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57 ABSTRACT 

A vehicle control system in which a vehicle is opera 
tive on steel rails and in which a plurality of conduc 
tors are connected between the rails at predetermined 
locations. A track section between and including two 
such conductors forms a track circuit signalling block. 
At one end of the signalling block track current is in 
troduced into the rails and a receiving antenna is posi 
tioned adjacent the conductor forming the other end 
of the track circuit signalling block. In the absence of 
a vehicle within the block, the receiving antenna 
senses a track current at a relatively high level and 
when a vehicle enters the track circuit signalling block 
the receiving means senses track current at a substan 
tially reduced level. A plurality of voltage sensing 
means are located at predetermined locations across 
the track circuit signalling block for sensing the posi 
tion of the vehicle within the signalling block. Each 
such voltage sensing means senses a voltage signal at a 
predetermined level in the absence of the vehicle 
being present adjacent the voltage sensing means. 
When the vehicle reaches a given voltage sensing 
means, the given voltage sensing means then senses 
voltage at a greatly reduced signal level which is indic 
ative of the vehicle being present. Signal responsive 
means respond to the latter signal to provide an indi 
cation of vehicle presence at the given location. 

4 Claims, 16 Drawing Figures 
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APPARATUS FOR SENSING POSITIONS OF 
VEHICLE ALONG ATRACK USING VOLTAGE 
SENSING IN CURRENT TRACK CIRCUITS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

Reference is made to U.S. Pat. No. 3,526,378 enti 
tled "Signalling System for Determining the Presence 
of a Train Vehicle,' filed Aug. 23, 1967 on behalf of 
G.M. Thorne-Booth, and U.S. Pat. No. 3,657,663 enti 
tled "AC Threshold Amplifier for Use in Failsafe Ap 
plications," filed May 27, 1970 on behalf of R. S. Rho 
ton et al., which application is a continuation of now 
abandoned patent application Ser. No. 752,870, filed 
Aug. 14, 1968. Each of the above-named issued U.S. 
patents, and the now abandoned U.S. patent applica 
tion is assigned to the assignee of the present invention. 

BACKGROUND OF THE INVENTION 

In a vehicle control system in which a vehicle travels 
along a vehicle travel path which is divided into a plu 
rality of track circuit signalling blocks, there is a need 
to know when a vehicle is present in a given track cir 
cuit signalling block. Vehicle presence must be de 
tected such that other vehicles are not allowed to enter 
the given track circuit signalling block, thereby pre 
venting a collision. There is also a need to know the 
precise position of a vehicle within a given track circuit 
signalling block such that the vehicle, for example, may 
be stopped at an interlock such as a gate, or at a station. 
Since a vehicle is usually comprised of a plurality of ve 
hicle cars it is necessary to know when the first such ve 
hicle car is present at a given sensing position. This was 
not possible in the prior art, since the presence of a ve 
hicle was not readily known until all or at least most of 
the vehicle cars had passed a given point, the reason 
being that in the prior art track current which was in 
troduced into the rails was sensed. The current sensed 
near a transmitter or on the order of up to 400 feet or 
so from the transmitter instead of decreasing in re 
sponse to a vehicle being present, increased to a certain 
degree which caused ambiguity as to the exact physical 
location of the vehicle. The sensed current did not drop 
to a predetermined threshold level until all or at least 
most of the vehicle cars had passed the sense point. 
This clearly is a non-safe condition since a vehicle 
which is comprised of a large number of cars may have 
the first cars thereof enter into a non-safe condition or 
even a collision prior to the following vehicle cars pass 
ing the sense point. 
According to the teachings of the present invention 

a vehicle position sensing system is disclosed wherein 
the sense points are comprised of voltage sensing 
means positioned across the rails such that when the 
first of a plurality of vehicle cars reaches the sense posi 
tion the sense voltage drops to a level below a predeter 
mined threshold level thus indicating the exact position 
of the vehicle. 

SUMMARY OF THE INVENTION 
According to the teachings of the present invention 

a system is disclosed for determining the position of a 
vehicle within a signal conductive signalling block com 
prised of a conductive track including a pair of conduc 
tive continuous rails. There are means connected be 
tween said rails at predetermined locations for provid 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
ing respective signal conduction paths between the 
rails, with each track section between and including the 
respective signal conduction paths defining one of the 
signal conductive signalling blocks. Also included are 
means for introducing a signal into the rails of a given 
signalling block. Further includes is at least one signal 
responsive means located between the rails at a prede 
termined location within the given signalling block, for 
sensing the introduced signal when the vehicle is not 
present at the predetermined location, and for sensing 
the introduced signal at a reduced signal level when the 
vehicle is present at the predetermined location. 

DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic diagram representation of a 

track circuit signalling block including intermediate 
position sensing means, according to the teachings of 
the prior art; 
FIG. 2 is a diagrammatic illustration of how an inter 

mediate position sensing means is physically attached 
to a rail which forms part of a track circuit signalling 
block, according to the teachings of the prior art; 
FIG. 3 is a schematic diagram representation of a 

track circuit signalling block including intermediate 
position sensing means, according to the teachings of 
the present invention; 

FIG. 4 is a diagrammatic representation of how a 
voltage sensing means is attached to a rail of a track cir 
cuit signalling block, according to the teachings of the 
present invention; 

FIG. 5 is a schematic diagram representation of a ve 
hicle comprised of one vehicle car within a vehicle con 
trol block which includes a plurality of current and 
voltage sense points within the track circuit signalling 
block; 
FIG. 6 is a table giving values of the voltages and cur 

rents sensed at the sense points illustrated in FIG. 5, 
FIG. 7 is a schematic diagram representation of the 

model used in computing the voltage and currents at 
the respective sense points in the track signal circuiting 
block illustrated in FIG. 5; 
FIG. 8 is a table which gives the impedance values of 

the various circuit elements in the model of FIG. 7, 
FIG. 9 is a schematic diagram representation of a 

track circuit signalling block in which two vehicle cars 
are present and which includes a plurality of voltage 
and current sense points within the track circuit signal 
ling block; 

FIG. 10 is a table which gives the values of the volt 
ages and currents sensed at the respective sense points 
in the circuit of FIG. 9, 
FIG. 11 is a schematic diagram representation of the 

model used in computing the voltage and currents at 
the respective sense points in the circuit of FIG. 9; 
FIG. 12 is a table which gives the impedance values 

of the various circuit elements in the model of FIG. 11; 

FIG. 13 is a graphical representation of the voltage 
and current sensed in a track circuit signalling block 
relative to the distance of a vehicle from a given sense 
point; 

FIG. 14 is a schematic diagram representation of the 
model used in computing the voltages sensed in a track 
circuit signalling block at various sense points when a 
one vehicle car vehicle is present at different positions 
within the signalling block, 
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FIG. 15 is a table of values of the voltages sensed at 
various positions within a track circuit signalling block 
as derived from the model illustrated in FIG. 14, and 
FIG. 16 is a schematic diagram representation of a 

voltage responsive intermediate position signal sensing 
means and associated signal level detecting means ac 
cording to the teachings of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

As was previously discussed, the prior art intermedi 
ate position sensing devices sense current flowing in the 
rails of a track circuit whereas according to the teach 
ings of the present invention the voltage between the 
rails is sensed to determine the position of a vehicle 
within a track circuit signalling block. 
Refer now to FIG. 1 which illustrates a track circuit 

signalling block of the prior art as disclosed in the pre 
viously referenced U.S. Pat. No. 3,526,378. One track 
circuit signalling block 2 is illustrated in which a con 
ductive track is comprised of a pair of conductive con 
tinuous rails 3 and 4. There are means connected be 
tween the rails at predetermined locations for provid 
ing respective signal conduction paths such as the con 
ductors or short-circuit members 5 and 6. A signal 
transmitting antenna 7 receives a signal at a frequency 
F1 from a transmitter (not shown) which introduces 
track current at frequency F1 into the rails 3 and 4 in 
a direction through the track circuit signalling block 2 
as is illustrated by the arrows 8, 9 and 10 respectively. 
A signal receiving means 1 1 is situated at the end of the 
track circuit signalling block defined by the conductor 
5. In the absence of a vehicle within the track circuit 
signalling block the receiving means 11 senses a signal 
at the frequency F1 which in indicative of the absence 
of a vehicle within the track circuit signalling block. 
When a vehicle such as the vehicle 12 enters the signal 
ling block the axles of the vehicle 12 act as shunts and 
short the current flowing in the tracks 3 and 4 such that 
essentially no current at frequency F1 is sensed by the 
receiving means 11. Intermediate the conductors 5 and 
6 which form the boundaries of the track circuit signal 
ling block 2 are intermediate position current sensing 
means 13, 4 and 15. These sensing means are respon 
sive to the current flowing in the rails 3 and 4 for giving 
an indication of the position of a vehicle within the 
track circuit signalling block. It is to be appreciated 
that a plurality of track circuit signalling blocks (not 
shown) are connected to the right and left of signalling 
block 2. 
FIG. 2 illustrates how the intermediate position sens 

ing means is physically attached to a rail. For example, 
a section of rail 16 has a member 17 attached thereto 
which includes a coil or receiving antenna 18. It is seen, 
in reference to FIG. 1, that one conductor such as the 
conductor 19 is connected to a similar coil or antenna 
on the other rail, while the lead 20 is attached to a re 
ceiving means (not shown). 
Return now to FIG. I. As will be explained shortly, 

as a vehicle approaches one of the intermediate posi 
tion sensing means the current flowing through the 
track circuit increases since the impedance the antenna 
sees decreases. This is true since the voltage induced 
into the rail by the transmitting antenna is constant. 
Since the impedance the antenna see decreases, it fol 
lows that the track current must increase. Therefore, 
the voltage produced in the antenna of an intermediate 
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4 
position sensing means such as the means 13 increased. 
This is true since ErjwMl, when M is the mutual in 
ductance between the rail and the coil and I is the cur 
rent in the rails. Therefore, it is an ambiguous indica 
tion as to the exact position of the vehicle until the ve 
hicle passes or has substantially passed the intermedi 
ate position sensing means whereby the current de 
creases and therefore the sensed voltage also de 
creases. The increase in current is most clearly noted 
within 400 feet or so of the signal transmitter. As the 
vehicle 12 approaches the signal receiving means 13 
the sensed current rises slightly and remains essentially 
at the same level as each vehicle car passes the sensing 
means 13. The current does not drop to a significantly 
low value until all or at least most of the vehicle cars 
comprising the vehicle 12 pass the current sense means 
13. The same condition exists as the vehicle 12 ap 
proaches, reaches, and then passes the current sense 
means 14 and 15. AS was previously explained this am 
biguity in sensed current results in a non-safe condi 
tion. If the vehicle 12 is comprised of a plurality of ve 
hicle cars and the vehicle for example is to stop at a 
gate or a station or within a predetermined distance 
from same, the need for accurate position sensing be 
comes readily apparent. 

Refer now to FIG. 3 which discloses an intermediate 
position sensing embodiment according to the teach 
ings of the present invention. Like elements in FIG. 3 
are given the same numerical designation as like ele 
ments in FIG. 1, the difference being in FIG. 3 that 
voltage responsive means are connected between or 
across the track rails 3 and 4 at predetermined loca 
tions for accurately sensing the position of the vehicle 
12 within the track circuit 2. These voltage responsive 
position sensing means are the devices 21, 22 and 23 
which will be described in greater detail shortly. As was 
previously explained, as the vehicle 12 proceeds from 
right to left as illustrated in FIG. 3 the track current 
flowing in the rails ahead and through the axles of the 
vehicle increases since the impedance seen by the sig 
nal antenna 7 decreases due to the current shunting ef 
fect of the vehicle axles. Therefore, if one is to measure 
the voltage between the track rails the voltage sensed 
will remain at substantially constant level as the first ve 
hicle car approaches the sense point, and then drop to 
a threshold level when the sense point is reached. As 
each successive vehicle car passes over the sense point, 
the voltage sensed remains at or below the threshold 
level thereby giving an indication that the vehicle is 
present at the sense position. 
Refer now to FIG. 4 which is schematic diagram rep 

resentation of how the voltage sensing means is at 
tached to the rail 16. The voltage sensing means for ex 
ample may be a transformer 24 having a primary wind 
ing 25 and a secondary winding 26. One terminal of the 
primary winding 25 is connected by means of a conduc 
tor 27 to the rail 16 by a suitable fastening means such 
as a press pin 28. The remaining terminal of the pri 
mary winding 25 is connected by means of a conductor 
29 to the other rail (not shown) by a suitable fastening 
means. The Secondary winding 26 is connected to a 
suitable signal receiving means or level detector (not 
shown). Therefore, the voltage induced in the primary 
winding 25 connected between the rails of the track 
circuit produces a voltage across the secondary wind 
ing 26 and the signal receiving means responds to the 
drop in voltage as an indication of the presence of a ve 
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hicle. This will be described in greater detail shortly. AS 
was previously stated, when a vehicle enters a given ve 
hicle control block the current in the vehicle control 
block increases ahead of the vehicle and decreases be 
hind the vehicle. Therefore ambiguity exists as to the 
exact position of the vehicle, when using current sens 
ing, until all or at least most of the vehicle cars pass the 
point, On the other hand, as has been previously stated, 
when a vehicle enters a vehicle control block the volt 
age sensed between the tracks at a position adjacent 10 

the front axle of the vehicle the voltage decreases 
thereby giving a more precise indication of the location 
of the vehicle. The reason the voltage remains substan 
tially constant across the transformer and drops only a 
small amount as the vehicle approaches the sense point 
is due to the high input impedance of the transformer 
as compared with the low impedance of the axle shunt. 
The transformer, therefore, draws negligible current 
with respect to the current drawn through the rails and 
the axle shunt. When the axle is adjacent the trans 
former, however, the voltage across the transformer 
drops since the impedance at the sense point is the par 
allel impedance of the transformer and the axle, which 
is essentially the axle impedance. 
Refer now to FIGS. 5 through 8 which show through 

the use of models, why the aforementioned statements 
are COrrect. 

In FIG. 5 a vehicle 30 having axles 31 and 32 is 
shown traveling in a track circuit signalling block 33 
comprised of a pair of continuous conductive rails 34 
and 35 with a conductor 36 defining one end of the 
track circuit signalling block 33 and the other conduc 
tor 37 shown with a voltage source 38 and a source re 
sistance 39 indicating schematically the short circuit 
member and its associated transmitting antenna. The 
track circuit signalling block is chosen to be one thou 
sand feet in length and the distance from the front axle 
31 of the vehicle to the signal source 38 is depicted by 
the symbol D. Various voltage and current sense points 
are indicated by the symbols ES1, ES2, IS1, IS2 and 
IS3, respectively. It is to be appreciated that the voltage 
sense points (ES) are between the tracks 34 and 35 as 
measured across the axles of the vehicle. The sense 
point IS1 is always directly ahead of the vehicle; the 
voltage sense points ES1 and ES2 are always across the 
axles 31 and 32 respectively, except for the instance 
when the track circuit signalling block is open, that is, 
a vehicle is not present within the block. In this in 
stance, ES2 is measured between the tracks 34 and 35 
at an arbitrary distance from the entrance end of the 
block, and ES1 is measured between the tracks at a dis 
tance from the sense point ES2 approximately equal to 
the distance between the respective axles of the vehi 
cle; the current sense point IS2 is always directly be 
neath the vehicle; and the current sense point IS3 is al 
ways directly behind the vehicle. The vehicle is as 
sumed to be a one car train in a one thousand foot 
block. The signal source 38 is assumed to be a one volt 
voltage source operating at a frequency of 5 KHZ. 
The table in FIG. 6 shows the values of the Sensed 

voltages and currents with the distance (D) from the 
transmitter from 200 feet to 25 feet in the track circuit 
signalling block. It is seen with the track circuit signal 
ling block open, that is, a vehicle not being present 
within the track circuit signalling block, that IS1 is at 
a value of 0.068 amps. When the distance (D) is 200 
feet, ISI increases to a value of 0.276 amps, and finally 
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6 
increases to a value of 0.465 amps when the distance 
D reaches 25 feet. Terefore, it is readily seen that the 
current IS1 ahead of the vehicle increases as the vehi 
cle enters the vehicle control block. On the other hand, 
the voltage ES1 which is measured across the front axle 
of the vehicle, which would be the point at which a ve 
hicle is first sensed by a fixed voltage Sensing means 
across the track that the voltage decreases when the ve 
hicle enters the vehicle control block. When the vehi 
cle control block is open, that is a vehicle is not pres 
ent, the voltage ES1 is 0.792 volts. At a distance D = 
200 feet, the voltage drops to a value of 0.032 volts, 
which is a substantial drop in voltage from the open 
condition. From a sense point of 200 feet to a sense 
point of 25 feet the voltage ES1 rises slightly to a value 
of 0.054 volts which is only a change of 0.022 volts 
which can be assumed to be substantially constant. 
The voltage and current values found in the table of 

FIG. 6 were derived from the model schematic set forth 
in FIG. 7 wherein the voltage source E1 and the source 
resistance RS are the equivalents of the signal transmit 
ting antenna. The inductor LD and the resistor RD are 
equivalents of the impedance of the track circuit di 
rectly ahead of the vehicle. The resistance element 
RFA is the resistance of the front axle of the vehicle. 
The inductor LV and the resistor RV are the equivalent 
of the track impedance directly beneath the vehicle. 
The resistor RRA is indicative of the impedance of the 
back axle of the vehicle. The inductor L(1000-D) and 
the resistor R(1000-D) are equivalents of the track im 
pedance behind the vehicle to the short circuit member 
or conductor forming the boundary of the track circuit 
signalling block. The table in FIG. 8 sets forth the impe 
dance values of the above-named impedance elements 
for the different positions D of the vehicle as measured 
from the source of voltage E. It is readily apparent to 
one skilled in the art of linear circuit analysis how the 
current and voltage values found in the table of FIG. 6 
are derived from the circuit of FIG. 7 using the impe 
dance values found in the table of FIG. 8. A standard 
text on linear circuit analysis is "Linear Circuits' by 
Ronald E. Scott, copyright 1960 by Addison-Wesley 
Publishing Company, Inc. 
The ambiguity produced in current sensing in a track 

circuit signalling block is also true for a multi-vehicle 
car vehicle. This is shown in reference to FIGS. 9 
through 12 which set forth the schematic circuit dia 
gram for a two vehicle car and the attendant model and 
model impedance values and voltage and current tables 
similar to those set forth for the one car vehicle illus 
trated in FIG. 5. 

In FIG.9, a two vehicle car 40 is comprised of vehicle 
cars 41 and 42 which have front axles 43 and 44 and 
rear axles 45 and 46 respectively. The vehicle car 40 
travels in a track circuit signalling block 47 comprised 
of continuous conductive rails 48 and 49. A voltage 
source 50 and its source resistance 51 are equivalent of 
the transmitting antenna present across the short cir 
cuit member 52 which forms one boundary of the track 
circuit signalling block 47 is defined by the conductor 
53. Again, the track circuit signalling block is assumed 
to be 1,000 feet in length and the distance D from the 
front axle of the vehicle 41 is varied in the analysis. The 
various sense points are set forth as current sense 
points S1, current head of the vehicle; IS2, current 
under vehicle car 41, S3, current between the vehicle 
cars 41 and 42; IS4, current directly beneath the vehi 
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cle car 42; and ISS, current behind the vehicle 40. Volt 
age is again sensed between the rails across the axles of 
the vehicles. ES1 is the voltage sensed between the rails 
at the axle 43; ES2 is the voltage sensed between the 
rails at the axle 45; ES3 is the voltage sensed between 
the rails at the axle 44; and ES4 is the voltage sensed 
between the rails at the axle 46, except for the instance 
when the track circuit signalling block is open, that is, 
a vehicle is not present within the block. In this in 
stance ES4 is measured between the tracks 48 and 49 
at an arbitrary distance from the entrance end of the 
block and ES3, ES2 and ES1 are measured between the 
tracks at distances from ES4 approximately equal to 
the distances between the respective axles of the vehi 
cle. In the absence of a vehicle in the vehicle control 
block 47, the current IS1 is 0.068 amps (See FIG. 10). 
When a vehicle enters the vehicle control block and is 
sensed at a distance D=200 feet from the source 50 the 
current IS1 increases to a value of 0.269 amps and 
thereafter increases to a value of 0.447 amps at the 
point D = 25 from the source. Again, it is seen that the 
current increases when a vehicle enters the vehicle 
control block and does not decrease until the vehicle 
has completely or at least nearly passed the sense point 
(see IS4 and IS5 in FIG 10). On the other hand, the 
voltage ES1 is 0.791 volts in the absence of a vehicle 
in the vehicle control block, which voltage drops to 
0.058 volts when the vehicle enters the control block 
and is sensed at the distance D = 200 from the source. 
This voltage (ES1) increases a slight amount to a level 
of 0.095 volts when the vehicle front axle reaches the 
point distance D = 25 from the source. 
The model set forth in FIG. 11 is a schematic diagram 

representation of the two car vehicle present in the one 
thousand foot vehicle control block of FIG. 9. The re- - 
sistances RFA1 and RRA 1 are the front and rear axle 
impedance respectively of the vehicle car 41. The resis 
tances RFA2 and RRA2 are the impedances of the 
front and rear axles respectively of the vehicle car 42. 
The inductance LD and resistance RD are the impe 
dance values ahead of the vehicle. The inductance LR 
and the resistance RR are the impedance of the track 
circuit behind the vehicle. The inductance LV and re 
sistance RV are the track circuits impedances directly 
underneath and between the two vehicle cars. The volt 
age source E1 and the source resistance RS are indica 
tive of the signal transmitting antenna voltage and im 
pedance values respectively. 
FIG. 12 sets forth the impedance values of the above 

named impedance elements of FIG. 11 for various dis 
tances (D) from the source, for deriving the signal level 
set forth in the table of FIG. 10. From the above set 
forth data, it should be readily apparent that voltage 
sensing is superior to the current sensing of the prior art 
for distances within 400 feet or so of the signal trans 
mitter. This will be more clear from what follows. 
FIG. 13 is a graphical representation showing repre 

sentative signal levels when using voltage sensing as op 
posed to current sensing. A threshold level for sensing 
is shown by a dashed line 55. It is seen that the current 
sensed, as shown by the current sensing curve 56, in 
creases in magnitude as the vehicle travels from the far 
thest point from the sense point to the actual sense 
point. When the first axle of the vehicle reaches the 
sense point, the signal level of the current sensed drops 
to a lower value. It is seen however that the current 
sensed is not of a value sufficiently low to reach the 
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threshold level, which is indicative of a vehicle pres 
ence. On the other hand, referring to the voltage sens 
ing curve 57 it is seen that the voltage sensed remains 
essentially constant and at a lower level than the cur 
rent sensing curve until the first axle reaches the sense 
point. The voltage Sensed then drops to a signal level 
below the threshold, indicating a vehicle is present. 
When or slightly before the last axle of the vehicle 
passes the sense point, the signal level from the current 
sensing means then drops below the threshold level. 
The slope 58 of the curve 56 varies dependent on the 
number of vehicle cars used. It is therefore very diffi 
cult to determine the precise point when the threshold 
will be reached when using current sensing. On the 
other hand, the voltage sensing curve gives a more pre 
cise indication of the position of the vehicle when the 
first axle passes the sense point, and continues to do so 
until the last axle of the vehicle passes the same point. 
This is more readily seen in reference to FIG. 15 which 
is a table of voltage values measured at fixed sense 
points relative to a signal transmitter as a vehicle trav 
els through a signalling block. 

In referring to FIG. 15 the portion of the table with 
the heading "Distance of Sense Point From Transmit 
ter' shows fixed sense points of 6 feet (6'), 25 feet 
(25'), - 760 feet (760') where sense points are lo 
cated. A "distance of the front axle from the transmit 
ter' (see leftmost column in FIG. 15) is then measured 
and readings are taken at the various fixed sense points 
as a vehicle traverses through a given track circuit sig 
nalling block block. Consider first the sense point 
which is 240 feet from the signal transmitter. With no 
vehicle in the signal block (first row of leftmost column 
of FIG. 15), a signal voltage of 0.760 volts is registered 
by the sense means located 240 feet from the transmit 
ter. When the vehicle is 900 feet from the transmitter, 
a voltage of 0.732 volts is measured at the sense means 
located 240 feet from the transmitter. When the vehi 
cle is 400 feet from the transmitter, the sense means lo 
cated at 240 feet registers 0.560 volts. It is seen that the 
voltage is decreasing somewhat but is however still at 
a substantially low and constant level. As the vehicle 
nears the 240 feet sense point for example 300 feet 
from the source, the voltage drops to 0.209 volts, and 
at 250 feet from the source to 0.0614 volts, and 240 
feet from the source (the sense point) to 0.0377 volts. 
It is seen therefore that the signal receiving means con 
nected to the sense means at 240 feet may have a 
threshold set somewhere on the order of 0.03 to 0.06 
volts and the presence of the vehicle at the sense point 
can readily be sensed since the initial voltage signal 
sensed was 0.760 volts which then slowly dropped until 
it reached the 0.06 volt level at approximately 250 feet 
from the transmitter. It is readily seen from referring to 
other portions of the table that there is an appreciable 
drop in voltage as the vehicle approaches a given sense 
point. Also, for each sense point the voltage threshold 
to be sensed is adjusted for a different voltage level. For 
example, at the 53 foot sense point it is seen that the 
voltage sensed when the vehicle is present at the 53 
foot sense point is on the order of 0. 62 volts. There 
fore the threshold could be set anywhere from on the 
order of (). 16() to (). 18() volts to give a clear indication 
of the vehicle presence. 
The model in FIG. 4 is the model used to derive the 

voltage sense points values found in the table of FIG. 
15. The impedance of the front axles of the vehicle are 
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denoted by the resistances RA and RA2, respectively, 
and the impedance of the back axles of the vehicle are 
denoted by the resistances RA3 and RA4, respectively. 
The other impedance elements shown in the model cor 
respond to the like impedance elements illustrated in 
the models of FIGS. 7 and 11, respectively. 
Refer now to FIG. 16 which illustrates a voltage re 

sponsive signal sensing means which may be used as the 
voltage sensing means shown in FIG. 3, and which may 
take the form of a transformer 56 which has a primary 
winding 57 having one terminal connected to a track 
rail 58 by way of a coupling capacitor 59 and the re 
maining terminal of the primary winding 57 connected 
to the other track rail 60 by way of a coupling capacitor 
61. The secondary winding 62 of the transformer 56 is 
connected to a filter 63 which is tuned to the track cir 
cuit signal frequency in question. The output of the fil 
ter 63 is then connected to a suitable threshold ampli 
fier and level detector such as the previously refer 
enced threshold amplifier described in U.S. Pat. No. 
3,657,663. The threshold amplifier and level detector 
64 has its input 65 connected to the output of the filter 
63. A signal output is provided at an output terminal 66 
in response to a predetermined signal voltage level 
being provided to the input 65 of the level detector 64. 
This signal level being indicative of a vehicle being ad 
jacent the sense point. As was previously stated, the 
input impedance of the transformer is chosen to many 
times higher than the impedance of the rails and the 
axle shunts such that the transformer draws a negligible 
amount of current as compared with the current flow 
ing through the rails and the axle shunts. 

In summary, a system has been disclosed for deter 
mining the position of a vehicle within a signal conduc 
tive signalling block comprised of a conductive track 
including a pair of conductive continuous rails. A plu 
rality of conductors are connected between the pair of 
rails at predetermined locations for providing a signal 
conductive path between the rails, with the track sec 
tion between and including two such conductors defin 
ing one of the signalling blocks. There are also means 
included for introducing track current into the rails of 
the given signalling block, and there is further included 
at least one voltage responsive means connected be 
tween the rails at a predetermined location within the 
signalling block for sensing voltage a at a selected volt 
age level in response to the absence of the vehicle at 
the predetermined location, and for sensing voltage at 
a level below the selected voltage level in response to 
the presence of the vehicle at the predetermined loca 
tion. 

claim as my invention: 
1. In a system for determining the position of a vehi 

cle within one of a plurality of signal conductive signal 
ling blocks comprised of a conductive track including 
a pair of conductive continuous rails, the combination 
comprising: 
a plurality of conductors, with one such conductor 
being connected between said rails at each of a plu 
rality of predetermined locations, each of said con 
ductors providing a signal conductive path between 
said rails, with a track section between and includ 
ing two such conductors forming one of Said signal 
ling blocks, 

means for introducing a signal current into each of 
said signalling blocks, 
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at least one signal voltage responsive means con 
nected between said rails at a predetermined loca 
tion in a given one of said signalling blocks for sens 
ing signal voltage between said rails at said prede 
termined location at a given level in the absence of 
a vehicle in said one signalling block and for Sens 
ing a decrease in signal voltage to a minimum volt 
age level as said vehicle approaches said predeter 
mined location, with said one voltage responsive 
means having a high impedance relative to the im 
pedance of said rails such that essentially all of said 
signal current flows through said rails and a negligi 
ble amount of said signal current flows through said 
one signal voltage responsive means, with said de 
crease in signal voltage to a minimum voltage level 
as said vehicle approaches said predetermined lo 
cation being caused by the low impedance of the 
axles of said vehicle reducing the impedance be 
tween said rails at said predetermined location. 

2. In a system for determining the position of a vehi 
cle within one of a plurality of signal conductive signal 
ling blocks comprised of a conductive track including 
a pair of conductive continuous rails, the combination 
comprising: 
a plurality of conductors connected between said 

rails at selected locations for providing respective 
signal conduction paths between said rails, with a 
track section between and including two such con 
ductors defining one of said signalling blocks; 

means for introducing current into a given signalling 
block, 

a plurality of voltage responsive means connected be 
tween said rails at predetermined locations within 
said given signalling block for sensing voltage be 
tween said rails at each of said predetermined loca 
tions, the voltage sensed at a given one of said pre 
determined locations decreasing from a maximum 
to a minimum voltage level as said vehicle ap 
proaches said given one of said predetermined lo 
cations, with each of said voltage responsive means 
having a high impedance relative to the impedance 
of said rails such that essentially of said signal cur 
rent flows through said rails and a negligible 
amount of said signal current flows through any of 
said voltage responsive means, with the decrease in 
voltage sensed at said given one of said predeter 
mined locations being caused by the low impe 
dance of the axles of said vehicle reducing the im 
pedance between said rails at said given one of said 
predetermined locations. 

3. The combination claimed in claim 2, wherein each 
of said voltage responsive means includes a transformer 
having a primary winding connected between said rails, 
and also having a secondary winding. 

4. The combination claimed in claim 3 wherein said 
voltage responsive means further includes: 
a filter having an input connected to the secondary 
winding of said transformer, and also having an 
output, and 

a level detector having an input connected to the out 
put of Said filter, and also having an output at 
which an output signal is provided in response to 
a signal of at least a given value being applied to 
said input. 

ck k ki k k 


