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Description

Field of the invention

[0001] The present invention concerns a system for
manufacturing an irrigation pipe, in particular a drip irri-
gation pipe, and a device and method for detecting holes
in the wall of an irrigation pipe.

Description of prior art

[0002] Some irrigation techniques use so-called "drip"
irrigation pipes. The expression "drip irrigation pipe" in-
dicates in this context an irrigation pipe, e.g. made of
HDPE (High Density Polyethylene), pierced, at predeter-
mined intervals, by holes of small diameter, through
which water can flow towards the ground. A dripper,
which is a flow limiter, can be provided at each hole for
precisely controlling the flow from the holes. It is generally
made of plastic material and it is attached to the inner
wall of the irrigation pipe during its manufacturing.
[0003] Since irrigation pipes have a fixed cross-sec-
tional profile, an extrusion process is generally used for
their manufacturing. A device for manufacturing irrigation
pipes generally comprises an extrusion unit, a calibrator
unit for regulating the diameter of the pipes, a cooling
unit for cooling the pipe - comprising a liquid cooling tank
which is some tens meters long and a cooling liquid, e.g.
water, inside the tank - and a traction unit for drawing the
pipe through the liquid cooling tank. The speed of the
irrigation pipe inside the liquid cooling tank is generally
higher than 100 m/min, e.g. 150 m/min.
[0004] The liquid cooling tank generally comprises a
cover defining a cavity between the liquid and the cover,
in which cavity a partial vacuum is created. Since the
inner chamber of the pipe is subject to a gas pressure
equal to the atmospheric pressure, the vacuum allows
the tube to maintain the desired cylindrical shape during
cooling.
[0005] The drippers can be regularly fed into the ex-
trusion unit by a dripper insertion unit comprising orient-
ing means for feeding the drippers to the extrusion unit
along a determined orientation.
[0006] After the cooling tank, a perforating unit can be
provided for making a hole on the wall of the pipe in cor-
respondence of each dripper. Beyond the traction unit
there is a winding unit for winding the pipe onto a spool.
[0007] The so produced irrigation pipes can comprise
holes in their walls. The noun "hole" in this context des-
ignates a perforation and/or a crack. These holes can be
formed for different reasons, e.g. the presence of dust in
the extrusion unit, the inappropriate size of the carbon
black present in the pipe material, the deposit of materials
in the calibrator unit, faulty welding of the drippers, etc.
[0008] These holes have generally a diameter be-
tween 0.1 mm and 1 mm and can be undetectable by the
naked eye. These defects often are revealed only after
the irrigation pipes have been set in place on the ground.

[0009] EP1701147 and US 2006/0202381 describe a
detection device for irrigation pipes including a camera
which takes pictures of one area of the cooling fluid and
an electronic analysing circuit which determines the pres-
ence of gas bubbles, e.g. air bubbles, from the images
taken by the camera. In fact, if there are holes on the
pipe, air bubbles will be released from the pipe due to
the pressure difference between the chamber of the pipe
and the vacuum outside of the pipe. The camera is placed
outside the liquid cooling tank and it is not configured for
being immersed in the cooling liquid.
The analysis circuit applies a processing algorithm to
each picture taken by the camera and compares the im-
age taken by the camera with a reference picture. From
the differences between the specific picture and the ref-
erence picture, the presence of at least one gas bubble
is inferred.
[0010] This solution is complicated and requires ex-
pensive electric components like a camera and a numer-
ical control device executing the processing algorithm.
The comparison of the pictures taken by the camera with
the reference pictures cannot establish whether possible
differences are caused by gas bubbles or some other
effect.
A transparent window has to be provided on the liquid
cooling tank as well as means for cleaning the inner face
of this transparent window to prevent the deposit of im-
purities on this inner face which could detract from the
quality of the images taken by camera placed outside the
cooling tank in correspondence of this window.
Finally, lighting means for the cooling fluid have to be
provided in order to ensure the quality of the images taken
by the camera.
[0011] EP0353982 describes a device for creating a
metallic pipe coated by a plastic layer and mentions, with-
out details, the gas bubbles detection as a way for de-
tecting pipe defects.
[0012] US3383906 describes a device for pneumati-
cally testing the impermeability of a tube, by closing each
of its ends and introducing compressed air into the tube.
The tube is immersed in a tank full of water. This docu-
ment only describes how to avoid turbulences in the water
and does not specify how to perform the gas bubble de-
tection. Moreover, the described device is not adapted
to the domain of the system for extrusion pipes manu-
facturing. Finally, immersing a tube in the tank full of water
creates unwanted bubbles on the tube surface which
have to be distinguished from the bubbles caused by
possible holes.
[0013] US5651999 describes an apparatus for testing
extruded tubes by using a source of helium gas connect-
ed to the extrusion unit so that the helium gas is contin-
uously introduced into the interior of the tube as it is
formed during the extruding process. The extruded tube
is passed through an elongated inspection housing. An
annular chamber is formed between the tube and the
interior of this inspection housing. A helium detector in-
side the annular chamber constantly monitors its atmos-
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phere and, whenever helium is detected, it activates an
alarm. This solution is complicated and expensive since
it requires a source of helium gas, a helium detector and
an annular chamber.
[0014] US4854158 describes a method for testing the
presence of holes on a device like a fuel tank. The fuel
tank is firstly pressurized with a gas and then submerged
in the water of a tank. Also in this case immersing the
fuel tank in the tank creates unwanted bubbles on the
fuel tank surface which have to be distinguished from the
bubbles caused by possible holes. The gas bubbles ris-
ing from the fuel tank are collected by using a bubble
collector comprising several tilted panels having a plu-
rality of grooves. As a bubble rises through a groove, it
passes between a photocell and a light bulb, interrupting
the light directed toward the photocell such that the bub-
ble is detected by the photocell. The described system
is not suitable for a continuous manufacturing process
such as the extrusion of plastic pipes, wherein the irriga-
tion pipe does not needed to be immersed in a liquid
since it is already in the cooling liquid and it is not in a
fixed position as the fuel tank of this document, but it is
drawn by a traction unit. The photocells and the light bulbs
have to be powered by electric leads immersed in the
water, creating a possible electrical hazard in the case
of a non perfect water tightness. Moreover the gas bub-
bles have to be conducted between a photocell and a
light bulb by using the grooves of a collector, since the
light beam between the photocell and the light bulb is not
parallel to the water surface. Finally the system requires
up to fifty photocells and light bulbs and is thus expensive.
[0015] A solution allowing the reduction and/or elimi-
nation of at least some of the mentioned drawbacks of
the devices for detecting holes in the wall of an irrigation
pipe of the prior art is needed.

Brief summary of the invention

[0016] The aim of the present invention is to provide a
system for manufacturing an irrigation pipe and a device
and method for detecting holes in the wall of this irrigation
pipe more simple and less expensive than the known
devices for detecting holes and without immersed electric
devices.
[0017] According to the invention, these aims are
achieved by means of a system for manufacturing an
irrigation pipe according to claim 1, by means of a device
for detecting holes in the wall of an irrigation pipe accord-
ing to claim 15 and by means of a method for detecting
holes in the wall of an irrigation pipe according to claim 16.
[0018] The system for manufacturing an irrigation pipe
according to the invention comprises:

- an extrusion unit for extruding the irrigation pipe,
- a calibrator unit for regulating the diameter of the

irrigation pipe,
- a cooling unit for cooling the irrigation pipe in a cool-

ing liquid,

- a traction unit for drawing the irrigation pipe through
the cooling unit.

[0019] The system for manufacturing an irrigation pipe
advantageously comprises also a winding unit to wind
the pipe onto a spool.
[0020] Advantageously the cooling unit comprises a
device for detecting holes in the wall of the irrigation pipe
and arranged for being immersed in the cooling liquid,
this device for detecting holes comprising at least one
optical transmitter and at least one optical receiver which
both define an optical barrier there-between. This device
is arranged so that the holes of the irrigation pipe being
located below the device produce gas bubbles which
modify the optical barrier.
[0021] In this context the expression "optical barrier"
indicates a flat light beam generated by one or more op-
tical transmitters and received by one or more optical
receivers. The device for detecting holes according to
the invention is arranged for being fully immersed in the
cooling liquid.
[0022] In this context the expression "optical transmit-
ter" indicates a transmitter whose input and output are
both optical signals. Same considerations are valid for
the optical receiver. In other words the optical transmitter
and receiver do not comprise any electric component:
the optical transmitter and receiver are devoid of electric
components. They are therefore suitable to be sub-
merged in the cooling liquid of the liquid cooling tank.
The device for detecting holes is preferably placed in
proximity to the calibrator, as will be discussed.
[0023] The optical barrier is generated below the level
of the cooling liquid and above the pipe. The irrigation
pipe, as discussed, is continuously produced and drawn
by the traction unit. If the irrigation pipe comprises holes,
gas bubbles released from the holes reach and cross the
optical barrier; consequently they modify the light trans-
mission characteristic of the optical barrier: in fact the
gas bubbles act as diffraction lenses, and therefore the
intensity of the received flat light beam is changed as the
gas bubbles cross it.
[0024] Advantageously the optical transmitter and re-
ceiver are respectively connected to a first and second
cable, each of this first and second cable comprising a
beam of N optical fibers, N being an integer and positive
number, e.g. N = 20. In another embodiment, each of
this first and second cable comprises a single optical fib-
er, in which different signals can be multiplexed by using
WDM (Wavelength Division Multiplexing) techniques.
The optical fiber or the beam of N optical fibers is ar-
ranged for conducting the light of a light source, e.g. a
LED and/or a laser and/or an IR source.
[0025] The optical transmitter and receiver can have a
parallel-pipe shape and comprise a cable face opposite
to the emitting respectively receiving face of an optical
signal. The cable face comprises the connection to a first
respectively second cable, the emitting respectively re-
ceiving face comprise one or more opening, the number
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of which corresponds to the number of optical fibers - or
signals - of the first and second cables. In fact, if there
are N optical fibers in the cables - or if there is a single
optical fiber comprising N wavelengths - the optical trans-
mitter and receiver will comprise N openings on the emit-
ting respectively receiving face, one for each optical fiber.
In the case of the single optical fiber comprising N wave-
lengths, the optical transmitter acts as a WDM demulti-
plexer which splits the N wavelengths into different sig-
nals corresponding to different wavelengths; the optical
receiver acts as WDM multiplexer which joins together
these signals. In one embodiment, the optical transmitter
and receiver comprise optical components, i.e. lens, mir-
rors, etc, for improving the transmission and/or the re-
ception of the optical barrier if, for example, their distance
is higher than some limiting value.
[0026] The second cable can connect the optical re-
ceiver to an electric device placed outside the cooling
liquid, producing an electric signal when the optical bar-
rier is modified. The electric device can comprise a dis-
play and haptic means allowing to adjust one or several
thresholds, as will be discussed, depending on at least
one of the following parameters: the number of detected
gas bubbles, the quality of a liquid in which the irrigation
pipe is immersed, the thickness of the irrigation pipe, etc.
According to this threshold(s), an electrical signal can be
produced and sent to a digital control device. The digital
control device can generate a warning signal when bub-
bles are detected. The warning signal can be, for exam-
ple, a light signal and/or an acoustic signal enabling an
operator to detect the occurrence and the origin of a mal-
function of the pipes manufacturing device and/or to trig-
ger a spool to be changed when a gas bubble is detected
such that only a minimum amount of the manufactured
pipe is lost. The warning signal can also be used to stop
the extrusion line.
[0027] Advantageously the device for detecting holes
in the wall of an irrigation pipe is located in proximity to
the calibrator unit, which enables the occurrence of holes
on the pipe walls to be detected early. The expression
"in proximity" means as close as possible to the calibrator
unit, or at a distance inferior to 50 mm from the calibrator
unit. In fact as soon as a gas bubble escapes from the
pipe, the device can immediately deduce that at least
one hole is present on the pipe and generate a warning
signal.
[0028] In one preferred embodiment the optical trans-
mitter is placed facing the optical receiver, in order to
optimize the light transmission. Advantageously the op-
tical transmitter and receiver can comprise alignment
and/or tilt screws for aligning and/or tilting the optical
transmitter and receiver. An array of optical transmitters
and receivers can be used to increase the length of the
device and to make the gas bubble detection more ef-
fective.
[0029] One C-shaped piece or two U-shaped pieces
support the optical transmitter and receiver and define a
passageway for the irrigation pipe.

[0030] In one embodiment a system is used for clean-
ing the optical transmitter and receiver from static sticking
of gas bubbles on their emitting respectively receiving
parts. This system can comprise a nozzle injecting a fixed
or an intermittent water jet and/or a vibrator. It is possible
to define and regulate the flow of the water jet.
[0031] The cooling unit, as discussed, generally com-
prises a cover defining a cavity between the cooling liquid
and the cover, in which a vacuum is created. Since the
inner chamber of the pipe is subject to a gas pressure
equal to the atmospheric pressure, the vacuum allows
the tube to maintain the desired shape. For gas bubbles
to emerge from the irrigation pipe, a pressure difference
>= 10 mbar has experimentally found to be sufficient.
[0032] The invention concerns also a method for de-
tecting holes in the wall of an irrigation pipe comprising:

- Defining an optical barrier by using at least one op-
tical transmitter and at least one optical receiver, a
first cable connected to this at least one optical trans-
mitter, and a second cable connected to this at least
one optical receiver, each of this first and second
cables comprising one optical fiber or a beam of N
optical fibers. Advantageously the optical transmit-
ter, the optical receiver, the first cable and the second
cable are arranged for being immersed in a cooling
liquid.

- Detecting a modification of the optical barrier caused
by gas bubbles produced by the holes of the irrigation
pipe.

[0033] The new solution has the advantage that it is
considerably less expensive than the previous solutions
and can be installed inside a cooling tank of any size.

Brief Description of the Drawings

[0034] The invention will be better understood with the
aid of the description of an embodiment given by way of
example and illustrated by the figures, in which:

Fig. 1 is a block schematic of an example of a system
for manufacturing a drip irrigation pipe.

Fig. 2 shows a lateral cross-section view of one em-
bodiment of the cooling unit of the system for man-
ufacturing an irrigation pipe according to the inven-
tion, comprising one embodiment of the device for
detecting holes in the wall of the irrigation pipe ac-
cording to the invention.

Fig. 3 shows a top view of the embodiment of the
cooling unit and of the device for detecting holes in
the wall of the irrigation pipe as shown in Fig. 2.

Fig. 4 shows a central cross-section of the embodi-
ment of the cooling unit and of the device for detect-
ing holes in the wall of the irrigation pipe, as shown

5 6 



EP 2 715 304 B1

5

5

10

15

20

25

30

35

40

45

50

55

in Fig. 2.

Fig. 5 shows a view in perspective of another em-
bodiment of the cooling unit and of the device for
detecting holes in the wall of the irrigation pipe, ac-
cording to the invention.

Fig. 6 shows a view of one embodiment of an optical
transmitter or receiver belonging to the device for
detecting holes in the wall of the irrigation pipe, ac-
cording to the invention.

Fig. 7 shows a view of one embodiment of an electric
device which can be connected to the device for de-
tecting holes in the wall of the irrigation pipe, accord-
ing to the invention.

Detailed Description of possible embodiments of the In-
vention

[0035] Figure 1 shows an example of a system for man-
ufacturing a drip irrigation pipe. It comprises an extrusion
unit 300 (including the extrusion head) performing an ex-
trusion process, a calibrator unit 400 for regulating the
diameter of the irrigation pipe, a cooling unit 600 for cool-
ing the pipe - comprising a liquid cooling tank which is
some tens meters long and a cooling liquid, e.g. water,
inside the tank - and a traction unit 500 for drawing the
pipe through the liquid cooling tank. The speed of the
irrigation pipe inside the liquid cooling tank is generally
higher than 100 m/min, e.g. 120 m/min. The thickness of
the walls of the produced irrigation pipe is in the order of
magnitude of few tens of millimetres, e.g. 0.15 mm.
[0036] Drippers can be regularly fed into the extrusion
unit 300 by a dripper insertion unit 200 comprising orien-
tating means for feeding the drippers to the extrusion unit
300 in a determined orientation.
[0037] After the cooling tank 600, a perforating unit 700
can be provided for making a hole in the wall of the pipe
in correspondence of each dripper. Downstream of the
traction unit 500, a winding unit 800 is provided for wind-
ing the pipe onto a spool.
[0038] Advantageously, as illustrated on Figures 2 to
5, the cooling unit 600 comprises a device for detecting
holes in the wall of the irrigation pipe 100. This device is
arranged for being immersed in the cooling liquid 30, this
device for detecting holes comprising at least one optical
transmitter 1 and at least one optical receiver 2 which
define an optical barrier 10 between transmitter 1 and
receiver 2. These holes can be formed for different rea-
sons, e.g. the presence of dust in the extrusion unit, the
inappropriate size of the carbon black present in the pipe
material, the deposit of materials in the calibrator unit,
other defects generated during the welding of the drip-
pers, etc. These holes have generally a diameter be-
tween 0.1 mm and 1 mm and can be undetectable by the
naked eye. The device for detecting holes is arranged
so that holes 102 in the irrigation pipe 100 located below

the device produce gas bubbles 102 which modify the
optical barrier 10.
[0039] In vacuum calibration process, the liquid cooling
tank generally comprises a cover 4, visible on Figures 2
and 4, which defines a cavity 44 between the liquid 30
and the cover 4, in which a partial vacuum is created.
The inner chamber of the pipe is subject to a gas pressure
equal to the atmospheric pressure. Due to this difference
of pressure, if a hole 102 is present in the wall of the
irrigation pipe 100, air bubbles raise from the pipe 100
toward the surface of the cooling liquid.
[0040] As discussed, the optical transmitter/receiver 1,
2 is a transmitter/receiver 1, 2 the input and output of
which is an optical signal. In other words the optical trans-
mitter 1 and receiver 2 do not comprise any electrical
components: the optical transmitter 1 and receiver 2 are
devoid of electrical components. The optical transmitter
1 and receiver 2 are adapted to be submerged in the
cooling liquid 30 of the liquid cooling tank.
[0041] Suitable optical transmitter 1 and receiver 2 are
manufactured by Baumer Holding AG, under the name
of "FSE 200C6Y02".
[0042] The optical barrier 10, as illustrated on Figures
4 and 5, is then generated below the level of the cooling
liquid 30 and above the level of pipe 100. The irrigation
pipe 100, as discussed, is produced in a continuous proc-
ess and is drawn by the traction unit 500, as indicated
by the arrows on Figures 2, 3 and 5. If the irrigation pipe
100 comprises holes 102, gas bubbles 20 released from
the holes 102 reach and cross the optical barrier 10 and
consequently modify the light transmission characteristic
for the flat light beam received by the optical receiver 2,
since the gas bubbles 20 act as diffraction lenses, and
therefore the intensity of the received flat light beam 10
is changed as the gas bubbles 20 cross it.
[0043] Advantageously the optical transmitter and re-
ceiver are respectively connected to a first and second
cable 12, 22. Each cable 12, 22 can comprise a beam of
N optical fibers, N being an integer and positive number,
e.g. N = 20. In another embodiment each of this first and
second cable 12, 22 comprises a single optical fiber, in
which different signals can be multiplexed by using WDM
(Wavelength Division Multiplexing) techniques. The op-
tical fiber or the beam of N optical fibers is arranged for
conducting the light of a light source, e.g. a LED (e.g. red
light at 60 nm) and/or a laser and/or an IR source.
[0044] The optical transmitter and receiver, illustrated
on Figure 6, can have a parallelepiped shape and com-
prise a cable face A opposite to an emitting respectively
receiving face B.
[0045] The cable face A comprises the connection to
a first respectively second cable 12, 22, the emitting re-
spectively receiving face B comprise one or more open-
ings 120, the number of which corresponds to the number
of optical fibers - or signals - of the first and second cables
12, 22.
[0046] If there are N optical fibers in the cables 12, 22
- or if there is a single optical fiber comprising N wave-
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lengths - the optical transmitter and receiver 1, 2 will com-
prise N openings 120 on the emitting respectively receiv-
ing face B, one for each optical fiber. In the case of the
single optical fiber comprising N wavelengths, the optical
transmitter 1 acts as a WDM demultiplexer which splits
the N wavelengths into different signals corresponding
to different wavelengths; the optical receiver 2 acts as
WDM multiplexer which joins together these signals.
[0047] In one embodiment the optical transmitter and
receiver 1, 2 comprise optical components, i.e. lens, mir-
rors, etc, for improving the transmission and/or the re-
ception of the optical barrier if, for example, their distance
is higher than some limiting value.
[0048] The second cable 22 connects the optical re-
ceiver 2 to an electric device 3, illustrated on Figure 7,
placed outside the cooling liquid 30. The electric device
3 produces an electric signal 32 if the optical barrier 10
is modified. The electric device 3 can comprise a display
34 and haptic means 36 allowing to adjust a threshold or
N thresholds depending on at least one of the following
parameters: the number of detected gas bubbles 20, the
quality of a liquid 30 in which the irrigation pipe 100 is
immersed, the thickness of the irrigation pipe 100, etc.
The expression "haptic means" indicates means which
can perform a function once touched by a user or by a
means such as a stylus. The electric device 3 comprises
a power cable 42, e.g. a 24 V power cable.
[0049] The N thresholds can correspond to the N op-
tical signals of the N optical fibers. These N thresholds
can be added together: in this case a single threshold
can be adjusted by the user.
[0050] Suitable electric devices 3 are manufactured by
Baumer Holding AG, under the name of "FVK
10P67Y0/S35A".
[0051] The electric device 3, in this particular example,
needs a calibrating phase before its use, during which it
learns about the optical barrier 10 in the absence of gas
bubbles 20. One or more thresholds are then manually
or automatically defined depending on the difference
measured by the optical receiver 2 if one or more gas
bubbles 20 are present, compared to the absence of gas
bubbles.
[0052] According to this threshold(s), an electric signal
32 can be produced and sent to a digital control device
not illustrated. The digital control device can then gener-
ate a warning signal. The warning signal can be, for ex-
ample, a light signal and/or an acoustic signal enabling
an operator to detect the occurrence and the origin of a
malfunction of the pipes manufacturing device and/or to
trigger a spool to be changed when a gas bubble 20 is
detected in order to lose a minimum length of the man-
ufactured pipe.
[0053] In another embodiment it is possible to identify
the position(s) of the detected hole(s) by making a meas-
urement of the length of the irrigation pipe 100. Depend-
ing on the found position(s) it is then possible to discard
the defective irrigation pipe 100 and/or keep the non de-
fective pipe obtaining a spool smaller than the scheduled

spool.
[0054] Advantageously the device for detecting holes
in the wall of an irrigation pipe is placed in proximity to
the calibrator unit 400, which enables the appearance of
holes 102 on the pipe walls to be detected early. In fact
as soon as a gas bubble 20 escapes from the pipe 100,
the device can immediately deduce that at least one hole
102 is present on the pipe 100 and generate a warning
signal.
[0055] In one preferred embodiment the optical trans-
mitter 1 is placed in front of the optical receiver 2, in order
to optimize the light transmission. Advantageously the
optical transmitter 1 and receiver 2 can comprise align-
ment and/or tilt screws 14, 24, visible on Figure 5, for
aligning and/or tilting the optical transmitter 1 and receiv-
er 2. For example a micrometric regulating screw and
two locking screws can be used.
[0056] An array of optical transmitters and receivers 1,
2 can be used for augmenting the length of the device
and making the gas bubbles detection more effective.
[0057] One C-shaped piece 40, visible on Figures 4
and 5, supports the optical transmitter 1 and receiver 2
and define a passageway for the irrigation pipe 100. This
piece 40 can be fixed to the liquid cooling tank, e.g. by
some screws. In another embodiment two U-shaped
pieces can be used, one for the optical transmitter 1 and
another one for the optical receiver 2. In this last case
however the alignment of the optical transmitter 1 with
the optical receiver 2 is more complicated.
[0058] In one embodiment a system is used for clean-
ing the optical transmitter and receiver 1, 2 from static
sticking of gas bubbles on their emitting respectively re-
ceiving faces B. This system can comprise two nozzles
50, connected to the piece 40, injecting a fixed or an
intermitted water jet, e.g. a water jet each minute, and/or
a vibrator, a brush, an ultrasound generator etc. It is pos-
sible to define and adjust the flow of the water jet. Use
of a water jet for cleaning the transmitter and receiver is
advantageous since it does not require immersion of any
electrical part.
[0059] The cooling unit 600, as discussed, generally
comprises a cover 4 defining a cavity 44 between the
cooling liquid 30 and the cover 4, in which a partial vac-
uum is created. For gas bubbles 20 to escape from the
irrigation pipe, a pressure difference >= 10 mbar between
the cavity 44 and the inside of the pipe 100 has experi-
mentally found to be sufficient. It has been experimentally
verified that a vacuum > 10 mbar in the cavity 44 allows
the gas bubbles 20 to go out from the pipe 100.
[0060] According to one embodiment of the invention
the system can comprise a bubble collector for collecting
gas bubbles 20, e.g. a hood. In this case, since the gas
bubbles are guided to the device for detecting holes 102
by a predetermined passageway, the use of two or more
optical transmitters 1 and receivers 2 for having a more
effective gas bubble detection can be avoided.
[0061] The detection of a gas bubble 20, and then of
a possible hole 102, is nearly instantaneous. The warning
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signal is generated after a delay of less than one second
due to the time needed for processing the electric signal
32 generated by the electric device 3.
[0062] According to a preferred embodiment, the de-
vice according to the invention can be used for checking
the cooling liquid quality, e.g. its optical conductibility. It
is then possible for example to have a separate warning
signal depending on this quality and to adjust the corre-
sponding threshold(s) daily.

Reference numbers used on the figures

[0063]

1 Optical transmitter
2 Optical receiver
3 Electric device
4 Cover of the cooling liquid tank
10 Optical barrier
12 First cable
14 Alignment and/or tilt screws of the optical trans-

mitter
20 Gas bubble
22 Second cable
24 Alignment and/or tilt screws of the optical receiver
30 Cooling liquid
32 Electric signal
34 Display of the electric device
36 Haptic means of the electric device
40 C-shaped piece
42 Power cable of the electric device
44 Cavity of the liquid cooling tank
50 Nozzle for cleaning the optical transmitter and re-

ceiver
100 Irrigation pipe
102 Hole in the wall of the irrigation pipe
120 Opening of the optical transmitter/receiver
200 Dripper insertion unit
300 Extrusion unit
400 Calibrator unit
500 Traction unit
600 Cooling unit
700 Perforation unit
800 Winding unit
A Cable face of the optical transmitter/receiver
B Emitting respectively receiving face of the optical

transmitter/receiver

Claims

1. A device for detecting holes (102) in the wall of an
irrigation pipe (100), characterised in that it com-
prises

- at least one optical transmitter (1) and at least
one optical receiver (2) which define an optical
barrier (10),

in that said device is arranged so that holes (102)
in an irrigation pipe (100) are located below said de-
vice producing gas bubbles (20) which modify said
optical barrier (10), and
in that said device is arranged for allowing total im-
mersion of an irrigation pipe (100) in a cooling liquid
(30), while said device being immersed in the cooling
liquid (30).

2. The device of claim 1, further comprising a first cable
(12) connected to said at least one optical transmitter
(1), and second cable (22) connected to said at least
one optical receiver (2), each of said first and second
cables (12, 22) comprising one or more optical fibers,
said optical fiber or a beam of N optical fibers being
arranged for conducting the light of a LED and/or a
laser and/or an IR source.

3. The device of any one of claim 1 or 2, said at least
one optical transmitter (1) and said at least one op-
tical receiver (2) being devoid of electric compo-
nents.

4. The device of any one of claims 2 to 3, said device
for detecting holes being arranged to be connected
to an electric device (3) outside the cooling liquid
(30), said electric device (3) being connected to said
at least one optical receiver (2) by said second cable
(22), said electric device (3) being configured to pro-
duce an electric signal (32) if said optical barrier (10)
is modified.

5. The device of claim 4, said electric device (3) allow-
ing to adjust a threshold or N thresholds depending
on at least one of the following parameters: the
number of detected gas bubbles (20), the quality of
the cooling liquid (30) in which said irrigation pipe
(100) is immersed, the thickness of said irrigation
pipe (100).

6. The device of any one of claims 1 to 5, said at least
one optical transmitter (1) being placed in front of
said at least one optical receiver (2).

7. The device of any one of claims 1 to 6, comprising
one C-shaped piece (40) or two U-shaped pieces
defining a passageway for said irrigation pipe (100)
and being the support for said at least one optical
transmitter (1) and said at least one optical receiver
(2).

8. The device of any one of claims 1 to 7, comprising
a system for cleaning gas bubbles from said at least
one optical transmitter (1) and said at least one op-
tical receiver (2) .

9. The device of claim 8, said system comprising a noz-
zle (50) and/or a vibrator.
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10. The device of one of claims 1 to 9, said at least one
optical transmitter (1) and said at least one optical
receiver (2) comprising alignment and/or tilting
screws (14, 24) for aligning said at least one optical
transmitter (1) with said at least one optical receiver
(2).

11. The device of any of one of claims 1 to 10, said at
least one optical transmitter (1) and said at least one
optical receiver (2) comprising optical components
for improving the transmission and/or the reception
of said optical barrier (10).

12. A system for manufacturing an irrigation pipe (100)
comprising

- an extrusion unit (300) for extruding said irri-
gation pipe (100)
- a calibrator unit (400) for regulating the diam-
eter of said irrigation pipe (100)
- a cooling unit (600) for cooling said irrigation
pipe (100) in a cooling liquid (30)
- a traction unit (500) for drawing the irrigation
pipe (100) in said cooling unit (600)

said cooling unit (600) comprising a device for de-
tecting holes in a wall of said irrigation pipe (100)
according to any of claims 1 to 11.

13. The system of claim 12, said device for detecting
holes being placed in proximity to said calibrator unit
(400).

14. The system of any one of claims 12 to 13, said cooling
unit comprising a cover (4) defining a cavity (44)
above said cooling liquid (30), said cavity having a
vacuum higher than 10 mbar.

15. The system of any one of claims 12 to 14, comprising
a dripper insertion unit (200) comprising orienting
means for feeding drippers to said extrusion unit
(300) along a determined orientation.

16. A method for detecting holes (102) in a wall of an
irrigation pipe (100) comprising

- defining an optical barrier (10) by using at least
one optical transmitter (1) and at least one op-
tical receiver (2), a first cable (12) connected to
said at least one optical transmitter (1), and a
second cable (22) connected to said at least one
optical receiver (2), each of said first and second
cables (12, 22) comprising one optical fiber or a
beam of N optical fibers,
said optical transmitter (1), said optical receiver
(2), said first cable (12) and said second cable
(22) being arranged for being immersed in a
cooling liquid (30)

- detecting a modification of said optical barrier
(10) caused by gas bubbles (20) raising from
said holes (102) in a wall of said irrigation pipe
(100).

Patentansprüche

1. Vorrichtung zur Detektion von Löchern (102) in der
Wand einer Bewässerungsleitung (100), dadurch
gekennzeichnet, dass sie umfasst:

- mindestens einen optischen Sender (1) und
mindestens einen optischen Empfänger (2),
welche eine optische Barriere (10) definieren,

dass die besagte Vorrichtung derart angeordnet ist,
dass die Löcher (102) in einer Bewässerungsleitung
(100) unter der besagten Vorrichtung angeordnet
sind, die Gasblasen (20) produziert, welche die be-
sagte optische Barriere (10) ändern, und
dass die besagte Vorrichtung derart angeordnet ist,
um ein vollständiges Eintauchen einer Bewässe-
rungsleitung (100) in eine Kühlflüssigkeit (30) er-
laubt, wenn die besagte Vorrichtung in der Kühlflüs-
sigkeit (30) eingetaucht ist.

2. Vorrichtung gemäss Anspruch 1, zudem umfassend
ein mit dem besagten mindestens einen optischen
Sender (1) verbundenes erstes Kabel (12), und ein
mit dem besagten mindestens einen optischen Emp-
fänger (2) verbundenes zweites Kabel (22), wobei
jedes der besagten ersten und zweiten Kabel (12,
22) eine oder mehrere Glasfasern umfasst, wobei
die besagte Glasfaser oder ein Strahl von N Glasfa-
sern derart angeordnet ist, um das Licht einer LED
und/oder eines Lasers und/oder einer IR-Quelle zu
leiten.

3. Vorrichtung gemäss irgendeinem der Ansprüche 1
oder 2, wobei der besagte mindestens eine optische
Sender (1) und der besagte mindestens eine opti-
sche Empfänger (2) keine elektrischen Komponen-
ten aufweisen.

4. Vorrichtung gemäss irgendeinem der Ansprüche 2
bis 3, wobei die besagte Vorrichtung zur Detektion
von Löchern derart angeordnet ist, um mit einer elek-
trischen Vorrichtung (3) ausserhalb der Kühlflüssig-
keit (30) verbunden zu werden, wobei die besagte
elektrische Vorrichtung (3) durch das besagte zweite
Kabel (22) mit dem besagten mindestens einen op-
tischen Empfänger (2) verbunden ist, wobei die be-
sagte elektrische Vorrichtung (3) derart konfiguriert
ist, um ein elektrisches Signal (32) zu produzieren,
wenn die besagte optische Barriere (10) modifiziert
wird.
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5. Vorrichtung gemäss Anspruch 4, wobei die besagte
elektrische Vorrichtung (3) es erlaubt, einen Schwel-
lenwert oder N Schwellenwerte in Abhängigkeit min-
destens von einem der folgenden Parameter einzu-
stellen: Anzahl der ermittelten Gasblasen (20), Qua-
lität der Kühlflüssigkeit (30), in welcher die besagte
Bewässerungsleitung (100) eingetaucht ist, Dicke
der besagten Bewässerungsleitung (100).

6. Vorrichtung gemäss irgendeinem der Ansprüche 1
bis 5, wobei der mindestens eine optische Sender
(1) vor dem besagten mindestens einen optischen
Empfänger (2) angeordnet ist.

7. Vorrichtung gemäss irgendeinem der Ansprüche 1
bis 6, mit einem C-förmigen Stück (40) oder zwei U-
förmigen Stücken, welche einen Durchgang für die
besagte Bewässerungsleitung (100) bilden und eine
Stütze für den besagten mindestens einen optischen
Sender (1 ) und den besagten mindestens einen op-
tischen Empfänger (2) sind.

8. Vorrichtung gemäss irgendeinem der Ansprüche 1
bis 7, umfassend ein System zur Reinigung der Gas-
blasen des besagten mindestens einen optischen
Senders (1) und des besagten mindestens einen op-
tischen Empfängers (2).

9. Vorrichtung gemäss Anspruch 8, wobei das besagte
System eine Düse (50) und/oder einen Vibrator um-
fasst.

10. Vorrichtung gemäss irgendeinem der Ansprüche 1
bis 9, wobei der besagte mindestens eine optische
Sender (1) und der besagte mindestens eine opti-
sche Empfänger (2) Ausrichtungs- und/oder
Schwenkschrauben (14, 24) zum Ausrichten des be-
sagten mindestens einen optischen Senders (1) mit
dem besagten mindestens einen optischen Empfän-
ger (2) umfassen.

11. Vorrichtung gemäss irgendeinem der Ansprüche 1
bis 10, wobei der besagte mindestens eine optische
Sender (1) und der besagte mindestens eine opti-
sche Empfänger (2) optische Komponenten umfas-
sen, um die Übermittlung und/oder den Empfang der
besagten optischen Barriere (10) zu verbessern.

12. System für die Herstellung einer Bewässerungslei-
tung (100), umfassend:

- eine Extrusionseinheit (300) zur Extrusion der
besagten Bewässerungsleitung (100),
- eine Kalibrierungseinheit (400) zur Einstellung
des Durchmessers der besagten Bewässe-
rungsleitung (100),
- eine Kühleinheit (600) zur Kühlung der besag-
ten Bewässerungsleitung (100) in einer Kühl-

flüssigkeit (30),
- eine Zugeinheit (500), um die Bewässerungs-
leitung (100) in der besagten Kühleinheit (600)
zu ziehen,

wobei die besagte Kühleinheit (600) eine Vorrich-
tung zur Detektion von Löchern in der Wand der be-
sagten Bewässerungsleitung (100) gemäss ir-
gendeinem der Ansprüche 1 bis 11 umfasst.

13. System gemäss Anspruch 12, wobei die besagte
Vorrichtung zur Detektion von Löchern in der Nähe
der besagten Kalibrierungseinheit (400) angeordnet
ist.

14. System gemäss irgendeinem der Ansprüche 12 bis
13, wobei die besagte Kühleinheit einen Deckel (4)
umfasst, welcher einen Hohlraum (44) über der be-
sagten Kühlflüssigkeit (30) definiert, wobei der be-
sagte Hohlraum ein Vakuum von mehr als 10 mbar
aufweist.

15. System gemäss irgendeinem der Ansprüche 12 bis
14, umfassend eine Tropfereinführeinheit (200) mit
Orientierungsmitteln zur Speisung von Tropfern an
die besagte Extrusionseinheit (300) entlang einer
bestimmten Orientierung.

16. Verfahren zur Detektion von Löchern (102) in einer
Wand einer Bewässerungsleitung (100), umfas-
send:

- das Definieren einer optischen Barriere (10)
unter Verwendung mindestens eines optischen
Senders (1) und mindestens eines optischen
Empfängers (2), eines mit dem besagten min-
destens einen optischen Sender (1) verbunde-
nen ersten Kabels (12) und eines mit dem be-
sagten mindestens einen optischen Empfänger
(2) verbundenen zweiten Kabels (22), wobei je-
des der besagten einen und zweiten Kabel (12,
22) eine Glasfaser oder einen Strahl von N Glas-
fasern umfasst,
wobei der besagte optische Sender (1), der be-
sagte optische Empfänger (2), das besagte ers-
te Kabel (12) und das besagte zweite Kabel (22)
derart angeordnet sind, um in eine Kühlflüssig-
keit (30) eingetaucht zu werden,
- das Ermitteln einer Modifikation der besagten
optischen Barriere (10), welche durch aus den
besagten Löchern (102) in einer Wand der be-
sagten Bewässerungsleitung (100) steigende
Gasblasen (20) verursacht werden.

Revendications

1. Dispositif pour détecter des trous (102) dans la paroi
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d’un tuyau d’irrigation (100), caractérisé en ce qu’il
comprend

- au moins un émetteur optique (1) et un moins
un récepteur optique (2) qui définissent une bar-
rière optique (10),

en ce que ledit dispositif est agencé en sorte que
les trous (102) dans un tuyau d’irrigation (100) sont
situés en-dessous dudit dispositif produisant des
bulles de gaz (20) qui modifient ladite barrière opti-
que (10), et
en ce que ledit dispositif est agencé pour permettre
une immersion totale d’un tuyau d’irrigation (100)
dans un liquide de refroidissement (30), lorsque ledit
dispositif est immergé dans le liquide de refroidisse-
ment (30).

2. Dispositif selon la revendication 1, comprenant en
outre un premier câble (12) relié audit au moins un
émetteur optique (1), et un deuxième câble (22) relié
audit au moins un récepteur optique (2), chacun des-
dits premier et deuxième câbles (12, 22) comprenant
une ou plusieurs fibres optiques, ladite fibre optique
ou le faisceau de n fibres optiques étant agencé pour
conduire la lumière d’une diode lumineuse et/ou d’un
laser et/ou d’une source IR.

3. Dispositif selon l’une quelconque des revendications
1 ou 2, ledit au moins un émetteur optique (1) et ledit
au moins un récepteur optique (2) étant dépourvus
de composants électriques.

4. Dispositif selon l’une quelconque des revendications
2 à 3, ledit dispositif pour détecter des trous étant
agencé pour être relié à un dispositif électrique (3)
hors du liquide de refroidissement (30), ledit dispo-
sitif électrique (3) étant relié audit un moins un ré-
cepteur optique (2) par ledit deuxième câble (22),
ledit dispositif électrique (3) étant configuré pour pro-
duire un signal électrique (32) si ladite barrière opti-
que (10) est modifiée.

5. Dispositif selon la revendication 4, ledit dispositif
électrique (3) permettant d’ajuster un seuil ou n
seuils en fonction d’au moins un des paramètres sui-
vants: nombre de bulles de gaz décelées (20), qua-
lité du liquide de refroidissement (30) dans lequel
ledit tuyau d’irrigation (100) est immergé, l’épaisseur
dudit tuyau d’irrigation (100).

6. Dispositif selon l’une quelconque des revendications
1 à 5, ledit au moins un émetteur optique (1) étant
placé devant ledit au moins un récepteur optique (2).

7. Dispositif selon l’une quelconque des revendications
1 à 6, comprenant une pièce en forme de C (40) ou
deux pièces en forme de U définissant un passage

pour ledit tuyau d’irrigation (100) et constituant le
support pour ledit au moins un émetteur optique (1 )
et ledit au moins un récepteur optique (2).

8. Dispositif selon l’une quelconque des revendications
1 à 7, comprenant un système pour nettoyer les bul-
les de gaz dudit au moins un émetteur optique (1)
et ledit au moins un récepteur optique (2).

9. Dispositif selon la revendication 9, ledit système
comprenant une buse (50) et/ou un vibrateur.

10. Dispositif selon l’une des revendications 1 à 8, ledit
au moins un émetteur optique (1) et ledit au moins
un récepteur optique (2) comprenant des vis d’ali-
gnement et/ou de basculement (14, 24) pour aligner
ledit au moins un émetteur optique (1) avec ledit au
moins un récepteur optique (2).

11. Dispositif selon l’une quelconque des revendications
1 to 10, ledit au moins un émetteur optique (1) et
ledit au moins un récepteur optique (2) comprenant
des composants optiques pour améliorer la trans-
mission et/ou la réception de ladite barrière optique
(10).

12. Système pour la fabrication d’un tuyau d’irrigation
(100) comprenant

- une unité d’extrusion (300) pour extruder ledit
tuyau d’irrigation (100),
- une unité de calibration (400) pour régler le
diamètre dudit tuyau d’irrigation (100),
- une unité de refroidissement (600) pour refroi-
dir ledit tuyau d’irrigation (100) dans un liquide
de refroidissement (30),
- une unité de traction (500) pour tirer le tuyau
d’irrigation (100) dans ladite unité de refroidis-
sement (600),

ladite unité de refroidissement (600) comprenant un
dispositif pour détecter des trous dans une paroi du-
dit tuyau d’irrigation (100) selon l’une quelconque
des revendications 1 à 11.

13. Système selon la revendication 12, ledit dispositif
pour détecter des trous étant placé à proximité de
ladite unité de calibration (400).

14. Système selon l’une quelconque des revendications
12 à 13, ladite unité de refroidissement comprenant
un couvercle (4) définissant une cavité (44) au-des-
sus dudit liquide de refroidissement (30), ladite ca-
vité ayant un vide supérieur à 10 mbar.

15. Système selon l’une quelconque des revendications
12 à 14, comprenant une unité d’insertion de gout-
teur (200) comprenant des moyens d’orientation
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pour alimenter des goutteurs vers ladite unité d’ex-
trusion (300) le long d’une orientation déterminée.

16. Procédé pour détecter des trous (102) dans une pa-
roi d’un tuyau d’irrigation (100), comprenant

- de définir une barrière optique (10) en utilisant
au moins un émetteur optique (1) et au moins
un récepteur optique (2), un premier câble (12)
relié audit au moins un émetteur optique (1) et
un deuxième câble (22) relié audit au moins un
récepteur optique (2), chacun desdits premier
et deuxième câbles (12, 22) comprenant une
fibre optique ou un faisceau de n fibres optiques,
ledit émetteur optique (1), ledit récepteur opti-
que (2), ledit premier câble (12) et ledit deuxiè-
me câble (22) étant agencés pour être immergés
dans un liquide de refroidissement (30),
- de détecter une modification de ladite barrière
optique (10) causée par des bulles de gaz (20)
émergeant depuis lesdits trous (102) dans une
paroi dudit tuyau d’irrigation (100).
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