
EP 0 249 980 B1 Description The present invention relates to a method and
an apparatus for detecting electrically-conductive material (hereinafter
simply referred to as "conductive material") contained in glass fiber in a
state of 5  maldistribution, and relates to a method and an apparatus in
which existence of fine conductive material which is possibly contained in
glass fiber can be detected easily and accurately when the glass fiber is
running in a manufacturing process of the glass fiber. Fine particles of
conductive material may sometimes be contained in a state of
maldistribution in glass fiber such as glass filaments, glass yarns or
strands, and the like, constituting glass roving or glass cloth. 10  This
is because glass may contain metal components due to batch material, clay
brick, or the like. The conductive material contained in glass fiber may
cause a problem that electrical insulating properties are deteriorated when
the glass fiber is applied to printed circuit substrates or the like.
Accordingly, it is necessary to remove such a part of the glass fiber which
contains conductive material during the manufacturing process of the glass
fiber. 15     The following methods for detecting conductive material
contained in a very small amount in glass fiber, are conventionally known:
a method which utilizes changes in dielectric constant, a method which
utilizes a phase difference in a microwave, and a method which utilizes
electric discharge. In the detection method utilizing changes in dielectric
constant, it is necessary to directly measure the dielectric constant of
glass fiber. In the detection method utilizing a phase difference in a
microwave, conductive material or a fault in 20 glass fiber is detected by
a phase difference between a transmitting waveform and a receiving waveform
of a microwave (JP-A-60-20138). In the detection method utilizing electric
discharge, conductive material contained in glass fiber is detected by
causing high-frequency discharge on the conductive material (JP-A-
59-214748). In the detection method utilizing changes in dielectric
constant, there is such a problem that when the 25  amount of conductive
material contained in glass fiber is extremely small, the value of a
dielectric constant to be measured is so small that a measuring instrument
becomes insufficient to indicate the value of a measured dielectric
constant so that measurement becomes impossible. Unless glass fiber is in a
stationary state, generally, it is impossible to measure a dielectric
constant, and therefore the detection method utilizing changes in
dielectric constant cannot be applied to the case where glass fiber is
moving. 30  Accordingly, there is a problem that this method cannot be
utilized at all in production management of glass fiber. In the detection
method utilizing a phase difference in a microwave as well as in the
detection method utilizing electric discharge, there is a disadvantage that
the capability of detecting conductive material contained in glass fiber
may be considerably lowered owing to an influence of a hiding action of
moisture, size, dust, or the like, attached on the surfaces of the glass
fiber. Granting that there is not such a hiding 35  action due to those
factors, among various kinds of conductive material contained in glass
fiber, it has been impossible to detect those smaller than 2 mm in length
in the axial direction of the glass fiber. The non-prepublished document WO
86/08364 describes a device for detection and identification of metal items
including a marginal oscillator with a resonant circuit. The resonant
circuit includes an inductor surrounding a path along which any metal items
are caused to travel. The frequency and amplitude 40  changes in the
oscillation produced by the oscillator due to the presence of a metal item
in the inductor are displayed on orthogonal axes of a graph and the graph
is used to identify the detected metal. DE-A-2 508 067 describes a device
for detecting metal particles in a flow of dielectric material which
measures the frequency shift of an osciallator upon passage of such a
particle through a self-induction coil which is part of the oscillator. 45
It is an object of the present invention to provide a method and an
apparatus for detecting electrically conductive material contained in glass
fiber, in which the conductive material can be detected even in the case
where the glass fiber is moving in the process of manufacturing the glass
fiber, in which only the conductive material maldistributed in the glass
fiber can be detected without being affected by moisture, size, dust, or
the like, attached on the surfaces of the glass fiber, and in which the
conductive material can so  be detected even if It is a minute one having a
length smaller than 2 mm in the axial direction of the fiber. The above
object is achieved, in accordance with the invention by a method of
detecting electrically conductive material in a dielectric material
comprising the steps of; making an oscillator oscillate, said oscillator
including a reactance element, moving the dielectric material, which may
contain electrically conductive material to be detected, in the vicinity of
said reactance element; detecting a change in 55   reactance of said
reactance element during movement of said dielectric material; and FM
detecting with a first detector an output of said oscillator and producing
an FM detection signal, and AM detecting with a second detector an output
of said oscillator and producing an AM detection signal; combining said AM
and 



FM detection signals to produce a composite signal, and comparing said
composite signal with a reference 2    EP 0 249 980 B1 value to produce a
further signal only when said composite signal is larger than said
reference value, thereby indicating that the change in reactance is caused
by the presence of electrically conductive material in said dielectric
material, said dielectric material being a glass fiber. The object of the
invention is also achieved by an apparatus detecting conductive material in
a 5  dielectric material comprising a reactance element disposed in the
vicinity of said dielectric material; means for moving said dielectric
material; an oscillator including said reactance element as a circuit
component thereof; and a first detector for FM detecting an output of said
oscillator to thereby produce an FM detection signal; and a second detector
for AM detecting the output of said oscillator to thereby produce an AM
detection signal; a composite wave generator for combining said AM and FM
detection signals to thereby 10   produce a composite signal, and a
comparator for comparing said composite signal with a reference value to
thereby produce a further signal only when a change in reactance is caused
by the presence of electrically conductive material in said dielectric
material, said dielectric material being a glass fiber. Other objects,
features and advantages of the present invention will be apparent more
fully from the following description taking in conjunction with the
accompanying drawings, wherein: 15    Fig. I is a block diagram showing the
detection apparatus according to the present invention; Fig. 2 is a
schematic view showing an arrangement of the detection coil in the
manufacturing process; Fig. 3 is a waveform diagram of an output signal of
an LC oscillator showing two states of oscillation; and Fig. 4 is a
waveform diagram showing states of generation of signals  [err], and [err]
and relation therebetween. 20     An embodiment according to the present
invention will be described hereunder with reference to the accompanying
drawings. Fig. I is a block diagram showing the apparatus for detecting
conductive material maldistributed in glass fiber according to the present
invention. In Fig. I, an oscillation coil I, which is a reactance element,
is connected to a loose coupling LC oscillator 2 so that the oscillation
coil I functions as a circuit component 25 for determining the state of
oscillation of the LC oscillator 2. As the LC oscillator 2, a known one may
be employed. The frequency of oscillation of the LC oscillator 2 is
generally selected to be within a range of from 10 MHz to 50 MHz in which
few noises are generally generated, and preferably, a frequency of 30 MHz
is used. Further, in the manufacturing process of glass fiber products, the
oscillation coil I is disposed at a position just below a size applicator
at a position (A in the drawing) between a cake 3 and a bobbin 4 in the 30
rewinding step, or at a position between a winder and a strand guide. The
dimensions of the oscillation coil I are selected to be small so as to have
a diameter of 3-10 mm and a length of 3-10 mm. The reference numeral 5
represents a part of glass fiber which is in the manufacturing process, the
glass fiber being arranged so as to pass through an inner space of the
oscillation coil I as shown in Fig. 2 or through an external space in the
vicinity of the oscillation coil I. In such an arrangement of the
oscillation coil I as 35  described above, when a portion of the glass
fiber 5 containing maldistributed exceedingly fine conductive material
passes through a space in the vicinity of the oscillation coil I, the
reactance (inductance) of the oscillation coil I is changed to thereby
change the state of oscillation of the LC oscillator 2. An oscillating
current produced from the LC oscillator 2 is supplied to an AM detector 6
and an FM detector 7 which are connected to the output of the LC oscillator
2 in parallel with each other. An AM 40  detection signal [err] taken out
by the AM detector 6 and an FM detecting signal [err] taken out by the FM
detector 7 are supplied to a composite wave generator 8, in which
respective amplitudes of these two signals [err] and [err] are added to
each other. The thus obtained composite signal Sa is amplified by an AC
amplifier 9 in the next stage. The thus amplified signal [err] is applied
to one of the two input terminals of a comparator 10. A reference voltage
[err] is applied to the other input terminal of the comparator 10 from a 45
voltage setter 11, so that the signal [err] is compared with the reference
voltage [err]. On the basis of the result of comparison, it is possible to
detect whether target conductive material is contained in the glass fiber 5
or not. The voltage setter 11 is arranged so as to be able to desiredly
change the set value of the reference voltage [err]. Accordingly, if a
desired value of the reference voltage [err] is set as a threshold, it is
possible to detect conductive material having a desired length and a
desired diameter. That is, when the signal S4 is 50  larger than the
reference voltage [err], a detection signal Ss is produced at the output of
the comparator 10 so as to prove the detection of conductive material. 



Next, description will be made as to the detecting operation of the thus
arranged detection apparatus. Fig. 3 shows waveforms of the oscillating
current produced from the LC oscillator 2 in two states, a waveform 20
being in a normal state, a waveform 21 being in a changed state. The
waveform 20 in the 55  normal state is generated in the case where the
glass fiber 5 is not passing through the inside of or the outside vicinity
of the oscillation coil I, or in the case where no conductive material is
contained in the glass fiber 5 even though the glass fiber 5 is actually
passing through or by the oscillation coil I. That is, the waveform 20 is
generated in the condition that the inductance of the oscillation coil I is
not changed but 3    EP 0 249 980 B1 kept in its initial value so that the
LC oscillator 2 is kept to continue oscillation in the initially set state.
In this case, generally, moisture or size attached on the surface of the
glass fiber 5 is being detected. The waveform 21 in the changed state, on
the contrary, is generated in the case where glass fiber containing
conductive material is passing in the vicinity of the oscillation coil I.
That is, the waveform 21 is generated 5  under the condition that the
inductance of the oscillation coil I is changed by the existence of the
conductive material to thereby change the state of oscillation of the LC
oscillator 2. However, when the conductive material is contained in the
glass fiber by a very small amount, the change in waveform of the
oscillating current is small even though the waveform is changed, and
therefore it is difficult to distinguish the waveform of the oscillating
current in the changed state from that in the normal state. Thus, the
inductance 10 of the oscillation coil I is changed in accordance with the
existence of conductive material in the glass fiber 5, so that the output
signal of the LC oscillator 2 has either one of the waveforms 20 and 21.
The waveforms 20 and 21 are different from each other in amplitude as well
as in frequency. The output signal of the LC oscillator 2 is branched so as
to be supplied to the AM detector 6 and FM detector 7. The AM detector 6 is
arranged to detect the oscillation signal in AM manner, and the FM is
detector 7 is arranged to detect the oscillation signal in FM manner. The
diagrams (A) and (B) of Fig. 4 show voltage waveforms of the AM detection
signal [err] and the FM detection signal [err] respectively. It is
empirically known that the AM detection signal [err] and the FM detection
signal [err] have the following features with respect to the changes in
waveform. That is, when a portion of the glass fiber 5 containing
conductive material passes in the vicinity of the oscillation coil I, the
inductance of the oscillation coil I is 20 changed to thereby change the
respective waveforms of the signals [err] and [err] towards the positive
side (portions 22 and 23 in the drawing). Thereafter, when only a portion
of the glass fiber 5 on which moisture or size is attached passes through
or by the oscillation coil I, on the contrary, the inductance of the
oscillation coil I is changed again to thereby change the respective
waveforms of the signals [err] and [err] towards the negative and positive
sides respectively (portions 24 and 25 in the drawing). In this case, the
25 AM detection signal [err] and the FM detection signal [err] are adjusted
in advance to have the same amplitudes as each other by means of any proper
circuit component. As described above, in the case of the FM detection
signal [err], conductive material is detected in the same signal state as
that in the case of moisture and size, and therefore, the former cannot be
distinguished form the latter. In the case of the AM detection signal
[err], on the contrary, the waveform is generally inverted between
detection of conductive so material and detection of moisture or the like,
and therefore the former can be clearly distinguished from the latter.
However, strictly speaking, even in case of the AM detection signal [err],
there is a possibility that in the case of detection of moisture or the
like, the waveform is changed towards the positive side by a hunting
phenomenon due to an influence of the moisture attached on the surface of
the glass fiber 5, and therefore conductive material and moisture or the
like cannot be strictly distinguished from each other by 35 use of only the
AM detection signal Si. Therefore, the signals [err] and [err] are supplied
to the composite wave generator 8 in the next stage so as to be combined
with each other synchronously at a point in time when both the signals
[err] and [err] are changed. As a result, in the output signal Ss of the
composite wave generator 8, a waveform 26 which is a result of summation of
the signals [err] and [err] is generated as shown in the diagram (C) of
Fig. 4 when the 40 signals [err] and [err] are in phase (waveforms 22 and
23 respectively) upon detection of conductive material, while substantially
no change is generated upon detection of moisture or the like because the
signals [err] and [err] are different in phase by 180 degrees (waveforms 24
and 25 respectively) so that the signals [err] and [err] are canceled by
each other. Further, in the case of the output signal [err], even if a
waveform is generated to a certain extent, the generated waveform can be
clearly distinguished from the above-mentioned 45  waveform 26. As
described above, the inductance of the oscillation coil I is changed in
either case of 



detection of conductive material and detection of only moisture or the
like. However, the detection apparatus of this embodiment is arranged such
that the change in signal is detected as a change in amplitude as well as
in frequency in the AM detection signal [err] and the FM detection signal
[err] and both the detection signals [err] and [err] are combined with each
other by the composite wave generator 8, so that 50  only the detection of
conductive material can be accurately performed with no erroneous
recognition. The thus obtained signal [err] is then amplified by the AC
amplifier 9 to a desired level, and the thus amplified signal [err] is
applied to the comparator 10 so as to be compared with the reference
voltage [err]. In the case where the signal [err] is larger than the
reference voltage [err], a conductive material detection signal [err] is
produced. The signal [err] is further supplied to an alarm device 12 in the
next stage so as to inform a 55 worker of detection of conductive material.
At the same time, the signal [err] is transferred to an automatic removal
apparatus 13 to actuate the latter to cut the glass fiber by a cutter so as
to remove a portion of the glass fiber containing the conductive material.
Then, the worker connects the cut glass fiber again. It Is possible to
automatize all the steps of the work described above by using the signal
[err]. 4    EP 0 249 980 B1 The coil is used as a reactance element in the
foregoing embodiment. The shape of the coil may be desirably modified.
Further, in place of the coil, a capacitor having a predetermined shape may
be used. Moreover, according to the present invention, conductive material
contained in glass fiber can be detected to a minimum diameter is 0.5 [err]
and a minimum length of 0.5 mm. 5     In the detection apparatus according
to the present invention, particularly, existence of conductive material
can be checked with respect to all the portions of glass fiber in every
step in the manufacturing process, so that satisfactory detection can be
performed. In the detection apparatus according to the present invention,
however, it is not always required that the glass fiber and the reactance
element included in the detection apparatus move relative to each other.
Even 10   in the case where glass fiber is stationarily disposed in the
vicinity of the reactance element, if conductive material is contained in
the glass fiber, the detection apparatus according to the present invention
can detect the conductive material. Next, description will be made as to an
example to which the detection apparatus according to the present invention
is actually applied. As shown in Fig. 2, a cylindrical oscillation coil I
having a length of 7 15 mm and an inner diameter of 5 mm was disposed
between a cake 3 and a spindle 14 of a rewinder, and glass fiber 5 was
caused to run through an inside space of the oscillation coil I. The
oscillation coil I is arranged as shown in Fig. I so that a change in
inductance corresponding to conductive material (mainly, iron sulfide,
nickel sulfide, chromium, iron, nickel, copper, or gold) contained in the
glass fiber 5 is detected as a change in voltage signal [err]. The glass
fiber 5 was running, for example, at a speed of 100 m/min. 20 Assuming that
a composite wave signal [err] having a voltage value of L [mV] is generated
when conductive material having a length of K [mm] is contained the glass
fiber 5. This signal [err] was amplified with 94 dB in the AC amplifier 9
and transferred to the comparator 10 in which a reference voltage [err] was
so that conductive material having a length of 0.5 mm can be detected. When
the signal [err] having a value larger than the voltage value [err] was
applied to the comparator 10, the signal Ss was produced from the 25
comparator 10. The automatic removal apparatus 13 was actuated to cut the
glass fiber 5 so as to remove a portion of the glass fiber containing
conductive material. Then, the operator stopped the spindle 14 and carried
out the succeeding processing such as connection of the glass fiber 5, or
the like. In this case, arrangement may be made such that a printer or the
like is actuated through a relay to record the time when conductive
material is detected, the time of working such as cutting, or the like.
Data recorded by the 30 printer are utilized for study of working
efficiency. The frequency used in the LC oscillator 2 was 30 MHz. The
following table shows the results of the experiment. Moving speed of Glass
fiber   K [mm]   L [mV] 35                                   100
0.5        50 m/min               1.0      100 1.5      170 2.0      300
3.0      500 40                                                       5.0
800 7.0     1700 



10.0     3500 As apparent from the foregoing explanation, the detection
apparatus according to the present invention is arranged such that a
reactance element which is a constituent component of an oscillator set in
a predetermined state of oscillation is disposed in a manufacturing process
of glass fiber so that conductive material contained in the glass fiber can
be detected on the basis of a change in state of oscillation of the
oscillator due to a mutual action between the conductive material and the
reactance element. Therefore, only the conductive material maldistributed
in glass fiber can be detected easily and accurately under the condition
that the glass fiber is running, with no influence of moisture or the like
attached on the glass fiber. Further, even extremely fine conductive
material can be detected. Moreover, it is possible to carry out checking
for all the products of glass fiber. Accordingly, there is such an
advantage that all the inferior portions of glass fiber can be removed. 55
Claims 1. A method of detecting electrically conductive material in a
dielectric material comprising the steps of: making an oscillator (2)
oscillate, said oscillator (2) including a reactance element (1);    EP 0
249 980 B1 The coil is used as a reactance element in the foregoing
embodiment. The shape of the coil may be desirably modified. Further, in
place of the coil, a capacitor having a predetermined shape may be used.
Moreover, according to the present invention, conductive material contained
in glass fiber can be detected to a minimum diameter is 0.5 [err] and a
minimum length of 0.5 mm. 5     In the detection apparatus according to the
present invention, particularly, existence of conductive material can be
checked with respect to all the portions of glass fiber in every step in
the manufacturing process, so that satisfactory detection can be performed.
In the detection apparatus according to the present invention, however, it
is not always required that the glass fiber and the reactance element
included in the detection apparatus move relative to each other. Even 10
in the case where glass fiber is stationarily disposed in the vicinity of
the reactance element, if conductive material is contained in the glass
fiber, the detection apparatus according to the present invention can
detect the conductive material. Next, description will be made as to an
example to which the detection apparatus according to the present invention
is actually applied. As shown in Fig. 2, a cylindrical oscillation coil I
having a length of 7 is  mm and an inner diameter of 5 mm was disposed
between a cake 3 and a spindle 14 of a rewinder, and glass fiber 5 was
caused to run through an inside space of the oscillation coil I. The
oscillation coil I is arranged as shown in Fig. I so that a change in
inductance corresponding to conductive material (mainly, iron sulfide,
nickel sulfide, chromium, iron, nickel, copper, or gold) contained in the
glass fiber 5 is detected as a change in voltage signal [err]. The glass
fiber 5 was running, for example, at a speed of 100 m/min. 20 Assuming that
a composite wave signal [err] having a voltage value of L [mV] is generated
when conductive material having a length of K [mm] is contained the glass
fiber 5. This signal [err] was amplified with 94 dB in the AC amplifier 9
and transferred to the comparator 10 in which a reference voltage [err] was
so that conductive material having a length of 0.5 mm can be detected. When
the signal [err] having a value larger than the voltage value [err] was
applied to the comparator 10, the signal [err] was produced from the 25
comparator 10. The automatic removal apparatus 13 was actuated to cut the
glass fiber 5 so as to remove a portion of the glass fiber containing
conductive material. Then, the operator stopped the spindle 14 and carried
out the succeeding processing such as connection of the glass fiber 5, or
the like. In this case, arrangement may be made such that a printer or the
like is actuated through a relay to record the time when conductive
material is detected, the time of working such as cuffing, or the like.
Data recorded by the 30  printer are utilized for study of working
efficiency. The frequency used in the LC oscillator 2 was 30 MHz. The
following table shows the results of the experiment. Moving speed of Glass
fiber   K [mm]   L [mV] 35                                   100
0.5       50 m/min               1.0      100 1.5      170 2.0      300 3.0
500 40                                                       5.0      800
7.0     1700 



10.0     3500 As apparent from the foregoing explanation, the detection
apparatus according to the present invention is arranged such that a
reactance element which is a constituent component of an oscillator set in
a predetermined state of oscillation is disposed in a manufacturing process
of glass fiber so that conductive material contained in the glass fiber can
be detected on the basis of a change in state of oscillation of the
oscillator due to a mutual action between the conductive material and the
reactance element. Therefore, only the conductive material maldistributed
in glass fiber can be detected easily and accurately under the condition
that the glass fiber is running, with no influence of moisture or the like
attached on the glass fiber. Further, even extremely fine conductive
material can be detected. Moreover, it is possible to carry out checking
for all the products of glass fiber. Accordingly, there is such an
advantage that all the inferior portions of glass fiber can be removed. 55
Claims 1. A method of detecting electrically conductive material in a
dielectric material comprising the steps of: making an oscillator (2)
oscillate, said oscillator (2) including a reactance element (1); 5    EP 0
249 980 B1 moving said dielectric material, which may contain electrically
conductive material to be detected, in the vicinity of said reactance
element (1); detecting a change in reactance of said reactance element (1)
during movement of said dielectric material; and 6         FM detecting
with a first detector (7) an output of said oscillator (2) and producing an
FM detection signal [err]; characterized by AM detecting with a second
detector (6) an output of said oscillator (2) and producing an AM detection
signal [err]; combining said AM and FM detection signals [err] to produce a
composite 10     signal [err], and comparing said composite signal [err]
with a reference value [err] to produce a further signal [err] only when
said composite signal [err] is larger than said reference value [err],
thereby indicating that the change in reactance is caused by the presence
of electrically conductive material in said dielectric material, said
dielectric material being a glass fiber (5). 16 2. An apparatus detecting
electrically conductive material in a dielectric material comprising: a
reactance element (1) disposed in the vicinity of said dielectric material;
means for moving said dielectric material; an oscillator (2) including said
reactance element (1) as a circuit component thereof; and 20       a first
detector (7) for FM detecting an output of said oscillator (2) to thereby
produce an FM detection signal [err]; characterized by a second detector
(6) for AM detecting the output of said oscillator (2) to thereby produce
an AM detection signal [err]; 25         a composite wave generator (8) for
combining said AM and FM detection signals  [err] to thereby produce a
composite signal [err], and a comparator (10) for comparing said composite
signal (S3,S4) with a reference value [err] to thereby produce a further
signal (Ss) only when a change in reactance is caused by the presence of
electrically conductive material in said dielectric material, said
dielectric material being a glass fiber (5). 30 3. A conductive material
detection apparatus according to claim 2, wherein said reference value
[err] is made to be adjustable to a desired value. 4. A conductive material
detection apparatus according to claim 3, wherein said reactance element
(1) 35     includes a coil. 5. A conductive material detection apparatus
according to claim 4, wherein said glass fiber (5) is arranged so as to
pass through the inside of said coil. 40  6. A conductive material
detection apparatus according to any of claims 1 to 5, wherein said
oscillator (2) is an LC-oscillator. 



Revendlcatlons 46 1. Procedd pour ddtecter un matdriau 6lectriquement
conducteur dans un matdriau dielectrique compre- nant les 6tapes de: - mise
en oscillation d'un oscillateur (2), ledit oscillateur (2) comprenant un
6l6ment A reactance (1) - miss en mouvement dudit mat~riau di6lectrique,
qui pout contenir un mat~riau 6lectriquement 60          conducteur a
ddtecter, dans le voisinage dudit 6lment & reactance (1); - d6tection d'une
modification de la reactance dudit elment A reactance (1) pendant le
mouvement dudit matdriau di6lectrique ; et - d6tection FM par un premier
d6tecteur (7) d'une sortie dudit oscillateur (2) produisant un signal de
detection FM (82); 55          caract~ris4 par: - une detection AM par un
second ddtecteur (6) d'une sortie dudit oscillateur (2) produisant un
signal de d6tection AM (SI); - combinaison desdits signaux de detection AM
et FM (Si, 82) afin de produire un signal 6  8111111kl  ll l    EP 0 249
980 Bi composite (S3, S4); et - comparaison dudit signal composite (S3, 84)
avec une valeur de rdftrence (Vo) afin de produire ensuite un signal (S5)
uniquement quand ledit signal composite (S3, S4) est supnrieur & ladito
valeur de rdfdrence (Vo), indiquant ainsi quo la modification de la
reactance est provoqude par la 5           presence d'un matdriau
dlectriquement conducteur dans ledit materiau dielectrique, ledit matdriau
didlectrique dtant une fibre de verre (5). 2. Appareil pour ddtecter un
matdriau diectriquement conducteur dans un matnriau didlectrique compre-
nant: 10       - un 4lment a reactance (1) disposa au voisinage dudit
matdriau di6lectriqueo - des moyens pour mettre en mouvement ledit materiau
dielectrique; - un oscillateur (2) comprenant ledit dldment & r6actance (1)
comme composant de son circuit ; et - un premier ddtecteur (7) pour la
d~tection FM d'une sortie dudit oscillateur (2) afin de produire ainsi un
signal de ddtection FM (S2); 15          caracterise par: - un second
d6tecteur (6) pour la ddtection AM de la sortie dudit oscillateur (2) afin
de produire ainsi un signal de detection AM (Si); - un gen~rateur d'onde
composite (8) afin de combiner lesdits signaux de d6tection AM et FM (Si,
S2) pour produire ainsi un signal composite (SB, S4) ; ot 20        - un
comparateur (10) afin de comparer ledit signal composite (SS, S4) avec une
valeur de r6f~rence (Vo) pour produire ainsi un autre signal (Ss)
uniquement quand une modification de rdactance est provoqu6e par la
prdsence d'un mat~riau 4lectriquement conducteur dans ledit matdriau
didlectrique, ledit matdriau didlectrique 6tant une fibre de verre (5). 25
3. Appareil pour ddtecter un materiau conducteur suivant la revendication
2, dans lequel ladite valour de rdf~rence (Vo) est prdvue pour 8tre
ajustable a une valeur souhaitoe. 4. Appareil pour ddtecter un mat6riau
conducteur suivant la revendication 3, dans lequel ledit 4l6ment a
rdactance (1) comprend une bobine. 30 5. Appareil pour ddtecter un matdriau
conducteur suivant la revendication 4, dans loquel ladite fibre de verre
(5) est agencde de telle sorte qu'elle passe a l'int6rieur de ladite
bobine. 6. Appareil pour ddtecter un matdriau conducteur suivant l'une
quelconque des revendications 1 a 5, dans 95     lequel ledit oscillateur
(2) est un oscillateur LC. PatentansprUche L       1. Verfahren zum
Ermitteln von elektrisch leiffihigem Material in einem dielektrischen
Material, mit den 40     Schritten: Veranlassen eines Oszillators (2) zu
schwingen, wobei der Oszillator (2) ein Reaktanzelement (1) einschlielt;
Bewegen des diolektrischen Materials, welches zu ermittelndes, elektrisch
leitfiahiges Material enthalten mag, in die Umgebung des Reaktanzelementes
(1); 



45     Ermitteln einer Reaktanzinderung des Reaktanzelementes (1) wahrend
einer Bewegung des dielektri- schen Materials; und FM Detektieren einer
Ausgabe des OsAzillators (2) mit einem ersten Detektor (7), und Erzeugen
oines FM Deteltionssignales (82); gekennzaichnet durch 50     AM
Detektieren einer Ausgabe des OsAzillators (2) mit einem zweiten Detektor
(6), und Erzeugen oines AM Detektionssignales (Si); Kombinieren der AM und
FM Detektionssignale (SI, S2), um ein Verbundsignal (S3, S4) zu erzeugen,
und Vergleichen des Verbundsignales (S3, S4) mit einem Referenzwert (Vo),
um ein weiteres Signal (S5) nur 55     zu erzeugen, wenn das Verbundsignal
(S3, S4) gr6oier iat als der Referenzwert (Vo), um dadurch anzuzeigen, daB
die Reaktanzinderung durch die Gogenwart von elektrisch leitffihigem
Material in dem dielektrischen Material verursacht wird, wobei das
dielektrische Material eine Glasfaser (5) ist. 7 * C   L   M   S *    EP 0
249 980 B1 2. Vorrichtung, welche elektrisch leitffhiges Material in einem
dielektrischen Material ermittelt, mit einem in der Umgebung des
dielektrischen Materials angeordneten Reaktanzelement; einer Einrichtung
zum Bewegen des dielektrischen Materials; einem Oszillator (2), welcher das
Reaktanzelement (1) als einen Schaltkreisbestandteil davon ein- 6
schlieBt; und einem ersten Detektor (7) zum FM Detektieren einer Ausgabe
des Oszillators (2), umr dadurch ein FM Detektionssignal (S2) zu erzeugen;
gekennzelchnet durch einen zweiten Detektor (6) zum AM Detektieren der
Ausgabe des Oszillators (2), um dadurch ein AM 10     Detektionssignal (Si)
zu erzeugen; einen Verbundwellengenerator (8) zum Kombinieren der AM und FM
Detektionssignale (Si, S2), um dadurch ein Verbundsignal (S3, S4) ZU
erzeugen, und einen Komparator (10) zum Vergleichen des Verbundsignales
(Ss, 84) mit einem Referenzwert (VO), um dadurch ein weiteres Signal (S5)
nur zu erzeugen, wenn eine Reaktanzveranderung durch die Gegen- 15     wart
von elektrisch leiffahigem  Material in dem  dielektrischen Material
bewirkt wird, wobel das dielektrische Material eine Glasfaser (5) ist. 3.
Vorrichtung zum Ermittein von leitfghigem Material nach Anspruch 2, worin
der Referenzwert (VO) auf einen gewUnschten Wert abgleichbar ausgelegt ist.
20 4. Vorrichtung zum Ermitteln von leitffhigem Material nach Anspruch 3,
worin das Reaktanzelement (1) elne Spule einschlieBt. 5. Vorrichtung zum
Ermittein von leitffhigem Material nach Anspruch 4, worin die Glasfaser (5)
angeord- 25     net ist, durch das Innere der Spule hindurch zu gehen. 6.
Vorrichtung zum Ermitteln von leiffahigem Material nach einem der AnsprUche
1 bis 5, worin der Oszillator (2) ein LC-Oszillator ist. 30 35 40 45 50 55
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