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1
STATIC MAGNETIC FIELD METAL DETECTOR

CROSS REFERENCE TO RELATED APPLICATION

This is a division of patent application Ser. No.
193,845, filed Oct. 29, 1971, and entitled: *Static Mag-
netic Field Metal Detector’, in the names of Clarence
L. Bennett, Jr., Joseph D. DeLorenzo, and Hubert R.
Durling, Jr.

BACKGROUND OF THE I-NV:ENTION

1. Field of the Invention

The invention pertains to apparatus for detecting the
presence -or passage of objects composed at least in
part of ferrous materials such as iron or steel and more
particularly relates to improved detection devices of
the foregoing type exhibiting high immunity to spurious
background or noise signals and minimum susceptibil-
ity to generation of false alarms or other undesired re-
actions.

2. Description of the Prior Art

Generally, prior art devices for detecting the pres-
ence of metallic ferrous or other objects have one or
more disadvantages rendering them of little value in
certain applications, especially in the reliable protec-
tion of expensive machinery from tramp metal, for in-
stance. Such prior art bridge and other devices often
operate with excitation frequencies as high as 20 to 100
KHz and are quite susceptible to the presence of mois-
ture, vegetation, the operator, or the like. They there-
fore impose on the operator the serious burden of con-
tinuous monitoring and adjustment of the calibration of
the apparatus. Even at relatively lower excitation fre-
quencies such detectors are adversely affected to a sig-
nificant extent by moisture conditions, thereby render-
ing them unsuitable for use where high accuracy, reli-
ability, and freedom from generation of false alarms is
demanded. Additionally, such inductive loop detectors
are highly susceptible to noise signals generated in
moving parts of machinery, such as metal joints in con-
veyor belts and gear teeth or other similar projecting
parts of rotating machine elements. Such machinery
elements produce either false alarms in prior art detec-
tors, or require unsatisfactory reduction of sensitivity.
For example, little success has been shown in the prior
art in the line of providing equipment for detecting
tramp metal entering expensive machines such as farm
tools because of the difficulty in separating the signals
produced by the tramp metal from the high level of
spurious noise produced by moving machine parts of
the farm tool.

SUMMARY OF THE INVENTION

The present invention overcomes the aforemen-
tioned limitations of prior art metal detectors by the
provision of apparatus constructed in such a manner as
to be free of adverse effects of moisture and immune
to spurious noise signals produced by the proximate
moving parts of a protected or monitored machine. The
problems of the prior art are overcome by employing
specially shaped, overlapping, balanced signal pick up
coils disposed in a substantially uniform static magnetic
field in a novel configuration for providing substantial
cancellation of spurious background signals. The signal
pick up coils are cooperatively effective to sense the
passage of ferrous or magnetic objects, whether they
represent desired or undesired objects. Sensing is
achieved by differential signals induced in the pick up
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coils caused by the distortion of the magnetic field by
the object. Further reduction of background signal
level is effected by filtering and threshold level control
functions performed in the invention when the pick up
coil outputs are processed and combined for actuation
of an alarm or control device. The threshold level may
be set manually or automatically to an operating level
minimizing false reactions. Use of the invention in a va-
riety of applications such as protection of machinery
from tramp metal, monitoring of manufacturing pro-
cesses, and in security systems is contemplated. For ex-
ample, the apparatus may be used to detect ferrous
tramp metal in wood pulp or in ore on a conveyor belt,
thus preventing damage to manufacturing machines re-
ceiving such wood pulp or ore. On the other hand, it
may be used to recognize desireable ferrous metal parts
in certain manufacturing processes. For illustrative
purposes, the invention will be described in this disclo-
sure in use for protecting a forage harvesting machine
from ingestion of ferrous tramp metal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a fragmentary elevation view, in part in
cross section, of a forage harvesting machine illustrat-
ing one application of the invention.

FIG. 2 is a view of a part of the machine of FIG. 1
showing the location of the novel pick up coils relative
to a floor of the machine and showing electrical con-
nections between the pick up coils and signal process-
ing and utilization apparatus.

FIG. 3 is a perspective view somewhat similar to that
of FIG. 2, but showing the location of a magnetic field
excitation coil used in the invention.

FIG. 4 is a view similar to FIG. 3 showing an alterna-
tive magnetic field excitation system.

FIG. 5 is a circuit diagram of the pick up and excita-
tion coils of FIGS. 2 and 3.

FIG. 6 is a circuit diagram of the pick up and excita-
tion means of FIGS. 2 and 4.

FIG. 7 is a diagram useful in explaining the operation
of the pick up coils of FIGS. 5 and 6.

FIG. 8 is a circuit diagram showing electrical connec-
tions between the pick up coils and the elements of the
signal processor of FIG. 2.

FIG. 9 is a circuit diagram of an alternative circuit for
use in the system of FIG. 8.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates an improved forage harvesting ma-
chine of one of the kinds in which the present invention
may be employed. It will, however, become apparent
that the invention may be employed for the protection
of other types of farm and general utility machinery,
and that it has other monitoring and alarm actuating
applications aside from protecting machinery from
damage caused by the ingestion of objects of ferrous or
magnetic materials. The particular forage harvester of
FIG. 1 is similar to that described by T. W. Waldrop
and H. C. Eberly in the U.S. Pat. No. 3,523,411 for a
“Forage Harvester Device”, issued Aug. 11, 1970 and
assigned to the Sperry Rand Corporation.

The forage harvester of FIG. 1 includes a wheel-
mounted frame or housing construction 10 for support-
ing a forage cutter-head 18 and a crop pick up unit 11
that is pivotally mounted at 12 for support in part from
the basic vehicle frame work 13 by which the harvester
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may be towed by a suitable tractor (not shown). The
harvester further includes at least one set of infeed con-
veyor rolls 14 and 15, mounted for rotation about sub-
stantially parallel axes 14a, 154 and journaled in hous-
ing 10. A forage cutter head assembly 18 is mounted
within housing 10 to the rear of rolls 14, 15 for rotation
on shaft 18a and for receiving forage ejected from rolls
14, 15. A discharge spout 20 extends vertically and
- then horizontally from the rearward portion of housing
10.

The crop pick-up unit 11 comprises a conventional,

rotatable reel 21 on a shaft 21a having plural radially
projecting, laterally spaced pick-up ‘tines of fingers,
such as tine 22. A plurality of conventional laterally
spaced stripping of doffing members (not shown), be-
tween which the tines 22 pass as reel 21 rotates the
tines into housing 11, lifts the crop into the region of
“influence of a conventional rotatable augar 24. Auger
24 has oppositely directed helical flights for directing
the crop material from both sides of the auger input to-
ward its center and therefore into the input of the in-
feed conveyor rolls 14, 15. Auger 24 is mounted for ro-
tation on shaft 24a. Auger 24 may be of the general
type described by L.M. Halis and H. G. McCarthy in
the U.S. Pat. No. 3,324,639 for “Auger Header and
Crop Conditioner”, issued June 13, 1967 and assigned
to the Sperry Rand Corporation.

Although a crop pick-up 11 is shown in FIG. 1, it is
apparent that a sickle bar or row-crop attachment
could also be employed to deliver a crop into in-feed
rolls 14, 15. In the unit shown, harvested crop material
to be comminuted is picked up by the reel 21 and auger
24 of crop pick-up unit Il and is delivered to the in-feed
rolls 14, 15. From the rolls 14, 15, the crop material is
metered in a mat-like form to cutter head 18, where it
is comminuted by a rotating array of knives such as
knife 18b and is finally discharged through discharge
spout 20 into a suitable receptacle, such as a truck or
wagon (not shown).

Upon consideration of the above-mentioned Wal-
drop et al U.S. Pat. No. 3,523,411, it will be clear that,
for the sake of simplifying the drawing of FIG. 1, a vehi-
cle wheel companion to wheel 25 has not been shown
in the drawing of FIG. 1. Also, a plurality of drive belts
or other drive means by virtue of which elements in-
cluding reel 21, auger 24, and rolls 14 and 15 are
driven with respect to the power source driving shaft
18a and therefore with respect to cutter head 18 are
absent for the sake of simplifying FIG. 1. Such devices
are fully described in the above-mentioned Waldrop et
al patent and elsewhere and provide means for driving
the various rotatable elements at appropriate rotational
speeds in the directions indicated by arcuate arrows A,
B, C, D, and E. When operated in such fashion, the
flow of crop material is over reel 21 and into auger 24
along the path of arrows M and N and along path O into
rolls 14, 15. Ejected from rolls 14, 15 along path P into
cutter head 18, the forage then follows paths Q and R
between the rotating cutter head 18 and guide 26, and
finally moves upward along path S within pipe 27 and
out of spout 20 along path T. In traversing paths N and
O toward rolls 14, 15, the forage material passes over
a floor plate 30 indicated in a general fashion by the
dotted lines in FIG. 1. It will be understood that the di-
mensions and proportions shown in FIG. 1 and in the
several FIGS. yet to be discussed are selected for the
sake of making the drawings clear, and are therefore
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not necessarily dimensions or proportions which would
be used in actual practice. It will be understood that, in
typical use of the invention on farm machines, the de-
tector may be located in a variety of places such as at
the front of the vehicle, or on the tractor pulling the ve-
hicle.

During various operations using farm tools, such as
sowing, planting, mowing, raking or the like, it is possi-
ble for machine parts made of iron or other magnetic
materials to break off or to simply drop off the farm
machine being used without knowledge of the operator
and to be lost in the field. Typically, these pieces of
tramp metal are composed of magnetic materials such
as iron, and include bolts, pins, rake teeth, idler pulleys,
chain links, mower sickle teeth, hand tools, and the
like. During use of a forage harvester such as that of
FIG. 1 for harvesting sorghum, alfalfa, or other types of
fodder, such pieces of tramp metal can be picked up by
the harvester pick-up unit 11 and may pass into the en-
virons of the cutter head 18, causing extensive damage.

To prevent such damage during the critical time of
forage harvesting, it is desired to place a tramp metal
presence detector in the path M-N-O-P that the crop
travels in moving toward cutter head 18. The tramp
metal detector is placed in such a location that suffi-
cient time is allowed in which manually or automati-
cally to stop at least rolls 14, 15 before the tramp metal
part reaches cutter head 18. it will be apparent that
other or alternative moving parts of the forage har-
vester of FIG. 1 or of other monitored equipment may
be automatically caused to stop, such as cutter head 18
or even all of the rotatable parts of the farm machine.
The towing tractor may also readily be stopped auto-
matically or by the operator in response to a detector
actuated alarm.

As is seen in FIG. 2, the tramp metal sensor signal
pick-up coils are mounted in close association with
each other and with floor plate 30 which forms a part
of the structure of the cutter head housing 10, being
bolted to the hay header 11 in front of the aperture
leading to rolls 14, 15 by using conventional bolt holes
such as holes 61, 62. Sensor coils 40 and 41 are prefer-
ably multiple turn coils placed in a unidirectional mag-
netic field generated by means yet to be discussed in
further detail in connection with FIGS. 3 and 4. A de-
sired magnetic field line .of flux is represented by the
vertical plane loop 42; only one such loop is drawn for
convenience and it will be understood that loop 42 rep-
resents one loop of a uniform unidirectional magnetic
field extending all along signal pick-up coils 40 and 41.
In the presence of such a unidirectional field, an output
voltage is generated by one or both coils 40,, 41 when
an object of ferrous material such as pin 60 passes into
the region of the magnetic field. It will be understood
that signal pick-up coils 40, 41 for sensing any mag-
netic field change caused by pin 60 are located in the
same region as the source of unidirectional magnetic
field so as substantially to reduce the noise signals cou-
pled to signal pick-up coils 40, 41 caused by rotation
of elements such as feed rolls 14, 15, auger 24, and the
like.

In the presence of a ferrous object 60, a correspond-
ing monitoring alarm signal is generated in coil 40, in
coil 41, or in both coils and is received on leads 43 and
44 leading to signal processor 45. Any output of signal
processor 45 appearing on lead 53 may be coupled
through manual selector switch 46 to an alarm 48,
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which may be a conventional visual or audible alarm,
including a latching alarm resettable by manual opera-
tion of a conventional re-set button 49. In addition, or
alternatively, the operator may use manual selector
switch 47 to operate a conventional servo or other con-
trol 50. With manual selector switch 51 closed, the op-
erator may cause control 50 to operate a conventional
rapid acting clutch $3 placed between the harvester
drive motor and shaft 18a4. He may, in addition, close
switch 52 to cause control 50 to operate a conventional
rapid-acting brake 54 in order faster to stop rotation of
shaft 18a after the declutching event. Shaft 184 may,
for example, be the shaft directly driving the cutter
head 18 of FIG. 1 or other of the rotating elements of
the FIG., such as shaft 14a. '

FIG. 3 illustrates one method of supplying the unidi-
rectional magnetic field represented by the flux line 42
of FIG. 2. In FIG. 3, the signal pick-up coils 40, 41 are
not shown for permitting clarity in the drawing, and it
will be understood-that the field excitation means is a
multiple-turn elongate coil 72 which may substantially
encompass or be entwined with coils 40, 41, which lat-
ter coils are also enclosed in potting material along with
coil 72 in the elongate steel box 76 holding the several
coils adjacent slot 71 and generally near the bottom of
floor plate 30. Channrel or slot 71, which may be closed
by a plastic material, is provided to permit the desired
magnetic field to pass from coil 72 through the slot 71
into the region immediately above the steel floor plate
30 and to permit perturbations in the field to couple to
coils 40, 41. The desired magnetic field is supplied to
coil 72 via leads 73 when direct current source 75 is
connected to coil 72 by the closure of switch 74.

FIG. 4 represents a preferred method of providing
the desired substantially uniform unidirectional mag-
netic field represented by flux loop 42 of FIG. 1. In
FIG. 4, the signal pick-up coils 40, 41 are again not
shown for allowing clarity in the drawing. It will be un-
derstood that the magnetic field excitation means con-
sists of a multiciplicity of generally U-shaped magnets
80, 81, 82, 83, and 84 about which signal pick-up coils
40, 41 may be placed, which magnets 80 to 84 and coils
40, 41 may be enclosed in coil potting material in an
elongate aluminum box 85 holding the magnet array
adjacent the bottom of floor plate 30, which floor piate
may be constructed of aluminum or other non-
magnetic material. It will be observed that alternate
magnets 80, 82, and 84 are of substantially equal
length, and that the intervening magnets 81 and 83 are
each of equal length and may be shorter than magnet
80, for example. In the FIG. floor plate 30 is cut away
at its right side and the box 85 and its potting material
are also absent in the view so that the typical magnet
84 may be directly viewed. It will be noted by those
skilled in the art that the magnets 80 to 84 of FIG. 4
may be used with the slotted (71) steel floor plate 30
of FIG. 3. Likewise, the coil 72 of FIG. 3 may readily
be used beneath the non-slotted aluminum floor plate
30 of FIG. 4.

The relation of the excitation coil 72 and of pick-up
coils 40, 41 may be further illustrated by considering
FIG. 5 along with FIG. 2. In FIG. §, coil 40 is seen to
be generally rectangular in shape, but is twisted into
something like a figure eight by the mid-plane cross
over at location 90 into two equal area coil sections 40a
and 40b. Similarly, coil 41 is seen to be of generally
rectangular shape, but is twisted into a second figure
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eight by virtue of the mid-plane cross over 91 into two
equal-area coil sections 41a and 41b. While coils 40
and 41 appear to be laterally off set in the schematic
drawing of FIG. 5, they are preferably. symmetrically
related and intertwined and may be woven around. a
single coil form.

The several space quadrants Q,, Qs, Q;, and Q, of
FIG. 5 extend in total across the aperture through
which the crop feeds from auger 24 into rolls 14, 15.
[t is noted that coil sector 40a lies in quadrants Q, and
Q,, coil sector 41a lies in quadrants Q, and Qj, coil sec-
tor 400 also lies in quadrants Q, and Qj, and coil sector
41b lies in quadrants Q; and Q,. Cross overs at 90 and
91 lie at mid-points in the central quadrants Q; and Q;.

FIG. 6 shows a similar configuration of signal pick-up
coils when employed, as in FIG. 4, with permanent
magnets 80 to 84. The respective lengths and separa-
tions between the similarly poled magnets 80 to 84 per-
mit multi-turn coil 40 to be threaded between the up-
right poles 95 and 96 of magnet 81 and the similar
poles of magnet 82. The cross over at location 90 is
performed and the coil 40 is then threaded in reversed
direction between the poles of magnets 83 and 82 again
to the cross over location 90. Similarly, multi-turn coil
41 is threaded between the poles of magnets 81 and 82,
through cross over location 91 back through magnets
84 and 83, and through cross over location 91. Coils 40
and 41 may be encapsulated along with the similarly -
poled magnets 80 to 84 within box 85 of FIG. 4. It will
be observed that the same general geometry with re-
spect to quadrants Q,, Q, Qj, and Q, is employed in
both FIGS. 5 and 6.

Operation of the sensor and associated system will be
further apparent from FIG. 7, which shows only sensor
pickup coil 40 with the mid-plane twist at location 90
forming coil sectors 40a and 40b encompassing respec-
tive regions A and B. As has been observed, signal pick-
up coil 40 has roughly the form of a figure eight sym-
metric about mid-plane 100 and is a multiple turn coil
in order to raise the signal generated by object 60 to an
appreciable level. In representative apparatus, the
pick-up coil may have 1000 turns for use with a 12 volt
battery driving a 100 turn exciter coil for producing a
field on the order of 100 gauss at the floor plate.

The static magnetic field threading signal pick-up
coil 40 produces a total flux ¢, passing through region
A and a total flux ¢ passing through region B of signal
pick-up coil 40. These two fluxes may readily be made
substantially equal by use of appropriate precision in
manufacture of coil 40. With a substantially constant
amplitude magnetic field along the total length of quad-
rants Q;, Q,, Qg, and Q,, the amplitudes of ¢, and ¢,
may be made equal and will have the same sign. A finite
voltage V will be produced at the output 43 of coil 40
only when there is a change of flux passing through coil
40:

do,
dt

doy
dr

V=N -

]

where N is the number of turns of wire in coil 40. A fi-
nite differential pulse is produced when object 60
passes above coil 40 in an unsymmetric position with
respect to cross over location 90 and mid-plane 100
and the pulse is passed as a useful alarm signal via leads
43 to signal processor 45 of FIG. 1. Should bolt 60 pass
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symmetrically over the cross over location 90 in plane
of symmetry 100 of coil 40, it will disturb coil sectors
40a and 40b substantially equally with a resultant zero
output on leads 43.

However, such a property is a distinct benefit in the
invention, since various parts of the forage harvester
have effectively a considerable degree of symmetry
about a mid-plane cross over such as that at location
90. For example, the teeth of feed rolls 14, 15, the feed
rolls themselves, the auger 24, other rotating parts of
the machine and, finally,, the main frame and housings
of the harvester are effectively symmetric in substantial
degree about location 90. Thus, rotation of moving
parts of the harvester and vibration of the frame and
housings thereof produce, in large measure, flux dis-
turbances in coil 40 which are self-cancelling.

To obviate the problem posed by the blind location
in coil 40 when object 60 passes above mid-plane cross
over location 90, it is seen in FIGS. 2, 5, 6, and 8 that
a pair of similar pick-up coils 40 and 41 is employed.
In FIG. 8, it will be apparent that coils 40 and 41 have
similarly effective degrees of symmetry with respect to
the various magnetic field noise sources present in the
harvester. On the other hand, coil 41 is fully sensitive
to an object 60 passing in the blind mid-point location
90 of coil 40. Likewise, coil 40 is fully sensitive to an
object 60 passing in the blind mid-point location 91 of
coil 41. Thus an output alarm signal will appear either
on leads 43 or on leads 44 for an object 60 passing into
the sensor at any position within quadrants Qy, Q., Qs,
or Q,, including the cross over locations 90 and 91.

As seen in FIG. 8, any output signals signifying the
presence of a tramp metal object 60 are coupled on
leads 43 to channel CH1 of the signal processor 45;
likewise, any such signals on leads 44 are supplied to
channel CH2 of processor 45. Channels CHI and CH2
may be duplicates. For example, channel CH1 com-
prises a pass band filter or pass band amplifier 120 in
series connection with a variable attenuator 121 and a
bipolar threshold circuit 124. Similarly, channel CH2
has, in series relation, a band pass filter or amplifier
110, a variable attenuator 111, and a bipolar threshold
circuit 114,

For example, the output signal appearing on leads 43
is passed in channel CH1 to band pass circuit 120,
which has a band width, for example, of approximately
10 Hz with a lower cut off frequency of about 0.5 Hz.
This pass band enables circuit 120 to pass the fre-
quency spectrum of typical tramp metal objects. The
pass band in a typical example rolls off at the low fre-
quency end at substantially 12 dB per octave and at the
high frequency end by substantially 18 dB per octave.
The pass band characteristics of circuit 120 thus pro-
vide an additional reduction in the relatively higher fre-
quency noise signal induced by motion of the various
parts of the protected machine, such as the teeth of
upper and lower rolls 14, 15. Further, circuit 120 pro-
vides a reduction by substantially 60 dB for 60 Hz sig-
nals that may be induced by the proximity of electrical
power distribution lines. Amplification provided by cir-
cuit 120 may be used to raise the signal incoming on
leads 43 from, for example, tens of microvolts to hun-
dreds of millivolts.

The output of pass band circuit 120 is passed to the
signal balancing attenuator 121, manually adjustable
by virtue of the presence of mechanical link 122 and
knob 123. From attenuator 121, the signal is supplied
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to a conventional bipolar threshold. detector circuit .
124. If the signal flowing into detector 124 is greater
than a predetermined positive threshold value or is less
than a predetermined negative value, a finite output
signal is yielded of polarity independent of the input
signal polarity. The similar elements 110, 111, and 114
of channel CH2 of processor 45 are like those of chan-
nel CH1 and operate in a similar manner. Thus,
whether a signal appears on input leads 43 or 44, a cor-
responding command signal will flow from detector '
114 or from detector 124 to the conventional OR cir-
cuit 115. In the presence of either or both such signals,
OR circuit 115 yields an output which may selectively
be applied to operate alarm 48 or to operate control
device 50, as previously described. ‘

An automatic or adaptive threshold control for per-
forming the functions of manual attenuators 111, 121
in FIG. 8 is shown in FIG. 9, which FIG. illustrates an
alternative circuit for use in channels CH1 and CH2 of
FIG. 8. The circuit of FIG. 9, for instance, may be con-
sidered in use in channel CH2, being connected to
input leads 43 and to terminal 150 and thus replacing
elements 120, 121, and 124.

In FIG. 9, the input signal induced by a tramp metal
object 60 is supplied to a band pass amplifier 151 simi-
lar to band pass circuits 110 and 120 of FIG. 8. The fil-
tered and amplified output of circuit 151 is then cou-
pled to full wave rectifier 152. The rectified output of
circuit 152 is supplied by branching lead 153 to thresh-
old detector 155 and to low pass amplifier 154. The
output of low pass amplifier 154 is supplied via lead
156 to control the operating point of the conventional
threshold detector 155. The output of detector 155 is
supplied via lead 150 to OR circuit 115. A circuit simi-
lar to that of FIG. 9 is also used to replace the channel
CH1 of circuit of FIG. 8.

In operation, the pass band circuit 151 serves, as in
the instance of circuits 110 and 120, to eliminate a
large part of the noise spectrum present, such as that
brought about by the proximity of rotating machinery
elements, and to raise the amplitude of the useful infor-
mation-bearing signal. The use of the full wave rectifier
152 eliminates the requirement for use of the bipolar
threshold detectors 114, 124 of FIG. 8, since the posi-
tive and negative signals output from amplifier 151 are
converted by rectifier 152 into positive signals.

To achieve adaptive or automatic threshold control,
the output of full wave rectifier 152 is coupled by lead
153 to low pass filter amplifier 154. Amplifier 154 pro-
duces essentially a unidirectional current output sub-
stantially proportional in amplitude to the energy con-
tinuously present as noise signals. Thus, the operating
point of the conventional threshold detector 155 is au-
tomatically set by a reference signal at a level just
above the level of averaged noise. Only alarm signals
exceeding that level are passed via terminal 150 to OR
circuit 115. The adaptive threshold feature of the in-
vention is seen to provide an automatically adjustable
threshold that varies depending upon the noise envi-
ronment of any particular situation, thus automatically
setting the threshold level to maximize the probability
of detection of a metal object 60 while minimizing the
probability of a false alarm. ’

In an alternative form of the invention, a peak detec-
tor 170 is inserted between conductor 153 and low pass
amplifier 154. With peak detector 170 not present, the
derived threshold level is proportional to the average
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value of the full wave rectified noise signal. With peak
detector 170 in the circuit, the threshold value is pro-
portional to the maximum peak value of the full wave
rectified noise signal. Peak detector 170 is a conven-
tional circuit, preferably adjusted so that it has a negli-
gible attack time and a decay time which may be ad-

justed to be about ten times the period of the funda- -

mental noise frequency present. The output of peak de-
tector 170 is filtered and amplified, as before, to pro-

vide a threshold level that is proportional to the maxi-

mum peak value of the periodic noise signal.

It will be apparent to those skilled in the art that the
magnetic field excitation means and the signal pick-up
coils may be adapted to various configurations for vari-
ous applications. For example, more than two pick-up
coils such as coils 40 and 41 may be employed in an
elongated structure. Further, the coils 40 and 41 need
not lie in a continuous flat plane, but may be bent into
a broad V-shaped configuration about a transverse line
half way between cross overs 90 and 91 (FIG. §). In
such a manner, the detector system may be designed
closely to fit a V-shaped or U-shaped conveyor system
or many other types of substantially symmetric ele-
ments. Coils 40 and 41 and the selected magnetic field
excitation elements need not lie in a horizontal plane,
but may be placed in a vertical wall, for instance, in a
relatively narrow passage way for detecting movement
of metal parts such as fire arms or stolen goods in the
pockets or baggage of personnel or other persons.

As has been observed, the invention lends itself to
use in detecting undesired ferrous metal to prevent
damage to machines. Furthermore, the invention may
be used to protect a product from damage due to the
inclusion of ferrous material where it would not di-
rectly harm the manufacturing equipment itself. It is
highly desirable, for example, to prevent iron parts
from entering a furnace for making very pure glass or
other ceramic materials such as those requiring very
low loss, high dielectric properties. In addition, the ap-
paratus is useful, for instance, for determining the de-
sired presence of small ferrous objects on a conveyor
belt for operation of an alarm or for direct actuation of
machinery such as packaging machinery. It is also ap-
parent that relative motion between a fixed metal ob-
ject and the moving detector may be sensed according
to the invention.

While the invention has been described in its pre-
ferred embodiments, it is to be understood that the
words which have been used are words of description
rather than of limitation and that changes within the
purview of the appended claims may be made without
departing from the true scope and spirit of the inven-
tion in its broader aspects.

We claim:

1. Apparatus for detecting relative motion of a metal
object comprising:

means for generating a substantially uniform unidi-

rectional magnetic field,

multiple conductor magnetic field pick up coil means

disposed in stationary relation in said unidirec-

tional magnetic field and having output conductor

means,

said coil means having first and second sections
symmetrically located about a mid-plane of said
coil means,

cross over conductor means for connecting opposite

conductors of said first and second sections at said

20

25

30

()
w

40

50

55

60

65

10

mid-plane for providing detection signal on said
output conductor means in the presence of said ob-
ject adjacent said first or said second sections while
affording substantial cancellation of spurious mag-
netic field responses,

threshold detector means coupled to said output con-

ductor means, and .
utilization means responsive to said threshold means.

2. Apparatus as described in claim 1 additionally in-
cluding band pass circuit means disposed in series rela-
tion between said output conductor means and said
threshold detector means.

3. Apparatus as described in claim 1 wherein said
magnetic field is provided by current flowing in elon-
gate multiple conductor excitation coil means inti-
mately associated with said pick up coil means.

4. Apparatus as described in claim 3 wherein sub-
stantial portions of said excitation and pick up coil
means are interwoven on the same coil form.

5. Apparatus as described in claim 1 eherein said
magnetic field is provided by permanent magnet means
through which portions of said pick-up coil means are
threaded in magnetic field coupled relation.

6. Apparatus as described in claim 2 additionally
comprising attenuator means disposed in series circuit
relation between said band pass filter means and said
threshold detector means.

7. Apparatus as described in claim 1 wherein said
threshold means comprises bipolar threshold detector
means.

8. Apparatus for detecting relative motion of a metal
object comprising:

means for generating a substantially uniform unidi-

rectional magnetic field,
first and second multiple conductor magnetic field
pick up coil means disposed in stationary relation
in said unidirectional magnetic field and having re-
spective first and second output conductor means,
each of said coil means having first and second sec-
tions symmetrically located with respect to first
and second mid-planes of said respective coil
means,
first cross over conductor means for connecting op-
posite conductors of said first and second sections
of said first coil means at said first mid-plane for
providing a first detection signal on said first output
conductor means in the presence of said relatively
moving object adjacent said first or second section
of said first coil means, and
second cross over conductor means for connecting
opposite conductors of said first and second sec-
tions of said second coil means at said second mid-
plane for providing a second detection signal on
said second output conductor means in the pres-
ence of said relatively moving object adjacent said
first or second section of said second coil means,

said first and second coil means being off set longitu-
dinally one relative to the other so that said first
cross over lies proximate said first section of said
second coil means and said second cross over
means lies proximate said second section of said
first coil means for the purpose of providing output
signals at said first or second output conductor
means in the presence of said relatively moving ob-
ject while affording substantial cancellation of spu-
rious magnetic field responses.
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9. Apparatus as described in claim 8 additionally
comprising: '

first and second 51gnal processing circuit means re-

spectively responsive to said first and second coil
output conductor means, .

each said signal processing circuit means compnsmg
in series circuit relation:
band pass circuit means, and
threshold detector means,

OR circuit means responsive to said flrst and second
signal processing means, and

utilization means responswe to said OR circuit

means.

5
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to spurious magnetic field variations,

said band pass circuit means being adjusted to pass
a spectrum of signals lying below said predeter-
"‘mined frequency spectrum for the further reduc-
_tion of said response to spurious magnetlc field var-
iations.

15. Apparatus as descrlbed in claim l4 wherein sald

utilization means comprises means for stopping said

10

.machine.
16. Apparatus for detecting relatlve motion of a

- metal object comprising;

10. Apparatus as described in claim 9 further com- ’

prising adjustable attenuator means interposed in series
circuit relations between said band pass circuit means
and said threshold detector means.

11. Apparatus as described in claim 10 further com-
prising full wave rectifier means interposed in series

circuit relation between said band pass circuit means 2

and said threshold detector means.

12. Apparatus as described in claim 9 wherein said
utilization means comprises alarm means.

13. Apparatus as described in claim 9 wherein sald
utilization means comprises control means for operat-
ing controllable means.

14. Apparatus as described in claim 9 additionally
comprising:

a machine adapted for conveying bulk material along
passage way means includng metallic materials
whose presence it is desired to sense at a predeter-
mined station,
said machine having moving elements with a prede-

termined frequency spectrum of cyclic magnetic
field variation, and

means for supporting said pick up coil means and
said field excitation means in close proximity to
said passage way means in substantially symmetric
relation with respect to said moving elements of
said machine for the purpose of reducing response
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means for generating a substantlally uniform umdl-

" rectional magnetic field,

multiple conductor magnetic field plck up coil means
disposed in stationary relation in said unidirec-
tional magnetic field and having output conductor
means, .
said coil means havmg first and second sections

symmetrically located about a mld plane of said
coil means,

cross over conductor means for connecting oppos1te
conductors of said first and second sections at said .
mid-plane for providing detection signals on said
output conductor means in the presence of said ob-
ject adjacent said first or said second sections while
affording substantial cancellation of spurious mag-
netic field responses,

band pass circuit means responsive to said detection
signals on said output conductor means,

full wave rectifier means responsive to said band pass
circuit means,

threshold detector means responsive to said full wave
rectifier means, ‘

low pass amplifier means responsive to said rectifier -
means for generating a control voltage,

means for supplying said control voltage to said
threshold means for adjustably determining the
threshold level of said threshold means, and

utilization means responsive to said threshold means.
* * * * *



