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< (57) Abstract: An instrument for facilitating accurate nondestructive measurements of physical properties using a noncontact sensor.
A noncontact measurement instrument (1) includes a transmitter (21) and a receiver (22). The transmitter (21) sends a wave to an
v= object under test (41) in a medium (100), whereas the receiver (22) receives a wave reflected by the object (41) and a coating on the
& object (42). The transmitter (21) and the receiver (22) are connected to a gain control circuit (13) to form a self-excited oscillator
(11) serving as a feedback loop. The gain control circuit (13) increases gain based on the phase difference between the transmitted
wave and the reflected to facilitate accurate measurements of changes due to the difference in physical properties of the object (41).

e
==

M%xHR)




15

20

25

SPECIFICATION

INSTRUMENT FOR NONCONTACT MEASUREMENT OF PHYSICAL PROPERTY

TECHNICAL FIELD

The present invention relates to a physical property

measurement instrument which measures physical properties of an

object nondestructively and without directly contacting the object.

BACKGROUND ART

As an instrument capable of ascertaining the physical
properties of an object by nondestructive testing, there is, for
example, the hardness measurement instrument disclosed in Japanese
Patent Laid-Open PublicationNo. Hei 9-145691by the present inventor.
This hardness measurement instrument oscillates a contact element
made to contact the surface of the object being tests and oscillates
the contact element to easily and accurately measure the hardness
of the object being tested according to an oscillation frequency
of the contact element.

However, such a hardness measurement instruments has a problem
that measurement is not possible when the contact element cannot
be made to contact the surface of the test object because, for example,
the object is covered with a material. In such situations, the
conventional devices cannot measure the hardness or physical
properties of the target object.

Even when the object is exposed, with a conventional device
it isdifficult tomeasure the hardness of the object when the contact
element could not be contacted to the object under test because,

for example, the target object is floating in water.
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DISCLOSURE OF THE INVENTION

The noncontact physical property measurement instrument
according to the present invention comprises a transmitting section
which sends a wave to a test object in a medium; a receiving section
which receives a wave reflected by the object; a self-excited
oscillating circuit which connects the transmitting section and
the receiving sectiontoperform feedbackoscillation; andaphysical
property measurement section which measures physical properties
of the object according to an oscillation frequency of the
self-excited oscillating circuit. Thus, differences in physical
properties (e.g., hardness) of the object can be measured from the
oscillation frequency of the self-excited oscillating circuit
without directly contacting the contact element to the object to
be tested. Therefore, even if the surface of the object is coated
or it is otherwise not possible or difficult to directly contact
the object, the physical properties of object can still be easily
and accurately measured.

According to the present invention, the self-excited
oscillating circuit may be provided with a gain change correction
circuit which has a center frequency different from the center
frequency of the self-excited oscillating circuit and increases
gain in response to a change in frequency. When this is done, the
sensibility to the gain change due to the change in frequency can
be enhanced, so that the physical properties of an object to be
tested can be measured more accurately.

According to the present invention, there may also be provided
a storage storage section in which is prestored data on an

interrelation between physical properties and the oscillation
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frequency of the self-excited oscillating circuit. Provision of
such a storage section enables faster measurement of physical

properties based on the value of oscillation frequency, without

sacrificing accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. lisaschematicstructurediagramof anoncontact physical
property measurement instrument according to an embodiment of the
present invention;

Fig. 2 is a circuitry diagram showing an example of a gain
change correction circuit according to the embodiment of the present
invention;

Fig. 3 is a frequency-gain-phase change characteristic curve
chart showing a total frequency characteristic having combined
respective frequency characteristics of a self-excited oscillating
circuit and a gain change correction circuit according to the
embodiment of the present invention;

Fig. 4 is a.frequency-gain—phase change characteristic curve
chart showing respective frequency characteristics of the
self-excited oscillating circuit and the gain change correction
circuit according to the embodiment of the present invention;

Fig. 5 is a diagram showing an example of calibrated results
of physical properties measured by the noncontact physical property
measurement instrument according to the embodiment of the present
invention; and

Fig. 6 is a diagram showing an example of measured results
of a change in oscillation frequency of the noncontact physical

property measurement instrument according to the embodiment of the

present invention.




BEST MODE FOR CARRYING OUT THE INVENTION

Embodiments of the present invention will be described with

reference to the drawings. Fig. 1 is a schematic structure diagram

of a noncontact physical property measurement instrument, and Fig.

2 is a circuitry diagram of a gain change correction circuit of

the noncontact physical property measurement instrument.

System configuration of noncontact physical property measurement
10 instrument

First, the system configuration of a noncontact physical
property measurement instrument 1 according to a first embodiment
will be described. This noncontact physical property measurement
instrument 1 is provided with a control unit 10 and a sensor unit

15 20 and measures physical properties (e.g., hardness) of an object
41 included in an object-containing material 40 in a medium 100
(e.g.,water). Theobject-containingmaterial 40 shownasanexample
in Fig. 1 is comprised of the object 41, which is formed of a first
object 4la (aluminum rod) and a second object 41b (copper rod)

20 which are mutually joined, and a coating 42 (silicon) which covers
the exterior of the object 41.

The sensor unit 20 includes a transmitting section 21 and a
receiving section 22. The transmitting section 21 (e.g., an
ultrasonicoscillator) convertsanelectricsignal fromagainchange

26 correction circuit 13 into a wave (e.g., an ultrasonic pulsed wave)
and transmits the wave to the object-containing material 40 in the

medium 100. The receiving section 22 (e.g., a detection element)

receives a component of the wave transmitted from the transmitting

section 21 reflected by the object-containing material 40 and
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converts the reflected wave into an electrical signal. This

electrical signal is returned to the gain change correction circuit
13.

Anamplificationcircuit 12 is disposedbetween the gain change
correctioncircuitl13andthetransmitting section2l orthereceiving
section 22. In the configuration of this embodiment, the
amplification circuit 12 is disposed between the receiving section
22 and thegainchangecorrectioncircuit13andamplifiestheelectric
signal which was converted from the wave received by the receiving
section22. Theamplifiedelectricsignalisinput tothegainchange
correction circuit 13.

These gain change correction circuit 13, transmitting section
21, receiving section 22, and amplification circuit 12 are component
elements of a self-excited oscillating circuit 11 serving as a
feedback loop.

The gain change correction circuit 13 which is disposed within
the control unit 10 has a function to adjust gain (e.g., to increase
the gain in response to the increase of the frequency) in response
to changes.in frequency, a phase transfer function to adjust to
zero an 1/0 combined phase difference between an input phase and
anoutput phase of the self-excitedoscillating circuit 11 topromote
feedback oscillation, and a function to adjust the frequency to
make the I/0 combined phase difference zero and to increase a gain
change in response to changes in the frequency (e.g., to increase
the gain change in response to an increase in frequency).

As the gain change correction circuit 13, for example, a filter
circuit having a frequency-gain characteristic such that the gain
increases in response to the change in the frequency is used. Figqg.

2 is a circuit diagram showing an example of the filter circuit
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used as the gain change correction circuit 13. This filter circuit
has resistors R11, R12, R13, R14, capacitors Cl1l1l, Cl2, C13, C14,
and an amplification circuit AMP. 1In this example, the resistor
R11 is set to 10KQ, the resistor R12 is set to 220Q, the resistor
R13 is set to 420KQ, and the resistor R14 is set to 2.2KQ. Power
(12V) is supplied from a power-supply terminal V11 to the
amplificationcircuit AMPandavoltage (-12V) isappliedtoastandard
power-supply terminal V12. In the drawing, reference symbol Vin
indicatesasignal input terminal and reference symbol Vout indicates
a signal output terminal. This filter circuit has the

characteristics of a band pass filter circuit. The input terminal

Vin of the gain change correction circuit 13 is connected to the

output terminal of the amplification circuit 12, and the output
terminal Vout is connected to the input terminal of the transmitting

section 21.

Other than the above-described gain change correction circuit
13 and amplification circuit 12, the control unit 10 also has a
frequency measurement section 31 which measures, for example, an
oscillation frequency of the self-excited oscillating circuit 11
as a frequency of the reflectedwave, aphysical property measurement
section 32 which measures physical properties, e.g, hardness,
according to a frequency measured by the frequency measurement
section 31, a storage section 33 which previously stores an
interrelation between the frequency and the physical properties,
an input section 34 which enters instruction input to the control
unit 10, and a display section 35 which shows measured frequency

values, physical property values or the like.

Basic principle of self-excited oscillation
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Next, the basic principle of self-excited oscillation will
bedescribed. Fig. 3isa frequency-gain-phasecharacteristiccurve
chart showing a total frequency characteristic having combined
frequency characteristics of the self-excited oscillating circuit
11 and the gain change correction circuit 13. The horizontal axis
indicates a frequency, and the vertical axis indicates gain and
phase. A frequency-gain characteristic curve TG indicates a total:
frequency characteristic combining the frequency characteristic
of the gain change correction circuit 13 and the frequency
characteristic of the self-excited oscillating circuit 11. The
frequency-gaincharacteristiccurve TG forms amountain-shapedcurve
showing that the gain rises as the frequency increases in a band
of a low frequency, becomes maximum in a band of resonance frequency
f0, and decreases in a high frequency band. Characteristic curve
011 is a phase characteristic showing an I/0Ophase difference between
an input phase and an output phase of the self-excited oscillating
circuit 11.

This self-excited oscillating circuit 11 adjusts to zero the
I/0 phase difference of the self-excited oscillating circuit 11
at the resonance frequency f0 indicating a gain maximum value TGP
of the frequency-gain characteristic curve TG. Specifically, in
the self-excited oscillating circuit 11, the I/0 combined phase
difference 611, which is a phase difference between a phase (input
phase) 61 of the resonance frequency to be output from the receiving
section 22 and a phase (output phase) 82 after the gain rise output
from the gain change correction circuit 13 and fed back to the
transmitting section 21, is adjusted to zero (611=61+62=0). When
the adjustment of the I/0 combined phase difference 611 results

in a phase difference between the input phase 81 and the output
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phase 62 of the self-excited oscillating circuit 11 including the
gain change correction circuit 13, feedback is repeated until the
1/0 combined phase difference 611 becomes zero, and oscillation
is performed at the point when the I/0 combined phase difference
011 becomes zero. As a result, feedback oscillation of the
self-excited oscillating circuit 11 is performed more securely,
and the feedbackoscillation canbe promoted. The I/0combinedphase
difference 611 is adjusted by the gain change correction circuit
13. The gain change correction circuit 13 can easily realize
adjustment of the I/0 combined phase difference 611 by adjusting
center frequency f2 of the frequency characteristic.

Fig. 4 is a frequency-gain-phase characteristic curve chart
showing respective frequency characteristics of the self-excited
oscillating circuit 11 and the gain change correction circuit 13.
The horizontal axis indicates a frequency, and the vertical axis
indicates gain and phase. A frequency-gain characteristic curve
13G of the gain change correction circuit 13 forms a mountain-shaped
curve showing that the gain rises as the frequency increases in
a low frequencyband, becomesmaximumin aband of the center frequency
f2, and decreases in a band of a high frequency. A characteristic
curve 0613 is a phase characteristic showing an I/0 phase difference
of the gain change correction circuit 13. A characteristic curve
MG is a frequency-gain characteristic curve of the self-excited
oscillating circuit 11 excepting the gain change correction circuit
13. The frequency-gain characteristic curve MG forms substantially
the same mountain-shaped curve as that of the frequency
characteristic of the gain change correction circuit 13, although
the center frequency fl, the frequency band, and the gain maximum

value are different.
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In this embodiment, as respectively indicated by the
frequency-gain characteristic curves MG and 13G, the center
frequency f1 of the self-excited oscillating circuit 11 indicted
by a gain maximum value Pl and the center frequency f2 indicated
by a gain maximum value 13GP of the gain change correction circuit
13 are set to frequency bands which are deliberately displaced from
each other. For example, the center frequency £2 of the gain change
correction circuit 13 is set to a high frequency band against the
center frequency fl of the self-excited oscillating circuit 11 so
that the gain becomes higher as the physical property value of the
object 41, e.g., a hardness coefficient, becomes higher.

A frequency characteristic or directional characteristic of
the reflected wave received by the receiving section 22 varies
according to the physical properties, e.g., hardness, of the object
41, resulting in a change in frequency, gain, phase and amplitude
of the electric signal of the self-excited oscillating circuit 11.
Specifically, the frequency of the self-excited oscillatingcircuit
11 changes (e.g., rises) from the center frequency fl of the
self-excited oscillating circuit 11 to the resonance frequency fl1l
according to the physical properties, e.g., hardness, of the object
41. Here, the gain maximum value of the frequency-gain
characteristic curve MG of the self-excited oscillating circuit
11 changes from the gain maximum value Pl along the frequency-gain
characteristic curve 13G of the gain change correction circuit 13
and to increase from the gain maximum value Pl. In other words,
the frequency-gain characteristic curve MG of the self-excited
oscillating circuit 11 changes to a frequency-gain characteristic
curve MGl, and the gain maximum value Pl changes to a gain maximum

value Pll, and the gain Gl changes to a gain Gl1l, respectively.
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AsshowninFig. 2, because the feedback loopbytheself-excited

oscillating circuit 11 contains a resistor and a capacitor, there
is always a phase difference A6 between the input phase 61 and the
output phase 82 of the self-excited oscillating circuit 11. Here,
the gain change correction circuit 13 has a phase transfer function
and adjusts to make the I/0 combined phase difference 011 of the
feedback loop including the gain change correction circuit 13 zero,
so that the frequency changes further more to reach a stable point
of the feedback oscillation when the I/0 combined phase difference
811 becomes zero, and the gain also changes. Specifically, the
frequency-gain characteristic curve MGl of the self-excited
oscillating circuit 11 changes to the frequency-gain characteristic
curve MGl, and the resonance freguency fll changes to a resonance
frequency f12. In association with the change to the resonance
frequency f12, the gain maximum value P11l changes to a gain maximum
value P12, and the gain G111 changes to gain G12. In other words,
for a portion corresponding to the phase difference A8, the center
frequency f1 of the self-excitedoscillatingcircuit 11 continuously
changes, e.g., increases, to the resonance frequency £f12, and the
gain Gl continuously changes, e.g., increases, to the gain Gl2.
Asaresult, frequencyvariationAfcanbeobtained, andgainvariation
AG can also be obtained by the self-excited oscillating circuit
11. At the point when the frequency variation Af and the gain
variation 8Gof the self-excitedoscillatingcircuit 11l areobtained,
the I/0 combined phase difference 611 becomes zero, and the
self-excited oscillating circuit 11 performs feedback oscillation.
In the physical property measurement instrument 1 according to this
embodiment, the phase difference of the reflected wave differs from

the irradiated wave according to the physical properties, e.g.,

10
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hardness, of the object 41, so that the frequency variation Af and
the phase difference A8 change depending on the physical properties,
and such change can be caught where it is expanded. Thus, a detection
voltage sufficient for judging the physical properties of the object

41 can be obtained.

Calibration of noncontact physical property measurement instrument
Next, calibration for measurement of the physical properties
by the noncontact physical property measurement instrument 1
according to this embodiment will be described. Fig. 5 shows an
example of interrelation between an oscillation frequency f of the
noncontact physical property measurement instrument 1 calculated
by calibration and the physical property (e.g., hardness S). Here,
the calibration is performed on each measuring condition (e.g.,
the medium 100 (e.g., type, density, etc.), a temperature at the
time of measurement, the coating 42 (e.g., itsmaterial or thickness)
etc.). Morespecifica;ly,thevariationAffromthecenterfrequency
f1 of the oscillation frequency f under a prescribed condition and
the measured physical property value, e.g., hardness value S, are
measured a plurality of times on a plurality of objects 41 (e.g.,
the first object 41la, the secondobject 41lb), and an interrelation
between the frequency variation A4f and the hardness value S is
calculated according to the measurements as, for example, their
linear function. Inthe example shown inFig. 5, as a linear function
S=Q (Af) satisfying the mean values Afm (Afma: the mean value on
the first object 41la, and Afmb: the mean value on the second object
41b) of the frequency variation Af measured on the respective objects
41 and their corresponding hardness values S (Sa: the hardness value

on the first object 41la, and Sb: the hardness value on the second

11
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object 41b), their interrelationsareobtained. Theinterrelation

Q determined as described above is then stored in the storage section
33 by, for example, their coefficients (e.g., ql and g2 when S=ql*
Af+g2). During actual measurement, the stored interrelation Q is
read as, for example, the coefficients gl, g2, according to the
measuringconditions input fromthe input section 34, andthephysical
property, e.g., hardness Sx, is calculated according to the

interrelation Q in accordance with the measured frequency variation
Afx and the measuring condition. Thus, the object canbe estimated

from the hardness Sx.

Measurement of physical properties

Next, measurement of physical properties by the noncontact
physical property measurement instrument 1 according to this
embodiment will be described. Fig. 6 shows the frequency variation
Af obtained when the sensor unit 20 scanned in direction Y of Figqg.
1l intheconfigurationconsistingof thenoncontact physical property
measurement instrument 1 and the object-containingmaterial 40 shown
in Fig. 1. In Fig. 6, the horizontal axis indicates the scanning
distance Y, and the vertical axis indicates the frequency variation
Af. Whenmeasuring, theobject-containingmaterial 40 andthe sensor
unit 20 are held separatedby a prescribed distance in the Xdirection
of Fig. 1.

In the structure shown in Fig. 1, acoustic impedance differs
between a case when a wave is reflected by the surface of the first
object 4la and a case when it is reflected by the surface of the
second object 41b, so that a phase lag of the reflected wave to
the transmitted wave is different between them. As described above,

the gain change correction circuit 13 changes the oscillation

12
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frequency f according tothephase lag, sothat the frequencyvariation

Af greatly varies during the scanning in the direction Y as shown
in Fig. 6. From this, it can be known that the object 41 to which
a wave is irradiated has a portion where the physical properties
are different. Next, a mean value Afml of frequency changes before
the large change and a mean value Afm2 of frequency changes after
the large change of the frequency variation Af are calculated, and
each value is compared with the interrelation Q according to the
measurement conditions stored in the storage section 33 to calculate
or measure the physical property value, e.g., hardness value, of
the object 41, and it can be presumed from the physical property
value what material is used for the object 41.

The present invention is not limited to the above embodiment.
For example, although in the above embodiment the gain change
correction circuit 13 is disposed between the amplification circuit
12 and the transmitting section 21, this circuit could be disposed
elsewhere, such as between the receiving section 22 and the
amplification circuit 12.

Also, the gain change correctioncircuit 13 may have a property
to increase the gain when the frequency changes so to increase the
voltage according to the increase in gain. Therefore, in addition
tothebandpassfiltercircuitoftheaboveembodiment,fore%ample,
alow-pass filtercircuit, ahigh-pass filtercircuit, anotch-filter
circuit, a integration circuit, a differentiation circuit, or a
peaking amplification circuit can be used as the gain change
correction circuit 13.

While in the above embodiment, the center frequency f2 of the
gain change correction circuit was set to a freguency band higher

than the center frequency f1 of the self-excited oscillating circuit

13
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11, the frequency may be set in a low frequency band.
Although in the above embodiment the ultrasonic oscillator
was used as the transmitting section, the present invention is not
limited to such a configuration. Other configurations are
acceptable, as long as a wave can be sent to the object 41 and the
reflected wave can be received from the object 41 or the
object-containing material 140. Additionally, an electromagnetic
wave can also bévémplcyad as the wave to be sent. Similarly, the
physical property which can be measured by the present invention

is not limited to hardness.

INDUSTRIAL APPLICABILITY

As described above, because with the present invention a
difference in physical properties of an object can be measured as
an oscillation frequency without contacting the contact element
totheobject,thephysicalpropertiesofthequect can be measured
and more easily and more accurately, even when the surface of the
object iscoatedorwhendirectcontactwiththeobject isotherwise

difficult.

14
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CLAIMS:
1. A noncontact physical property measurement instrument,
comprising:

a transmitting'section which sends a wave to an object in a
medium;

areceiving sectionwhich receives awave reflected by the object;

a self-excited oscillating circuit which connects the
transmitting section and the receiving section to perform feedback
oscillation; and

a physical property measurement section which measures physical
properties of the object according to an oscillation frequency of

the self-excited oscillating circuit.

2. The noncontact physical property measurement instrument
according to Claim 1, wherein the self-excited oscillating circuit
is provided with a gain change correction circuit which has a center
frequency different from the center frequency of the self-excited
oscillating circuit and increases the gain when the frequency

changes.

3. The noncontact physical property measurement instrument
according to Claim 1 or 2, further comprising a storage section
in which has been stored data on an interrelation between physical
properties and the oscillation frequency of the self-excited

oscillating circuit.

15
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ABSTRACT

A noncontact physical property measurement instrument which

easily and accurately measures physical properties of an object

using a nondestructive, noncontact sensor. A noncontact physical
property measurement instrument 1 is provided with a transmitting
section 21 and a receiving section 22. The transmitting section
21 sends a wave to an object 41 in a medium 100, and the receiving
section 22 receives a wave reflected from the object 41 and the
surface of a coating 42. Both the transmitting section 21 and the -
receivingsection 22 are connectedtoagainchangecorrectioncircuit
13to formaself-excitedoscillatingcircuit 11 servingas a feedback
loop. The gain change correction circuit 13 corrects the gain to
the increase side according to a phase difference between the sent
wave and the reflected wave, to thereby measure any changes due

to a difference in physical properties of the object 41.

16
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