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EP 0 580 314 A1

Method and apparatus for cleaning the inside of a pipe.

@ The invention discloses a method for clean-
ing a pipe (4) in the inside comprising steps of
inserting a pig (6) into a pipe (4), and recipro-
cally moving the pig (6) thereafter by aerial
vibration to clean the inside of pipe (4). An
apparatus for cleaning a pipe (4) in the inside
comprises a pig (6) removably inserted into a
pipe (4) from an end side thereof and a vibration
generating source (8) for transferring the pig (6)
in reciprocal motion by means of aerial motion
to clean the inside of pipe (4).

Fig.1
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BACKGROUND OF THE INVENTION
Field of the Invention

The present Invention relates to a method and
apparatus for cleaning inside of a pipe used in pneu-
matic transportation systems, dryers, dehumidifiers
and many other fields, in particular, cleaning in place.

Prior Art

Conventionally, such method of inserting a brush
with a brush body attached to a leading end of elon-
gated member such as a wire, and cleaning inside of
a pipe by manually sliding the brush with supply water
is widely known as a method for cleaning inside of a
pipe.

In the case of cleaning inside of a pipe by the con-
ventional brushing method, particularly when multi-
ple short pipes are connected by means of such de-
tachable mechanism as flange joint, short pipes
(pipes) required for cleaning have been removed by
releasing the detachable mechanism, transported to
a cleaning station, then, manually cleaned in the in-
side thereof by the brush prepared separately, and
reassembled again as they were, after they have
been dried.

Thus, the conventional brushing method has the
following problems:

1. In either case that a pipe comprises a single
pipe or a combination of two or more short pipes,
because the inside of pipe is cleaned manually by
sliding a brush, not only the cleaning operation
has been laborsome and time-consuming, but
also it has been difficult to uniformly clean the
pipe (short pipe) in the inside, and cleaning effect
has been insufficient. In addition, there has been
such problem that the pipe must be transported
to a pipe cleaning station, and the transporting
operation is troublesome.
2. Specifically, in the case of a pipe comprising a
combination of two or more short pipes, since op-
erations of disassembling, cleaning, drying and
assembling pipes to be cleaned must be per-
formed totally manually, the cleaning operation
has been troublesome and time-consuming.

3. Because many of pipes (short pipes) to be

cleaned are mounted in a high location, the dis-

assembling and assembling operations have
been risky.

4. As pipes are cleaned by using water as well as

a brush, a dryer for removing the water is re-

quired, and there has been a problem of high

equipment cost.

5. When cleaning the pipe in the assembled state

without disassembling, it was difficult to remove

the remainder of transportation protective mate-
rials clogged in the pipe joints or moisture.
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SUMMARY OF THE INVENTION

(1) Itis one of the objects of the invention to pres-
ent a method of cleaning the inside of a pipe, in
which, because the pig is reciprocally moved by
aerial vibration to clean a pipe in the inside after
it is inserted from an end side of the pipe, the in-
side of pipe assembled into a pneumatic trans-
portation system or the like can be automatically
cleaned in the assembled state without being dis-
assembled, labor and time required for cleaning
operation can be reduced, in comparison with pri-
or art, cleaning effect is increased, because the
cleaning can be performed uniformly and effi-
ciently, and safety in the cleaning operation is en-
sured, as operations at a high level is eliminated.
(2) It is other object of the invention to present a
method of cleaning the inside of a pipe, which
comprises the wetting or solution cleaning step,
pig inserting step and pig cleaning step, and
therefore since the pipe is cleaned in the inside
by transferring the pig in reciprocal motion by aer-
ial vibration, the same effects as that of (1) above
are provided.

In such case, by providing the wetting step

as in claims 2, 11, deposits adhered to the inside
wall of pipe are loosened, and can be more easily
cleaned in the succeeding step. In this operation,
the deposits are removed even more efficiently
by bubbling the cleaning solution supplied by ae-
rodynamic force of the air source, as defined in
claim 12.
(3) According to a different object of the invention
to present a method of cleaning the inside of a
pipe, in the wet cleaning methods of claims 2, 4
and 11, as the pig contracting step for contracting
the pig (claims 3, 5 and 11) is added, when water
is absorbed by the pig in the pig cleaning and
other steps, the water contained in the pig can be
removed.

Also, in this case, as specified in claims 6,
11, since the rinsing step is added after the pig
cleaning step, deposits remaining in the pipe can
be discharged out of the system. In the rinsing
step, the deposits within the pipeline can be even
more effectively discharged by bubbling the
cleaning solution supplied by aerodynamic force
from the air source, as defined in claim 12.

Moreover, in such case, as shown in claims
7, 11, the inside wall of pipe that is wet-cleaned
can be efficiently dried, because the water drop-
let removing step is performed after completion
of the rinsing step, that is, the dewatered pig is
inserted into the pipe, and reciprocally moved in
the pipeline by means of aerial vibration, thus,
water droplets adhered to the inside wall of pipe
is absorbed and removed by the pig.

(4) In another object of the invention, the meth-
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ods of the invention according to claims 8 to 10
and 11 assures complete drying of the inside wall
of pipe, regardless of dry or wet method, as the
drying step for drying the inside of pipe is provid-
ed as a final step.

In such case, as described in claims 13, 14,

not only the inside wall can be dried approximate-
ly at an ordinary temperature without an exclu-
sive heater, but saving of thermal energy is ach-
ieved by utilizing aerial vibration wave for trans-
ferring the pig in reciprocal motion and waste
heat from the air source that constitute the vibra-
tion generating source for generating the aerial
vibration wave in the drying step.
(5) It is a further different object of the invention
to present an apparatus for cleaning the inside of
a pipe as defined in claims 15 to 37, so that the
methods of the invention can be efficiently con-
ducted.

In other words, the apparatuses of the inven-
tion are provided with a vibration generating
source for aerial vibration to achieve the pig
cleaning step, wetting means for achieving the
wetting step, pig contracting means for carrying
out the pig contracting step, solution cleaning
means for effecting the solution cleaning step,
rinsing means for performing the rinsing step,
water droplet removing means for carrying out
the water droplet removing step and drying
means for achieving the drying step.

In particular, according to the invention of
claim 15, the pig in the pipe to be cleaned is
moved reciprocally by air vibration, and therefore
the inside of the piping is cleaned by the sliding
pig, and at the same time the vaporization action
if activated by the air vibration to obtain a drying
effect. Furthermore, the remaining transporta-
tion protective materials, dust, moisture, and wa-
ter drops.clogged in the piping joints can be
sucked out and removed by the supplied air vibra-
tion, so that cleaning and drying of all piping parts
can be achieved at the same time.

Moreover, according to the invention of claim
16, air inlet and outlet are provided in the vibration
source, and the pig can be transferred while mov-
ing reciprocally, and therefore the entire pipe can
be cleaned by reciprocating the pig in small
strokes, so that itis easy to handle because large
strokes over the entire length of pipe are not
needed. Still more, by moving to a desired posi-
tion, that position can be cleaned particularly,
and arbitrary cleaning is realized.

(6) Moreover, in a different object of the invention
to present an apparatus for cleaning the inside of
a pipe, because a position sensor is provided cor-
responding to points in the pipe where dirts tend
to be accumulated, and a signal transmitted from
the position sensor is received by a controller so
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that the number of reciprocal movements of the
pig and waveform of aerial vibration can be ad-
justed in the vicinity of the position sensor on the
basis of the signal received by the controller, the
points in the pipe where dirts tend to be accumu-
lated can be cleaned thoroughly, and uniform
cleaning effect can be obtained.
(7) Furthermore, in a still different object of the
invention to present an apparatus for cleaning the
inside of a pipe, since the pig forms a spiral slit
groove in the outer surface thereof in the longi-
tudinal direction of a columnar body, and rotated
by passing air from the air source through the slit
groove, the inside wall of the pipe can be cleaned
by the pig in rotation, and the entire circumfer-
ence of the inside wall of pipe is thoroughly
cleaned, thereby, the cleaning effect is further in-
creased.

Incidentally, when the pipe is composed as in
claim 31, the water sealing effect of the joint part of
the pipe is excellent, and if there is water leak be-
tween the sleeve and the tubular joint, the water leak
can be sucked into the conduit by the air vibration
waves.

Other objects, features and benefits of the inven-
tion will be better understood and appreciated in the
following description.

In order to achieve the objects, the invention
presents a method for cleaning a pipe, according to
claim 1, by rendering reciprocal motion of a pig by
means of aerial vibration after inserting the pig into
the pipe to clean the inside thereof. In other words,
the embodiment of the invention is a dry cleaning
method comprising steps of inserting a pig into a pipe,
and cleaning the inside thereof by rendering recipro-
cal motion of the pig by means of aerial vibration.

In the method of the invention according to claim
2, the wet cleaning method comprises a wetting step
for moistening inside of the pipe, a pig insertion step
for inserting the pig into the pipe, and a pig cleaning
step for cleaning the inside of a pipe by transferring
the pig while moving reciprocally by air vibration. In
this wet cleaning method, when the pig adsorbs mois-
ture, a pig squeezing step is provided for squeezing
the pig in order to remove moisture from the pig (see
claim 3).

A method according to claim 4 of the invention is
a solution cleaning method comprising steps of clean-
ing inside of a pipe with a cleaning solution, inserting
a pig into the pipe, and cleaning the inside thereof by
transferring the pig in reciprocal motion by means of
aerial vibration. In the case of the solution cleaning
method, a pig contracting step is added, when the pig
contains water absorbed in it (as shown in claim 5).

When the pig cleaning step is performed, itis pre-
ferable to conduct a rinsing step after completion of
the pig cleaning step (as defined in claim 6). It is pre-
ferred to conduct a water droplet removing step for re-
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moving water droplets in the pipe after completion of
the rinsing step (claim 7).

A method according to claim 8 or 10 of the inven-
tion is provided with a drying step for drying inside of
a pipe as a final step in the method of claim 1 or 7 of
the invention.

As described above, the invention presents such
methods of dry cleaning a pipe in the inside by using
a pig, wet cleaning by the pig, cleaning by the pig after
cleaning with a solution, rinsing after cleaning by the
pig, and removing water droplets adhered to inside
wall of the pipe, or an appropriate combination of
them, for example, by adding a drying step thereto.

In addition, as a method according to claim 11 of
the invention, for example, wetting, pig inserting, pig
cleaning for cleaning with the pig while feeding clean-
ing solution, pig contracting, rinsing, water droplet re-
moving and drying steps can be performed. In this
case, in the wetting and rinsing steps, it is preferable
that a cleaning solution supplied is bubbled by means
of aerodynamic force from an air source (claim 12).
Moreover, in the drying step, a vibratory wave of air
for transferring the pig in reciprocal motion and waste
heat from the air source that constitutes a source for
generating the vibratory wave of air used for pig
cleaning are preferably utilized, thereby eliminating
an exclusive heater, allowing efficient drying at ordi-
nary temperature, and contributing reduction of ener-
gy consumption (claims 13, 14).

According to claims 15 to 26, the invention relates
to an apparatus for cleaning a pipe in the inside for
conducting the methods of the invention.

An apparatus according to claim 15 of the inven-
tion comprises a pig removably inserted from an end
side of pipe and a vibration generating source for
cleaning inside of the pipe by transferring the pig in
reciprocal motion by means of aerial vibration. In this
case, a dry cleaning apparatus is provided. As in
claim 186, air inlet and outlet are provided in the vibra-
tion source, and the pig moving reciprocally in the
pipe to be cleaned can be moved freely in the up-
stream direction or downstream direction by injection
or suction of air from the air inlet and outlet, so that
the pig may be transferred while moving reciprocally.

An apparatus according to claim 17 of the inven-
tion is provided with wetting means such as water
supply and drainage system for wetting inside of a
pipe in addition to the pig and vibration generating
source of claim 15, and an apparatus according to
claim 17 of the invention is provided with pig contract-
ing means additionally to the pig and vibration gener-
ating source. In such cases, a wet cleaning apparatus
is provided.

An apparatus according to claim 19 of the inven-
tion is provided with solution cleaning means for
cleaning inside of a pipe with a cleaning solution in ad-
dition to the pig and vibration generating source of
claim 15, and an apparatus according to claim 19 of
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the invention is provided with pig contracting means,
additionally to the pig, vibration generating source
and solution cleaning means, for contracting the pig.
In such cases, an arrangement for cleaning with a pig
after solution cleaning is provided.

According to claim 23, the invention provides ap-
paratuses of claims 17 to 22 having rinsing means. In
such cases, it is preferable that the apparatus has wa-
ter droplet removing means for removing water drop-
lets adhered to inside wall of a pipe (including means
for finely breaking such water droplets, as used in the
present specification) (claim 25).

An apparatus according to claim 27 of the inven-
tion is provided with drying means for drying inside of
a pipe as a final step in an apparatus of claims 15 to
25 of the invention. As the drying means, it is prefer-
red to dry the inner wall of the pipe by the air flow from
the air source as the vibration source used in the pig
cleaning. By drying inside of a pipe in a final step of
cleaning, a pipe ready for use in a succeeding step
can be obtained.

An apparatus of claim 29 of the invention is pro-
vided with a position sensor corresponding to points
in a pipe where dirts tend to be accumulated in an ap-
paratus according to claims 15 to 28 of the invention,
and structured such that a signal transmitted by the
position sensor is received by a controller, and the
number of reciprocal motions of the pig and waveform
of aerial vibration can be adjusted in the vicinity of the
position sensor on the basis of the signal received by
the controller. In such manner, points in a pipe where
dirts tend to be accumulated can be thoroughly
cleaned, and a uniform cleaning effect is obtained.

In claim 30, the invention presents an apparatus
according to claims 15 to 29, wherein the pig forms a
spiral slit groove 6 in an outer surface in longitudinal
direction of a columnar member, and are rotated by
passing air from the air source in the slit groove. Con-
sequently, the pipe can be more uniformly and evenly
cleaned, and cleaning effect can be further en-
hanced. Although any material can be used for the
pig, those having a superior chemical resistance and
resiliency for not damaging a body to be cleaned, and
being superior in hydrophilic property and wear resis-
tance such as polyvinyl alcohol, pulp and urethane
rubber (elastomer) are preferred.

According to a method of the invention, both in
dry and wet type, the pig is inserted in the pipe to be
cleaned and then air vibration is supplied into the
pipe, and therefore the pig is moved reciprocally by
the vibrating air, and at the same time the degree of
air-liquid contact is enhanced in the pipe, and the va-
porization of the liquid is activated. Thus, in the pipe,
the pig moves reciprocally, and the cleaning of the in-
side of the pipe by its sliding action and drying by pro-
motion of vaporization by vibration are progressed si-
multaneously. That is, when using air vibration, both
effects of cleaning and drying are brought about at
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the same time. Therefore, separate dryer or conven-
tional brush is not needed, and moreover by properly
changing the waveform and frequency of aerial vibra-
tion, the pig reciprocal stroke and number of recipro-
cal motions can be adjusted, and an efficient cleaning
depending on the dirtiness of the pipe is achieved.

In the case of wet cleaning method, since a wet-
ting step for applying moisture in a pipe is provided,
deposits adhered to the inside wall thereof can be
thereby loosened, and cleaning in the succeeding
step is further facilitated. In this case, it is preferable
that a cleaning solution supplied is bubbled by aero-
dynamic force of an air source.

In addition, as a step for contracting the pig is pro-
vided, when water is absorbed in the pig during the
pig cleaning step and the like, the water contained in
the pig is removed.

Because of a rinsing step provided after comple-
tion of the pig cleaning step, deposits remaining in the
pipe is washed out by the rinsing solution. In the rins-
ing step, it is preferable to bubble the solution sup-
plied by aerodynamic force from an air source.

Since a water droplet removing step is provided
after completion of the rinsing step, a pig without wa-
ter content is inserted into the pipe and reciprocally
moved by means of aerial vibration within the tubular
path, and water droplets adhered to the inside wall of
pipe are absorbed and removed by the pig.

As a drying step for drying inside of a pipe is pro-
vided in the method of the invention, regardless of dry
or wet type, inside wall of a pipe is surely dried.

In this case, it is preferable to utilize the air
stream from the air source as the vibration source
used in pig cleaning in the drying step.

With an apparatus of the invention provided with
vibration generating source, wetting means, pig con-
tracting means, solution cleaning means, rinsing
means, water droplet removing means and drying
means, above method can be efficiently performed.

In an apparatus of the invention, because a pos-
ition sensor is provided corresponding to points in a
pipe where dirts tend to be accumulated, a signal
transmitted by the position sensor is received by a
controller, and the number of reciprocal motion of the
pig and waveform of aerial vibration can be adjusted
in the vicinity of the position sensor based on the sig-
nal received by the controller, such points in the pipe
where dirts tend to be accumulated are thoroughly
cleaned.

Moreover, in the apparatus of the invention, since
the pig forms a spiral slit groove in an outer surface
in the longitudinal direction of a columnar body, and
rotated by passing air from an air source in the slit
groove, the pig rotates and cleans inside wall of a
pipe, the entire circumference of inside wall of the
pipe can be cleaned, and cleaning effect is further in-
creased.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic view showing a part of
embodiment 1 of an apparatus of the invention in sec-
tion.

Figure 2 is a schematic process diagram showing
operation of a vibration generating source.

Figure 3 is a process diagram with a valve mem-
ber rotated at a predetermined angle from Figure 2.

Figure 4 is a process diagram with the valve
member further rotated at a predetermined angle
from Figure 3.

Figure 5 is a process diagram with the valve
member further rotated at a predetermined angle
from Figure 4.

Figure 6 is a waveform chart.

Figure 7 is a flow chart of embodiment 1.

Figure 8 is a schematic view of embodiment 2 of
an apparatus of the invention with a valve member at
an original position.

Figure 9 is a schematic view with the valve mem-
ber rotated at a certain angle from the original position
of Figure 8

Figure 10 is a plan view showing the vicinity of pig
contracting means.

Figure 11 is a front view of Figure 10.

Figure 12 is a sectional view along line A-A of Fig-
ure 11.

Figure 13 is a left side view of Figure 11.

Figure 14 is a flow chart of embodiment 2.

Figure 15 is a schematic view of embodiment 3 of
an apparatus of the invention.

Figure 16 is a schematic view of embodiment 4 of
an apparatus of the invention.

Figure 17 is a part of another flow chart of a
method of the invention.

Figure 18 is the rest of another flow chart of the
method of the invention.

Figure 19 is a perspective view of a modified ex-
ample of pig.

Figure 20 is a sectional view of a pipe joint.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to Figs. 1 to 7 showing an appara-
tus of the invention, embodiment 1 is described as
well as a method of the invention.

Fig. 1 is a schematic view showing a partial sec-
tion of a dry cleaning apparatus 1 of the invention for
cleaning a pipe in the inside, Figs. 2 to 5 show an air-
flow vibrated and reciprocal motion of a pig, when a
directional control valve 17 from 0 to 270 deg. in a vi-
bration generating source 2. Fig. 6 is a waveform di-
agram showing changes of air flow vibrated by one ro-
tation of the directional control valve 17 from Fig. 2
through Figs. 3, 4 and 5 to the original position of Fig.
2. Fig. 7 shows a step diagram of the embodiment.

In Fig. 1, numeral 3 shows a main body of clean-
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ing apparatus, a pig inserting tube 5 is employed in
the main body 3 of the cleaning apparatus, and a pig
6 is removably inserted into the pig inserting tube 5
beforehand. The pig inserting tube 5 is connected to
an end 4a of pipe 4 to be cleaned in one end, while
the vibration generating source 2 in the other end.
The end 4a of pipe 4 is air-tightly connected in com-
munication with a conduit 20 of the vibration generat-
ing source 2 through the pig inserting tube 5. Inser-
tion and removal of pig 6 in the main body 3 may al-
ternatively achieved by arranging the pig inserting
tube in T shape or any other arrangement.

The vibration generating source 2 is provided for
the purpose of transferring the pig 6 in reciprocal
movement by means of aerial vibration to clean the in-
side of pipe 4. Since the vibration generating source
2 is based on the same principle as an aerial vibration
generating apparatus disclosed in Japan Patent Ap-
plication No. 4-90406 filed by the inventor and an ap-
plication thereof, refer to the specification and draw-
ings. However, it is desirable that the vibration gen-
erating source 2 provides an aerial vibration (sound
wave) of low or medium frequency.

The vibration generating source 2 comprises, as
shown in Figs. 1 to 5, an air source 10 with an inlet 11
and/or outlet 12, a directional control valve 17 having
four or more ports 13, 14, 15, 16 ..., a driving source
(not shown) such as a motor for driving the directional
control valve 17, a discharge pipe 18 and intake pipe
19 for respectively connecting the air source 10 and
directional control valve 17, a conduit 20 for connect-
ing the port 14 and the pig inserting tube 5, and a con-
duit 21 for connecting a filter 23 and the port 16. In
the leading end of conduit 20 in connection with the
port 14, the main body 3 of cleaning apparatus is con-
nected, air supplied by the air source 10 is vibrated by
directionally controlling a valve member 22 housed in
a casing 24 of the directional control valve 17 by
means of an inverter 8, then, the pig 6 is aerially vi-
brated by sound wave effect due to the vibration, and
transported in reciprocal motion in the advancing di-
rection, and the pipe 4 is cleaned in the inside. In this
case, by providing a pressurized air inlet pipe 9 in the
upstream of the pig 6 in the conduit 20 or pig inserting
tube 5, and supplying pressurized air through the
pressurized air inlet pipe 9, pressure in the upstream
(trailing end side) of pig 6 comes to be higher than that
of the downstream (leading end side), and the pig 6
can be, accordingly, more easily transferred to the
downstream side. In addition, a line of outside air inlet
pipe 32 shown in Fig. 8 may be employed in place of
the pressurized air inlet pipe 9.

In this embodiment, the vibration generating
source 2 is adapted to be capable of providing a
sound wave of low or medium frequency band as an
aerial vibration and changing the waveform of a pulse
wave, sine wave and the like. Waveform of the aerial
vibration is changed in accordance to the vibration
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frequency or frequency, amplitude, cyclic period and
the like. As a method of changing the waveform of
aerial vibration, the rotating speed of valve member
22 of the directional control valve 17, mounting angle
of the valve member 22 in valve chests 25, 26, angle
of rotation of the valve member 22, sectional open
area of at least one or more ports or sectional shape
of the casing 24, or mounting angle of the portsin the
directional control valve 17 may be changed, or other
various methods may be adopted.

According to an experimental example, the
stroke of reciprocal motion of the pig 6 is increased by
reducing the frequency of vibration generating source
2, while the stroke of reciprocal motion of the pig 6 is
reduced by increasing the frequency. For example,
the former was effected at a frequency of 1 Hz, and
the latter at 8 Hz. The figures are not limiting.

Thus, according to a method of the invention
shown in claim 1, the pig 6 is firstly inserted into the
pipe 4. For inserting the pig 6 into the pipe 4, as de-
scribed above, the main body 3 of cleaning apparatus
with the pig 6 pre-inserted into the pig inserting tube
5 may be connected with the pipe 4 so that the pig
can be transferred by means of aerial vibration from
the vibration generating source 2, the pipe 4 may be
connected with the main body 3 after the pig 6 is in-
serted manually to the inlet side of pipe 4, or other
methods may be employed. The air is, then, vibrated
by the vibration generating source 2, the pig 6 is
transferred in reciprocal motion by means of this vi-
brational energy, and the inside of pipe 4 is cleaned.

For the air source 10, such as ring blower, Roots
blower and vacuum pump may be selected arbitrarily,
as far as it has either one or both of inlet 11 and outlet
12.

Forthe directional control valve 17, although aro-
tary valve comprising a columnar casing 24 with four
or more ports 13, 14, 15, 16 ... and a valve member
22 of moving vane type housed in the casing 24 for
rotation by a driving source and sectioning it into two
valve chests 25, 26 is preferable, other type of valve
such as ball valve may be used.

The two valve chests 25, 26 sectioned by the
valve member 22 may be identical in their respective
total passage volumes S1, S2, as shown in the em-
bodiment, in such case, the waveform of aerial vibra-
tion shows a simple waveform as sine curve a shown
in Fig. 6, as far as conditions such as rotating speed
of the directional control valve 17 are same. In other
words, the waveform is identical in frequency, ampli-
tude and cyclic period.

When the valve chests are formed in such man-
ner that the total passage volumes S1, S2 comes to
be different, by changing the cycle of inlet and outlet
by means of the directional control valve 17, and
changing the frequency, amplitude and cyclic period
of aerial vibration as desired, as shown by band g, the
waveform can be arbitrarily changed from a.
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As described, the waveform of aerial vibration is
changed by rotating the valve member 22 in the direc-
tional control valve 17 between normal and reverse
directions by the inverter 8. As already described,
other various methods may be employed alternative-
ly to the one above.

Succeedingly, principle and operation of generat-
ing the aerial vibration (sound wave) by the vibration
generating source 2 shown in the embodiment is de-
scribed below while referring to Figs. 2 to 6.

1. Air intake and exhaust is initiated by driving the

air source 10. It is assumed that the valve mem-

ber 22 of directional control valve 17 is located in
position A of Fig. 2 at time 0. The airflow at the

time is directed through the discharge pipe 18,

valve chest 25, conduit 20 and main body 3 of the

cleaning apparatus as shown by arrows. In the
main body 3, the air flows from left to right as
shown by an arrow 27 in Fig. 2, and a waveform
shown in a section a of solid line a in Fig. 6, for
example, is observed during a period a from time

0.

2. Subsequently, at time 1, the valve member 22

of directional control valve 17 is driven to position

B of Fig. 3 by the driving source. At this time, the

air passes from the discharge pipe 18 through

the valve chest 26 and conduit 21 to filter 23,

while airin the inlet 11 of air source 10 is aspirated

from the main body 3 of cleaning apparatus
through the intake pipe 19, port 15, valve chest

25 and conduit 20, and returned to the air source

10. In the main body 3, the air flows from right to

left, as shown by an arrow 28 in Fig. 3, and a wa-

veform shown in a section b of solid line a, for ex-

ample, is observed during a period b from time 1.

3. Then, at time 2, the valve member 22 of the di-

rectional control valve 17 is driven to position C

of Fig. 4 by the driving source. The airflow at this

time is directed from the discharge pipe 18

through the valve chest 26 and conduit 20 to the

main body 3 in the same manner as in Fig. 2. In
the main body 3 of cleaning apparatus, similarly
to the case of Fig. 2, the air flows from left to right
as indicated by an arrow 29 in Fig. 4, and a wa-

veform shown in section ¢ of solid line a in Fig. 6,

for example, is observed during a period ¢ from

time 2.

4. Succeedingly, at time 3, the valve member 22

of the directional control valve 17 is driven to pos-

ition D of Fig. 5 by the driving source. The airflow
at this time is directed, similarly to the case of Fig.

3, through the discharge pipe 18, valve chest 25,

conduit 21 and filter 23, while the air from the air

intake 11 of the air source 10 is aspirated as in-
dicated by arrow from the main body 3 of cleaning

apparatus through the intake pipe 19, port 15,

valve chest 26 and conduit 20, and returned to

the air source 10. In the main body 3, the air flows
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from right to left as shown by an arrow 30 in Fig.

5 in the same manner as in Fig. 3, and a wave-

form shown in section d of solid line a in Fig. 6,

for example, is observed during period d from

time 3.

5. Furthermore, the valve member 22 of the di-

rectional control valve 17 is rotated from position

D of Fig. 5 to position A of Fig. 2 by the driving

source, the air is directed as described in 1, and

the airflow in the main body 3 is in the same di-

rection as that of the arrow 27 of Fig. 2. herein,

as shown in Figs. 2 to 5, when the valve member

22 of directional control valve 17 is rotated once,

the waveform of aerial vibration is repeated in

two cycles (Fig. 6).

Such motion is sequentially repeated in time
course, and the waveforms of aerial vibration form a
continuous wave of simple sine waves as shown by
solid line a in Fig. 6.

The waveform of aerial vibration can be changed
in accordance to the vibration frequency or frequen-
¢y, amplitude, cyclic period, continuous wave or pulse
wave, and the like. For example, in the embodiment,
by changing the rotating speed of valve member 22
in the directional control valve 17, rotating the valve
member 22 both in the normal and reverse directions
by the inverter 8, or other methods, the waveform
shown by the solid line a in Fig. 6 can be changed to
that of a broken line b or dotted broken line g.

An example of cleaning process by a dry cleaning
apparatus for pipes shown in the embodiment 1 is de-
scribed by referring to Fig. 7.

By pressing a start button, the pig 6 is inserted
into the pig inserting tube 5 in main body 3 of the
cleaning apparatus, and the devices are set. Suc-
ceedingly, by setting to the desired number of clean-
ing times, and driving the vibration generating source
2 so that the pig 6 is reciprocally moved within the
pipe 4 to be cleaned, the pig 6 is reciprocally moved
the preset number of times in the pipe 4 while it is
transferred to the leading end of pipe 4 by aerial vi-
bration, and the inside of pipe 4 is cleaned. Then, by
removing the devices, cleaning of the pipe 4 is com-
pleted. The pig 6 can be set for reciprocal strokes and
double acting strokes as desired.

An embodiment 2 of an apparatus of the invention
is a best mode of the invention described below on
the basis of Figs. 8 to 14. The embodiment is specif-
ically characterized by wetting means 40 for obtaining
a wet surface in the pipe 4 and pig contracting means
110 for contracting the pig 6 provided additionally to
the apparatus for cleaning a pipe in the inside shown
in the embodiment 1.

In other words, in an apparatus 1 for cleaning in-
side of a pipe of the embodiment 2, as shown in the
previous embodiment, a main body 3 of the cleaning
apparatus is connected with an end side 4a of pipe 4
to be cleaned in one end, and a vibration generating
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source 2 comprising an air source 10, directional con-
trol valve 17 and the like and wetting means 40 in the
other. In the main body 3, a conduit 20a air-tightly
connected with the end 4a of pipe 4 and the conduit
20 of vibration generating source 2 and a pig inserting
tube 5 are provided, the pig inserting tube is provided
with pig contracting means 110, and the pig 6 is re-
movably inserted beforehand. The vibration generat-
ing source 2 of the embodiment comprises the air
source 10, the directional control valve 17 with four
ports, a driving source 31 for driving the directional
control valve 17, a discharge pipe 18 connecting the
air source 10 and the directional control valve 17, an
intake pipe 19, a conduit 20 connecting a port of the
directional control valve 17 and the pig inserting tube
5, an outside air inlet pipe 32 sharing the conduit 20
and introducing the outside air, and is formed gener-
ally in similar manner to the embodiment 1.

Numeral 34 is a filter, 35 a valve, 36 a collection
filter, and 37 a collection tank.

Although the wetting means 40 may have any
structure, in this embodiment, it is structured so as to
supply and discharge such cleaning solution as clean
pipe water and distilled water. In other words, the wet-
ting means 40 comprises a solution supply source 48,
a feed pipe 41 connected with a solution supply
source 48, a feed controller 46 connected with the
pipe in the other end and feeding the solution while
discharging a part of it during feeding, and a drain
pipe 42 for discharging the solution fed and used in
the pipe 4, the leading end of feed pipe 41 is in com-
munication through the main body 3 with the pipe 4
to be cleaned and with the feed controller 46, and the
trailing end of drain pipe 42 is in communication
through the main body 3 with the pipe 4. In Figs. 8 and
9, numeral 44 is a feed valve, and 45 a cartridge filter.
By supplying a solution into the pipe 4 by means of the
wetting means 40, deposits adhered to the inside wall
of pipe 4 are loosened, and the cleaning is facilitated.
In this case, the cleaning solution is preferably bub-
bled by aerodynamic force of the air source.

Incidentally, the solution fed to the feed pipe 41
is not limited to water of ordinary temperature, but
may be warm water.

The pig contracting means 110 is provided to re-
move water absorbed by the pig 6. For the pig con-
tracting means 110, such structure as shown in Figs.
10 to 13 may be employed. In other words, the pig
contracting means 110 comprises a driving source
112 such as afluid pressure cylinder provided on a top
plate 111 of the box-type pig inserting tube 5, a pres-
sure plate 114 connected with a driving shaft 113 of
the driving source 112 and applying pressure to the
pig 6 for dewatering, and a duckboard 115 formed
with spacings therein so that it can be flexed along
the curved surface of pig 6, and the pig 6 is contract-
ed by diving the driving source 112, and vertically
moving the pressure plate 114. The contraction of the
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pig 6 may be achieved automatically as shown in Figs.
10 to 13 or manually. Numerals 116, 117 show valves.

In the feed controller 46 shown in Figs. 8 and 9,
an overflow pipe 463 is uprightly provided slightly
above a bottom plate 462 that forms a housing 461,
a slit 464 is formed between the lower end of over-
flow pipe 463 and the upper surface of bottom plate
462, and flow rate from the pipe 4 is higher than dis-
charge rate of the slit 464, thus, when overflow ex-
ceeding the upper end of overflow pipe 453 occurs in
the housing 461, the solution is discharged from the
upper part to the lower part in the overflow pipe 463.
Initial supply water containing heavy dirt in the pipe 4
that is cleaned by the wetting means is discharged,
at the beginning of operation, from the drain pipe 42
through an outlet 465 and discharge pipe 466. The
discharge operation can be automatically performed
by combining a level sensor 47, timer and the like.

Operation of the embodiment 2 is described be-
low by referring to Figs. 8 to 14.

1. The devices are set to the main body 3 of clean-

ing apparatus, the pig contracting means 110,

that is, the pressure plate 114 provided in the pig

station (pig inserting tube 5) is lowered so that
the pig 6 is contracted.

2. Then, the cleaning solution is supplied into the

pipe 4 from the solution supply source 48 and

feed pipe 41 which are the wetting means 40, and
discharged from the drain pipe 42 that is the wet-
ting means 40, thus, the inside of pipe 4 is ren-
dered wet or provided with a wet surface. In this
operation, initial supply water containing heavy
dirt is discharged while the solution is fed, and
this can be achieved automatically by combining

a level sensor, timer and the like.

3. After being inserted into the pipe 4 from the pig

inserting tube 5, the pig 6 is transferred in reci-

procal motion by aerial vibration from the vibra-
tion generating source 2 and air pressure from
the outside air inlet pipe 32 for cleaning the pipe

4 in the inside.

The operation of vibration generating source 2 at
this stage is as described in association with the em-
bodiment 1. In other words, upon actuation of the air
source 10, the directional control valve 17 initiates
continuous rotation, and when the valve member 22
of the directional control valve 17 is in an inclined
state as shown in a solid line in Fig. 8, for example,
the air discharged from the air source 10 is supplied,
as shown by an arrow, from the discharge pipe 18
through the port 49, valve chest 25 and conduit 20b,
and from the conduit 20 through the main body 3 of
cleaning apparatus into the pipe 4 to be cleaned, so
that the pig 6 is subjected to aerial vibration shown in
section a of the curve a in Fig. 6, for example, and ad-
vanced in the forward direction. When the positioning
of valve member 22 is changed from the state of Fig.
8 to that of Fig. 9, in order to suck the air in the con-
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duits 20, 20b to the side of intake pipe 19 of air source
10, the pig 6 is subjected to aerial vibration shown in
section b of the solid line a in Fig. 6, and advanced in
such manner that the central point of amplitude in the
reciprocal motion is shifted toward the leading end,
while it is repeatedly reciprocated in a state slightly re-
tracted from the first-mentioned position. In this case,
the pig 6 may be advanced by applying air pressure
from the outside air inlet pipe 32 as supplemental to
the reciprocal operation of pig 6 by the vibration gen-
erating means 2 so that the central point of amplitude
during the reciprocal motion of pig 6 is shifted toward
the leading end. The air taken from the conduits 20,
20b through ports 562 and 51, intake pipe 19, air
source 10, discharge pipe 18 and ports 49 and 50 is
discharged through the filter 34 to outside of the sys-
tem.

As described above, the inside of pipe 4 is
cleaned by aerially vibrating and transferring the pig
6 in reciprocal motion, in which the forwarding step of
the pig 6 as shown in Fig. 8 and the retracting step
thereof as shown in Fig. 9 are alternately repeated. In
this operation, the pig 6 rubs the inside wall of pipe
4 with a medium of water while it is transferred. Such
cleaning step by the pig 6 (which corresponds to a
solution cleaning step) is repeated the number of
times desired.

By changing the waveform of aerial vibration by
the vibration generating source 2, the stroke length of
reciprocal motion of the pig 6 can be changed as de-
sired. The waveform of aerial vibration can be varied
according to the vibration frequency or frequency,
amplitude, cyclic period and the like. For changing the
waveform of aerial vibration, as already described,
such method of changing the rotating speed of valve
member 22 in the directional control valve, mounting
angle or angle of rotation of the valve member 22,
sectional open area of the ports in valve member 22,
and mounting angle of the ports may be appropriately
adopted, and an arbitrary waveform can be selected
without being limited to the waveform shown in Fig.
6. In such case, the waveform is changed by the con-
troller 33 or inverter in the side of air source 10.

When dewatering of the pig 6 is desired upon
completion of each cycle of pigment cleaning step, in
the case of returning the pig 6 to the original position
in the main body 3 after the setting time is passed, the
valve member 22 of directional control valve 17 is ro-
tated and stopped at an attitude shown in Fig. 9 by ac-
tivating the controller 33, and the airflow within the
pipe 4 is, as described above, directed in the rear-
ward direction as indicated by an arrow. Thus, the pig
6 is sucked in the rearward direction of airflow, and
returned to the original position in the main body 3 of
cleaning apparatus.

In such manner, the pig 6 is returned to the orig-
inal position, and contracted and dewatered by the pig
contracting means 110.
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The wetting step for wetting the inside of pipe 4
by means of the wetting means 40, pig inserting step,
pig cleaning step and pig contracting step can be set
for the time, number, sequence and the like as de-
sired by the controller 33.

After the pig cleaning step, a rinsing step for dis-
charging dusts remaining in the pipe 4 out of the sys-
tem is added, if required, by using such rinsing means
55 as the wetting means 40 or other supply and dis-
charge apparatus provided separately. In the flow
chart of Fig. 14, the rinsing step is added. That is, af-
ter completion of the pig cleaning step, water is sup-
plied into the pipe 4 by commonly using the solution
supply source 48 and feed pipe 41 that are the wetting
means 40, and discharged from the drain pipe 42 to
outside the system after the inside of pipe 4 is wash-
ed with the water. The rinsing step is repeated the
predetermined times. In the rinsing means 55, it is
preferred that the cleaning solution supplied is not
bubbled by aerodynamic force from the air source.

In addition, in this embodiment, a water droplet
removing step for removing water droplets deposited
on the inside wall of pipe 4 is added. In other words,
after the rinsing step is completed, the pig 6 that is
dewatered beforehand is inserted into the pipe 4 in
the same manner as in the pig cleaning step, and re-
ciprocally moved in the advancing direction the pre-
determined times in the pipe 4 by aerial vibration from
the vibration generating source 2, so that water drop-
lets adhered to the inner circumferential wall and the
like of pipe 4 is absorbed and removed by the pig 6.
The pig 6 is returned to the original position in the
main body 3, and dewatered, and the water removed
therefrom is discharged from the drain pipe 42. Al-
though the water droplet removing means comprises
the pig 6, the vibration generating source 2 and the
pig contracting means 110, itis notlimited in the struc-
ture, but may have a modified design as desired. The
water droplet removing step can be eliminated when
unnecessary.

In the embodiment, for a final step, drying means
60 for drying the inside of pipe 4 is provided. As the
drying means 60, the vibration generating source 2
comprising the air source 10, directional control valve
17 and the like may be commonly used, means com-
prising the outside air inlet pipe 32, valve 35 and the
like, or both the former and latter may be used. By
such means, the inside wall of pipe 4 can be dried ap-
proximately at an ordinary temperature with an exclu-
sive heater. In other words, by the former, the inside
of pipe 4 can be dried by means of waste heat of the
vibration generating source 2 (specifically, the air
source 10) without using a heater.

In the case of drying the inside of pipe 4 by com-
monly using the former vibration generating means 2,
the valve member 22 of the directional control valve
17 is positioned in upstanding attitude, as shown by
dotted broken line 22’ in Fig. 8, by the controller 33,
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and air discharged from the air source 10 is continu-
ously directed, as shown by an arrow, from the dis-
charge pipe 18 through the port 49, valve chest 25
and conduit 20b, and from the conduit 20 through the
main body 3 into the pipe 4 that is cleaned, thus,
through-flow drying the pipe for a predetermined
time. In this operation, because the air discharged
from the air source 10 is heated, as described, by the
waste heat, the inside of pipe 4 is hot-air dried by the
waste heat energy. Positioning of the valve member
22 is achieved by such positioning means as photo-
electric switch and lead switch. In the case of drying
by commonly using the former vibration generating
source, in the drying step, wave of aerial vibration
used for transferring the pig in reciprocal motion and
waste heat from the air source that constitute the vi-
bration generating source for generating the wave of
aerial vibration may be utilized.

In the case of drying the inside of pipe 4 by the
latter drying means 60 of the outside air inlet pipe 32
and valve 35, by opening the valve 35, outside air, de-
humidified air, hot air or the like is directed from the
outside air inlet pipe 32 through the conduit 20, col-
lection filter 36 and collection tank 37 into the pipe
that is cleaned, thereby, drying the pipe for a prede-
termined time.

The former drying means 60 and the latter drying
means 60 may be selectively or simultaneously em-
ployed. Also, the drying means 60 is not limited to the
two examples, but may be arbitrarily chosen.

The rinsing, water droplet removing and drying
steps can be set for the time, number, sequence and
the like as desired.

The steps of Fig. 14 are merely examples of op-
eration of the embodiment, and can be changed as
desired.

By using an apparatus of the invention shown in
the embodiment 2, methods of the invention as de-
fined in claims 2 to 10 can be conducted.

In other words, as defined in claim 2, the wetting
step for wetting the inside of pipe 4 by the wetting
means 40, pig inserting step for inserting the pig 6
into the pipe 4 and the pig cleaning step for cleaning
the inside of pipe 4 by transferring the pig 6 while aer-
ially vibrating it in reciprocal motion by the vibration
generating means 2 can be performed.

A method of the invention according to claim 3
comprising the pig contracting step for dewatering the
pig 6, when required, by pig contracting means in ad-
dition to the wetting, pig inserting and pig cleaning
steps can be conducted. Moreover, as defined in
claim 4, a method comprising the solution cleaning
step for cleaning the inside of pipe 4 with a cleaning
solution by using the wetting means 40, pig inserting
step for inserting the pig 6 into the pipe 4, and pig
cleaning step for cleaning the inside of pipe 4 by
transferring the pig 6 in reciprocal motion by means
of aerial vibration by the vibration generating source
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2 can be achieved. A method, as defined in claim 5,
comprising the pig contracting step for contracting the
pig 6 by the pig contracting means 110 in addition to
above steps can be conducted.

Furthermore, methods of the invention including,
additionally to the steps, the rinsing step by the rins-
ing means 55 after completion of the pig cleaning
step, as specified in claim 6, and further including the
water droplet removing step in addition to these steps
after completion of the rinsing step, as described in
claim 7, can be performed. Also, methods comprising
the drying step for drying the inside of pipe 4 by the
drying means 60 as a final step as defined in claims
8 to 10 can be achieved.

An embodiment 3 of an apparatus of the invention
is now described by referring to Fig. 15.

The embodiment is specifically characterized by
a fact that warm water supply means 70 and warm air
supply means 80 are added to the structure of em-
bodiment 2, while the other parts are structured gen-
erally in the same manner as those shown in Figs. 8
and 9.

In other words, assuming that the feed pipe 41
constituting the wetting means 40 is a line a, in sup-
plying water into the pipe 4, it is supplied from the sol-
ution supply source 40 through the line a, a warm wa-
ter pipe 71 branched from a part of line a and connect-
ed in communication with the other part is provided
as line b, and a heater 72, filter 73 and warm water
valve 74 that constitute the warm water supply means
70 are respectively and sequentially connected to the
warm water pipe 71. Therefore, in wetting the inside
of pipe 4, water is supplied along the line a as shown
in a solid arrow, while warm water is supplied into the
pipe 4 by using a line b as shown in a dotted broken
arrow and sharing a part of the line a, when warm wa-
ter is supplied.

Aline ¢ is formed by connecting directional con-
trol valves 81, 82 such as electromagnetic valve to the
conduit 20 on the upstream side of collection filter 36
and downstream side of collection tank 37, and a line
d by the conduit 20c connected to the directional con-
trol valves 81, 82 in both ends thereof, and a filter 83,
heater 84 and filter 85 that constitute the warm air
supply means 80 are connected to the line d.

Thus, by actuating the directional control valves
81, 82, when the line d is closed and the line ¢
opened, upon actuation of the vibration generating
means 2, the aerial vibration is conducted to the in-
side of conduits 20b, 20 and 20a including the line ¢,
the pig 6 within the pipe 4 is aerially vibrated and
cleans the pipe, and the inside of pipe 4 can also be
through-flow dried, as described in association with
the embodiment 2, by switching the vibration gener-
ating means 2 and valve member 22 as required. In
addition, as described with the embodiment 2, the in-
side of pipe 4 can be through-flow dried by using the
route of outside air inlet pipe 32 as well. Upon actua-
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tion of the directional control valves 81, 82, when the
line ¢ is closed and line d opened, by turning on the
heater 84, the thermal energy can be directed with air
from the air source 10 constituting the vibration gen-
erating means 2, and the inside of pipe 4 can be hot-
air dried as well.

The warm water supply means 70 is not limited to
the structure shown in Fig. 15, and the design can be
modified, for example, so as to separately provide an
independent route from the wetting means 40.

The warm air supply means 80 is not limited to
the structure shown in Fig. 15, and an exclusive con-
duit for the warm air supply means 80, for example,
can be used instead of sharing the conduit 20, or an
air source separately provided may be employed in
the warm air supply means 80 shown in Fig. 15 as a
ventilation source instead of using the air source 10
of the vibration generating source 2.

An embodiment 4 of an apparatus of the invention
is described below by referring to Fig. 16.

In the embodiment 4, as shown in Fig. 16, the
wetting means 40 of Fig. 15 is substituted by solution
cleaning means 90, in the figure, the solution supply
source 48, feed pipe 41, cartridge filter 45, water sup-
ply valve 44 and drain pipe 42 are also used as the
solution cleaning means 90, the inside of pipe 4 is
cleaned with a solution by the solution cleaning
means, and the embodiment comprises at least the
pig 6 removably inserted from an end side of the pipe
4 and vibration generating means 2 for transferring
the pig 6 in reciprocal motion by aerial vibration to
clean the inside of pipe 4. Initial supply water contain-
ing heavy dirt in the pipe 4 that is cleaned by the sol-
ution cleaning means 90 is discharged at the begin-
ning of operation from the drain pipe 42 through the
outlet 46 and discharge pipe 466 of the feed controller
46. The discharge operation can be automatically per-
formed by combining a level sensor 47, timer and the
like.

In Fig. 16, in addition to the above, the pig con-
tracting means 110 shown in Figs. 10 to 13, rinsing
means 55, water drop removing means, warm water
supply means 70 and drying means 60 comprising
warm air supply means 80, through-flow drying
means or the like are provided.

By using the apparatus of embodiment 4, meth-
ods of the invention according to claims 4 to 10 can
be performed. It means that the solution cleaning, pig
inserting, pig cleaning, pig contracting, rinsing, water
droplet removing and drying steps can be combined
as desired.

Fig. 17 shows a part of another preferred process
of a method of the invention, Fig. 18 the remaining
part thereof. In association with a cleaning apparatus
structured as shown in Figs. 8 to 13, the process of
the figures is described below.

The operation for cleaning a pipe in the inside is
generally common with the example of process of Fig.
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14. In other words, it comprises a wetting step (also
referred to as humidifying step), pig cleaning step us-
ing a pig and cleaning water, rinsing step, water drop-
let removing step and drying step. However, those
shown in Figs. 17 and 18 are significantly different
from that of Fig. 14 by the fact that the cleaning water
is bubbled in the wetting and rinsing steps, and that
only waste water from the air source constituting the
vibration generating source for generating a wave of
aerial vibration is utilized in the drying step.

In other words, firstly, the pig 6 in the main body
3 of cleaning apparatus is contracted by the pig con-
tracting mean 11. Succeedingly, the feed valve 116 is
opened, discharge valve 117 is closed, water is sup-
plied from the solution supply source 48 into the pipe
4 by the wetting means 40, and the wetting step A is
started. Simultaneously with the water supply, the
supply solution is bubbled by aerodynamic force from
the air source 10 for loosening deposits adhered to
the inside wall of pipe 4, and discharged. Such oper-
ation is performed the predetermined number of
times.

After completion of the wetting step A, a cleaning
solution is supplied into the pipe 4, and the pig clean-
ing step B (solution cleaning step) wherein the inside
of pipe 4 is cleaned by transferring the pig 6 in reci-
procal motion by aerial vibration (at low frequency) is
conducted. After the pig cleaning is completed, the
pig 6 is returned to the original position and dewa-
tered. Waste water produced during the operation is
discharged from the drain pipe 42. Such pig cleaning
step B is repeated the predetermined number of
times.

Succeedingly, the rinsing step C for supplying a
cleaning solution into the pipe 4 and rinsing the inside
thereof is performed. In this case, similarly to the
wetting step A, the cleaning solution supplied is bub-
bled by aerodynamic force from the air source 10.
Such operation is performed the predetermined num-
ber of times.

After the rinsing step C, a water droplet removing
step D is performed for removing water droplets ad-
hered to the inside wall of pipe 4. In the water droplet
removing step D and the succeeding drying step E,
the vibration generating source 2 is activated, and a
low frequency wave is provided. In the water droplet
removing step D, the pig 6 absorbs water droplets
therein, while being reciprocally moved by the low fre-
quency wave. The pig 6 with water absorbed therein
is returned to the original position, then, dewatered.

Inthe drying step E, by utilizing the energy of aer-
ial vibration wave (at low frequency) for transferring
the pig 6 in reciprocal motion and energy of waste
heat from the air source 10 that constitute the vibra-
tion generating source 2 for generating the wave of
aerial vibration, the inside of pipe 4 is dried without
using any heater. The drying operation is performed
until a set water content of a humidity sensor and set
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drying time are reached, when the set water content
and set drying time are reached, the vibration gener-
ating means 2 is turned off, and the cleaning and dry-
ing are completed in the case that a target value is
reached after confirming the dryness.

In the embodiments, as shown in Fig. 1, 8, 9, 15
and 16, a position sensor 100 is provided correspond-
ing to points in the pipe 4 (such as bends) where dirts
tend to be accumulated, so that such variables as the
number of reciprocal movements of the pig 6 and wa-
veform of the aerial vibration can be adjusted in the
vicinity of the position sensor 100. Specifically, the
waveform of aerial vibration and the like can be ad-
justed by receiving a signal transmitted from the pos-
ition sensor 100 by a controller 33, and rotating the
valve member 22 in the normal or reverse direction by
an inverter 8, or the waveform and the like may be
similarly adjusted by changing the rotating speed of
air source 10. In such manner, the points in the pipe
4 where dirts tend to be accumulated can be intensely
cleaned.

For the pig 6, a columnar sponge is used in the
embodiment, the shape is selected as desired. For
example, it is preferably that one or more spiral slit
grooves 6a are formed in the outer surface in the
longitudinal direction of a columnar body with an ap-
propriate length, and the pig 6 is rotated and transfer-
red by passing air from the air source 10 through the
slit grooves 6a.

If the pipe used in the air conveying apparatus,
drying device or dehumidifier is long, generally plural
short pipes are coupled by known means such as
flange joint. Hence, when cleaning the inside of the
conduit of such short pipes, as mentioned above, it re-
quired complicated work of disassembling the plural
short pipes, cleaning with brush, drying, and reas-
sembling. If water drops often remained in the joints
of the short pipes to lower the quality of the product
such as powder material pneumatically conveyed in
the duct.

To solve such problem, the pipe of the invention
has special means. That is, explaining by reference to
Fig. 20, the pipe 4 is combining by connecting two or
more short pipes 400, 401, ..., and the end parts
400a, 401a of the adjacent short pipes 400, 401, ...
are connected with a pair of tubular joints 410, 411
having a same inner wall surface as the inner wall
surface of the same short pipes 400, 401. On the
other hand, at the connection ends of the pair of tub-
ular joints 410, 411, outward flanges 412, 413 are
formed, and at the inner wall sides of the joints 410,
411 confronting the flanges 412, 413, a sleeve inser-
tion groove 414 is formed, and a sleeve 415 having
an O-ring 415 and possessing a greater stiffness than
the short pipes 400, 401, ... is inserted in the sleeve
insertion groove 414. A clamp band 417 is held and
tightened by the outward flanges 412, 413.

By composing the pipe 4 in such manner, when
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the outward flanges 412, 413 of the tubular joints
410, 411 is tightened by the clamp band 417, since
the connection end part of the joints 410, 411 is sup-
ported from inside of the duct by the sleeve 4186, dis-
tortion is not caused in the connection end part. Ac-
cordingly, together with the presence of the O-ring
415, the water sealing effect of the joint part is excel-
lent. If the O-ring 415 should deteriorate, or if there is
water leak between the sleeve 416 and the tubular
joints 4101, 411, since the pig 6 is moving reciprocally
in the duct of the pipe 4, air vibratory waves of pul-
sating waves are generated, and the air vibratory
waves suck the remaining leak water into the duct. As
a result, the seam of the duct is dried by air, and the
quality of the material conveyed in the duct is not low-
ered.

Although a force feed system such as blower is
used, in the apparatus of the invention, for the air
source 10 of vibration generating source 2 attached to
the trailing end of the pipe 4 to be cleaned, as shown
in the embodiment, such suction system as vacuum
pump may be used for the air source 10 attached to
the leading end of pipe 4 in the apparatus of the in-
vention.

In a method of the invention, as already descri-
bed, a dry method (claim 1), wet method (claim 2) and
solution cleaning method (claim 4) may be indepen-
dently employed, respectively, or these three method
may be performed in an appropriate combination.

In addition, the pig contracting, rinsing, water
droplet removing and drying steps (claims 3 and 5 to
8) can be performed in an appropriate combination
with above methods. Sequence of the steps can be
appropriately combined without being limited in Figs.
7,14, 17 and 19, and performed.

In an apparatus of the invention, as described
above, on the basis of the pig 6 and vibration gener-
ating source 2 (claim 15), the wetting means 40
(claims 17, 18), pig contracting means 110 (claims 21,
22), solution cleaning means 90 (claim 19), rinsing
means (claims 23, 24), water droplet removing means
(claims 25, 26) and drying means 60 (claims 27, 28)
can be appropriately combined. Then, these means
are adapted to automatically clean the inside of pipe
4.

It is an advantage that the installation space can
be saved by housing or attaching the pig 6, vibration
generating means 2, wetting means 40, pig contract-
ing means 110, solution cleaning means 90, rinsing
means 55, water droplet removing means and drying
means 60 comprising the apparatus of the invention
in a box-like member (main body 3 of cleaning appa-
ratus).

Meanwhile, the invention may be applied also for
the purpose of drying only. In such a case, if it is in-
tended to dry the water drops on the inner wall of the
pipe, most water drops are adsorbed on the pig, while
water drops are divided into small particles to be dried
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easily, and then the pig is removed from the pipe, al-
lowing the aerial vibration to reach easily the end or
seam of the pipe, so that an effective drying is ach-
ieve. Therefore, the pig is not necessary if it is intend-
ed to remove moisture in the pipe or remove water
content contained in the seam.

In Figs. 1, 8, 9, 15, and 16, an air lead-in pipe 9
or fresh air lead-in pipe 32 is provided in the vibration
source 2 as air inlet and outlet, and the pig 6 moving
reciprocally in the pipe 4 to be cleaned is transferred
freely in the upstream direction or downstream direc-
tion by injection or suction of air from the air inlet and
outlet, so that the pig 6 is transferred while moving re-
ciprocally.

Claims

1. A method for cleaning the inside of a pipe by ren-
dering reciprocal motion of a pig by means of aer-
ial vibration after inserting the pig into the pipe to
clean the inside thereof.

2. A method for cleaning the inside of a pipe com-
prising steps of wetting inside of the pipe, insert-
ing a pig into the pipe, and cleaning the inside
thereof by transferring the pig in reciprocal mo-
tion by means of aerial vibration.

3. Amethod for cleaning the inside of a pipe accord-
ing to claim 2 comprising a step of contracting the

pig.

4. A method for cleaning the inside of a pipe com-
prising steps of cleaning inside of the pipe with a
cleaning solution, inserting a pig into the pipe,
and cleaning the inside thereof by transferring
the pig in reciprocal motion by means of aerial vi-
bration.

5. Amethod for cleaning the inside of a pipe accord-
ing to claim 4 comprising a step of contracting the

pig.

6. Amethod for cleaning the inside of a pipe accord-
ing to either claim 2 or 5§ comprising a step of rins-
ing after the pig cleaning step.

7. Amethod for cleaning the inside of a pipe accord-
ing to claim 6 comprising a step of removing water
droplets after the rinsing step.

8. Amethod for cleaning the inside of a pipe accord-
ing to either claim 1 or 5 comprising a step of dry-
ing inside of the pipe.

9. Amethod for cleaning the inside of a pipe accord-
ing to claim 6 comprising a step of drying inside
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of the pipe.

10. Amethod for cleaning the inside of a pipe accord-
ing to claim 7 comprising a step of drying inside
of the pipe as a final step.

11. A method for cleaning the inside of a pipe com-
prising steps of wetting inside of the pipe, insert-
ing a pig into the pipe, supplying a cleaning sol-
ution and cleaning the inside of pipe by transfer-
ring the pig in reciprocal motion by means of aer-
ial vibration, contracting the pig, rinsing the inside
by supplying a cleaning solution thereinto, re-
moving water droplets deposited on the inside
wall of pipe after the rinsing step, and drying the
inside of pipe.

12. Amethod for cleaning the inside of a pipe accord-
ing to claim 11, wherein the cleaning solution sup-
plied is bubbled by aerodynamic force from an air
source in the wetting and rinsing steps.

13. Amethod for cleaning the inside of a pipe accord-
ing to claim 11 or 12 comprising the drying step
of applying ventilating air from the air source
which makes vibration generating source used for
cleaning the pig in the drying steps.

14. Amethod for cleaning the inside of a pipe accord-
ing to claim 9 or 10 comprising the drying step of
applying ventilating air from the air source which
makes vibration generating source used for
cleaning the pig in the drying steps.

15. An apparatus for cleaning the inside of a pipe
comprising pig removably inserted from an end
side of pipe and a vibration generating source for
transferring the pig in reciprocal motion to clean
the inside of pipe by aerial vibration of the pig .

16. An apparatus for cleaning the inside of a pipe ac-
cording to claim 15 comprising pig transfer means
for transfering the pig which reciplocating inside
a pipe for cleaning by transfering up or down the
air streem at will with blow or intake of air from an
access way, while reciplocating the pig. wherein
the access way is provided for the vibration gen-
erating source.

17. An apparatus for cleaning the inside of a pipe ac-
cording to claim 15 or 16 comprising wetting
means for wetting the inside of pipe.

18. An apparatus for cleaning the inside of a pipe ac-
cording to claim 17, where in wetting means com-
prises a source of supply, a supply pipe which is
connected to the source, a supply controller
which is connedcted to the other side of the pipe
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and supplys water during draining a part of water
in the progress of supply, and a drainange pipe
for supplying it in the pipe and draining it after the
use of it, wherein a top side of the supply pipe is
connected with a pipe for cleaning and the supply
controller through the body of the apparatus, and
the base top side of the drain pipe is connected
with the pipe through the body for cleaning.

An apparatus for cleaning a pipe in the inside ac-
cording to claim 15 or 16 comprising solution
cleaning means for cleaning the inside of pipe
with a cleaning solution.

An apparatus for cleaning a pipe in the inside ac-
cording to 19, wherein cleaning means with a
cleaning solution comprises a solution supply
source, a feed pipe connected with a solution
supply source, a feed controller connected with
the pipe in the other end and feeding the solution
while discharging a part of it during feeding, and
a drain pipe for discharging the solution fed and
used in the pipe.

An apparatus for cleaning a pipe in the inside ac-
cording to any of claims 17 to 19 comprising pig
contracting means for contracting the pig.

An apparatus for cleaning a pipe in the inside ac-
cording to claim 21, wherein the pig contracting
means is provided to remove water absorbed by
the pig. the pig contracting means comprises a
driving source such as a fluid pressure cylinder
provided on a top plate of the box-type pig insert-
ing tube, a pressure plate connected with a driv-
ing shaft of the driving source and applying pres-
sure to the pig for dewatering, and a duckboard
formed with spacings therein so that it can be
flexed along the curved surface of pig, and the
pig is contracted by diving the driving source, and
vertically moving the pressure plate.

An apparatus for cleaning a pipe in the inside any
of claims 17 to 22 comprising a step of rinsing in-
side of the pipe the pig cleanig step.

An apparatus for cleaning a pipe in the inside ac-
cording to claim 23, wherein the rising means
comprises a solution supply source, a feed pipe
connected with a solution supply source, a feed
controller connected with the pipe in the other
end and feeding the solution while discharging a
part of it during feeding, and a drain pipe for dis-
charging the solution fed and used in the pipe.

An apparatus for cleaning a pipe in the inside ac-
cording to claim 20 comprising water droplet re-
moving means.
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An apparatus for cleaning a pipe in the inside ac-
cording to claim 25, wherein the water droplet re-
moving means the comprises the pig 6, the vibra-
tion generating source 2 and the pig contracting
means, the pig that is dewatered beforehand is
inserted into the pipe in the same manner as in
the pig cleaning step, and reciprocally moved in
the advancing direction the predetermined times
in the pipe by aerial vibration from the vibration
generating source, so that water droplets ad-
hered to the innner circumferential wall and the
like of pipe is absorbed and removed by the pig.

An apparatus for cleaning a pipe in the inside ac-
cording to any of claims 15 to 25 comprising dry-
ing means for drying the inside of pipe.

An apparatus for cleaning a pipe in the inside ac-
cording to claim 25, wherein as drying means, vi-
bration generating source comprises the air
source, the directional control valve with four
ports, a driving source for driving the directional
control valve, a discharge pipe connecting the air
source and the directional control valve, an intake
pipe, a conduit connecting a port of the direction-
al control valve and the pig inserting tube, an out-
side air inlet pipe sharing the conduit and intro-
ducing the outside air are utilized in.

An apparatus for cleaning a pipe in the inside ac-
cording to any of claims 15 to 28, wherein a pos-
ition sensor 100 is provided, corresponding to
points in the pipe 4 where dirts tend to be accu-
mulated, in such manner that a signal transmitted
by the position sensor 100 is received by a con-
troller 33, and the reciprocal motion of pig 6 and
waveform of aerial vibration can be adjusted in
the vicinity of the position sensor 100 on the ba-
sis of the signal received by the ¢ ontroller 33.

An apparatus for cleaning a pipe in the inside ac-
cording to any of claims 15 to 29, wherein the pig
forms a spiral slit groove in an outer surface in the
longitudinal direction of a columnar body, and are
rotated by passing air from the air source in the
slit groove.

An apparatus for cleaning a pipe in the inside ac-
cording to any of claims 15 to 30, combining by
connecting two or more short pipes, and the end
parts of the adjacent short pipes are connected
with a pair of tubular joints having a same inner
wall surface as the inner wall surface of the same
short pipes. On the other hand, at the connection
ends of the pair of tubular joints, outward flanges
are formed, and at the inner wall sides of the
joints confronting the flanges, a sleeve insertion
groove 414 is formed, and a sleeve having an O-
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ring 415 and possessing a greater stiffness than
the short pipes is inserted in the sleeve insertion
groove 414. A clamp band is held and tightened
by the outward flanges.
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