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(57) Abstract: Method for detecting a leak in a fluid guiding element (16, 18) of a heat exchanging device (12), comprising the
following steps: a) Acquiring a cloud of points (44) of the heat exchanging device (12) in a three-dimensional virtual space (48) using
a 3D sensor (34), each of said points representing a surface point (46a) on the outer surface of the heat exchanging device (12), b)
Searching within the cloud of points (44) for structures (50) corresponding to tubes having a predefined outer diameter, c) Searching
the obtained structures (50) for an area of interest (52) where the diameter or the direction of the tube changes, d) Once an area of
interest (52) is found, determining an approach path (58) for approaching a sniffing probe (22) of a gas leak detector (24) to the area
of interest (52) within the cloud of points (44), and ¢) Physically approaching the sniffing probe (22) to a testing area (20) of the heat
exchanging device (12) automatically along the approach path (58), where the testing area (20) corresponds to the area of interest (52)
within the cloud of points (44).
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Method for detecting a leak in a fluid guiding element of a heat exchanging

device

The invention relates to a leak detector for detection of leaks on a test object.

A leak detector is described e.g. in DE 10 2005 022 157 A1l (Inficon). This leak
detector comprises a probe whose probe tip will be placed against predetermined
test regions of a test object. The test object is filled with a test gas, e.g. helium.
Via said probe tip, test gas that is leaking out will be sucked by a basic unit and
will be supplied to a test gas detector which can be designed e.g. as a mass
spectrometer.

When use is made of leak detectors, the test object, e.g. an air conditioning system
or the cooling aggregate of a refrigerator, will be filled with a test gas, and with a
sniffing probe, it can be detected whether test gas is leaking out of the test object.
In quality inspection of products in industry, the probe tip is applied to specific
testing areas of the test object where a possibility of leakage exists. In doing so,
one will move the probe manually to the testing areas. In this process, it is difficult

to verify whether the probe tip has been moved to all relevant testing areas of the
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test objects. An operating person might inadvertently omit certain testing areas or
skip other testing areas which he considers to be uncritical in his subjective

assessment.

U.S. Pat. No. 4,945,305 (Ascension) describes a position determining system
comprising a transmitter for generating a pulsed DC magnetic field, and a receiver
arranged on the object. This method is particularly suited for determination of an
instantaneous position, comparison thereof to a desired position and feedback. No
disturbance will be caused by non-magnetic objects in the line of sight between
the transmitter and the receiver. Residual disturbance by large masses of
magnetizable metal such as e.g. a compressor block and a refrigerating machine,
can be eliminated by calibration because the to-be-checked arrangement is static.
This method has been found to be particularly useful for the realization of the

disclosure.

WO 2009/016160 A1l discloses a leak detector comprising a basic unit that is
connected to a probe by a hose. The probe tip is placed against test zones or
testing areas of the test object. In case that test gas escapes from the test object,
this is detected by a test gas detector in the base unit. A position determining
system is provided which comprises a transmitter, a receiver that is disposed inside
the probe, and a supply and evaluation unit. Thereby, the presence of the probe

tip in the individual testing areas is monitored and confirmed.

In the field of automation, it is known to capture digital data of physical objects
using a 3D Sensor, to thereby acquire a cloud of points in a 3-dimensional virtual
space, where said points each represent a surface point on the outer surface of
the physical object. Robots used in the automation industry, such as in automated
manufacturing of products, such as cars, are controlled by software algorithms
employing the captured digital data. This is usually employed in order to sense the
outer circumference or surfaces of the entire physical object, in order to locate,
grasp, move or relocate the object, or to paint the outer surface of the object with

a paint spraying robotic arm, for example in the vehicle manufacturing industry.

Sniffing leak detection on heat exchanging devices, such as refrigerators, air

conditioning units, heat pumps, etc. is a part of the quality inspection of heat
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exchanging devices. A human operator needs to visually identify the relevant
testing areas on the heat exchanger, such as liquid guiding tubes, and to move
the probe manually to the testing areas one after the other. This way of sniffing
leak detection on heat exchanging devices is time consuming and susceptible to
errors caused by the human factor, such as omitting testing areas or not

sufficiently approaching the sniffing probe to a testing area.

It is an object of the invention to provide a more reliable and faster detection of a

leak in a fluid guiding element of a heat exchanging device.

The method of the invention is defined by the features of independent claim 1.

Accordingly,

a) a cloud of points in a 3-dimensional virtual space is acquired from the heat
exchanging device by use of a 3D sensor, each of said points representing
a surface point on an outer surface of the heat exchanging device.

b) After acquiring the cloud of points, the cloud of points is searched for
structures corresponding to tubes having a predefined outer diameter. Such
tubes may correspond to fluid guiding elements of the heat exchanging

device, which need to be searched for leaks.

c) The structures obtained according to b) are searched for at least one area
of interest where the diameter or the direction of the tube changes or where
a tube ends, such as by an increase in diameter corresponding to a welding
or soldering point or welding or soldering location, to a joint or junction with
a further tube, to a connection area where the tube is connected to another
tube, such as by welding or soldering, or to an end of a tube. A change of
direction of the tube could be a bend of the tube, where the direction of the
main longitudinal axis (center axis) of the tube changes. A change of
direction of the tube might also be a bend in an outer wall of the tube. These
areas of interest represent weak points of the searched fluid guiding
elements, and are therefore of particular relevance for sniffing leak detection



WO 2022/258799 -4 - PCT/EP2022/065804

during quality inspection in an automated manufacturing process of a heat

exchanging device.

d) Once an area of interest is found, the method of the invention determines
an approach path for approaching a sniffing probe of a gas leak detector of
a gas leak detection system to the area of interest within the cloud of points.
This might typically be performed by calculating several approach paths
within the cloud of points in the virtual space, before actually approaching

the physical sniffing probe to the heat exchanging device.

e) Once an approach path has been determined, the sniffing probe is physically
approached manually to a testing area of the heat exchanging device along
the approach path. The testing area on the physical heat exchanging device
corresponds to the previously obtained area of interest within the cloud of

points.

In other words, the invention provides for acquiring a virtual model or simulation
of at least a part of the heat exchanging device using a 3D sensor, where the
virtual model or simulation is searched for possible leakage zones (testing areas
on the physical heat exchanging device) which correspond to respective areas of
interest of the virtual model. Before actually physically approaching the sniffing
probe to such testing area, the invention provides for determining an applicable
approach path using the virtual model, rather than the physical heat exchanging
device, in order to physically approach the sniffing probe to a testing area only
once an approach path to the respective area of interest of the virtual model has
been found.

The invention thereby provides for a more reliable automated and faster sniffing
leak detection of fluid guiding elements of heat exchanging devices. The fluid
guiding elements are often small and hidden within or below the outer
circumference of the heat exchanging device. In particular, different types of heat
exchanging devices typically have different locations of their fluid guiding
structures that are to be tested. The invention therefore also enables to
automatically search different types of heat exchanging devices in a reliable and

fast manner.
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Preferably, a method is carried out automatically by a leak detection system

comprising the gas leak detector and, preferably, a robot.

Said cloud of points in the 3-dimensional virtual space is preferably generated from
image data obtained by an optical camera, preferably from at least two optical
cameras of an imaging system. The 3D sensor may be an imaging system with at
least one optical camera and at least one illumination device, such as an LED or

laser source.

Subsequent to step a), the cloud of points maybe compared with digital reference
data of the structures of the heat exchanging device to be searched within the
cloud of points. This may be employed in order to identify and/or localize said
structures, such as a frame or other component of the heat exchanging device, as,
for example, a compressor. Said digital reference data is preferable previously
obtained CAD data of the heat exchanging device. The digital reference data may

be stored within a memory of the leak detection system of the invention.

According to an embodiment, at least one search area within the cloud of points
may be selected or obtained based on the comparison of the cloud of points with
the digital reference data. The search area may be obtained using position data of
the position of the heat exchanging device within the cloud of points, which position
data may be obtained through step b). For example, once the structures
corresponding to a tube having a predefined outer diameter have been obtained
through step b), the position of such structures may be acquired and stored. This
position data may be used to select the search area in which the obtained
structures or tubes are searched for changes in diameter, in order to thereby
obtain the area of interest, in which the leak detection shall be carried out.

Said reference data may be generated by said 3D sensor of the leak detection
system from the same heat exchanging device or from a corresponding device of
the same type.

Step ¢) may be carried out by following and analyzing those points within the cloud
of points which correspond to the tube found according to step b).
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According to step d), an ideal position of the sniffing probe for gas leak detection

of the tube or testing area may be calculated.

Step d) may comprise determining whether a determined approach path results in
a collision of the sniffing probe with structures of the heat exchanging device, and
step d) comprises determining a further approach path, if a collision is expected

for a previously determined approach path.

Step d) may be repeated until an approach path is determined for which no
collision of the sniffing probe with structures of the heat exchanging device is
expected. Step d) may additionally or alternatively comprise using previously
obtained and stored digital data, such as CAD data, of the sniffing probe and/or of
a robot carrying out step e). In particular, at least step €) may be carried out by
a robot which can be part of the leak detection system.

At least one of steps a) — d) may be carried out by a software algorithm of a leak
detection system comprising a leak detector, and, preferably, the above-
mentioned robot.

Step d) may comprise generating a trajectory within or through the cloud of points
in the virtual space, said trajectory to being followed by a robot carrying the

sniffing probe when performing the actual leak detection.

At least steps b) — d) may be repeated for several regions of interest, and step e)
may be subsequently carried out a respective number of times to subsequently
approach the sniffing probe to respective testing areas corresponding to said areas
of interest.

Subsequent to step e), said method of the invention may perform step f),
according to which the testing region is sniffed with the sniffing probe to perform
leak detection on said tube within the testing area for identifying a possible leak
of said fluid guiding structure.

Said sniffing probe may comprise a generally U-shaped sniffer tip with two distally

extending sniffing arms. where at least one of the sniffing arms comprises an inlet



WO 2022/258799 -7 - PCT/EP2022/065804

opening. Such U-shaped sniffer tip is to be approached to the testing area such
that the two sniffer tip arms are positioned on opposing sides of the tube to be
tested.

Said sniffing probe or a sniffing tip of said sniffing probe may be automatically
reconfigured, transformed or exchanged to another sniffing probe or sniffing tip,
once step d) determines that an approach path results in a collision of the sniffing
probe with structure of the heat exchanging device.

The method of the invention may adapt to a new type of heat exchanging device
by being provided with information about the location of at least one area of
interest and/or about the location of where the diameter or the direction of at least
one (further) tube changes, about the direction to be searched within an area of
interest and/or about the predefined outer diameter to be searched for in step b).
In the following, embodiments of the invention are described in more detail with
references to the drawings, in which

Fig. 1 shows a schematic representation of a leak detection system and a
heat exchanging device,

Fig. 2 shows a schematic representation of the cloud of points in virtual

space acquired from the heat exchanging device according to Fig. 1,

Fig. 3 shows a schematic representation of a detail of a further heat

exchanging device, and

Fig. 4 shows a schematic representation of the cloud of points in virtual
space acquired from the heat exchanging device according to Fig. 3.

Fig. 1 shows a heat exchanging device 12 in the form of a refrigerator. The
expression "heat exchanging device" as used in the present disclosure relates to
systems or devices which comprise a heat exchanger, such as refrigerators, air
conditioning systems, heat pumps, etc. The heat exchanging device comprises on
its lower rear side 14 several fluid guiding elements 16, 18 in the form of tubes,

which are welded on the rear side of the refrigerator during its manufacturing
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process. As part of a fully automated quality control, particular testing areas 20
need to be identified, in order to perform leak detection in the testing areas 20. A
testing area 20 is considered to be an area of the heat exchanging device, where
tubes are mounted or welded or soldered together, where a tube ends, where a
tube is connected to another tube, or where tubes join or intersect with each other.
In the embodiment shown in Fig. 1, a first fluid guiding element 16 is arranged
vertically and a second fluid guiding element 18 is connected with one of its ends
to the first fluid guiding element 16. The area where the tubes 16, 18 are

connected, is considered a testing area 20, and shown in Fig. 1 by a dashed circle.

An even more typical example is shown in Figs. 3 and 4, where two tubes 16, 18
of a different diameter are connected with each other along a common longitudinal

axis 17.

The aim of the invention is to automatically move a sniffing probe 22 of a sniffing
leak detector 24 to the testing area 20, such that the sniffing tip 25 of the sniffing
probe 22 is positioned close enough to draw in gas escaping from a possible leak
in one of the pipes 16, 18 within the testing area 20. The sniffing probe 22 is
connected to the gas leak detector 24 via a connection hose 26 in a conventional

manner.

The sniffing probe 22 is mounted to the distal end 28 of a robotic arm 30 of a robot
32.

A 3D sensor 34 in the form of an imaging system 36 which comprises two optical
cameras 38, 40 and an illumination device 42 in the form of a LED lamp, captures
digital image data from the lower rear side 14 of the heat exchanging device 12.
In a generally known manner, the illumination device 42 illuminates the heat
exchanging device 12, and, in particular, the lower rear side 14 of the heat
exchanging device 12. The cameras 38, 40 capture the reflected light, and the
imaging system 36 generates digital image data from which a cloud 44 of points
46 in a 3-dimensional virtual space 48 is acquired.

Figs. 2 and 4 show simplified reduced graphical representations of the acquired

cloud of points 44, which is depicted in @a manner being reduced to a 2-dimensional
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matrix only for illustration purposes. In fact, the cloud of points 44 as acquired by
the 3D sensor 34 is 3-dimensional, such as in the form of a 3-dimensional grid or
mesh. In other words, each point 46 of the cloud of points 44 comprises three
coordinates x, y, z, as well as an amplitude value representing, for example, the

intensity of reflected illumination captured by the cameras 38, 40.

According to the invention, the cloud of points 44 is searched for structures
corresponding to tubes having a predefined outer diameter. For example, the
amplitude values of the points 46 may be searched for values within a specific
range and within specific distances for the geometric structure of a tube having a

predefined outer diameter, which corresponds to the diameter of the tubes 16, 18.

In Fig. 2 and 4, the points of the cloud 44, which correspond to the tubes 16, 18,
are provided with references signs 46a, and are represented by filled circles,
whereas other points 46 are depicted as empty circles. Lines 50 connect the points
46a, and thereby visualize the structures or representations 15, 19 of the tubes
16, 18 of the heat exchanging device 12 in the virtual space 48.

The expression "virtual space" generally relates to a simulated environment of the
heat exchanging device 12, the robot 32, the robotic arm 30 and the sniffing probe
22, and of the space between the probe 22 and the heat exchanging device 12

As a next step, the method of the invention searches the obtained structures or
points 46a for changes in diameter. For example, if the points 46a or the lines 50
corresponding to the left horizontal tube 18 are followed from left to right in Fig.
2, the diameter of the structural representation 19 of the tube 18 within the virtual
space 48 changes, when the structural representation 19 of the tube 18 meets
with and connects to the structural representation 15 of the vertical tube 16. For
example, this can be discovered by analyzing the distances between pairs of points
46a, and comparing the distances with the respective distances of further points
46a along the lines 50. The points 46a of the structural representation 15 of the
vertical tube 16 appear to increase in diameter of the structural representation 19

of the tube 18, when analyzed from left to right.
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Likewise, when analyzing the structural representation 15 of the vertical tube 16
from bottom to top, distances between pairs of points 46a increase in the area,
where the structural representation 15 of the vertical tube 16 meets with the
structural representation 19 of the horizontal tube 18, which appears to be an
increase in diameter of the tube 16.

The area, where such an increase in diameter is discovered, is marked by the
dashed line in Figs. 2 and 4 as an area of interest 52. This area of interest 52 is
stored in a memory of the leak detection system 56, which memory may be
comprised within the robot 32 and/or within the 3D sensor 36, or, alternatively,
within a separate computer device connected to the robot 32 and/or to the 3D
sensor 36. The leak detection device 56 comprises the leak detector 24, the robot
32 and the 3D sensor 34.

The area of interest 52 in the virtual space 48 corresponds to the testing area 20
of the heat exchanging device 12, to which testing area 12 the sniffing probe 22
needs to be approached for leak detection.

As a next step, an approach path 58 for approaching the sniffing probe to the
testing area 20, and for approaching a graphical representation of the sniffing
probe 22 in the cloud of points 44 to the area of interest 52 is to be determined.
This is achieved by employing CAD data of the sniffing probe 22 and its sniffing tip
25, and by comparing a cloud of points 44 with the CAD data. Thereby, the points
46b within the cloud of points 44 which correspond to the sniffing tip 25 or sniffing
probe 22 may be identified. Thereafter, an approach path 58 is calculated for
approaching the sniffing tip 25 to the testing area 20 or area of interest 52 within
the virtual space 48. Thereby, an approach path 58 is to be determined, which
avoids a collision of the sniffing tip 25, the sniffing probe 22 and/or the robotic
arm 30 or the connection hose 26 with the heat exchanging device 12 or any
structures or components thereof. This approach path 58 is depicted by the four
arrows and by the points 46c¢ in Fig. 2.

Only after an approach path 58 has been determined which does not result in a
collision within the virtual space 48 or the simulated environment, the sniffing tip
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25 is actually approached by the robot 32 and robotic arm 30 to the real testing
area 20 in the real world.

Thereby, leak detection in the manufacturing industry and quality control can be
performed fully automated, much faster and much more reliable, as compared to
the conventional sniffing leak detection of heat exchanging devices performed by

human operators.
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Claims

Method for detecting a leak in a fluid guiding element (16, 18) of a heat

exchanging device (12), comprising the following steps:

a) Acquiring a cloud of points (44) of the heat exchanging device (12) in a
three-dimensional virtual space (48) using a 3D sensor (34), each of said
points representing a surface point (46a) on the outer surface of the heat
exchanging device (12),

b) Searching within the cloud of points (44) for structures (50) corresponding
to tubes having a predefined outer diameter,

¢) Searching the obtained structures (50) for an area of interest (52) where

the diameter or the direction of the tube changes,

d) Once an area of interest (52) is found, determining an approach path (58)
for approaching a sniffing probe (22) of a gas leak detector (24) to the area
of interest (52) within the cloud of points (44), and

e) Physically approaching the sniffing probe (22) to a testing area (20) of the
heat exchanging device (12) automatically along the approach path (58),
where the testing area (20) corresponds to the area of interest (52) within
the cloud of points (44).

Method according to claim 1, wherein the method is carried out automatically
by a leak detection system (56) comprising the gas leak detector (24).

Method according to claim 1 or 2, wherein said cloud of points (44) in the
three-dimensional virtual space (48) is generated from image data obtained

from at least two optical cameras (38, 40) of an imaging system (36).

Method according to one of the previous claims, wherein the 3D sensor (34)
is an imaging system (36) with at least one optical camera and at least one
illumination device (42).
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Method according to one of the previous claims, wherein subsequent to step
a), the cloud of points (44) is compared with digital reference data of the
structures to be searched of the heat exchanging device (12) within the cloud
of points (44).

Method according to claim 5, wherein said digital reference data is previously
obtained CAD data of the heat exchanging device (12).

Method according to claim 5 or 6, wherein at least one search area within the
cloud of points (44) is selected based on the comparison with the reference
data.

Method according to the previous claim, wherein the selecting of the search
area is carried out using position data of the position of the heat exchanging
device (12) within the cloud of points (44) obtained through step b).

Method according to one of claims 5-8, wherein said reference data is
generated by said 3D sensor (34) from the same heat exchanging device (12)

or from a corresponding heat exchanging device (12) of the same type.

Method according to one of the previous claims, wherein step ¢) is carried out
by following and analyzing those points (46a) within the cloud of points (44)

which correspond to the tube found according to step b).

Method according to one of the previous claims, wherein according to step
d), an ideal position of the sniffing probe (22) for gas leak detection of the

tube or testing area (20) is calculated.

Method according to one of the previous claims, wherein step d) comprises
determining whether a determined approach path (58) results in a collision
of the sniffing probe (22) with structures of the heat exchanging device (12),
and comprises determining a further approach path (58), if a collision is
expected for a previously determined approach path (58).
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13. Method according to one of the previous claims, wherein step d) is repeated
until an approach path (58) is determined for which no collision of the sniffing
probe (22) with structures of the heat exchanging device (12) is expected.

14. Method according to one of the previous claims, wherein step d) comprises
using previously obtained and stored digital data, such as CAD data, of the

sniffing probe (22) and/or of a robot (32) carrying out step e).

15. Method according to one of the previous claims, wherein at least step e) is
carried out by a robot.

16. Method according to one of the previous claims, wherein at least one of steps
a) — d) is carried out by a software algorithm of a leak detection system (56)
comprising a leak detector and a robot.

17. Method according to one of the previous claims, wherein step d) comprises
generating a trajectory (46¢) to be followed by a robot (32) carrying the
sniffing probe (22).

18. Method according to one of the previous claims, wherein at least steps b) -
d) are repeated for several regions of interest, and wherein step e) is
subsequently carried out a respective number of times to subsequently
approach the sniffing probe (22) to respective testing areas corresponding to

said areas of interest.

19. Method according to one of the previous claims, wherein subsequent to step

e) said method performs

f) sniffing the testing region with the sniffing probe (22) to perform leak
detection on said tube within the testing area (20) for identifying a possible

leak of said fluid guiding structure (16,18).

20. Method according to one of the previous claims, wherein said sniffing probe
(22) comprises a generally U-shaped sniffer tip with two distally extending

sniffing arms.
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Method according to one of the previous claims, wherein said sniffing probe
(22) or a sniffing tip (25) of said sniffing probe (22) is automatically
reconfigured, transformed or exchanged to another sniffing probe (22) or tip
once step d) determines that an approach path (58) results in a collision of

the sniffing probe (22) with structures of the heat exchanging device (12).
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