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[57] ABSTRACT

A variable permeability magnetic object detection de-
vice including an electromagnetic sensing coil; a core
disposed in the electromagnetic sensing coil having a
first permeability when the core is magnetically satu-
rated and a second different permeability when the core
Is magnetically unsaturated; a magnetic member proxi-
mate the electromagnetic sensing coil for providing a
magnetic field in the core for operating the core in a
magnetically saturated state without a magnetic object
to be detected present in the area proximate the electro-
magnetic sensing coil, interacting with the magnetic
field, and for operating the core in a magnetically unsat-
urated state with the magnetic object to be detected
present in the area proximate the magnetic sensing coil,
interacting with the field; and a detector responsive to
said electromagnetic sensing coil to detect the presence
of a magnetic object.

8 Claims, 10 Drawing Figures
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MAGNETIC OBJECT DETECTION DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

FIELD OF INVENTION

This invention relates to a variable permeability mag-
netic object detection device.

BACKGROUND OF INVENTION

Contemporary railroad data processing systems re-
quire information relating to the number of railroad cars
in a particular place or in a particular train. Presently,
such information may be derived from trackside wheel
detectors which count the number of wheels passing
along the adjacent rail and divided by the proper con-
stant to obtain the number of cars. There are currently
a number of different types of wheel detectors available
each of which has significant shortcomings. In one type
a primary magnet provides magnetic flux through a
switch and the neighboring rail. A secondary magnet
provides through the switch an offsetting flux normally
insufficient to overcome the primary flux. The switch
normally resides in a first position. Upon arrival of a
railroad car the magnetic mass of a wheel enters the
primary magnetic field reducing the flux through the
switch and enabling the secondary flux to overcome the
primary flux in the switch and drive the switch to its
second position. This type of wheel detector 1s expen-
sive, complex and uses a great number of parts. The
second type of wheel detector uses three a.c. energized
coils. As the wheel passes over them the disturbance of
the flux pattern causes a phase shift between the coils
which can be detected as a wheel-passing. This device
must be carefully monitored. Another type uses a mag-
netic reed switch held in one position by magnetic flux
and allowed to switch to a second position when a
wheel interrupts the flux pattern. This device is primar-
1ly mechanical in nature and suffers the same rehability
shortcomings as other mechanical devices. Yet another
device uses a transmitter on one side of a rail and a
receiver on the other. The improved reception brought
about by the presence of a wheel 1s detected. This type
1s quite complex and expensive. Still other detectors
employ a latch that is physically tripped by the wheel.

SUMMARY OF INVENTION

It is therefore a general object of this invention to
provide an improved, simple, inexpensive and ex-
tremely reliable magnetic object detecting device re-
quiring no moving parts.

It is a further object of this invention to provide such
a magnetic object detecting device which relies on a
change in permeability to detect a2 magnetic object.

It is a further object of this invention to provide such
a magnetic object detecting device which is capable of
determining the sense of direction of relative motion
between a magnetic object and the device as well as
detecting the proximity of the object.

It 1s a specific object of this invention to provide a
wheel detector for detecting the magnetic mass of a

railroad car wheel.
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The invention results from the realization that the
core of an electromagnetic sensing coil could be ar-
ranged in a magnetic field so that the field flux 1s suffi-
cient to saturate the core in the absence of a detectable
object but insufficient to do so when the object is proxi-
mate the coil, interfering with the field flux, and the
further realization that the difference in permeability of
the core between the saturated and unsaturated states
could be detected as an indication of proximity of a
magnetic object.

A specific circuit for detecting that change in perme-
ability resulted from the further realization that the
change in inductance of the coil rendered by the change
in permeability could be used to vary the resonance of
an oscillator circuit of which the coil is a part.

The invention features a variable permeability mag-
netic object detection device including an electromag-
netic sensing coil and a core disposed in the electromag-
netic sensing coil and having a first permeability when
the coil 1s magnetically saturated and a second, different
permeability, when the core is magnetically unsatu-
rated. A magnetic member proximate the electromag-
netic sensing coil provides a magnetic field in the core
for operating the core in a magnetically saturated state
without a magnetic object to be detected present in the
area proximate the electromagnetic sensing cotl, inter-
acting with the magnetic field, and for operating the
core in a magnetically unsaturated state when the mag-
netic object to be detected is present in the area proxi-
mate the electromagnetic sensing coil, interacting with
the magnetic field. Means responsive to said electro-
magnetic sensing coil detect the presence of a magnetic
object.

DISCLOSURE OF PREFERRED EMBODIMENT

Other objects, features and advantages will occur
from the following description of a preferred embodi-
ment and the accompanying drawings, in which:

FIG. 1 1s a schematic diagram of the arrangement of
an electromagnetic sensing coil, core and magnetic
member according to this invention;

FIG. 2 is a schematic diagram of a wheel detector
embodiment of the magnetic detection device of this
invention arranged proximate the rail of a railroad track
showing the magnetic field when no wheel is present;

FIG. 3 is a diagram similar to FIG. 2 showing the
magnetic field when a wheel is present;

FIG. 4 1s a diagrammatic, axonometric view of an
electromagnetic coil, core and magnet member in a
housing adapted for mounting on a railroad track;

FIG. § is a diagrammatic end view of the rail of a
railroad track with the housing of FIG. 4 mounted
thereon and a raillroad car wheel passing along the track
proximate the housing;

FIG. 6 1s a schematic diagram of a circuit responsive
to the output of the electromagnetic coil for determin-
ing whether a wheel has passed the coil;

FIG. 7 1s a schematic diagram of a suppression circuit
which may be used in the circuit of FIG. 6;

FIG. 8 is a schematic diagram showing a dual mag-
netic object detection device attached to a portion of a
ratlroad track rail;

FI1G. 9 1s a schematic block diagram of the dual detec-
tion device of FIG. 8 with a sense of direction determin-
Ing circuit; and

FIG. 10 1s a timing diagram showing the relationship
of certain signals which occur in the sense of direction
determining circuits of FIG. 9.
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The invention operates on the principle that a mag-
netically saturated core material has a different permea-
bility than that of unsaturated core material and that the
inductance of the coil surrounding the core material
will vary with the permeability. The difference in in-
ductance reflecting the difference in permeability may
be detected and used to indicate that the core material
has changed from a saturated to an unsaturated state or
conversely that the core material has changed from an
unsaturated to a saturated state. Typically a magnet
member is used to provide a sufficient magnetic held
through the core material to keep the core material
magnetically saturated in the absence of a magnetic
object which is to be detected. Consequently when a
magnetic object is detected which interferes with the
magnetic field a portion of that magnetic field will no
longer pass through the core material but will pass
through the magnetic object. As a result the magnetic
field through the core material is no longer sufficient to
keep the core material magnetically saturated. This
change from the saturated state to the unsaturated state
changes the permeability of the core material and the
inductance of the electromagnetic coil.

The magnetization characteristic for core material 1s
represented by a plot of the magnetizing force H along
the abscissa versus the flux density B produced by that
magnetizing force along the ordinate. The first part of
the curve rises rather steeply until the magnetic material
becomes saturated at which point a knee is formed and
the curve generally levels off. The first, steeper, portion
has a permeability ) representing the unsaturated con-
dition and a permeability pu; above the knee represent-
ing the saturated condition. The simple equation for the
curve is B=uH where p, the permeability of the mate-
rial, is the measure of its ability to carry the flux B for
any particular magnetizing force H. The inductance L
of a coil may be calculated and is a function of u so that
any change in the permeability of the coil will also
change the inductance of the coil.

The invention is accomplished with a varying perme-
ability magnetic object detection device which detects
the presence of a magnetic object to be detected when
either one or both, the object to be detected and the
magnetic object detection device, are in motion. The
device may employ an electromagnetic sensing coil and
a core disposed in the electromagnetic sensing coil hav-
ing a first permeability when the core 1s magnetically
saturated and a second, different, permeability when the
core is magnetically unsaturated. A magnetic member
near the electromagnetic sensing coil provides a mag-
netic field in the core for operating the core in a mag-
netically saturated state when there is no magnetic ob-
ject to be detected present in the area proximate the
electromagnetic sensing coil, interacting with the mag-
netic field, and for operating the core in the magneti-
cally unsaturated state with a magnetic object to be
detected present in the area proximate the electromag-
netic sensing coil, interacting with the magnetic field.
Means are provided, responsive to the electromagnetic
sensing coil, to detect the presence of a magnetic object.

In one embodiment the means for detecting includes
an oscillator circuit interconnected with the electro-
magnetic sensing coil for producing a signal within a
predetermined frequency range as a function of the
inductance of the electromagnetic sensing coil with the
core magnetically saturated. Signals will occur (N an-
other range other than a predetermined frequency
range when the core is in a magnetically unsaturated
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state. The magnetic member for providing the magnetic
field flux may be either a permanent magnet or an elec-
tromagnet. A counter may be used to count the signal
cycles emanating from the oscillator circuit and a con-
trol circuit may be used to enable that counter to count
only during a preestablished period. If the count is in
the first count range an indication is made that a mag-
netic object has been detected and if the count during
that period is in the second count range an indication is
made that a magnetic object has not been detected.

In embodiments where the magnetic object detector
is used to count wheels of a railroad car or some similar
application it is convenient to have a suppression circuit
for preventing repeated indication of detection of the
same magnetic object i.e. counting the same wheel a
number of times as it passes the electromagnetic sensing
coil. The suppression circuit may include a first circuit
responsive to a first count in the second count range and
to an indication that a magnetic object has not been
previously detected to provide a signal representing
that a magnetic object has not been detected, and a
second circuit responsive to a second count in the sec-
ond count range to provide an indication that a mag-
netic object has not been detected in the absence of an
indication that a wheel has not been previously de-
tected. Two or more magnetic object detection devices
may be used together in a system and may be combined
with a direction sensing device in order to detect the
presence of a magnetic object and the direction in
which it is moving.

There is shown in FIG. 1 a magnetic object detection
device 10 including a permanent magnet 12 which
supplies a magnetic field 14 to core material 16 in coil 18
sufficient to maintain core 16 in the saturated condition.
When a magnetic object is brought close to device 10,
or device 10 is brought close to a magnetic object, the
magnetic field 14 redistributes itself so that a portion of
it flows through the magnetic object as well as core
material 16. As a result the field 14 is no longer suffi-
cient to maintain core material 16 in the saturated condi-
tion. The permeability of the core material 16 then
changes changing the inductance of coil 18.

In one specific embodiment device 10, FIG. 2, is
disposed proximate a rail 20 for detecting the magnetic
mass of railroad car wheels as they pass along rail 20
proximate device 10. In this application magnet member
12 provides a magnetic field 14a in rail 20 as well as field
14 sufficient to keep core material 16 in a saturated state.

When a wheel 22, FIG. 3, moving along rail 20 comes
near enough to device 10 a portion of the magnetic field
14b is drawn off to pass through wheel 22. As a result
magnet member 12 is no longer able to provide a mag-
netic field 14 to core material 16 sufficient to keep core
material 16 magnetically saturated. Thus the core mate-
rial 16 switches from the saturated to the unsaturated
state causing a change in the permeability of core mate-
rial 16 and in the inductance of coil 18. Detection of the
magnetic object is accentuated by using a core material
that has a sharp knee in its magnetization characteristic:
materials which have a substantial difference in their
permeability between the saturated and unsaturated
state make the best core material for this invention. One
specific material which works well 1s Hyu80 provided
by Magnetic Metals, Inc.

Magnetic object detection device 10 including mag-
net 12, core 16 and coil 18 may be mounted 1n a primar-
ily nonmagnetic housing 26, FI1G. 4, including a base 28,
clamp member 30 and cover 32. Base 28 includes a
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mounting plate 34 having pedestals 36, 38 on which
core 16 is mounted and a trough 40 in which magnet
member 12 is disposed. A pair of threaded holes 42, 44
may be provided in mounting plate 34 to receive bolts
45 and 46 which secure cover 32 to base 28. Base 28 is
provided with a pair of spaced fingers 50, 52 for receiv-
ing clamp member 30 for clamping to the base flange of
a railroad rail. Mounting screw 54 in clamp member 30
1s engaged with threads in clamping block 56 formed as
a part of base 28. Housing 26 is shown clamped in posi-
tion on rail 20 in FIG. §, with a railroad car wheel 22
just passing over it.

In one specific embodiment magnetic detection de-

vice 10°, FIG. 6, includes an electromagnetic member
12’ which provides a magnetic field 14’ through core 16’
sufficient to keep core 16’ in the saturated state in the
absence of the magnetic object to be detected proximate
the electromagnetic sensing coil 18’, and interfering
with magnetic field 14’. Electromagnetic sensing coil
18’ also forms a part of oscillator circuit 60 which in-
cludes a capacitor 62 in parallel with coil 18’ and an
amplifier 64. The output of oscillator 60 is provided to
counter circuit 66. Control circuit 70 includes a refer-
ence oscillator circuit 72, a reference counter 74, count
control flip-flop 76 and OR gate 78. Reference oscilla-
tor circuit 72 includes capacitor 80, amplifier 82 and
resistor 84; reference counter 74 repeatedly, continu-
ously, counts TO to T9. Each time it reaches time TO it
provides on line 86 a start-count signal to count control
flip-flop 76 which in turn provides on line 88 a gate-
counter signal to counter circuit 66 enabling it to begin
counting. Each time reference counter reaches the
count T7 it supplies a signal on line 90 or OR gate 78
which in turn provides a stop-count signal to count
control flip-flop 76 to cease output of the gate-counter
signal on line 88 and disables counter circuit 66 from
further counting puises at its input. Each time reference
counter 74 reaches the count T8 a sample-count-status-
signal is provided on line 92. And each time reference
counter 74 reaches the count T9 a reset signal is deliv-
ered on line 94 to reset counter circuit 66.

In this embodiment counter circuit 66 may be de-
signed to accumulate a8 count of 100 or more. When
counter 66 reaches a count of 80 a signal is provided on
line 100 to wheel-present flip-flop 112 in indicator cir-
cuit 114 which has a wheel-present output 116 and
no-wheel-present output 118. In this embodiment an
accumulated count of 80 or more indicates no wheel is
present and a count of 79 or less indicates a wheel is
present. Thus, if counter 66 reaches a count of 80 before
it 1s halted at time T7, the signal on line 100 to flip-flop
112, and the sample-count-status-signal on line 92 at
time T8 enables flip-flop 112 to provide a no-wheel
present signal at output 118. If counter 66 only reaches
a count of 79 or below by time T7 there is no signal on
line 100 at time T7 and at time T8 the sample-count-
status enables flip-flop 112 to provide a wheel-present
signal at output 116.

In operation with no wheel present electromagnetic
coil 18 has an inductance of approximately 3 mH and
oscillator circuit 60 is oscillating at approximately 125
KHz. At time TO reference counter 74 provides a start-
count signal to count control flip-flop 76 which then
provides an enabling gate-counter signal on line 88 to
start counter circuit 66 to counting. It counts until ei-
ther time T7 has been reached at which point a signal on
line 90 to OR gate 78 provides a stop-count signal to
count control flip-flop 76 which turns off the gate-coun-

10

15

25

30

35

45

35

65

6

ter signal on line 88 and disables counter circuit 66 or a
count of 80 has been reached by counter 66 which pro-
vides a signal on line 100 and line 110 which causes OR
gate 78 to provide the stop-count signal to count control
flip-flop 76 which ceases the production of gate-counter
signal on line 88 and thereby disables counter circuit 66
before the time T7. Assuming no wheel present, the
latter event occurs first and at time T8 the sample-
count-status signal on line 92 causes wheel-present flip-
flop 112 to provide the wheel-not-present signal at out-
put 118. As a wheel approaches the count drops until
finally a count of no more than 79 is reached before time
T7 when a signal on line 90 results in the disabling of
counter circuit 66. At time T8 wheel present flip-flop
112 provides a wheel-present signal at output 116 and
ceases to produce the wheel-not-present signal at output
118. As the wheel moves closer to electromagnetic
sensing coil 18’ the count may drop even farther below
79. At each succeeding occurrence of the sample-count-
status signal at time T8 on line 92 the wheel-present
signal is updated at output 116 while the wheel-not-pre-
sent signal is not provided at output 118. As the wheel
begins to leave the area of coil 18’ and magnetic field 14’
the count once again begins to rise; when it reaches a
count of 80 or above the signal on line 100 is once again
provided to flip-flop 112. Wheel present flip-flop 112
will respond to that signal at time T8 upon the occur-
rence of the sample-count-status signal on line 92 to
enable the no-wheel present output 118 and disable the
wheel-present output 116 of flip-flop 112.

In any application in which there is relative motion
between the detection device and the object to be de-
tected there is the possibility that the relative motion
may cease or become so slow that the detection device
cycle time (T0-T7) occurs more than once while the
presence of the object is maintaining the device in the
unsaturated state. This i1s an especially important con-
sideration when the invention is used as a wheel detec-
tor to detect railroad car wheels; for in that case it is
important that each wheel be counted only once so that
the number of cars can be accurately determined. In
order to ensure that a wheel moving slowly passed a
sensor or stopped in the area of a sensor is not counted
more than once, suppression circuit 104, FIG. 7, is use-
ful. It includes AND gate 102 and OR gate 108. AND
gate 102 is enabled by the wheel-not-present signal on
output 118 and the signal on line 100 at count 80. OR
gate 108 provides an output on line 110 either when
AND gate 102 is enabled or by a signal on line 106 when
a count of 90 is reached. Suppression circuit 104 pro-
vides a buffer zone between the level of the count 80
used to recognize the absence of a wheel when there has
been no wheel present in the immediate previous cycle
and the count 90 used to identify the absence of a wheel
when there has been a wheel present in the immediately
previous cycle. This is done to avoid ambiguous condi-
tions: where the count is at 793 there could be produced
a wheel-present signal followed by a no-wheel-present
signal followed by a wheel-present signal and so on
until the wheel fully entered or left the area. Such ac-
tion would result in an erroneous wheel count. The
longer the wheel 1s in the ambiguous area, the greater is
the possible counting error.

In operation as a wheel approaches, the inductance of
electromagnetic coil 18 begins to increase and the fre-
quency of oscillator circuit 60 to decrease. Therefore
the number of counts that could be accumulated in the
period TO to T7 begins to decrease from 100 or more
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down through 90 and 80. When the wheel so interferes
with the magnetic field that the frequency has dropped
sufficiently low enough, so that the counter circuit 66
can reach a count of no more than 79 before time T7 1s
reached, the wheel is recognized. As a result there 1s no
output on line 110, and no signal is presented to that
input of wheel present flip-flop 112.

At time T8 when sample-count status signal on line 92
is presented to wheel present flip-flop 112 the proper
signal is not present on line 110 at the input to flip-flop
112 and the wheel-not-present signal is not provided on
line 118. But a wheel present signal will be provided on
line 116 to further data processing equipment as an
indication of a wheel detection. As long as the wheel 1s
present in the area so that the count does not exceed 79,
wheel-present signal on line 116 is maintained; as the
wheel begins to leave the area and the count to rise, the
count reaches 80 and a signal is provided on line 100.
However, since a wheel was present at the last sample
as indicated by the wheel-present signal on line 116, the
wheel-not-present signal will not be present on line 118
and AND gate 102 will not be enabled. Thus even
though the count of 80 has been reached the required
output is not provided by AND gate 102 to OR gate
108.

The same result occurs through additional cycles of
reference counter 74 until the wheel has moved far
enough away so that the count reaches 90. At that point
a signal is provided on line 106 to OR gate 108 which
then provides a signal on line 110 to OR gate 78 and
wheel present flip-flop 112. Following that at time T8
the sample-count-status signal on line 92 causes wheel
present flip-flop to respond to the signal on hne 110,
cut-off the wheel present signal on line 116, and once
again provide the wheel-not-present signal on line 118,
enabling AND gate 102.

Thus in the very next cycle of reference counter
circuit 74, counter circuit 66 provides a signal on line
100 just as soon as count 80 is reached and that signal on
line 100 is reflected through enabled AND gate 102 and
OR gate 108 to line 110 to indicate that no wheel 1s
present.

More than one magnetic object detection device may
be grouped together to provide greater reliability and-
/or direction sensing capability. For example, in F1G. 8,
dual housing 26’ attached to rail 20" includes two mag-
netic object detecting devices symbolically represented
by electromagnetic coils 18’ and 1018 shown in phan-
tom. Housing 26’ may in all respects be identical with
housing 26 with the provision that it have sufficient
room for two systems instead of just one. The arrange-
ment of two such magnetic object detection devices
similar to that described in FIG. 6 is shown in FIG. 9 in
combination with a direction sensing circuit 130. The
two magnetic object detection devices 10" and 1010 in
FIG. 9 are identical i.e. device 10’ has 2 magnetic mem-
ber 12, core 16', electromagnetic coil 18, oscillator
circuit 60, counter circuit 66, control circuit 70, sup-
pression circuit 104, and indicating circuit 114 as shown
in greater detail in FIG. 6.

Magnetic object detecting device 1010 includes col-
lateral components: magnetic member 1012, core 1016,
electromagnetic coil 1018, oscillating circuit 1060,
counter circuit 1066, control circuit 1070, suppression
circuit 1104 and indicating circuit 1114 connected in the
same way as in device 10'. Direction sensing device 130
includes flip-flop 133 and flip-flop 134, each of which 18
gated by a wheel-present signal on line 116 from indi-
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cating circuit 114. The wheel-present output on line
1016 from indicating circuit 1114 is fed directly to the
input of flip-flop 133 but through inverter 136 and then
into flip-flop 134. Flip-flops 133 and 134 trigger on a
positive going signal presented at their input, if they are
receiving the gating signal from the indicating circuit
114 at the same time. The output of the flip-flop 133 is
delivered to forward flip-flop 138 and the output of
flip-flop 134 is delivered to backward flip-flop 140.

In operation if the wheel is moving past the device in
the direction shown by arrow 150, FIG. 9, the wheel
present signal on line 116 from indicating circuit 114
provides the gating signal Gras shown in FIG. 10. At a
later time the wheel present signal appears on line 1016
and is presented as signal P to flip-flop 133 and, after
inverting, as signal P; to flip-flop 134. Since it is the
negative going portion 152, not the positive going por-
tion 154, of signal P; which occurs during the period of
gating signal G/flip-flop 134 is not triggered. However,
since the positive portion 156 and not the negative por-
tion 158 of signal P) does occur during the period of
gating signal Gy flip-flop 133 is triggered and in turn
triggers flip-flop 138 to indicate that the sense of direc-
tion is forward.

Conversely, if the wheel is moving in the direction
opposite to that shown by arrow 150 i.e. the backward
direction, the wheel-present signal on line 1016 occurs
first i.e. signal P is presented to flip-flop 133 and signal
P, is presented to flip-flop 134 before the wheel-present
signal occurs on line 116 as the gating signal Gp. There-
fore the negative going portion 158 of signal P occurs
during the gating signal G, and flip-flop 133 will not be
triggered. However, the positive going portion 154 of
signal P> does occur during the gating signal Gy and so
flip-flop 134 will be triggered setting flip-flop 140 to
indicate the backward direction.

The circuit of FIG. 6 or 9 can be disposed in the
housing beneath the coil, between the pedestals or be-
neath the mounting plate or externally of and/or remote
from the housing.

Other features and advantages will occur to those
skilled in the art and are within the following claims:

What is claimed is:

1. A variable permeability magnetic object detec-
tion device comprising:

an electromagnetic sensing coil;

a core disposed in said electromagnetic sensing coil
and having a first permeability when said core 18
magnetically saturated and a second, different,
permeability when said core is magnetically unsat-
urated:

a magnetic member proximate said electromagnetic
sensing coil for providing a magnetic field in said
core for operating said core in a magnetically satu-
rated state without a magnetic object to be de-
tected present in the area proximate said electro-
magnetic sensing coil, interacting with said mag-
netic field, and for operating said core in a magneti-
cally unsaturated state with a magnetic object to be
detected present in the area proximate said electro-
magnetic sensing coil, interacting with said mag-
netic field; and

means, responsive to said electromagnetic sensing
coil, to detect the presence of a magnetic object.}

[2. The device of claim 1 in which said means to
detect includes an oscillator circuit interconnected with
said electromagnetic sensing coil, for producing a signal
within a predetermined frequency range as a function of
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the inductance of said electromagnetic sensing coil with
said core magnetically saturated. }

£3. The device of claim 2 in which said means to
detect further includes means, responsive to said oscilla-
tor circuit, for determining whether said oscillator is
oscillating within said predetermined frequency
range. }

[4. The device of claim 3 in which said means for
determining includes counter means for counting the
cycles of said signal; control means for enabling said
counter means to count only during a preestablished
period; and means, responsive to said means for count-

ing, for indicating that a magnetic object has been de-

tected in response to a count in a first count range and
that a magnetic object has not been detected in response
to a count in a second count range. ] |

5. The device of claim [4] /7 in which said means
for detecting further includes a suppression circuit for
establishing a buffer count range for preventing re-
peated indications of detection of the same magnetic
object including a first circuit responsive to a first count
in said second count range and to an indication from
said means for indicating that a magnetic object has not
been previously detected for providing a signal repre-
senting to said means for indicating that a magnetic
object has not been detected and a second circuit re-
sponsive to a second count in said second count range
for providing to said means for indicating a signal repre-
senting that a magnetic object has not been detected in
the absence of an indication from said means for indicat-
ing that a magnetic object has not been previously de-
tected.

[6. The device of claim 1 in which said magnetic
member includes at least one permanent magnet. }

[7. The device of claim 1 in which said magnetic
member includes at least one electromagnet. }

[8. A magnetic object detection and direction sens-
ing system comprising:

first and second variable permeability magnetic ob-

ject detection devices each including:

an electromagnetic sensing coil;

a core disposed in said electromagnetic sensing coil
and having a first permeability when said core 1s
magnetically saturated and a second, different
permeability when said core is magnetically un-
saturated;

a magnet member proximate said electromagnetic
sensing coil for providing a magnetic field in said
core for operating said core in a magnetically
saturated state without a magnetic object to be
detected present in the area proximate said elec-
tromagnetic sensing coil, interacting with said
magnetic field, and for operating said core in a
magnetically unsaturated state with a magnetic
object to be detected present in the area proxi-
mate said electromagnetic sensing coil, interact-
ing with said magnetic field; and

means, responsive to said electromagnetic sensing
coil, to detect the presence of a magnetic object;
and

a direction sensing device, responsive to each of said
means to detect the presence of a magnetic object,
for determining whether said first detection device

or said second detection device first detected a

magnetic object. ]

[9. A wheel detector for detecting the magnetic mass

of a railroad car wheel comprising:
a housing for mounting on the rail of railroad tracks,
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a variable permeability magnetic detection device
carried by said housing and including:
an electromagnetic sensing coil;

a core disposed in said electromagnetic sensing coil
and having a first permeability when said core 1s
magnetically saturated and a second, different,
permeability when said core is magnetically un-
saturated;

a magnetic member proximate said electromag-
netic sensing coil for providing a magnetic field
in said core for operating said core in a magneti-
cally saturated state without a magnetic object to
be detected present in the area proximate said
electromagnetic coil, interacting with said mag-
netic field, and for operating said core in a mag-
netically unsaturated state with a magnetic ob-
ject to be detected present in the area proximate
said electromagnetic sensing coil, interacting
with said magnetic field; and

means, responsive to said electromagnetic sensing
coil, to detect the presence of a magnetic ob-
ject.]

£10. A wheel detector for detecting the magnetic

mass of a passing railroad car wheel and its sense of
direction comprising;:

a housing for mounting on the rail of a railroad track;

first and second variable permeability magnetic de-

tection devices mounted in said housing each n-

cluding:

an electromagnetic sensing coil;

a core disposed in said electromagnetic sensing coil
and having a first permeability when said core 1s
magnetically saturated and a second, different per-
meability when said core is magnetically unsatu-
rated;

a magnetic member proximate said electromagnetic
sensing coil for providing a magnetic field 1n said
core for operating said core in a magnetically satu-
rated state without a magnetic object to be de-
tected present in the area proximate said electro-
magnetic sensing coil, interacting with said mag-
netic field, and for operating said core in a magneti-
cally unsaturated state with a magnetic object to be
detected present in the area proximate said electro-
magnetic sensing coil, interacting with said mag-
netic field; and

means, responsive to said electromagnetic sensing
coil, to detect the presence of a magnetic object;
and

a direction sensing device, responsive to each of said
means to detect the presence of a magnetic object,
for determining whether said first detection device
or said second detection device first detected a
magnetic object.}

11. A variable permeability magnetic object detection

device comprising:

a magnetically permeable core;

a coil disposed on said core and an oscillator whose
output frequency depends on the reactance of said
coil;

a magnetic member for producing a magnetic field
which saturates the core in the absence of an object to
be detected, and when the object is nearby permeates
the object and does not saturate the core; and

means for distinguishing between the oscitlator output
frequencies associated with the unsaturated and satu-
rated states of the core to detect the proximity of an
object.
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12. A variable permeability magnetic object detection

device comprising:

an electromagnetic coil and an oscillator circuit whose
output frequency depends upon the reactance of said
coil;

a core disposed in the electromagnetic coil and having a
first permeability when the core is magnetically satu-
rated and a second different permeability when the
core is magnetically unsaturated;

a magnetic member proximate the electromagnetic cosl 10

Jor providing a magnetic field in said core for operat-
ing said core in the magnetically saturated state with-
out a magnetic object to be detected present in the area
proximate the electromagnetic coil interacting with
the magnetic field, and for operating the core in the
magnetically unsaturated state with a magnetic object
to be detected present in the area proximate the elec-
tromagnetic coll interacting with the magnetic field;
and

means responsive to said oscitlator circuit for determin-
ing whether said oscillator is oscillating within the
predetermined frequency ranges associated with said
saturated and unsaturated states.

13. A variable permeability magnetic object detection

device comprising:

an electromagnetic coil;

a core disposed in said electromagnetic coil and having a
first permeability when said core is magnetically satu-
rated and a second, different, permeability when said
core Is magnetically unsaturated;

a magnetic member proximate said electromagnetic coil
for providing a magnetic field in said core for operati-
ing said core in a magnetically saturated state without
a magnetic object to be detected present in the area
proximate said electromagnetic coil, interacting with
said magnetic fteld, and for operating said core in a
magnetically unsaturated state with a magnetic object
to be detected present in the area proximate said elec-
tromagnetic coil, interacting with said magnetic field,

means, responsive to said electromagnetic coil, to detect
the presence of a magnetic object including an oscilla-
tor circuit responsive to said electromagnetic coil, for
producing a signal within a predetermined frequency
range as a function of the inductance of said electro-
magnetic coil with said core magnetically saturated,
and

means, responsive to said oscillator circuit, for determin-
ing whether said oscillator is oscillating within said
predetermined frequency range.

14. A magnetic object detection and direction sensing

system comprising:

first and second variable permeability magnetic object
detection devices each including:

an electromagnetic coil;

a core disposed in said electromagnetic coil and having a
first permeability when said core is magnetically satu-
rated and a second, different permeability when said
core is magnetically unsaturated;

g magnetic member proximate said electromagnetic coil
for providing a magnetic field in said core in a mag-
netically saturated state without a magnetic object to
be detected present in the area proximate said electro-
magnetic cofl, interacting with said magnetic field,
and for operating said core in a magnetically unsatu-
rated state with a magnetic object to be detected pres-
ent in the area proximate said electromagnetic coil,

interacting with said magnetic field;
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means, responsive to said electromagnetic coil, to detect

the presence of a magnetic object including an oscilla-
tor circuit responsive to said electromagnetic coil, for
producing a signal within a predetermined frequency
range as a function of the inductance of said electro-
magnetic coil with said core magnetically saturated;
and

a direction sensing device, responsive to each of said

means o detect the presence of a magnetic object, for

determining whether said first detection device or said
second detection device first detected a magnetic ob-

Ject.

15. A wheel detector for detecting the magnetic mass of
a railroad car wheel comprising:

a housing for mounting on the rail of railroad tracks;

a variable permeability magnetic detection device car-

ried by said housing and including:

an electromagnetic coil; |

a core disposed in said electromagnetic coil and hav-
ing a first permeability when said core is magneti-
cally saturated and a second, different, permeabil-
ity when said core is magnetically unsaturated:;

a magnetic member proximate said electromagnetic
coil for providing a magnetic field in said core for
operating said core in a magnetically saturated
state without a magnetic object to be detected pres-
ent in the area proximate said electromagnetic coil,
interacting with said magnetic field, and for operat-
ing said core in a magnetically unsaturated state
with a magnetic object to be detected present in the
area proximate said electromagnetic coil, interact-
ing with said magnetic field;

means, responsive to said electromagnetic coil, to de-
tect the presence of a magnetic object including an
oscillator circuit responsive to said electromagnetic
coil, for producing a signal within a predetermined
Jfrequency range as a function of the inductance of
said electromagnetic coil with said core magneti-
cally saturated; and

means, responsive to said oscillator circuit, for deter-
mining whether said oscillator is oscillating within
said predetermined frequency range.

16. A wheel detector for detecting the magnetic mass of
a passing railroad car wheel and its sense of direction
comprising:

a housing for mounting on the rail of a railroad track;

first and second variable permeability magnetic detec-

tion devices mounted in said housing each including:
an electromagnetic coil,

a core disposed in said electromagnetic coil and hav-
ing a first permeability when said core is magneti-
cally saturated and a second, different permeability
when said core is magnetically unsaturated;

a magnetic member proximate said electromagnetic
coil for providing a magnetic field in said core for
operating said core in a magnetically saturated
state without a magnetic object to be detected pres-
ent in the area proximate said electromagnetic coil,
interacting with said magnetic field, and for opera:-
ing said core in a magnetically unsaturated state
with a magnetic object to be detected present in the
area proximate said electromagnetic coil, interact-
ing with said magnetic field;

means, responsive to said electromagnetic sensing coil,
to detect the presence of a magnetic object including
an oscillator circuit responsive to said electromag-
netic cotl, for producing a signal within a predeter-
mined frequency range as a function of the induc-
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tance of said electromagnetic coil with said core
magnetically saturated; and
a direction sensing device, responsove to each of said
means to detect the presence of a magnetic object, for
determining whether said first detection device or said
second detection device first detected a magnetic 0b-
Ject.
17. A variable premeability magnetic object detection
device comprising:
an electromagnetic sensing coil;
a core disposed in said electromagnetic sensing coil an
having a first permeability when said core is magneti-

cally saturated and a second, different, permeability

when said core is magnetically unsaturated;

a magnetic member proximate said electromagnetic
sensing coil for providing a magnetic field in said core
for operating said core in a magnetically saturated
state without a magnetic object to be detected present
in the area proximate said electromagnetic sensing
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coil, interacting with said magnetic field, and for
operating said core in a magnetically unsaturated
state with a magnetic object to be detected present in
the area proximate said electromagnetic sensing coil,
interacting with said magnetic field;

an oscillator circuit interconnected with said electromag-
netic sensing coil, for producing a signal as a function
of the inductance of said electromagnetic sensing coil
with said core magnetically saturated, and

counter means for counting the cycles of said signal;
control means for enabling said counter means to
count only during a preestablished period; and means,
responsive to said means for counting, for indicating
that a magnetic object has been detected in response to
a count in a first count range and that a magnetic
object has not been detected in response to a count in

a second count range.
* » » . *
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