generator
32, it will be apparent that its mode of operation is in-
herently fail-safe. For example, any open circuit or short
circuit condition operates to reduce the output signal, and
hence the permissible vehicle velocity signal at any range.
Since transformers 58 and 52 are step-up, any primary-
to-secondary short circuits cause a reduction in the A-C
signal. Shorted primary turns on the linear transformer
50 cause loading of the driving source and thereby a lower
output voltage. Further, as already described, shorted pri-
mary turns on saturable core transformer 52 cause load-
ing of the resistance-wire wound secondary of the linear
transformer 50 which also results in a lower output
voltage.

Ranging system 22, being of the type employing guided
electromagnetic energy, may produce a range-distance sig-
nal having an inherent perturbation which is a function of
range and independent of time. In a particular system,
for example, this standing wave function exhibited a pe-
riod equivalent to about 16 feet. At high closing rates, the
frequency of this perturbation would be sufficiently high
that it is beyond the bandpass of the control system. At
low closing rates, however, especially near the stopping
point for a safety stop, the control system tends to follow
the perturbations with resulting oscillations in the applied
tractive effort, To minimize these ocillations, the output of
function generator 32 may be applied to a peak detecting
filter 82 the output of which follows the minimum veloc-
ity peaks of the perturbations introduced by the range
signal.

To this end, peak detecting filter 82 is arranged to have
a long charging time constant and a short discharging time
constant. As shown, filter 82 includes a transistor device
having a collector electrode 83, a base electrode 84 and
an emitter electrode 85. A resistance 87 is connected be-
tween collector electrode 83 and base electrode 84 which
is in turn connected through a capictance 88 to ground.
A load resistance 89 is connected from emitter electrode
85 to ground.

The peak detecting filter arrangement just described is
designed for operation with negative signals so that, in
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operation, when the input voltage applied at collector elec-
trode 83 from function generator 32 is increasing in the
negative direction, the base voltage of the transistor de-
vice increases in accordance with the R-C time constant
provided by resistance 87 and capacitance 88. Under such
conditions, the transistor device operates as an emitter-
follower so that the output voltage follows the base volt-
age. When the input voltage is decreasing in the negative
direction, the transistor device saturates and the discharge
time constant is determined by the load resistance 89
and capacitance 88. Various charge-discharge time con-
stants may be readily provided, therefore, by suitable se-
lection of capacitance 88 and resistances 87 and 89.

The system also includes a speed sensing means 40 for
producing a signal whose magnitude is proportional to the
actual speed of the vehicle. Since it is desirable to ob-
tain the most secure speed signals possible, speed sensing
means 40 is preferably of the type disclosed in U.S. Patent
No. 3,210,630, Zelina. The arrangement described in that
patent employs an alternator 92 and a saturating core fre-
quency-to-voltage transducer 93 to provide a unidirection-
al voltage signal whose magnitude is proportional to the
actual vehicle velocity, Although not illustrated, it will
be understood that alternator 92 is arranged to be suit-
ably driven, such as by a vehicle axle, for example, to
provide the foregoing described signal.

The D-C voltage signal from speed sending means 40
representing the actual vehicle velocity, is compared with
the D-C voltage signal from the output of peak detect-
ing filter 82, representing the permissible vehicle velocity
for that range, to provide a velocity error signal. As
shown, the output of frequency semnsing means 40 is ar-
ranged to have a positive polarity and the output of peak
detecting filter 82 to have a negative polarity. These two
opposite polarity signals are compared in comparison
circuit means 41, shown as comprising a summing resist-
ance 95 with the signals to be compared connected to
the opposite terminals thereof. For example, summing
resistance 95 has a first portion 96 and a second portion
97 so proportioned that the voltage at the junction 98
therebetween is proportional to the velocity error. In a
particular application, to account for different scale fac-
tors, resistance portion 96 was provided about 1.5 times
the value of resistance portion 97. From the foregoing,
it can be seen that the error signal will have a negative
polarity when the permissible vehicle velocity signal is
greater than the actual vehicle velocity signal and a posi-
tive polarity when the permissible vehicle velocity signal
is less than the actual velocity.

This negative error signal is converted to an A-C sig-
nal the amplitude of which is proportional to the magni-
tude of the negative error signal, less a very small offset,
by applying it to D-C chopper circuit 43. Chopper circuit
43 is provided in a “fail-safe” arrangement shown as in-
cluding a suitable chopping transistor device 100 having
an emitter electrode 161, a collector electrode 102 and a
base electrode 103. As shown, transistor chopper circuit
43 is arranged to chop only negative signals thereby giv-
ing a zero A-C output for positive signals, This is accom-
plished as illustrated by connecting the junction 98, which
is the output of comparison circuit means 41, to the col-
lector electrode 162 of the transistor device 100, The base
electrode 103 is connected through a suitable resistance
105 to a source of negative potential and also through a
capacitance 106 to ground. Emitter electrode 101 is con-
nected through the secondary winding 107 of a coupling
transformer 108 to ground. A suitable A-C reference or
“chopping” signal is applied to the primary winding 110
and coupled to the emitter electrode 161 through second-
ary winding 107 of transformer 108. The chopper drive
voltage at the emitter of chopper transistor 100 is ar-
ranged to be small enough in magnitude so that any
chopper failure, as for example a collector-emitter short
circuit, will result in an A-C output voltage that is small
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enough to assure that braking effort will be applied to
the vehicle.

To prevent overriding the system for very large magni-
tude negative error signals, such as might occur during
operation, means are provided to limit the magnitude of
the negative error signal applied to chopper circuit 43. In
the arrangement shown, this is provided by a breakdown
diode device 120 connected between junction 98 of sum-
ming resistance 95 and ground. The maximum negative
error signal level, therefore, will be determined by the
breakdown voltage of breakdown diode device 126. Since
breakdown diode device 120 provides a low impedance
path for positive error signals, the maximum magnitude
of the positive voltage applied to collector electrode 102
is determined by the small junction voltage drop of di-
ode device 120.

When the voltage at junction 98 is negative the opera-
tion of chopper circuit 43 is basically one of shorting the
junction 98 to ground each half cycle of the A-C reference
signal, That is, each time base electrode 103 is negative
with respect to emitter electrode 101 transistor device 100
is conductive and the junction 98 is brought to substan-
tially ground potential, since the A-C voltage drop across
secondary winding 107 is small. Thus, as long as the
voltage at junction 98 is negative, transistor device 100
“chops” to convert the negative D-C voltage signal at its
collector electrode to a synchronous A-C voltage whose
magnitude is determined by the magnitude of the D-C
voltage signal and whose frequency is determined by the
frequency of the A-C chopping signal.

For example, on one half cycle of the A-C chopping
voltage when emitter electrode 101 is made positive with
respect to the base electrode 103, transistor device 100
behaves like a closed switch and junction 98 is brought
to substantially ground potential. On the other half cycle
of the reference signal the emitter is made negative with
respect to the base and tranmsistor 100 behaves like an
open switch. Resistance 105 and capacitance 106 stabilize
the base voltage so that current changes due to tempera-
ture are avoided. For example, the slow changes in the
base to emitter drop caused by temperature changes are
prevented from causing a current change since the high
value of resistance 105 appears as a stable current source.
Thus, even the slightest change in current will cause a
voltage drop of a polarity to oppose such change. Ca-
pacitance 106 holds the voltage at the base constant for
the rapid changes in voltage at the emitter due to the A-C
chopping signal. That is, without capacitance 166 the volt-
age at the base would merely follow the emitter, with no
change in collector to emitter condition.

As soon as the junction 98 goes positive, however, the
collector-base junction becomes forward biased and the
transistor inverts. The A-C chopping signal is now driv-
ing into what functions as a collector. As a result there
is essentially no coupling of this signal so that the error
signal remains at its positive level for both half cycles
of the chopping signal. Although a D-C voltage appears
at the error junction, an A-C signal is required to pro-
duce an output.

The A-C signal from chopper 43 is suitably amplified
in amplifier 130 and applied as one input to the permis-
sive gate circuit 44. Permissive gate circuit 44 is arranged
to receive a D-C voltage signal from minimum signal se-
lector 45, representing a tractive effort command signal,
and the A-C signal derived from the ranging system con-
trol loop just described, and designated generally at 132,
to produce an A-C output signal whose amplitude is
equal to the lesser amplitude of the input signals. This A-C
output signal may then be utilized, such as by a suitable
traction control means 46, to control the propulsion or
braking effort applied to the vehicle.

As shown, permissive gate circuit means 44 is of the
type disclosed in the foregoing referenced application of
G. J. Michon, Ser. No. 619,672 and includes a diode
bridge 134 having diode devices 135, 136, 137 and 138.
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The A-C signal from the ranging system control loop
132 is coupled to the diode bridge 134 through a suitable
coupling transformer 140 having a primary winding 141
and a secondary winding 142. Primary winding 141 of
transformer 140 is connected to the output of amplifier
130 and the secondary winding 142 is connected through
Tesistances 144 and 145 to the terminals 147 and 148 of
diode bridge 134. The D-C tractive effort command sig-
nals from signal sources 29 are applied ot the input of
minimum signal level selector 45 and the output thereof
is applied to the terminal 150 of diode bridge 134; the
A-C control signal being extracted at the terminal 152.
Permissive gate circuit 44 is arranged to operate on D-C
signals from source 29 which vary between preselected
maximum positive and negative values. In a particular ap-
plication, for example, the permissive gate signal was ar-
ranged to operate on a =11 volt D-C signal from source
29. In such an arrangement gate circuit 44 was biased
accordingly; this bias being conveniently provided by
connecting a suitable resistance 154 between the terminal
152 of diode bridge 134 and a suitable source of nega-
tive potential. That is, for the particular arrangement
referred to, a negative potential of 11 volts is applied to
one terminal of resistance 154.

As indicated, permission gate circuit means 44 operates
with one D-C input signal applied at the terminal 150
of diode bridge 134 and one A-C signal applied across
the terminals 147 and 148 thereof and with either the
D-C signal or the A-C signal determining the amplitude
of the A-C output.

In operation, assume initially that the amplitude of the
D-C signal applied at the terminal 150 of diode bridge
134 is less than that of the A-C signal applied across the
terminals 147 and 148. In such a case, the A-C signal is
operative to “chop” the D-C input signal. For example,
during the A-C half cycle when the terminal 147 is posi-
tive with respect to the terminal 148, current flows through
diode bridge 134 switching all diode devices thereof to
their conductive states. Since all diode devices 135-138
have approximately equal conductive voltage drops, the
A-C output voltage is essentially equal to the D-C input
voltage. This condition will prevail as long as the current
through the loop including resistances 144 and 145 exceeds
the current from the input voltage through the diode bridge
134 and bias resistance 154. During the half cycle when
the terminal 147 is negative with respect to the terminal
148, all diode devices 135138 are reverse biased and es-
sentially no current flows through resistances 144, 145 and
154, In such case the A-C output voltage is equal to the
bias voltage which, for the particular arrangement re-
ferred to, would be, of course, — 11 volts.

When the A-C input voltage is smaller than the D-C
input voltage, the amplitude of the A-C output signal is
equal to that of the A-C input signal. During the half
cycle when terminal 147 is positive with respect to termi-
nal 148, diode devices 136 and 137 are switched into con-
duction, while diode devices 135 and 138 remain reverse
biased. The current through resistance 154 is then equal
to the D-C input voltage plus the output across terminals
147 and 148 divided by the sum of resistances 144, 145
and 154. By making resistance 154 equal to the sum of
resistances 144 and 145 (i.e. Rj54=Rjs-+Riys) the A-C
output voltage is essentially equal to the D-C input voltage
plus one-half the voltage across terminals 147 and 148.

During the A-C half cycle when terminal 147 is nega-
tive with respect to terminal 148, diode devices 136 and
137 remain conductive and diode devices 135 and 138
are reverse biased so that an output voltage results which
is equal to the D-C input voltage minus one-half the out-
put across the terminals 147 and 148. By using a 1 to 2
step-up transformer to couple the A-C input signal to the
diode bridge 134, the amplitude of the A-C output signal
taken from terminal 152 will equal the lesser of either the
D-C or A-C input signal.

As described in the foregoing referenced Allen and
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Litchtenfels application, Ser. No. 418,132, fail-safe oper-
ation is provided by arranging the system so that a zero
confrol signal calls for full vehicle brake with the presence
of a control signal of some finite magnitude being required
to schedule anything less than full brake.

The present system has a similar fail-safe mode of oper-
ation. To this end, the ranging system control loop 132
has no bias so that a zero A-C output signal therefrom
calls for full brake with a negative error signal from com-
parison circuit means 41 being required to generate an
A-C output signal. Accordingly, from the foregoing de-
scription of the system it is evident that that allowable ve-
hicle velocity must be greater than the actual velocity to
call for anything less than full brake. Moreover, zero bias
in the ranging system control loop 132 together with the
utilization of A-C signals provides that failure in the loop
will call for full brake and therefore fail-safe operation.
In a particular arrangement wherein the loop gain is about
0.5 mile per hour per second per mile per hour, the allow-
able vehicle velocity must exceed the actual vehicle veloc-
ity by 7 miles per hour to reach the COAST mode of
operation, and by 14 miles per hour to reach full propul-
sion. In that particular arrangement full brake represented
a negative tractive effort of 3.5 miles per hour per second
(—3.5 m.p.h.p.s.) and full propulsion represented a posi-
tive tractive effort of 3.5 miles per hour per second (-+3.5
m.p.h.ps.).

While only certain preferred features of the invention
have been shown by way of illustration, many changes
and modifications will occur to those skilled in the art. It
is to be understood, therefore that the appended claims
are intended to cover all such changes and modifications
as fall within the true spirit and scope of the invention.

What we claim as new and desire to secure by Letters
Patent of the United States is:

1. In a system for automatically controlling the opera-
tion of a vehicle in accordance with a tractive effort con-
trol signal representing the most restrictive mode of oper-
ation called for by (1) a number of first electrical signals
derived from wayside electrical command signals repre-
senting operating data such as permissible maximum local
route speed limits or distance to a required stopping point
and (2) a second electrical signal representing the range
from said vehicle to an obstruction in advance thereof,
the combination comprising:

(a) function generator means responsive to said second
electrical signal for producing a first velocity signal
whose value is proportional to a preselected maxi-
mum vehicle velocity for the range;

(b) velocity sensing means for producing a second
velocity signal whose value is proportional to the
actual velocity of the vehicle;

(¢) comparison circuit means responsive to said first
and second velocity signals operative to produce a
velocity-error signal whose value varies as a function
of the difference in value between said first and sec-
ond velocity signals, said velocity-error signal having
a first portion representing an actual vehicle speed
greater than the preselected maximum permissible
velocity for the range and a second portion represent-
ing an actual vehicle velocity less than the preselected
maximum permissible velocity for the range;

(d) circuit means operative to convert only the first
portion of said velocity-error signal to an alternating
current signal having an amplitude determined by the
amplitude of said first portion;

(¢) minimum quantity selector means having input
means and oufput means and being operative to pro-
duce a unidirectional voltage output signal represent-
ing the smallest of the electrical quantities applied to
the input means therof;

(f) means for applying all of said first electrical sig-
nals to the input means of said minimum quantity
selector means;

(g) gate circuit means having first and second input
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means and an output means and being operative to
produce from a unidirectional voltage signal and an
alternating current signal applied respectively to the
first and second input means therecf an alternating
current output signal whose amplitude is determined
by the input signal having the smallest value;

(h) means applying the unidirectional output signal
from said minimum quantity selector means to the
first input means of said gate circuit means;

(i) means applying the alternating current signal ob-
tained from the first portion of said velocity error
signal to the second input means of said gate circuit
means; and

(j) means for extracting at the output means of said
gate circuit means an alternating current control sig-
nal whose amplitude is determined by the lesser am-
plitude of the electrical signals applied at the first and
second input means thereof.

2. The system of claim 1 wherein said circuit means
operative ot convert only said first portion of said velocity-
error signal to an alternating current signal having an
amplitude determined by the amplitude of said first por-
tion in a chopper circuit.

3. The system of claim 2 wherein said chopper circuit
includes a transistor device having an emitter electrode,
a collector electrode and a base electrode.

4. The system of claim 3 wherein the velocity-error
signal from said comparison circuit means is applied to
the collector electrode of said transistor device.

5. In a system for controlling the operation of a vehicle
in accordance with (1) speed control information received
on board said vehicle from wayside and (2) range in-
formation indicative of the distance between said vehicle
and an obstruction in advance thereof, the combination
comprising:

(a) means on board said vehicle responsive to said
received speed control information for deriving a
number of first unidirectional voltage tractive effort
signals whose magnitudes are indicative of the de-
gree of tractive effort to be applied to the vehicle;

(b) function generator means responsive to said range
information for producing a second unidirectional
voltage signal whose magnitude is indicative of a pre-
selected maximum permissible vehicle velocity con-
sistant with said range information;

(c) speed sensing means for producing a unidirectional
voltage signal whose magnitude is indicative of the
actual velocity of said vehicle;

(d) comparison circuit means responsive to the second
unidirectional voltage signal indicative of permissible
maximum vehicle velocity and the unidirectional volt-
age signal whose magnitude is indicative of the actual
velocity of said vehicle for producing a velocity error
signal which varies as a function of the difference in
magnitude between said unidirectional voltage sig-
nals;

(e) means for converting that portion of szid velocity
error signal representing an actual vehicle velocity
greater than the maximum permissible vehicle veloc-
ity consistant with the range information to an alter-
nating current signal whose amplitude is determined
by the amplitude of said velocity error signal;

(f) means for selecting from said first unidirectional
voltage tractive effort signals the one having the
smallest magnitude;

(g) gate circuit means having first and second input
means and an output means and being operative to
produce from a unidirectional voltage signal and an
alternating current signal applied respectively to said
first and second input means an alternating current
output signal whose amplitude is determined by the
input signal having the smaller amplitude;

(h) means applying said smallest of said first unidirec-
tional voltage signals to said first input means of said
gate circuit means;
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(i) means applying the alternating current signal de-
rived from said velocity error signal to the second
input means of said gate circiut means;

(j) means for extracting at the output means of said
gate circuit means an alternating current output sig-
nal whose amplitude is determined by the smaller
of the signals applied at said first and second input
means; and

(k) means adapted to apply said alternating current
output signal to a tractive effort control means to
cause the tractive effort applied to said vehicle to be
varied in accordance therewith.

6. The system of claim 5 wherein said function gener-
ator means includes a linear transformer means and a sat-
urable core transformer means arranged to produce an
output voltage which is the sum of the output voltages of
said linear transformer means and said saturable core
transformer means,

7. The system of claim 6 wherein the means for con-
verting the velocity error signal indicative of an actual ve-
hicle velocity greater than the maximm permissible ve-
hicle velocity for the range in a direct current chopper
circuit including a transistor device having an emitter,
a collector and a base electrode and being arranged to
chop only the polarity of said velocity error signal repre-
senting an actual vehicle speed greater than said maxi-
mum permissible velocity for the range.
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8. The system of claim 7 wherein the drive voltage for
said chopper circuit is applied between the emitter and
base electrodes of said tramsistor device and is selected
of a magnitude small enough so that any failure of said
chopper circuit results in an alternating current voltage
output therefrom which is below a level operative to cause
a release of braking effort for said vehicle.
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