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THICKNESS DETECTING CALIPER FOR
SHEET MATERIAL HAVING ELASTIC ARMS
WITH PRINTED COILS

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

BACKGROUND OF THE INVENTION

The present 1nvention relates to a thickness detector for
detecting a thickness of a paper sheet or the like.

In a conventional thickness detector using a belt to convey
a paper sheet a roller having a fixed shaft and a movable
roller having a support structure are used. These rollers are
movable vertically and are paired in opposition to each
other. opposed to each other and paired. When a paper sheet

or the like passes between the pair of rollers, a displacement
amount of the movable roller 1s detected as a thickness of the

object. In this case, a plurality of pairs of rollers are disposed
to measure a thickness distribution of the object 1n the

direction perpendicular to the conveyance direction of the
object.

In a conventional apparatus using another detection
method, optical range-meters are provided at predetermined
intervals above and below an object to be measured,
opposed to each other. The distance to the object 1s measured
by each of the optical range-meters, to detect the thickness
thereol.

In the above-described method of detecting a thickness by
a displacement of a roller, the roller has a certain weight, and
therefore, a paper sheet or the like sometimes jams into the
roller. Also, this method achieves only a low response ability
to a rapid change caused when the top end of an object
running enters into between rollers, when the rear end of the
object comes out from between the rollers, or when a surface
onto which a tape 1s adhered passes. Therefore, the detection
speed 1s limited. Consequently, there has been a demand for
a detector capable of detecting the thickness of an object
being conveyed at a high speed with high accuracy.

In case of detecting a thickness distribution 1n the width-
wise direction by disposing pairs of rollers, the rollers
cannot be provided tightly due to roller support members
and the like. It 1s therefore diflicult to raise the resolution 1n
the widthwise direction. Further, there 1s a problem that a
swing of an object may be measured as displacement of the
roller so that the detection accuracy is deteriorated when an
object swings 1n the thickness direction while running. From
the view point of manufacture, the manufacturing cost 1s
high since the processing accuracy of the rollers and roller
support members must be raised to reduce rattling during
rotation of the rollers.

In the above-described method of detecting a thickness
using optical range-meters, the amount of reflection light
changes depending on the coloring of an object to be
measured, and therefore, errors are included 1n the thickness
measurement results. An optical range-meter which 1s not
influenced by the coloring of an object 1s expensive, and has
a large outer size which restricts the space where the range
finder can be 1nstalled. Theretore, there has been a demand
for a low priced thickness detector, which 1s not influenced
by the coloring of an object to be measured and which does
not occupy a large installation space.

BRIEF SUMMARY OF THE INVENTION

The present invention therefore has an object of providing
a thickness detector which achieves a high response ability
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to a rapid change of the thickness of an object to be
measured and 1s capable of detecting the thickness of a paper
sheet or the like running at a high speed.

The present invention has another object of providing a
thickness detector 1n which a plurality of thickness detecting

portions are provided to be close to each other in the
widthwise direction of an object to be measured.

—

T'he present invention has another object of providing a
thickness detector which 1s not influenced by a swing of an
object to be measured, 1n the thickness direction of the
object.

The present invention has vet another object of providing
a thickness detector at a low price, which 1s not influenced
by coloring of an object to be measure.

In order to achieve the above objects, according to an
aspect of the present invention, there 1s provided a thickness
detector comprising: a pair of elastic members opposed to
cach other so as to hold an object to be measured, and having
top end portions which are brought into contact with both
surfaces of the object, the top end portions being provided
with coil, respectively; and measurement means for mea-
suring a clearance between the top end portions of the pair
ol elastic members, as a thickness of the object, by using
inductances of the coils respectively provided for the elastic
members.

Each of the elastic members 1s constituted by two or more
clastic films adhered to each other by an adhesive member
which functions as a damping material. Each of the coils of
the elastic members consists of printed coils provided
respectively on both sides of one of the elastic films and
connected to each other by a through-hole.

The mass of the top end portions of the elastic members
which detect the thickness of an object to be measured 1s
small, and a damping member 1s provided 1n each of the
clastic members. It 1s therefore possible to provide a thick-
ness detector which has an excellent response ability to a
rapid change of thickness of the object to be measured, 1s
capable of detecting the thickness of a paper sheet or the like
running at a high speed, and is not intfluenced by the switch
of the object in the thickness direction thereof.

The coils provided at the top end portions of the elastic
members are connected 1n series with each other, function-
ing as a detection coil, and the measurement means 1includes
a bridge circuit consisting of a first resistor connected 1n
series with the detection coil, a second resistor having a
resistance equal to that of the first resistor, and a dummy coil
connected 1n series with the second resistor and having an
inductance which 1s equal to that of the detection coil. The
measurement means further includes a differential amplifier
having a first input connected to a connection point between
the detection coil and the first resistor and a second input
connected to a connection portion between the dummy coil
and the second resistor, an oscillator for supplying a sine
wave to the bridge circuit, and means for outputting a signal
representing the thickness of the object, using an output of
the diflerential amplifier. The measurement means 1s thus
constituted by a simple electric circuit. It 1s therefore pos-
sible to provide a thickness detector at a low price, which 1s
not influenced by coloring of an object to be measured.

A wear-resistance member 1s provided on a surface of
cach of the elastic members that 1s brought into contact with
the object sliding thereon, and the wear-resistance member
1s made of ceramics of diamond like carbon film.

Since each of the elastic members can be easily con-
structed to have a small overall width, a plurality of pairs
cach consisting of the elastic members can be easily pro-
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vided 1n a direction perpendicular to the conveyance direc-
tion 1n which the object to be measured 1s conveyed. It 1s
therefore possible to provide a thickness detector capable of
detecting a thickness distribution of an object 1n the width-
wise direction thereof.

Additional objects and advantages of the mvention will be
set forth 1n the description which follows, and 1n part will be
obvious from the description, or may be learned by practice
of the invention. The object and advantages of the mnvention
may be realized and obtained by means of the mnstrumen-
talities and combinations particularly pointed out hereinai-
ter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate presently
preferred embodiments of the invention, and together with
the general description given above and the detailed descrip-
tion of the preferred embodiments given below, serve to
explain the principles of the invention.

FIG. 1 1s a view schematically showing the structure of a
thickness detecting device according to the invention;

FIG. 2 1s a view schematically showing the structure of a
thickness detector according to an embodiment of the
present mvention;

FIG. 3 1s a plan view of a thickness detector;

FIG. 4 1s a view for explaining the structure of a main part
of a thickness detector;

FIG. 3 15 a plan view showing the structure of a coil in an
elastic film;

FIG. 6 1s a view showing the structure of a coil in an
elastic film;

FIG. 7 1s a view showing a modification example of a
thickness detector;

FIG. 8 1s a block diagram showing a thickness signal
detection circuit; and

FI1G. 9 1s a view showing an output example of a thickness
signal detection circuit.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

In the following, embodiments of the present mvention
will be explained with reference to the drawings.

FIG. 1 shows the structure of a thickness detecting device
30 according to an embodiment of the present invention. The
thickness detecting device 30 includes a thickness detector
31, a thickness signal detecting circuit 32 and feed rollers 33
and 34. The thickness signal detected by the thickness signal
detecting circuit 32 1s supplied to a host computer. The host
computer 40 processes the thickness signal.

FIG. 2 1s a block diagram showing the thickness detector
31. An object 1 to be measured 1s a paper sheet such as a post
card and 1s moved 1n the direction of the arrow A, held by
a conveyer means such as a conveyer belt or the like not
shown. Elastic members 2 and 3 are provided respectively 1n
both sides of the object 1, with their ends fixed to support
portions 6a and 6b. The other ends of the elastic members 2
and 3 are arranged so as to push each other, respectively kept
in contact with both surfaces of the object 1. The surfaces of
the elastic members 2 and 3 opposite to the surfaces thereof
which are brought into contact with the object 1 are provided
with coils 4 and 5, respectively. Leads 7 and 8 of the coils
4 and 5 are connected to a circuit which will be described
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later. The conveyer means for the object 1 may be conveyer
rollers provided 1n the front and rear sides of the thickness
detector.

FIG. 3 15 a plan view showing the structure shown 1n FIG.
2. As shown 1n FIG. 3, the elastic member 2 has a narrow
strip-like shape and has an end supported on the support
portion 6a and another end including a portion (or to end
portion) which 1s brought into contact with the object and
which 1s provided with the coil 4. The elastic member 3 has
the same structure as the elastic member 2 as shown 1n FIG.
3. The coi1l 4 provided at the top end portion of the elastic
member 2 and the coil 5 provided at the top end portion of
the elastic member 3 are opposed to each other.

In FIGS. 2 and 3, when the object 1 i1s not present, the
elastic members 2 and 3 are in contact with each other,
pushing each other. When an object 1 1s moved 1n the
direction of the arrow A and enters mto between the elastic
members 2 and 3, the elastic members 2 and 3 are respec-

tively pushed and opened in the directions of the arrows B
and C.

FIG. 4 shows the details of the elastic members 2 and 3.
As shown 1n FIG. 4, the elastic member 2 1s formed by
integrating elastic films (such as polyimide films) 2a and 2b
with each other by an adhesion 2¢ such as an adhesive
double-coated tape or the like. The adhesion also serves as
a damping material for damping vibrations of the elastic
films 2a and 2b. Like the elastic member 2, the elastic
member 3 1s constructed by integrating the elastic films 3a
and 3b with each other by an adhesion 3c. The coil 4
(consisting of 4a and 4b) and the coil 5 (consisting of 5a and
5b) are formed by printed coils provided on the elastic film
2a and the elastic film 3a, respectively. A wear-resistance
member 9 serves to prevent the elastic members 2 and 3
from being worn due to sliding of an object 1 on the elastic
films 2b and 3b. The wear-resistance member 9 1s obtained
by fixing a wear-resistance material onto the elastic films 2b
and 3b by coating or the like, and 1s made of a DLC
(Diamond-Like Carbon) thin film (having a thickness of
0.8u, for example), a ceramics thun film, or the like. A DLC
thin film 1s made of material which has a crystal lattice
similar to that of diamond.

The wear-resistance member 9 also serves to prevent
output signals from being changed as the clearance between
the coils 4 and 5 1s gradually reduced by wear of those
portions of the elastic members 2 and 3 and the object 1 that
are brought into contact with each other during sliding
movement, or serves to prevent the coils 4 and 3 from being
worn. As shown 1n FIG. 4, the wear-resistance members 9
are fixed to those portions of the elastic films 2b and 3b that
are brought into direct contact with the object 1 to be
measured, thereby to prevent wear of the elastic films 2b and
3b. According to experiments made by the present inventors,
the elastic films were almost worn out after 300,000 sheets
of papers passed as objects 1 to be measured where the
clastic films 2b and 3b were polyimide films and no wear-
resistance member 9 was provided. However, where DLC
films were provided as the wear-resistance members 9, no
wear was found even aiter 1,000,000 sheets of papers passed
and the detector could be used for a long period.

FIGS. § and 6 show the structure of the coil 4. As shown
in FIGS. 5 and 6, 1n the coil 4 (including 4a and 4b), for
example, a coil 4a 1s formed of a conductive spiral printed
wire at the top end portion of the elastic film 2a on the front
surface thereof, and another coil 4b having the same coil
direction 1s formed on the back surface of the top end portion
of the elastic film 2a, like the front surface. Further, the coils
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da and 4b on the front and back surfaces are connected by
a conductive through-hole member 4c. The coils 4a and 4b
are connected with leads 7 and 8 by terminals 4d and 4e,
respectively. Note that the coil 5 (including 5Sa and 5b) 1s
constructed i the same structure as the coil 4 and 1is
arranged to be opposed to the coil 4.

FIG. 7 shows an embodiment 1n which a plurality of pairs
cach consisting of the elastic members 2 and 3 shown 1n
FIG. 2 are disposed. As shown i FIG. 7, pairs 10a, 10b,
10c, . . ., 10n of elastic members are disposed 1n a direction
(or widthwise direction) perpendicular to the conveyance
direction of an object 1 to be measured, and each of the pairs
detects the thickness of the object 1. By thus detecting the
thickness of the object 1 in the widthwise direction, the
distribution of the thickness of the object 1 1s detected. It a
plurality of pairs each consisting of the elastic members 2
and 3 are thus disposed in the widthwise direction of the
object 1, the thickness distribution of the object 1 can be
measured. In addition, the resolution of the thickness dis-
tribution can be raised by reducing the width of each elastic
member and by increasing correspondingly the number of
pairs of elastic members.

FIG. 8 shows a thickness signal detection circuit 20. A
bridge circuit 12 includes two fixed resistors R1 and R2
having resistances equal to each other, a detection coil 12a
constructed by connecting a coil 4 (including 4a and 4b) and
a coil 5 (including 5a and 5b) in series with each other, a
dummy coil 12b, and balance control resistors 18 and 19.

The dummy coil 12b 1s constructed by layering two
printed coils D1 and D2 with a constant interval inserted
therebetween, like the coils 4 and 5, and by connecting the
coils D1 and D2 1n series with each other. The inductance of
the dummy coil 12b 1s substantially equal to the inductance
of the detection coil 12a when the clearance between the
clastic members 2 and 3 1s zero, 1.e., when no object 1s
present between the elastic members 2 and 3. The dummy
coil 12b 1s provided to reduce errors caused by a change of
an output from the detection coil 12a due to an environ-
mental change such as a temperature change or the like.

The balance control resistors 18 and 19 are resistors for
making such an adjustment by which the difference between
the impedance created by the resistor R1 and the detection
coil 12a and the impedance created by the resistor R2 and
the dummy coil 12b 1s reduced to zero. Therefore, the bridge
circuit 12 1s balanced by adjusting the balance control
resistors 18 and 19.

An oscillation circuit 13 serves to supply a sine wave
voltage to the bridge circuit 12. The sine wave voltage from
the oscillation circuit 13 1s divided by the resistor R1 and the
detection coil 12a, and a divided voltage 1s supplied to one
of inputs of a differential amplifier circuit 14. The sine wave
voltage from the oscillation circuit 13 1s also divided by the
resistor R2 and the dummy coil 12b, and a divided voltage
1s 1inputted to the other one of the inputs of the differential
amplifier circuit 14. That 1s, a differential voltage corre-
sponding to an inductance change (which 1s a change 1n
thickness of the object to be measured) 1s inputted to the
differential amplifier circuit 14. A thickness signal output
from the differential amplifier circuit 14 1s supplied to a
phase sensitive detector circuit 15. A phase setting circuit 16
1s supplied with a sine wave voltage equal to that supplied
to the bridge circuit 12 from the oscillation circuit 13 and
sets the phase of the sine wave signal to a desired value,
which 1s supplied to the phase sensitive detector circuit 15.

The phase sensitive detector circuit 15 performs wave-
detection and rectification on a thickness signal concerning

10

15

20

25

30

35

40

45

50

55

60

65

6

an object to be measured, from the differential amplifier
circuit 14, under a phase condition that the sensitivity of the
phase setting circuit 16 1s high. That 1s, the phase sensitive
detector circuit 15 extracts and rectifies a thickness signal
concerning an object from a signal supplied from the dii-
terential amplifier circuit 14. Therefore, the output from the
phase sensitive detector circuit 15 becomes a rectified pul-
sating current.

The output s1ignal from the phase sensitive detector circuit
15 1s supplied to a filter/amplifier 17. The filter/amplifier 17
amplifies the signal subjected to wave-detection and recti-
fication by the phase sensitive detector circuit 15, and
simultaneously reduces ripples, thereby to output an aver-
aged value of thickness signals.

In the next, explanation will be made of operation of the
thickness detector constructed 1n the structure as described
above.

In FIGS. 2 and 3, when no object 1 to be measured 1s
present, the elastic members 2 and 3 are 1n contact with each
other, pushing each other. When an object 1 runs in the
direction of the arrow A and enters mto between the elastic
members 2 and 3, the elastic members 2 and 3 are pushed
and opened 1n the directions of the arrows B and C, so that
the clearance between the coils 4 and 5 1s enlarged.

In this time, 1f the object 1 swings and shifts 1 the
direction of the arrow B, the elastic member 2 1s pushed up
and deformed by the object 1 and the elastic member 3 1s
deformed in the direction of the arrow B, following the
object 1 due to 1ts restoring force, so that the clearance
between the coils 4 and 5 1s not changed. When the object
to be measured 1 1s shifted in the direction of the arrow C,
the elastic members 2 and 3 are accordingly deformed
likewi1se. Therefore, the clearance between the coils 4 and 5
1s not changed 1n relation to any swing of the object 1, so that
the thickness detection signal 1s not changed.

In addition, when the top end of the object 1 enters into
between the elastic members 2 and 3 or when the rear end
thereol comes out from between the elastic members 2 and
3, the top ends of the elastic members 2 and 3 rapidly shait
and vibrate. To reduce such vibrations, the elastic members
2 and 3 are constructed 1n a manner 1n which the elastic films
2a and 2b constituting the elastic member 2 are adhered to
cach other by an adhesive double-coated tape 2c¢ as a
damping member (or viscous material) and the elastic films
3a and 3b constituting the elastic member 3 are also adhered
to each other by an adhesive double-coated tape 3c, as
shown 1n FIG. 4. Damping eflects are thus provided by the
adhesive double-coated tapes 2¢ and 3c.

When the coils 4 and 5 are connected 1n series with each
other, the inductance L will be as follows.

L=L.1+1.24+2M

where L1 1s an inductance of the coil 4,

[.2 1s an inductance of the coil 5, and

M 1s a mutual inductance between the coils 4 and 5.

The mutual inductance M 1s positive when the direction of
the magnetic fields generated by the coils 4 and 5 are
oriented in one same direction. The mutual inductance M 1s
negative when the direction of the magnetic fields are
oriented 1n opposite directions. I the clearance between the
coils 4 and 5 changes, the mutual inductance M changes so
that the serial inductance L of the coils changes. Therefore,
the balanced condition of the bridge circuit 12 1s broken
thereby changing the output wave of the differential ampli-
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fier circuit 14, so that the output signal of the filter/amplifier
circuit 17 changes. Further, the thickness of the object 1 to
be measured 1s determined from the output signal of the
filter/amplifier circuit 17, based on conditions such as a
conveyance speed, a reference voltage, and the like.

FIG. 9 shows an example of an output signal from the
thickness signal detection circuit 20. This example was
obtained as a result of detection made when a paper piece
having a thickness of 80 um to which cellophane tapes
having a thickness of 60 um were intermittently adhered was
conveyed at a running speed of 9 m/s, as an object to be
measured. In FIG. 9, the range {from the portion A to the
portion G indicates the length of the paper piece, and the
portions B, C, D, E, and F indicate waveforms where the
cellophane tapes are adhered. In this case, the cellophane
tapes adhered have a width of 18 mm at each of the portions
B and D, a width of 40 mm at the portion C, a width of 3 mm
at the portion E, and a width of 5 mm at the portion F. Thus,
changes of the thickness of the paper piece running at a high
speed (9 m/s) with cellophane tapes adhered thereto could be
clearly detected with an excellent response ability.

In case where the thickness of the object 1 to be detected
1s predetermined, a reference voltage (of 0.3V, for example)
may be set, as indicated ay an upper broken line in FIG. 9,
and 1t may be determined that the thickness of the object 1
1s greater than the predetermined thickness if a value greater
than the reference voltage 1s outputted. Otherwise, as indi-
cated by a lower broken line 1in the figure, it may be
determined that the thickness of the object 1 1s smaller than
a predetermined thickness if a value smaller than another
reference voltage (or 0.1V, for example) 1s outputted.

As described above, the thickness detector according to
the present invention, elastic members each consisting of a
strip-like elastic film or a plurality of strip-like elastic films
are provided so as to sandwich an object to be measured. An
end of each film 1s fixed, and the other end of each film i1s
in contact with an end of an opposite one of the films, such
that the ends in contact push each other. The clearance
created when a paper sheet or the like 1s let pass through
such a contact portion 1s detected as a change of an electric
signal by a detection coil provided for each elastic member
such that each detection coil does not have a direct contact
with the object 1.

In this manner, 1t 1s possible to achieve an excellent
response ability to a rapid change of thickness of an object
to be measured, and 1t 1s possible to detect the thickness of
a paper sheet or the like running at a high speed. In addition,
detecting portions can be arranged close to each other, and
it 1s possible to provide a thickness detector at a low price,
which 1s not influenced by a swing of an object to be
measured, 1n the thickness direction, or by coloring thereof.

Also, elastic films, adhesive double-coated tapes, and
printed coils are used as components forming elastic mem-
bers. One or a plurality of elastic films constituting the
clastic member described above are adhered by an adhesive
material, and the elastic film uses the adhesive material as a
damping member for reducing a vibration caused by a rapid
change of thickness of an object to be measured.

As a result of this, the elastic member has reduced mass
and a restoring force, so that 1t 1s possible to respond to a
rapid change of thickness at a high speed. Meanwhile, the
damping member adhered to the elastic member restricts a
vibration of the elastic member, so that the elastic member
does not vibrate even when the thickness rapidly changes.

In addition, the coils are applied with sine wave voltages,
and a change of the clearance between the coils caused by
an object to be measured 1s detected as impedance changes
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of the coils. The coil 1s constituted by a printed coil provided
on at least one of the elastic films forming the elastic
member, and a wear-resistance thin film 1s adhered to the
portion where an elastic member 1s opposed to and has a
contact with another elastic member. As a result, 1t 1s
possible to prevent the contact portions of the elastic mem-
bers from being worn due to friction between the elastic
members and an object to be measured, thereby changing the
clearance between the coils, and the detection signal can be
prevented from being changed thereby.

To detect a distribution of thickness in the widthwise
direction, a plurality of pairs of elastic members are disposed
in the widthwise direction of an object to be measured. In
this case, the intervals between the pairs of elastic members
can be reduced 11 the width of each coil 1s narrowed within
a range which does not intfluence the detection ability so that
the width of each elastic members 1s reduced accordingly,
and 1f the pairs of elastic members are disposed at such
intervals with which the pairs of elastic members are not
brought 1nto contact with each other in the widthwise
direction. Therefore, those portions where thickness detec-
tion cannot be performed are reduced and the resolution can
be raised.

In addition, each pair of elastic members are arranged to
be opposed to each other, pushing each other. Therefore,
when an object to be measured swings, each elastic member
swings following the object, and the clearance created by the
thickness of the object 1s kept unchanged, so that the
thickness can be detected regardless of a swing of the object
to be measured.

Further, detection 1s achieved by the fixed supporting and
the restoring forces of the elastic members, and no rotatable
portions are used. Therefore, the thickness detector receives
no ntluences from “rattling”’. Since the manufacturing accu-
racy needs not be as high as required 1n the roller method,
the thickness detector achieves a low price.

Since the thickness 1s detected by making a direct contact
with an object to be measured, thickness detection does not
receive influences from coloring of the object, unlike an
optical method.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A thickness detector comprising:

first and second elastic strips, respective first end portions
of each strip being fixedly supported and second end
portions thereof being (1) arcuately disposed 1n biased
opposition to each other and (11) configured to detect a
thickness of an object being conveyed therebetween,
cach second end portion having a coil attached thereto;
and

measurement means for measuring a clearance between
the [first and] second end portions, the clearance being
representative of the thickness of the object, the mea-
suring detecting a mutual inductance between the coils.
2. A detector according to claim 1, wherein each of the
clastic strips includes two or more elastic films adhered to
cach other by an adhesive member which functions as a
damping material.
3. A detector according to claim 2, wherein each of the
coils mcludes coill members provided respectively on both
sides of one of the elastic films.
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4. A detector according to claim 2, wherein each of the
coils includes printed coils provided respectively on both
sides of one of the elastic films.

5. A detector according to claim 2, wherein each of the
coils 1ncludes printed coils provided respectively on both
sides of one of the elastic films and connected to each other
by a through-hole.

6. A detector according to claim 1, wherein the coils are
connected 1n series with each other and cooperatively func-
tion as a detection coil, and wherein the measurement means
includes:

a bridge circuit having a first resistor connected in series
with the detection coil, a second resistor having a
resistance equal to that of the first resistor, and a
dummy coil connected 1n series with the second resistor
and having an inductance which 1s equal to the induc-
tance of the detection coil when the end portions of the
elastic members contact with each other;

a differential amplifier having a first input connected to a
connection portion between the detection coil and the
first resistor, and a second iput connected to a con-
nection portion between the dummy coil and the second
resistor;

an oscillator for supplying a sine wave to the bridge

circuit; and

means for outputting a signal representing the thickness of

the object, using an output of the differential amplifier.

7. A detector according to claim 6, wherein the measure-
ment means further includes a balance adjust resistor for
adjusting a balance between an impedance created by the
first resistor and the detection coil and an impedance created
by the second resistor and the dummy coail.

8. A detector according to claam 1, wherein a wear-
resistance member 1s provided on a surface of each of the
clastic members 1s brought into contact with the object
sliding thereon.

9. A detector according to claim 8, wherein the wear-
resistance member 1s made ol ceramics.

10. A detector according to claim 8, wherein the wear-
resistance member 1s a diamond-like carbon film.

11. A detector according to claim 1, wherein a plurality of
pairs each including the first and second strips are provided
in a direction perpendicular to a conveyance direction 1n
which the object 1s conveyed.

12. A thickness detector for detecting a thickness of an
object to be measured, which 1s conveyed along a conveyer
path, comprising;:

first and second elastic members each including double-
coated tape having a damping function, first elastic film
adhered onto first surface of the double-coated tape that
1s opposite to second surface thereol opposite to the
first surface and facing the conveyer path, second
clastic film adhered onto the second surface of the
double-coated tape facing the conveyer path, wear-
resistance member provided at end portion of the
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second elastic film on the surface thereof facing the
convever path thereby to prevent wear caused by the
object being conveyed along the conveyer path, and
first and second coils provided on both surfaces of end
portion of the first elastic film and connected 1n series
with each other, the first and second elastic members
having other ends fixed such that the end portions
clastically push each other; and

detection means for outputting a detection signal corre-
sponding to the thickness of the object being conveyed,
based on a serial inductance created by the first and
second coils of the first elastic member and the first and
second coils of the second elastic member.

13. A detector according to claim 12, wherein the coil of
cach of the elastic members includes printed coils provided
respectively on both sides of the first elastic film.

14. A detector according to claim 12, wherein the coil of
cach of the elastic members includes printed coils provided
respectively on both sides of the first elastic film and
connected to each other by a through-hole.

15. A detector according to claim 12, wherein the coils
provided at the top end portions of the elastic members are
connected 1n series with each other, functioning as a detec-
tion coil, and the detection means includes:

a bridge circuit having a first resistor connected in series
with the detection coil, a second resistor having a
resistance equal to that of the first resistor, and a
dummy coil connected 1n series with the second resistor
and having an inductance which 1s equal to that of the
detection coil when the end portions of the elastic
members contact with each other;

a differential amplifier having a first input connected to a
connection portion between the detection coil and the
first resistor, and a second iput connected to a con-
nection portion between the dummy coil and the second
resistor;

an oscillator for supplying a sine wave to the bridge

circuit; and

means for outputting a signal representing the thickness of

the object, using an output of the differential amplifier.

16. A detector according to claim 15, wherein the detec-
tion means further includes a balance adjust resistor for
adjusting a balance between an impedance created by the
first resistor and the detection coil and an impedance created
by the second resistor and the dummy coail.

17. A detector according to claim 12, wherein the wear-
resistance members are made of ceramics.

18. A detector according to claim 12, wherein the wear-
resistance members are diamond-like carbon films.

19. A detector according to claim 12, wherein a plurality
of pairs each including the pair of elastic members are
provided 1n a direction perpendicular to a conveyance direc-
tion in which the object 1s conveyed.
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