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Metal Detector

The present invention relates to apparatus for scanning a substance or product to
detect metal in that substance or product and in particular, but not exclusively, relates to
such apparatus for the detection of metal particles on or in food product or in packaging
assoclated with that product. However, the apparatus may have application to many
substances or product types, for example for the detection of metal particles (broken
needles) in training shoes or for the detection of metal in ore (prior to entering processing
machinery). The substance or product will hereinafier be referred for the purposes of this

specification, including the claims, as a product.

In the food processing industry there is always the concern that a food product will
contain a metal item or particle as a result of a particular process. For example a small nut
or washer may become loose and fall into the product or, due to misalignment of
machinery, very fine slivers, or turnings, of metal may be created by one metallic object

acting against another.

Apparatus for detecting metal contaminants in products such as food is well known,
one example being disclosed in International Patent Application, Publication Number
WO 02/25318. Such apparatus detects metal by inducing a magnetic field in the product,
normally by means of a drive coil extending around the product. Two detection coils are
then normally placed one to either side of the drive coil and connected in series and in

opposite sense. In the absence of a metal particle the drive coil produces an equal and
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opposite effect in both of the detector coils and thus a zero output is obtained from the two

detector coils.

When a contaminant metal particle is transported in a food product, normally by
means of a conveyor belt, through the coils it disturbs the magnetic field. Because at one
point the contaminant will be closer to one of the detector coils than the other the effect on
that coil will be greater than on the other coil and thus a non-zero output will be obtained
from the two detection coils. For convenience, the two detector coils will from hereon be

considered as a single detector coil comprising two parts.

A metal particle it is desired to detect may create as little as a 1 in 10 million
disturbance in the magnetic field. To detect such a disturbance, the sensitivity must very
high. However the signal generated by a food product, take for example a chicken, passing
through the detector is far greater than the that generated by a small metal particle. This
can be to some extent overcome by comparing the phase of the output signal with that of

the drive signal, as described briefly below with reference to Fi gures 1 to 3 of the drawings.

With reference to Figure 1, a perfect magnetic material passing through a metal
detector, as described above, will provide an output signal Vg, in phase with the drive
signal Vp. The component of an output signal resulting from a magnetic metal, such as soft
iron, will also substantially be in phase with the drive signal. In contrast, a perfect
conductor (superconductor) would produce a signal Vs, in anti-phase to the drive signal and

the component of the output signal associated with a metal which is a good conductor, for
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example copper, will have a major component in anti-phase with the drive signal. This

arises because of the inductive coupling with the magnetic field generated by the drive coil.

The above describes the fundamental operation of a metal detector and such a
device is capable of detecting particles of certain types of metal. However, such a detector
may not satisfactorily detect small particles of a metal such as stainless stecl, widely used

in the food processing industry.

In the case of non-magnetic and weakly conductive materials, there will be an
output signal Vs; resulting from loss due to resistance. Food product is often slightly
conductive, due to the presence of salt and water, and therefore if we consider the case of
the chicken passing through the detector, this will generate a large output signal which will
vary in magnitude as the chicken passes through the detector, simply because of the volume
of chicken effecting the field. However, the phase of the signal, Vg3, will be constant
because the lossy and conductive properties will be substantially the same throughout the
chicken. This may for example be 110° out of phase with the drive signal, due to the vector
Vs3 comprising largely of a resistive component but also having a small component due to
the slightly conductive nature of the chicken. Most moist food products will exhibit similar

properties and a chicken is given as an example simply because it is convenient to visualise.

The above described differences in phase can be and are utilised in metal detection
apparatus. Typically, a product is passed through the apparatus and the phasc of the
resultant signal noted. A voltage signal V . can then be generated, as illustrated in F igure

2, based on the drive signal. The phase of Ve is adjusted until V¢ is in phase quadrature
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with the output signal V; for a non-contaminated food product. V.. and Vs; are then
compared by a phase sensitive detector which will provide a substantially zero output

signal. (Signals in phase quadrature provide a zero output.)

When a food product has a metal particle embedded in it, either of a magnetic
material or a conductive material, then the output signal will comprise an additional
component Vg (see Figure 2) associated with the disturbance of the magnetic field caused
by the presence of the metal particle. Although the amplitude of the component Vgg of the
output signal will be small compared to the signal Vg3 from the product, the signal Vg will
not normally be in phase quadrature with the reference si gnal V... Thus, the component
Vi (see Figure 2) will not be cancelled by the phase sensitive detector and thus the output
signal from phrase sensitive detector will increase. This can be used to trigger an alarm

when a predetermined threshold is exceeded.

The above system works well for detecting metals having magnetic or conductive
properties, where the phase of the component of the output signal associated with the metal
occurs at a substantially different phase angle to that of the component associated with the
product. However, in the case of stainless steel, which typically is only one fifth as
conductive as copper and has only one hundredth the ferromagnetic properties of iron, the
component of an output signal associated with the magnetic and conductive properties, can
be substantially in anti-phase leaving mainly a resistive component, for example Vgs of
Figure 3. Therefore, in the case of stainless steel, the phase of the output signal generated
may substantially correspond to the output signal from the product. However, the

magnitude and phase of the output signal will depend upon the frequency of the drive signal
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and the size of the stainless steel particle. Thus, the component of an output signal
associated with such a metal could be represented for example by any one Vg4 to Vg7 in
Figure 3. That is to say that at a particular frequency the component of the output signal
generated by a metal particle of a particular size will be in phase with the component of the
signal generated by the product. Similarly, for a particular particle size and frequency there
may be a particular combination of product and metal wherein the component of the output
signal generated by the metal particle will be in phase with the component of the signal
generated by the product. Thus, the components of the output signal generated by the metal
particle in these circumstances will be in phase quadrature with the reference si gnal and

will not be detected by the phase sensitive detector.

To address the above problem, a frequency can be selected whereby for a metal
contaminant of a known type, the phase of the component of the output signal associated
with that metal particle will be out of phase with the component of the output signal
associated with a product of a known type. However, even then there is a possibility that
for one particular particle size, the phase of the resultant output signal for that metal particle

size will again correspond to the phase associated with the product.

In known commercially available detectors, of which the applicant is aware, the
excitation coil current is a pure sign wave, derived from a tuned circuit driven from a low
power square wave, at a frequency selected appropriate for detecting a known metal type in
one or more product types. To address the above discussed problems, some detectors offer
a selection of drive frequencies (typically three) whereby a drive frequency is selected for a

spectfic application. This drive frequency is selected by connccting one of several sets of
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tuning capacitors, so that the device can operate at the appropriate frequency, but this

frequency is unlikely to be a optimum frequency for any particular product, metal pair.

In accordance with a first aspect of the present invention, there is provided
apparatus for scanning a product to detect metal on, in or associated with that product, the
apparatus comprising a means for establishing an alternating magnetic field in a coil system
and means for sensing changes in that field caused by the passage of the product and any
metal on, in or associated with the product characterised in further comprising a drive
circuit for establishing the alternating magnetic field which drive circuit comprises a
plurality of switches and a controller for said switches, the controller and switches being
arranged to alternately connect the coil system directly across a potential difference to
cause the coil system to be driven at an operating frequency determined by the operation of

the switches.

By controlling the input to the coil using a plurality of switches, instead of the
conventional tuned circuit, it is possible to program the controller to operate the plurality of
switches to obtain any desired frequency of operation. However, driving the coil system by
a square wave (or a trapezoidal wave due to the inductance of the coil) generates a large
number of relatively high energy harmonics compared with the conventional sinusoidal
signal generated by a tuned circuit. Preferably, the apparatus further comprises a detection
circutt for deriving a signal from the coil system wherein the detection circuit comprises a
phase sensitive detector coupled to a low pass filter, for by employing a phase sensitive

detector coupled to a low pass filter, a high level of rejection of out of band signals is
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obtained, enabling the phase sensitive detector to cope with the harmonics that may

otherwise swamp the output signal it is desired to detect.

The above invention permits a detector to be operated at substantially any desired
frequency, which may be in the range of 40 to 900 KHz in 1 Hz increments. It is therefore
possible to operate the detector at a frequency which not only permits a desired particle
type to be detected in a particular product, but enables sensitivity of the detector to be
optimised by selecting the optimum frequency of operation. Furthermore, because the
frequency of operation can easily be controlled by controlling the operation of the switches
by electronic programming means, as compared to selecting a specific tuned circuit, it is
possible for a user to select a frequency of operation which gives the optimum sensitivity.
Therefore, the present invention permits a standard detector to be manufactured for a wide
range of product types and metal contaminants, such that a standard machine can be bought,
off the shelf, and installed on a product line without having to first either ascertain the
suitability of the machine or select one of a limited number of frequencies to operate the

detector at.

Preferably, the drive circuit comprises four switches arranged as a full bridge circuit

whercin the coil system is connected across the output of the bridge.

The coil system may comprisc a drive coil and a detection coil wherein the drive
coil is connected across the output of the full wave bridge. Alternatively, the drive circuit
can comprise two switches alternatcly connecting the coil system across two potential

differences of opposite polarity.
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Advantageously, the drive circuit includes a monitor for the supply current to the
coil system wherein the drive circuit, in response to a signal from the supply current
monitor, limits the period for which the coil system is connected across the potential
difference to restrict current through the coil system. This permits the coil system to be
driven at a constant frequency while regulating the current through the coil system to

prevent excessive heat being generated.

Advantageously, the drive circuit is arranged to operate the coil system at a selected

one of a plurality of different frequencies, preferably in excess of ten.

Preferably, the apparatus further comprises a detection circuit for monitoring an
output of the coil system. The drive circuit can then be arranged to monitor the output of
the detection circuit and to select a frequency of operation in dependence thereon in order
to maximise the sensitivity of the apparatus. This would enable a machine to simply be
installed and switched on, the machine monitoring its own operation and selecting an
appropriate drive frequency for a particular product type. This would also permit different
product types to be used with a detector, with the detector recognising when it is necessary

to select a different frequency.

Preferably, the drive circuit comprises a microprocessor and an electronically
programmable logic device, the output of which electronically programmable logic device
controls said switches, wherein for a particular coil system, a plurality of drive maps are

stored in the electronically programmable logic device each containing a switching
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sequence for the switches for a respective predetermined frequency of operation of the
apparatus. Thc microprocessor can then select an appropriate map depending on the
selected frequency of operation. This provides a convenient way of ensuring the switches
are controlled in an appropriate and precisely predetermined manner for any particular

frequency selected.

The apparatus of the invention will normally comprise an annular casing arranged to

permit the product to pass therethrough, with the coil system located in the casing.

Advantageously, the coil system comprises a drive coil and a detection coil and one
of the drive coil or detection coil comprises two coils at separate locations, arranged such
that the presence of a metal will distort the magnetic field associated with the drive coil and
produce an imbalance in the output of the detection coil, resulting in none zero output. (A
single drive coil with the detector coil comprising two coils arranged to either side of the
drive coil is equivalent in operation to an arrangement wherein the drive coil comprises two

drive coils located to either side of a single central detector coil.)

Preferably, the first of said two coils is arranged in a plane perpendicular to the
direction in which the product is to pass and is located on one side of the product only,
wherein the second of said two coils is arranged in a plane perpendicular to the direction in
which the product is to pass and is located on the other side the product only. The two coils
may bc placed one above and one below the product, and each comprise a square loop of

conductor. This arrangement minimises variations caused by the positional location of any
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metal contaminant as it passes through the detector and helps to provide a uniform

sensitivity regardless of the position of the metal contaminant.

Preferably, said two coils are electronically connected in parallcl. By connecting
the coils in parallel, in contrast to a more conventional series arrangement, the apparent
power of the output signal is the same as for the serics arrangement but the impedance
value for the two coils is one quarter of that for an equivalent series arrangement. This
greatly reduces the harmonics picked up by detection coil, which is particularly important

when the drive coil is driven by the switch arrangement of the invention.

Preferably, a screen is located between the detection coil and the product, which
screen comprises a non-conductive planar substrate with closely spaced conductive tracks
arranged in parallel on both sides of the substrate. The conductive tracks can be connected
to earth and therefore minimise any changes in capacitance experienced by the detector
coils due to the passage of product, without producing any significant effect on the lines of

magnetic flux produced by the drive coil.

Where the apparatus comprises an annular casing through which the product is to
pass, one or more of said screens preferably extend completely around the aperture through

which the product passes.

The apparatus of the invention 1s preferably used for detecting metal particles in
food products with the apparatus comprising an annular casing and a conveyor belt passing

through the casing on which the food product is conveyed.
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Preferably, the apparatus is arranged to sequentially switch between at least two
different operating frequencies such that any metal particle in a product will be subject to
scanning at different frequencies. The invention permits the frequency of operation to be
rapidly changed and can be arranged so that the frequency is switched so that any metal
particle passing through on a conveyor belt will be scanned at two or more different
frequencics. This ensures that should the metal particle type and size be such that at a
specific frequency the phase of the component of this output signal due to the metal particle
corresponds to the phase of the output signal from the product, and thus is masked by the
output signal of the product, then at the second frequency, the phase of the two components
will change by different amounts, such that the si gnal from a metal contaminant will be
distinguishable from that generated by the product. By switching between many
frequencies, one frequency should provide substantially an optimal sensitivity for any

particular metal type, size and orientation.

According to a second aspect of the invention there is provided apparatus for
scanning a product to detect metal in that product, the apparatus comprising a drive coil, a
drive circuit for the drive coil, a detection coil and a detection circuit arranged to receive an
output signal from the detection coil, characterised in that the drive circuit sequentially
operates the drive coil at a plurality of different frequencies such that any metal particle in a

product will be subject to scanning at different frequencies.

One embodiment of the present invention will now be described, by way of example

only, with reference to the accompanying figure, of which:
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Figures 1 to 3 are phase diagrams depicting the relative phase and amplitude of the
drive signals and output signals of metal detection apparatus;

Figure 4 is a perspective view of metal detection apparatus in accordance with the
present invention;

Figure 5 is a horizontal section through the plane V-V of Figure 4;

Figure 6 is a vertical section through the plane VI-VI of Figure 4;

Figure 7 is a plan clevation of a ground plane of the apparatus of Figure 4;

Figure 8 is a cross-section along the line VIII-VIII of Figure 7;

Figure 9 is a circuit diagram of the driver circuitry for a drive coil of the apparatus
of Figure 4;

Figure 10 is a timing diagram relating to the operation of the circuit of Figure 9;

Figure 11 is a circuit diagram showing both the driver circuit and detector circuit of
the apparatus of Figure 4; and

Figure 12 is a timing diagram relating to the operation of the circuit of Figure 11.

Referring to Figure 4 there is depicted metal detection apparatus in accordance with
the present invention, indicated generally as 1 comprising a casing 2 through which

conveyor belt 3 extends.

As shown in Figure 5 (a horizontal sectional through the plane V-V of Figure 4) and
Figure 6 (a vertical section through the line VI-VI), within the casing 2 there is a single tum
drive coil 4 arranged in a plane perpendicular to that of the conveyor belt 3. A first detector

coil 5, comprising a square loop of conductor, is arranged in the top portion of the casing
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above the conveyor belt with a substantially identical second coil 6, comprising a square

loop of conductor, located below the upper portion of the conveyor belt 3.

The apparatus has a central aperture 7 through which food or other product to
scanned may pass on the conveyor belt 3. The casing 2 is metallic and therefore provides a
shield around the coils 4, 5 and 6 shielding them and the aperture 7 from external

electromagnetic fields.

An inner surface 8 of the aperture is lined with a non-conductive, non-magnetic
material which has no significant effect on the electromagnetic fields generated by the coil

4.

Between the coils 4, 5 and 6 and the inner casing 8 there is located a ground plane 9
formed of four sheets, each as illustrated in Figures 7 and 8, extending around the aperture

7.

As seen from Figure 7 and Figure 8 (Figure 8 is a cross-section through the line
VII-VIII of Figure 7) the ground plane 9 comprises a non-conductive substrate 10 with
conductive tracks 11 and 12 on the two respective sides, formed by standard photo-resist
and etch techniques used in the production of printed circuit boards. Each of the
conductive tracks 12 is linked at one edge by conductive strip 13 and a similar strip, not
shown, links tracks 11. These strips are connected to earth thereby connecting all of the

tracks 11 and 12 to earth. The width of each of the tracks 11, 12 is approximately 2 mm
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with 0.5 mm gaps between adjacent tracks 11, 12. The substrate 9 comprises a 0.8 mm

thick printed circuit substrate.

The tracks 11, 12 are arranged axially relative to the drive coil and the gaps between
tracks 11, 12 permit the magnetic flux associated with drive coil 4 to pass therethrough.
However, the arrangement of the conductive tracks 11 and 12 located between the drive
coil 4 and the product provide an earth plane to any electric field between the detection
coils 5 and 6 and the product and therefore prevent any capacitive coupling between the

sensing coils 5, 6 being affected by the product passing through the aperture 7.

The casing 2, depicted in Figure 4, additionally comprises a drive circuit for the
drive coil 4 and a detection circuit for the detection coils 5 and 6. These circuits are
contained in a module 14 which includes a display and keypad, which are operable through

an aperture in one side of the cabinet 2, as shown in Figure 4.

Referring now to Figure 9, there is illustrated the drive circuit for the driver coil 4 of
Figures 5 and 6. The drive circuit, indicated generally as 15, comprises a central processing
unit (CPU) 16, an electrically programmable logic device (EPLD) 17 and a driver 18

connected to four field effect transistors (FETs) 19, 20, 21 and 22.

The four FETs 19 to 22 form a full wave bridge circuit across a twenty four volt
potential difference, with the coil 4 connected across the output of the bridge circuit.
Additionally, a current sensor 24 is connected 1n the power supply, the output of which

provides a signal on line 25 back to the CPU 16. The circuit additionally comprises four
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diodes 19a to 22a connected across respective FETs 19 to 22 and capacitor 23 connected

across the supply.

The operation of the drive circuit 15 of Figure 9 is described below with reference
to the timing diagrams of Figure 10. These timing diagrams represent, with respect to time,
the state of: the field effect transistors 19 to 22; voltage at points A and B of the circuit of
Figure 9; the drive current I, through the drive coil 4; and the supply current I as detected

by the current sensor 24,

Starting with all switches open and no drive coil current flowing, FET switches 19
and 22 are first closed. For the moment, ignore all losses in the circuit, ie the drive coil and
switches have zero resistance and there are no stray capacitances around the circuit
clements. The drive coil 4 has twenty four volts across it, so the drive coil current (To)
increases linearly. I4is drawn from the power supply. After an interval, t, FET 19 is turned
off and FET 21 on. This places a short circuit across the drive coil 4, so I4 continues to

flow through the drive coil, FET 21 and FET 22. No current is now being drawn from the

supply.

After a second interval, T, FET 22 is turned off and FET 20 on. Iy now flows back
into the power supply including capacitor 23 connected across the power supply. Aftert, Iy
and I have fallen to zero. The pulse of current taken from the power supply during the first

"t" is identical to that returned to it during the second "t".
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After a further time t, the coil current has risen to -I5. Now I, =-I;. FET 21 is now
turned off and FET 19 on and I, continues to circulate through the drive coil, FET 19 and
FET 20. After a second interval, T, FET 20 is turned off and FET 22 on. [, now flows
back into the power supply. Afier a further "t", I (and L) has fallen to zero. This sequence

is repeated.

The supply voltage 22 is chosen as a convenient twenty four volt. The rate of
change of coil current is then inversely proportional to the coil inductance so the final value

of Iy for a given driver coil 4 is proportional to t.

The period of the resulting waveform is (4t + 2T).

Setting t and T controls, the drive current and period (or frequency) of the drive.

These are chosen to optimise the metal detection capability in any application.

In practice, there are losses in all circuit elements. The principal losses are:-
The switches dissipate power during switching, and possess stray capacitance
betwcen all terminals. This means that extra current is taken from the supply during

switching.

The FETs have finite "on" resistance and there is dissipation in the coil and lead-
outs, so the current waveform "droops" during T. This means that there is less current to be

returned to the supply during the text t, so there is a net current drawn from the supply.
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The detection of metal requires a strong magnetic field alternating at the required
frequency. Such a field is sct up by the current through the drive coil, and is independent of
the voltage across it. The field contains a considerable harmonic content along with the
fundamental frequency of operation. However, the detection circuits can disregard such
harmonics as will be described below. At the maximum frequency, T becomes zero and the
current waveform is triangular. Although the proportion at the fundamental is reduced, this
reduction is not serious. At low frequencies, when T is long, there is considerable "droop"
during T. The proportion of fundamental now drops considerably. Very low frequencies
are only used for products giving huge signals, so even a significant drop in drive is not

likely to be a limiting factor.

In order to be certain that two FETs of a pair are never conducting the same time, it
1s necessary to introduce a dwell after turning off one FET before turning on the other.
Each FET embodies a respective diode 19a to 22a across it. Immediately after FET 19
turns off in the above sequence, in order for I4 to continue flowing, "A" goes negative until
caught by the diode embedded in FET 21. The voltage drop across an "on" FET is less than
that across a diode, so when FET 21 turns on after the dwell, the current diverts to FET 21.
Note that, when fully on, a FET maintains its low resistance regardless of the direction of

the current. The sequence is the same for the other pair of FETs 20, 22.

In order to provide a satisfactory drive current, typically 10A peak to peak, but keep
power dissipation to safe levels, the supply current is set at 250 mA. It is too complex to
predict the value of t that will give this current for each size of detector at every operating

frequency. Therefore, supply current monitor 24 is included . After the frequency has been
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selected, the CPU 16 gradually increases t until a supply current of approximately 250 mA

1s reached.

Some products give signals that are so large that they would saturate the detection
coil amplifiers. In such situations, the CPU can detect a signal from the detection circuitry
described below and "t" can be selected to give a greatly reduced drive, at the expense of

reduced sensitivity.

From the above, it is seen that operation of the four FETs can be used to control "t"
and "T" and thus control both the frequency of operation and the drive current to optimise
the sensitivity of the detector circuit, by using a feedback signal from the detection circuitry

indicating when the detection coils are saturated.

The CPU 16 in dependence upon the information stored in look-up tables (not
shown) selects onc drive map stored in the electronically programmable logic device 17
which then sends appropriate signals to driver 18 to repeatedly control operation of the

FETs 19 to 22 in a predetermined manner.

In a preferred embodiment, the CPU 16 causes the drive circuit 15 to operate
sequentially at two different frequencies as will be described below, with reference to

Figure 11 and 12.

Referring now to Figures 11 and 12, there is illustrated in Figure 11 a preferred

embodiment of the invention comprising the driver circuit of Figure 9 along with
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appropriate detection circuitry. In the arrangement depicted in Figure 11, the driver 18,
FETs 19 to 22 and diode 19a to 22a of Figure 9 are for simplicity represented as driver

circuit 26, with the output connected across drive coil 4.

The detection coils 5 and 6 of Figures 5 and 6 are shown connected in parallel with

their outputs connected to high frequency amplifier 27.

In the embodiment of Figure 11, the CPU 16 is programmed to alternately cause the
drive coil 4 to be driven at first and second frequencies for consecutive periods P, as
illustrated in the timing diagram of Figure 12. The CPU 16 establishes two reference
square wave signals Vyen and Vi, which, as shown in the timing diagram of Figure 12, are
alternatively disabled. V.. and V,.p are input to the phase sensitive detectors 28 and 29,
respectively, together with the output of the high frequency amplifier 27. The output of
each phase sensitive detector is passed through respective low pass filters 30 and 31, whose
respective outputs arc amplified by low frequency amplifiers 32 and 33 before passing to
level detector and alarm unit 34. This unit 34 triggers an alarm if the si gnal from either of

the low frequency amplifiers 32 or 33 exceeds a predetermined threshold.

The level detector 34 also provides a feedback via line 35 to the central processor
unit 16, so that the central processor unit can detect when the detection coils 5, 6 are
saturating and in response thereto select a different drive map from the EPLD 17. The
signal received on line 35 from the level detector 34 enables the CPU to periodically select

different drive frequencies and monitor the sensitivity at a particular frequency and
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subsequently to determine a particular frequency or selection of frequencies to optimise

sensitivity.

In operation, the CPU 16, EPLD 17 and drive circuit 26 produce square waves of

precise frequencies and phase relationships as required by the application.

Figure 12 shows the drive waveform (Vp) toggling between the two frequencies, F1,
F2. "t" typically 2mS, gives a toggling frequency of 250 Hz. F1 and F2 may be 100 kHz
and 400 kHz respectively. This drives a substantial current, typically 10A peak to peak,

through the drive coil 4.

The signal from the product is sensed by the search coil and amplified by the HF

amp.

The controller produces a reference square wave, V., when the drive coil 4 is

being driven at F1 and is held in a disabling state when the drive coil 4 is being driven at F2.

The output of the phase sensitive detector PSD 28 is Vol. Vo1 =K. V,,.Cos A,
where K is a constant, V,, is the signal at the output of the HF amplifier 27 and A is the

phase difference between V,, and V. It is disabled when Vieri 1s disabled.

The controller sets the phase of V,.p so that, for non-contaminated products, A is 90
degrees. Cos A is therefore zero and V,1 is also zero. Most metals produce a signal of a

different phase from the product. Such a signal would therefore have different values for A,
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and yield a non-zero signal at V,1. This signal is then amplified and filtered. The toggling
frequency is chosen to be much higher than the cut-off point of the low pass element of the
filter. This therefore averages V,1. If large enough to be significant compared to the

system "noise", it triggers an appropriate alarm.

Ref2 works in exactly the same way with PSD2 to yield independent detection at F2.

The specific embodiments hereinbefore described have been given by way of
example only, and it will be appreciated that many modifications to the apparatus exist
within the scope of the appended claims. In particular, the apparatus of Figure 11 could be
operated at a single frequency and employ a single phase sensitive detector band, pass filter
and low frequency amplifier. Alternatively, the apparatus of F igure 11 could be driven
sequentially at more than two frequencies with an appropriate number of additional
reference frequencies being generated and an appropriate number of additional phase
sensitive detector, low pass filters and low frequency amplifier arrangements being

included in the circuit.
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Claims

l. Apparatus for scanning a product to detect metal on, in or associated with that
product, the apparatus comprising a means for establishing an alternating magnetic field in
a coil system and means for sensing changes in that ficld caused by the passage of the
product and any metal on, in or associated with the product, the apparatus being
characterised in furthcr comprising a drive circuit for establishing the alternating magnetic
field which drive circuit comprises a plurality of switches and a controller for said switches,
the controller and switches being arranged to alternately connect the coil system directly
across a potential difference to cause the coil system to be driven at an operating frequency

determined by the operation of the switches.

2. Apparatus as claimed in Claim 1, further comprising a detection circuit for
monitoring the coil system wherein the detection circuit comprises a phase sensitive

detcctor coupled to a low pass filter.

3. Apparatus as claimed in Claim 1 or 2, wherein the drive circuit comprises four
switches arranged as a full wave bridge circuit, wherein the coil system is connected across

the output of the bndge.

4. Apparatus as claimed in Claim 3, wherein the coil system comprises a drive coil and
a detection coil and wherein the drive coil is connected across the output of the full wave

bridge.
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5. Apparatus as claimed in Claim 1 or 2, wherein the drive circuit comprises two
switches alternately connccting the coil system across two potential differences of opposite

polarity.

6. Apparatus as claimed in any preceding claim, wherein the drive circuit includes a
monitor for the supply current to the coil system and wherein the drive circuit in response
to a signal from the supply current monitor limits the period for which the coil system is
connected across the potential difference so as to restrict the current through the coil

system.

7. Apparatus as claimed in any preceding claim, wherein the drive circuit is arranged

to operate the coil system at a selected one of a plurality of different frequencies.

8. Apparatus as claimed in Claim 7, wherein the drive circuit is arranged to operate the

coil system at a selected one of at least ten different frequencies.

9. Apparatus as claimed in Claim 7 or 8, further comprising a detection circuit for
monitoring an output of the coil system wherein the drive circuit is arranged to monitor the
output of the detection circuit and in dependence thercon select a frequency of operation to

maximise the sensitivity of the apparatus.

10.  Apparatus as claimed in Claim 7, 8 or 9 wherein the drive circuit comprises a

microprocessor and an electronically programmable logic device, the output of which
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clectronically programmable logic device controls said switches, wherein for a particular
coil system, a plurality of drive maps are stored in the electronically programmable logic
device each containing a switching sequence for the switches for a respective
predetermined frequency of operation of the apparatus, wherein the microprocessor selects

an appropriate map depending on the selected frequency of operation.

11.  Apparatus as claimed in any preceding claim, comprising an annular casing
arranged to permit the product to pass therethrough, the coil system being located in the

casing.

12 Apparatus as claimed in Claim 11, wherein the coil system comprises a drive coil
and a detection coil and one of the drive coil or detection coil comprises two coils at
separate locations arranged such that the presence of a metal will distort the magnetic field
associated with the drive coil and produce an imbalance in the output of the two coils of the

detcction coil resulting in a non-zero output from the detection coil.

13.  Apparatus as claimed in Claim 12, wherein the first of said two coils is arranged in a
plane perpendicular to the direction in which the product is to pass and is located only on
one side of the product and wherein the second of said two coils is arranged in a plane
perpendicular to the direction in which the product is to pass and is located only on the

other side the product.

14. Apparatus as claimed in Claim 13, wherein each of said two coils comprises a

square loop of conductor.
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15. Apparatus as claimed in any one of Claims 12, 13 or 14, wherein the said two coils

arc electrically connected 1n parallel.

16.  Apparatus as claimed in any preccding claim, comprising a screen located between
the coil system and the product, the screen comprising a non-conductive planar substrate

with closely spaced conductive tracks arranged in parallel on both sides of the substrate.

17. Apparatus as claimed in Claim 16, comprising an annular casing through which the
product is to pass, wherein one or more screens extend completely around the aperture

through which the product passes.

18.  Apparatus as claimed in any preceding for detecting metal particles in product, the
apparatus comprising an annular casing and a conveyor belt passing through the casing on

which the product is conveyed.

19.  Apparatus as claimed in Claim 18, arranged to sequentially switch between at least
two different operating frequencies such that any metal particle in a product will be subject

to scanning at different frequencies.

20.  Apparatus as claimed in any preceding claim, wherein the plurality of switches are

field effect transistors (FETs).

21.  Apparatus as claimed in any preceding claim for detecting metal in a food product.
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22.  Apparatus for scanning a product to detect metal in that product, the apparatus
comprising a drive coil, a drive circuit for the drive coil, a detection coil and a detection
circuit arranged to receive an output signal from the detection coil, characterised in that the
drive circuit sequentially operates the drive coil at a plurality of different frequencies such

that any metal particle in a product will be subject to scanning at different frequencies.

23.  Apparatus for scanning a product to detect metal in that product, substantially as
hereinbefore described, with reference to, and/or as illustrated in, one or more of the

accompanying figures.
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