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(57) Abrége/Abstract:

A method of inspecting an abnormality occurring inside a pipe to be Iinspected and an apparatus for practicing the method,
Includes the steps of transmitting an electric wave having a predetermined frequency from an antenna of a transmitter located at
a predetermined position inside the pipe, receiving the transmitted electric wave by an antenna of a receiver located at a
predetermined position inside the pipe, and discriminating the characteristic of the received electric wave. The characteristic of

the recelved electric wave Is the intensity of the electric wave, and an attenuation amount is detected in the first example. On th
other hand, the characteristic of the received electric wave Is a time required to reflect the transmitted electric wave until it

1S

received by the recelver, and a time interval between transmission of the electric wave and reception of the reflected electr
wave Is measured In the second example.
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ABSTRACT OF THE DISCLOSURE

A method of inspecting an abnormality occurring
inside a pipe to be inspected and an apparatus for
practicing the method, includes the steps of transmitting
an electric wave having a predetermined frequency from an
antenna of a transmitter located at a predetermined
position inside the pipe, receiving the transmitted
electric wave by an antenna of a receiver located at a
predetermined position inside the pipe, and discriminating
the characteristic o0f the received electric wave. The
characteristic of the received electric wave 1is the
intensity of the electric wave, and an attenuation amount
1s detected in the first example. On the other hand, the
‘characteristic of the received electric wave is a time
required to reflect the transmitted electric wave until
1t 1s received by the receiver, and a time interval
between transmission of the electric wave and reception of
the reflected electric wave is measured in the second

example.
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TITLE OF THE INVENTION

e~ i .o S Ay

METHOD OF INSPECTING ABNORMALITY OCCURRING INSIDE

PIPE AND APPARATUS FOR PRACTICING THE METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention:

The present invention relates to a method of
inspecting abnormality occurring inside a pipe such as a

gas pipe buried underground, and an apparatus for

practicing the method.
2. Description of the Relevant Arts:

Known conventional methods of inspecting whether
a foreign substance such as earth and sand enters into a
gas pipe or the 1like buried underground include a method
of inserting an inspection camera into the pipe to pick
up the internal state of the pipe and observe the
resultant image, thereby judging presence/absence of an
abnormality, or a method of inserting a self-propelling
robot into a pipe and inspecting the internal state of
the pipe (Japanese Patent LLaid-Open No.59-147260).
Further, a method of inserting a pig having an outer
diameter almost equal to the inner diameter of a pipe to
be 1inspected into the pipe 1is known. Still further, a
method of sending a sound wave into a pipe to be
inspected and receiving the reflected sound wave, thereby

checking the internal state of the pipe (Japanese Patent
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Publication No. 51-18836) is known also.

.In the above methods, however, when the camera,
robot, and the like are used for inspecting the interior
of a pipe, they cannot be applied to such a pipe as
having a 'compl icated bent shape. In addition, an
insertion hole is required to insert the above inspecting
means. To prepare the buried pipe for the insertion
hole, cumbersome, time-consuming const::uction works such
as digging must be involved. In addition, the inspection
distance per «cycle is 1limited to the ‘length of an
electric wire or the like connected to the robot or the
like. For this reason, when the distance %o be inspected
is 1long, the number of inspection cy;:les are undesirably
increased, thereby requiring high cost. When the sound
wave 1s sent into a pipe to inspect the internél state
from the reflected sound wave, it is difficult to sense
the internél'_state exdept that the pipe 1is completely
closed or open to air, and a small change cannot be

detected.

SUMMARY OF THE INVENTION

The present invention has been made in considera-
tion of the above situation, and has as its first object
to provide a method of easily inspecting an abnbrmality
occurring inside @& pipe such as a gas pipe or the like

buried underground, and an apparatus for practicing the
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method.

The second obiject of the present invention is to

provide a method of easlly accurately detecting a position

where an abnormality has occurred inside a pipe as an
inspection target, and an apparatus for practicing the
method. .

In order to achieve the above objects, according
to a main aspect of the present invention, there is
provided a method of inspecting an abnormality occurring
inside a pipe to be inspected, comprising the steps of
transmitting an electric wave having a predetermined
frequency from an antenna of a transmitter located at a
predetermined position inside the pipe, receiving the
transmitted electric wave by an antenna of a receiver
located at a predetermined position inside the pipe, and
discriminating a characteristic of the received electric
wave.

In order to achieve the first object, according
to a second aspect of the present invention, there is
proyided a method of inspecting an abnormal‘ity occurring
inside a pipe to be inspected, wherein the -characteristic
of the received electric wave described in the main
aspect to be discriminated is an intensity of the
electric wave, an attenuation amount is detected by

comparing an intensity of the received electric wave
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1t is Jjudged that an abnormality which constricts an

inner diameter of the pipe exists inside the pipe when

the attenuation amount of the received electric wave

invention, there is provided a method of inspecting an
abnormality occurring inside a pipe to be inspected,
wherein the transmitted electric wave described in the

main aspect is received by the antenna of the receiver

pPredetermined distance inside the pipe.

According to a fourth aspect of the present

abnormality occurring inside a pipe to be inspected,
wherein the attenuation amount of the received electric
wave 1in the second aspect is corrected by an attenuation

due to a distance between the antenna of the transmitter
and the antenna of the receiver.

Furthermore, in order to achieve the second
Oobject, accbrding to a fifth aspect of the present
invention, there is provided a method of inspecting an
abnormality odcurring‘ inside a pipe to be inspected,
wherein the characteristic of the received electric wave

described in the main aspect to be discriminated is a
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time required to reflect the transmitted electric wave
which is received by the receiver, and a time interval
between transmission of the electric wave and reception
Of the reflected electric wave is measured so as to judge
the abnormality occurring inside the pipe and detect a

position where the abnormality has occurred.

According to a sixth aspect of the present
invention, there is provided a method of inspecting an
abnormality occurring inside a pipe to be inspected,
wherein the transmitted electric wave described in the
Eifth éspect is received by an antenna of transceiver
having functions of the transmitter and the receiver.

According tb a seventh aspect of the present
invention, there is provided a method of inspecting an
abnormality occurring inside a pipe to be inspected,
wherein the transmission of the electric wave and the
reception of the reflected electric wave described in the
fifth aspect are pe'rformed at least twice ai: different
~positions, respectively, and a time interval related to
each of the reflected electric waves of the second and
subsequent times is compared with a time interval related
to the reflected electric wave of a first time to judge
an abnormality occurrence direction.

According to an eighth aspect of "the present

invention, there 1is provided a method of inspecting an
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abnormality occurring inside a pipe to be inspected,
comprising the steps of transmitting an electric wave
having a predetermined frequency from an antenna of a
transmitter located inside the pipe, receiving the
transmitted electric wave by an antenna of a receiver
located at a position spaced apart from the transmitter
by a predetermined distance, comparing an intensity of
the received electric wave with an intensity of the

electric wave transmitted from the transmitter, and
judging that an abnormality which constricts an inner
diameter of the pipe exists inside the pipe when the

attenuation amount opf the received electric ‘wave becomes

more than a predetepmined amount.

In order to achieve the first object, according
to a ninth aspect, there 1is provided an apparatus for
inspecting an abnormality occurring inside a pipe to be
insbected, inciuding a transmitter for transmitting an
electric wave having a predetermined frequency from an
antenna located inside the pipe, a receiver for receiving
the transmitted electric wave by an antenna located at a
position - spaced | apart from the transmitter by a
predetermined distance inside the pipe, an amplifier for
amplifying the received electric wave, a processing unit
for comparing an' intensity of the received electric wave

with an intensity of the transmitted electric wave and
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calculating an attenuation amount of the received
electric wave, a distance input unit for inputting data
Oof a distance to the processing unit so as to correct the
attenuation amount by an attenuation due to the distance

between the antenna of the transmitter and the antenna of
the receiver, and a display unit for displaying the
intensity of the received electric wave.

In order to achieve the second object, according
to a tenth aspect, there is provided an apparatus for
inspecting an abnormality occurring inside a pipe to be
inspected, including a transceiver for transmitting an
electric wave having a predetermined frequency inside the
Pipe and receiving the electric wave reflected by an
obstacle existing inside the pipe, and a measuring unit
for measuring a time interval between transmission of the
electric wave and reception of the reflected electric
wave.

As 1is apparent from the above -aspects, acéording
to the present invention, an electric wave having a
predetermined frequency is transmitted in a. pipe to be
inspected, an attenumation amount of an electric wave
propagating through the pipe or a time required from
transmission of the electric wave to reception of the
reflected electric wave is obtained, and an abnormality

such as a constriction in diameter occurring inside the
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pipe and clogging by an obstacle, and the position of the
abnormality are inspected by any one of the two values,
thereby easily and accurately inspecting the state inside
the pipe. In addition, since an electric wave is used,
even 1f a pipe 1is complicatedly bent, the state inside
the pipe can be easily inspected. Since the inspection
distance is comparatively set longer, the interior of the
pipe can be inspected by a smaller number of inspection
cycles over a longer distance.

The above and many other advantages, features and
additional objects of the present invention will become
manifest to those versed in the art upon making reference
to the following detailed description and accompanying
drawings in which preferred structural embodiments
‘incorporating the principles of the present invention are
shown by way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view for explaining the first example
of an inspecting method according to the present
invention;

Fig. 2 is a block diagram showing an example of an
apparatus for performing the inspecting method shown in
Fig. 1;

Fig. 3 1is a schematic perspective view showing an

experimental apparatus using the inspecting method
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according to the present invention;

Fig. 4 is a graph showing the results of a
comparative experiment and Experiment 1;

Fig. 5 is a graph showing the results of the
comparative experiment and Experiment 2; ‘

Fig. 6 1is a graph showing the results o0f the
comparative experiment and Experiment 3;

Fig. 7 1is a graph showing the results of the
comparative experiment and Experiment 4;

Fig. 8 is a table showing the results of
Experiment 6;

Fig. 9 is a graph showing the constant ratios of
attenuation;

Fig. 10 is 'a plan view showing a bent pipe used 1in
still another experiment;

Fig. 11 is a graph showing the results of an
expe‘riment performed using the bent pipe shown 1in Fig.
10;

Fig. 12 1is a view for explaining the second

example of an inspecting method according to the present

invention; and

Fig. 13 is a block diagram showing an example of
an apparatus for performing the inspecting method shown 1in

Fig. 12.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

— bl
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The present invention will be described in detail
with reference to several preferred examples illustrated
in the accompanying drawings.

The first example of a method of inspecting an
abnormality occurring inside a pipe according to the
present invention, and an example of an apparatus for
practicing this method will be described with reference
to Figs. 1 to 11. Assume that a domestic gas pipe buried
underground is used as an inspection target.

The domestic gas pipe 1is constituted Dby a trunk
gas pipe 2 buried underground and domestic gas pipes 4
branching from the trunk gas pipe 2, and gas-meters 6 are
respectively mounted at the end portions of the domestic
gas pipes 4 to supply the gas therefrom for domestic use,
as shown in Fig. 1.

The following description is related to an inspec-
tion for the internal state of the trunk gas pipe 2, and
Fig. 2 shows an example of an inspecting apparatus for
practicing the inspecting method of the fi;st example. An
inapecting apparatus 10 comprises a transmitter 12, a
receiver 14, a prdcessing unit 16, and a display unit 18.
The transmitter 12 can continuously variably transmit an
electric wave having a frequency on the order of GHz. A

transmission antenna 13 is mounted at the distal end of a

lead wire 21. The receiver 14 comprises a receiving unit

1 0
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15 and an amplifier 17. A reception antenna 19 is mounted
to the distal end of a lead wire 23 extending from the
receiving unit 15 in the same manner as in the
transmitter 12. Upon reception of the electric wave
transmitted from the transmitter 12, the corresponding
signal is amplified, and the amplified signal is sent to
the processing unit 16.

The processing unit 16 inputs an electric wave
received by the receiver 14, and compares the intensity of
the received electric wave with the intensity of an
electric wave transmitted by the transmitter 12 and input
in advance, thereby detecting the attenuation amount of
the received electric wave. A distance input unit 20 1is
connected to the ©processing unit 16. The setting
interval between the antennas 13 and 19 is input from the
distance input wunit 20, and the attenuation aﬁount is
corrected on the basis of a distance input value. 'More
specifically, only an attenuation amount generated upon
propagating the waye through the trunk gas pipe 2 between
the antennas 13 and 19 is corrected. The corrected
attenuation amount is sent to the display unit 18, and
the display unit 18 displays this value.

Inspection procedures will be described below.
Two gas-meters 6 which interpose a target portion to be

inspected are selected. The domestic gas "pipes 4 are

1 1
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disconnected from these gas-meters 6, respectively. The
antenna 13 of the transmitter 12 is inserted from an
opening of one removed domestic gas pipe 4 and is passed
until the antenna 13 reaches the interior of the trunk
gas pilipe 2. This operation may be performed after or
before gas supply is interrupted. If gas supply is not
interrupted during the inspection, the openings of the
domestic gas pipes 4 are sealed to prevent gas leakage.

The antenna 19 of the receiver 14 is inserted from
the opening of the domestic gas pilipe 4 corresponding to
the other domestic meter 6 until the antenna 19 reaches
the 1interior of the trunk gas pipe 2. In this manner,
when the antennas 13 and 19 of the transmitter 12 and the
receiver 14 are located at two sides of the target
portion to be inspected of the trunk gas pipe 2, an
electric wave having a frequency higher than a value
obtained by relation: f=c/1.706d (where f is a frequency,

€ 1s the velocity of 1light, and d is the inner diameter

of a pipe to be inspected) is transmitted from the

transmitter 12. For example, if the trunk gas pipe 2 is a

100A pipe, the electric wave has a frequency of 1.67 GHz

or more. The electric wave having a frequency equal to or

higher than the frequency obtained by the above relation
has a characteristic for allowing the electric wave to

propagate with minimum attenuation in a pipe having an
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inner diameter substituted in the relation.

The electric wave in the predetermined frequency
band is transmitted from the transmitter 12 while continu-
ously changing the frequency, and the electric wave propa-
gating through the trunk gas pipe 2 is received by the
receiver 14. The received electric wave is sent to the
processing unit 16, and the intensity of the received
electric wave 1is compared with the intensity of an
electric wave transmitted from the transmitter 12 to
detect an attenuation amount. In addition, correction is
performed on the basis of the attenuation amount caused
by the distance between the antennas 13 and 19 which 1is
input from the distance input unit 20. The resultant
value 1is displayed on the diSpléy unit 18, and the
internal state of the trunk gaspipe 2 is inspected. More
specificélly, when water, earth and sand, and the 1like
enter into the trunk gas pipe 2 to constrict the interior
of the trunk gas pipe 2, an electric wave received bj the
receiver 14 is attenuated in accordance with the degree
of constriction. For this reason, the substantial
attenuation of the electric wave 1is obtained by the
processing uhit 16, thereby inspecting the clogging state
inside the trunk gas pipe 2.

Experiments using the above inspecting method will

be described Dbelow. Fig. 3 shows an experimental

1 3
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apparatus.

In this experiment, a gas pipe 30 which is called
a 100A gas pipe having an inner diameter of about 105 mm

was used. The gas pipe 30 had a length of abput 150 cm.
The antennas 13 and 19 of the +transmitter and the
receiver were respectively connected to the two ends of
the pipe and located slightly inside the pipe. An
electric wave having the frequency continuously changed
in the range of 1.0 GHz to 5.0 GHz was transmitted, and
an obstacle 31 was disposed at the center of the interior
of the pipe. The obstacle 31 had a shape constituted by a
partially notched circular thick plate having an outer
diameter almost equal to the inner diameter of the gas
pipe 30. The shape and area of this notched portion are
varied to change the clogging state of the gas pipe 30 by
the obstacle 31. Furthermore, an aluminum foil was
wrapped on the surface of the obstacle 31.

More specifically, the following five types of
experiments were performed. As a comparative experiment,
the obstacle 31 was not located inside the gaé pipe 30, an
ele;:tric wave was transmitted from the transmitter, and
the transmitted electric wave was received by the antenna
19 of the receiver opposing the transmitter. In addition,
an obstacle 31 having a shape to cover 1/2 the sectional

area of the gas pipe 30 was inserted into the gas pipe 30,

1 4
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and the antenna 19 received the electric wave in the same
manner as in the comparative experiment (Experiment 1). An

obstacle 31 covering 2/3 the sectional area of the gas
pipe 30 was inserted into the gas pipe 30, and the
antenna 19 received the electric wave in the same manner
as in the comparative experiment (Experiment 2). An
Oobstacle 31 covering the entire sectional area of the gas
pipe 30 was inserted into the gés pipé 30, and the
antenna 19 received the electric wave in the same manner
as 1in the comparative experiment (Experiment 3). Water
was ppured inside the gés pipe 30, and the antenna 19
received the electric wave in the same manner as in the
comparative experiment (Experiment 4). In Experiment 4,
water was poufed into a PET resin container having a
sectional .area equal to that of the gas pipe 30, and the
container was inserted into the gas pipe 30.. The results
of Experiments 1 to 4 are shown in Figs. 4 to 7, and the
results of the comparative experiment are represented by

dotted lines in the graphs.

Experiment 6 was performed under the same

conditions as described above except that the frequency

was set at 2.5 GHz, and 1/3 of the gas pipe 30 was
closed. The results of Experiment 6 are shown in Fig. 8.
From these results, a c¢riterion for Jjudging that a

foreign substance exists inthe pipe is an attenuation

1 5°
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amount of -35 dbm or less.

Furthermore, Fig. 9 shows attenuation constants.
The graph shows an attenuation constant ratio at each
frequency when the attenuation constant of the 100A pipe

at 2 GHz is set to be 1. The graph also shows the attenuation

constant ratio of 50A and 25A pipes, respectively. Therefore,

when the attenuation constant of the 100A pipe at 2 GHz
is 0.4 dB/m, differences in each pipe at the respective
frequencies and differences between the attenuation
constants in different inner diameters of the pipes are
obtained from Fig. 9, and an attenuation amount for
correction 1is obtained after the attenuation constant is
corrected.
In addition in Experiment 7, a transmitter and a

receiver were respectively set at the two ends of each of
a 100A pipe having a length of 1 m, and a bent pipe which

1s obtained by alternately connecting 100A pipes each
having a 1length of 3 m and 100A pipes each having a

length of 50 cm at a right angle, to receive an electric
wave. The results are shown in Fig. 11 (the result of
the 100A pipe having a length of 1 m is represented by a
dotted 1line). From those results, although a pipe having
many Dbent portions is used, the attenuation amount of

electric wave is apparently small.

As has been described above, according to the

1 6
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first example, each of the antennas 13 and 19 of the
transmitter 12 and the receiver 14 is inserted from one
end of a corresponding one of the domestic gas pipes 4
as the mounting portions of the two domestic gas-meters 6

spaced apart from each other and are passed to the trunk
gas pipe 2 as a an inspection target. When the attenuation
amount of the electric wave transmitted from the
transmitter 12 is measured, the clogging state of the
trunk gas pipe 12 between the transmission antenna 13 and
the reception antenna 19 can be accurately. inspected. In
addition, the inspection distance can be increased
because an electrig wave 1s used. The trunk gas pipe 2
having a large 1length can be inspected by a smaller
number of inspection cycles. Even if the trunk gas pipe 2
is complicatedly bent, the electric wave has a small
attenuation amount to facilitate accurate inspection.

The above embodiment has exemplified a gas pipe as
a target object. However, the inspecting method of the
present invention is not limited to an application to the
gas pipe. In add‘ition, 'the antenna 13 or the like need
notl be inserted from the‘ connection pipe of the
corresponding gas-meter 6.

The second example of the present invention will
be described with reference to Figs. 12 and 13.

An example of an inspecting apparatus used in the

17
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second example is illustrated in Fig. 13. An inspecting
apparatus 10 comprises a transceiver l4a obtained by
integrally arranging a transmission unit 12 and a
reception unit 15 for an electric wave, a processing unit
16, and a display unit 18. The transmission unit 12 of
the transceiver 1l1l4a can transmit an electric wave having
a frequency on the order of GHz. A transmission/reception
antenna 13 is mounted at the distal end of a lead wire 21
connected to the transceiver l4a. The antenna 13 is also
connected to the reception unit 15, and receives an
electric wave transmitted from the transmission unit 12
and reflected. The éorresponding signal is amplified, and
the amplified signal is sent to the processing unit 16.

The processing unit 16 compares the electric wave
transmitted from the transmission unit 12 with the
electric wave received by the recepticn unit 15 and
measures a time interval Dbetween the transmission and
reception of the electric wave. The processing unit 16
divides this time interval into 1/2 and multiplies the
rgsultant value with the velocity of 1light to calculate a

distance to an obstacle. The obtained distance is sent to

the display unit 18, and this value is displayed on the

display unit 18.

Inspection procedures will be described below. A

gas-meter 6 near a target portion- to be inspected is

1 8
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selected. A domestic gas pipe 4 is disconnected from the
gas-meter 6. The antenna 13 of the transceiver l4a 1s
inserted from an opening of the removed domestic gas pipe
4 and is passed until the antenna 13 reaches the interior
of a ‘trunk gas pipe 2. This operation may be performed
after or before gas supply is interrupted. If gas supply
is not interrupted during the inspection, the 'opening of
the domestic gas pipe 4 is sealed to prevent gas leakage.

In this manner, when the antenna 13 of the
transceiver l4a is located near the target portion to be
inspected of the trunk gas pipe 2, an electric wave
having a frequency higher than a value obtained by
relation: f=c/1.706d4 (where f is a frequency, c is the

.

velocity of light, and 4 is the inner diameter of a pipe
to be inspected) is transmitted from the transmitter 12.
For example, if the trunk gas pipe 2 is a 100A pipe
having an' inner diameter of about 105 mm, the electric
wave has a frequency of 1.67 GHz or more. The electric
wave having a‘ frequency equal to or higher than the
f;equency obtained by the above relation has a
characterisfic for allowing the electric wave to
propagate with minimum attenuation in a pipe having an
inner diameter substituted in the relation.

Immediately after an electric wave having a prede-

termined frequency is transmitted £from the transmission

1 9
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unit 12, the reception unit 15 1is set in a receivable
state, and can receive the reflected wave. The reception
unit 15 may be set in a normally receivable state. The
electric wave collides against an obstacle 40 and 1S
reflected therefrom, and the reflected electric wave
returns through the pipe and is received by the reception
unit 15 through the antenna 13. After the received
electric wave is amplified, the amplified electric wave
is sent to the processing unit 16. The corresponding
signals are binarized such that a signal having a higher
level than a given 1level is set to ni" and a signal
having a lower level than the given level is set to "Oo".
The resultant value is compared with the electric
wave transmitted from the transmission unit 12 to detect
a lapse of time between transmission and reception. A
distance to the obstacle 40 is calculated from this lapse
of time, and the resultant value 1is displayed on the
display unit 18.

when the reflected wave is not observed, it is
judged that “the obstacle 40 does not exist within the
range where the electric wave can reach and return.
Assume that the antenna 13 is located at the intermediate
position in the pipe, and that the electric wave spreads

inside the pipe in both directions. In this case if the

obstacle 40 is perceived, it cannot be judged a direction

2 0O
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along which the obstacle 40 exists. The antenna 13 1is
slightly shifted to inspect an obstacle again. If a
distance to the obstacle 40 Dbecomes shorter, it 1s

determined that the obstacle 40 exists on the side where

the antenna 13 has been moved, and if a distance to the
obstacle 40 becomes longer, it 1is determined that the
obstacle 40 exists on the opposite side.

As has been described above, according to this
embodiment of the present invention, the antenna 13 of
the transceiver 1l4a is inserted from the mounting portion
of the domestic gas-meter 6 and passed to the trunk pipe
2. as an inspection target. Then, a reflﬁection time
between transmission of the electric  wave from the
transmission unit 12 and 1its reception is measured,
thereby accurately inspecting the distance from the
antenna 13 to the obstacle 40. In addition, - the
inspection distance can be increased because an electric
wave is used. The trunk gas pipe 2 having a large 1ength
can be inspeéted by a smaller number of inspection
cyples. Even if the trunk gas pipe 2 1is complicatedly
bent, the éledtric wave has a small attenuation amount to
faclilitate accurate inspection.

The above embodiment has exemplified a gas pipe as
an inspection target. However, the inspecting apparatus

of the present invention 1s not limited to an application

2 1
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to the gas pipe.
In addition, in the above embodiment, the antenna

13 or the like is inserted from the connection port of the
corresponding gas-meter 6. However, insertion of the

antenna 13 or the like 1is not limited to this method. The

antenna may be inserted from another location capable of

insertion upon proper selection.

2 2
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method of inspecting an abnormality occurring inside
a pipe to be inspected, comprising the steps of:

transmitting a radio wave having a frequency higher than
3 value obtained with an equation f=c/1.706 d, where f 1s a
frequency, c is the velocity of 1light, and d is an 1nner
diameter of said pipe, from a stationary antenna of a

transmitter located inside said pipe;

receiving a radio wave transmitted from sald stationary
antenna of the transmitter with a stationary antenna of a
receiver located inside the pipe at a position longitudinally
spaced far from said stationary antenna of said transmitter by
a predetermined distance;

comparing an intensity of the received radio wave with an
intensity of the radio wave transmitted by said transmitter;
and

determining that the abnormality exists inside the pipe
which constricts an inner diameter of said pipe when the

intensity of the received radio wave 1is below a predetermined

amount.

2. An apparatus for inspecting an abnormality occurring
inside a pipe to be inspected, comprising:

a transmitter for generating a radio wave having a
frequency higher than a value obtained with an equation
f=c/1.706 d, where f is a frequency, ¢ is the velocity of
light, and d is an inner diameter of said pipe;

a stationary transmitting antenna located inside said pipe
and coupled to the transmitter for transmitting the radio wave
along the inside of the pipe 1in the longitudinal direction;

3 receiver for receiving the radio wave transmitted from
said transmitting antenna through a stationary receiving

antenna located inside the pipe at a position longitudinally
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spaced far from said transmitting antenna by a predetermined
distance;

a processing unit for comparing an intensity of the
received radio wave with an intensity of the transmitted radio
wave and for calculating an attenuation amount by which the
intensity of the received radio wave was attenuated relative
to the intensity of the transmitted radio wave;

a distance input unit coupled to said processing unit for
inputting data to said processing unit reflecting the
predetermined distance between the antennas so as to correct
said attenuation amount by a factor which is a function of the
distance between said antennas; and

a display unit for displaying an intensity of the received

attenuated radio wave.

3. A method of inspecting a pipe for an abnormality
occurring inside the pipe, the method comprising the steps of:

transmitting a radio wave having a predetermined frequency
from a first stationary antenna located at a first
predetermined position inside the pipe;

receiving the radio wave with a second stationary antenna
located at a second predetermined location inside the pipe, the
second predetermined location being longitudinally displaced
along the pipe from the first predetermined location; and

evaluating a characteristic of the radio wave after the

radio wave is received to determine if an abnormality 1is

present within the pipe.

4. The method of claim 3, wherein the step of evaluating
a characteristic of the radio wave comprises:

determining an intensity of the radio wave after the radio

wave 1is receilved;
determining an attenuation amount by comparing the

intensity of the radio wave after the radio wave 1s received

with an intensity of the radio wave when the radio wave is
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transmitted; and
deciding that an abnormality exists within the pipe that
constricts an inner diameter of the pipe when the attenuation

amount exceeds a predetermined value.

5. A method according to claim 4, wherein the attenuation
amount is corrected by an attenuation correction factor that
is based on the distance between the second predetermined

location and the first predetermined location.
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