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(57) Abstract: A method of handling a gear pump (42), the gear pump comprising a driving gear wheel (44) having a plurality of
driving teeth (48) and a driven gear wheel (46) having a plurality of driven teeth (50) meshing with the driving teeth, the method
comprising controlling the gear pump in a testing mode comprising commanding driving of the gear pump to pump liquid towards a
downstream device (62) and commanding an increase of rotational speed of the gear pump; monitoring rotation values (82) indicative
of the rotational speeds during the testing mode; monitoring pressure values (68) by means of at least a downstream pressure sensor
(64) during the testing mode, the downstream pressure sensor being arranged to measure a downstream pressure of the liquid between
the gear pump and the downstream device; and determining at least one operational condition of the gear pump based on the pressure

values and the rotation values.
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METHOD OF HANDLING GEAR PUMP, CONTROL SYSTEM,
COATING APPARATUS AND ROBOT SYSTEM

Technical Field

The present disclosure generally relates to a gear pump. In particular, a
method of handling a gear pump, a control system for handling a gear pump,
an apparatus for applying a coating medium to an object, and a robot system

comprising an industrial robot and a coating apparatus, are provided.
Background

In robotized painting processes, a gear pump is often used to control the
dosing of paint to an atomizer. The paint result is highly dependent on an
accurate control of the paint flow rate. For automotive robotic painting, the

paint dosing accuracy by the gear pump directly affects the painting result.

Over time, the gear pump is worn and the flow rate through the gear pump at
a given rotational speed therefore decreases due to an increased internal
leakage of the gear pump. When the wear exceeds a certain limit, the gear
pump must be replaced or serviced. Some gear pumps also become
mechanically damaged or are improperly mounted, resulting in an inaccurate

dosing of liquid.

In some applications, the internal leakage of the gear pump is checked by
performing a cup test where the actual accumulated flow is checked relative
to a reference value. Such cup test may comprise requesting a given paint
flow from the gear pump, for example 500 ml/min. The cup test is run for a
given time, for example 30 seconds. During the cup test, the output paint
from the gear pump is collected in a cup and the volume of the paint in the
cup is measured. Based on the requested flow and the duration of the test, a
volume corresponding to the reference value should be measured in the cup,

in this example 250 ml. The deviation between the measured volume and the
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reference volume can then be taken as a measure of the wear of the gear

pump.

The cup test requires a lot of manual effort and is usually performed at long
time intervals. In between the cup tests, there is no information about the
actual health status of the gear pump. This makes it difficult to plan

maintenance of the gear pump.

EP 1522731 A2 discloses a method of monitoring the health of a positive
displacement hydraulic pump. The method comprises the steps of
establishing a flow path having a known flow number between a high
pressure outlet line of the pump and a low pressure line of the system;
progressively changing the speed of operation of the pump; and, noting the
speed of operation of the pump at a parameter responsive to the downstream
pressure of the pump changes in response to said change in rotational speed

of the pump.
Summary

One object of the present disclosure is to provide a method of handling a gear
pump, which method can efficiently determine at least one operational

condition of the gear pump.

A further object of the present disclosure is to provide a method of handling a
gear pump, which method can automatically determine at least one

operational condition of the gear pump.

A still further object of the present disclosure is to provide a method of
handling a gear pump, which method can reliably determine at least one

operational condition of the gear pump.

A still further object of the present disclosure is to provide a method of
handling a gear pump, which method can determine at least one operational

condition of the gear pump in a cost-efficient manner.
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A still further object of the present disclosure is to provide a method of
handling a gear pump, which method enables a performance of the gear

pump to be improved.

A still further object of the present disclosure is to provide a method of
handling a gear pump, which method enables a lifetime of the gear pump to
be better utilized.

A still further object of the present disclosure is to provide a method of
handling a gear pump, which method solves several or all of the foregoing

objects in combination.

A still further object of the present disclosure is to provide a control system
for handling a gear pump, which control system solves one, several or all of

the foregoing objects.

A still further object of the present disclosure is to provide an apparatus for
applying a coating medium to an object, which apparatus solves one, several

or all of the foregoing objects.

A still further object of the present disclosure is to provide a robot system
comprising an industrial robot and an apparatus, which robot system solves

one, several or all of the foregoing objects.

According to one aspect, there is provided a method of handling a gear pump,
the gear pump comprising a driving gear wheel having a plurality of driving
teeth and a driven gear wheel having a plurality of driven teeth meshing with
the driving teeth, the method comprising controlling the gear pump in a
testing mode comprising commanding driving of the gear pump to pump
liquid towards a downstream device and commanding an increase of
rotational speed of the gear pump; monitoring rotation values indicative of
the rotational speeds during the testing mode; monitoring pressure values by
means of at least a downstream pressure sensor during the testing mode, the
downstream pressure sensor being arranged to measure a downstream

pressure of the liquid between the gear pump and the downstream device;
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and determining at least one operational condition of the gear pump based

on the pressure values and the rotation values.

The method provides an automatic monitoring of the at least one operational
condition of the gear pump. The method can be performed with minimal
effort. The method can therefore be performed at short intervals to make sure
that updated information regarding the health status of the gear pump is
always available. A deterioration of the health status of the gear pump can
thereby be detected at an early stage. The at least one operational condition
as determined by the method can be used to determine and/or forecast when

the gear pump will need maintenance.

The method may comprise commanding a continuous increase or an
incremental increase of the rotational speed of the gear pump. In any case,
the rotational speed of the gear pump may be relatively slowly increased from
a relatively low rotational speed. The method may be carried out with an

apparatus of any type according to the present disclosure.

The at least one operational condition as determined by the method can be
used for various purposes. For example, by determining the at least one
operational condition at regular intervals, it is possible to accurately keep
track of the health status of the gear pump. Trends in the at least one
operational condition can be monitored to accurately forecast when repair
and/or maintenance of the gear pump will be needed. Such repair and/or
maintenance can therefore be planned in good time with minimal impact on
a process involving the gear pump. Unnecessary downtime of the gear pump

can therefore be avoided.

The method may comprise determining the at least one operational condition
based on the rotation values and a characteristic of the pressure values from
the testing mode. In this case, the pressure values may be downstream
pressure values as read by the downstream pressure sensor during the testing
mode. By analyzing the downstream pressure values from the testing mode,

various operational conditions of the gear pump can be detected and
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classified. Examples of such operational conditions include damages on an
individual tooth of the gear pump or a misalignment between the driving gear

wheel and the driven gear wheel.

The gear pump may be driven by a motor via a shaft. The method also
enables determination of whether the shaft is actually connected to the gear
pump and to the motor. Thus, when driving of the gear pump is commanded
during the testing mode and the pressure values do not increase as expected,
or do not increase at all, the at least one operational condition of the gear
pump may be determined as faulty due to an incorrect or absent connection
between the motor and the gear pump. In some prior art apparatuses, the
shaft is detachably connected to the motor and/or to the gear pump, e.g. for
maintenance purposes. An operator may however forget to connect the motor
to the gear pump via the shaft. A painting robot may then run a painting
program without actually painting an object. Some such prior art apparatuses
use dedicated sensors for verifying that the motor is correctly connected to

the gear pump. The method enables such sensors to be eliminated.

The method may further comprise monitoring pressure difference values
indicative of pressure differences over the gear pump, the pressure difference
values being determined based on the pressure values; and determining the
at least one operational condition of the gear pump based on the rotation
value when the pressure difference value reaches a target pressure difference
value. The target pressure difference value may be a predefined constant
value. The target pressure difference value may be set to at least 3 bar, such

as 5 bar.

When the pressure difference value reaches the target pressure difference
value, the rotation of the gear pump may be stopped. As the wear of the gear
pump increases over time, the rotation value when the pressure difference
value reaches the target pressure difference value will increase. The rotation
value when the pressure difference value reaches the target pressure
difference value, as determined during the testing mode, will therefore

provide an indication of the health status of the gear pump.
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Since the method uses a downstream pressure sensor providing pressure
values during the testing mode, the method does not need a downstream
valve that must be triggered to open at a specific pressure. A more cost

efficient design of an apparatus comprising the gear pump is thereby enabled.

The pressure difference may be determined based on downstream pressure
values measured by the downstream pressure sensor and upstream pressure
values measured by an upstream pressure sensor. The upstream pressure
sensor may be arranged to measure an upstream pressure of the liquid to the
gear pump. The upstream pressure sensor is however optional. The
downstream pressure and the upstream pressure may also be referred to as

an output pressure and an input pressure, respectively.

The at least one operational condition may comprise a leakage of the gear
pump, a misalignment between the driving gear wheel and the driven gear
wheel, and/or a defect of one of the driving teeth and the driven teeth. The
leakage may be substantially proportional to, or proportional to, the rotation
value when the pressure difference value reaches the target pressure

difference value during the testing mode.

The method may further comprise controlling the gear pump in an
operational mode comprising commanding driving of the gear pump to pump
liquid through the downstream device while controlling the gear pump to
automatically compensate for the at least one operational condition. For
example, in case the at least one operational condition is indicative of a wear
of the gear pump, the information regarding this operational condition can be
used to compensate for the wear by increasing the rotational speed of the
gear pump. In this way, the lifetime of the gear pump is better utilized and

the performance of the gear pump is improved.

The method may further comprise automatically issuing a warning based on
the at least one operational condition. The warning may be a visual warning
and/or an audible warning to a user. The user can thereby initiate a

countermeasure, such as scheduling a maintenance, a long time before the
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deterioration of the gear pump unavoidably has a negative impact on a

process.

The downstream device may be a downstream valve. In this case, the
downstream valve may be closed during the testing mode. In this variant, the
rotational speed of the gear pump may be more slowly increased in
comparison with when the downstream device is a restriction. The rotational
speed is increased slowly from a relatively low rotational speed during the

testing mode while the pressure difference over the gear pump is monitored.

The time period during which the gear pump can be driven to pump liquid
against the closed downstream valve depends inter alia on the leakage of the
gear pump and the rotational speed of the gear pump. The gear pump may be
arranged such that when the downstream valve is closed, the leakage of the

gear pump constitutes the only flow path of the liquid.

The method according to the present disclosure can however also be carried
out with a downstream device in the form of a restriction rather than a closed
downstream valve. This may for example be advantageous in applications
where a closable downstream valve is not available. In this case, there will be
two flow paths: the internal leakage of the gear pump and the flow through

the restriction.

In any case, the downstream device may be static during the testing mode.
Thus, a resistance to the output flow from the gear pump by the downstream
device may be constant during the testing mode. In case the downstream
device is a downstream valve, a valve position of the downstream valve may

remain constant during the testing mode.

According to a further aspect, there is provided a control system for handling
a gear pump, the gear pump comprising a driving gear wheel having a
plurality of driving teeth and a driven gear wheel having a plurality of driven
teeth meshing with the driving teeth, the control system comprising at least
one data processing device and at least one memory having a computer

program stored thereon, the computer program comprising program code
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which, when executed by the at least one data processing device, causes the at
least one data processing device to perform the steps of controlling the gear
pump in a testing mode, the testing mode comprising commanding driving of
the gear pump to pump liquid towards a downstream device and
commanding an increase of rotational speed of the gear pump; providing
rotation values indicative of the rotational speeds during the testing mode;
providing pressure values monitored by means of at least a downstream
pressure sensor during the testing mode, the downstream pressure sensor
being arranged to measure a downstream pressure of the liquid between the
gear pump and the downstream device; and determining at least one
operational condition of the gear pump based on the pressure values and the

rotation values.

The computer program may comprise program code which, when executed
by the at least one data processing device, causes the at least one data
processing device to perform the steps of providing pressure difference values
indicative of pressure differences over the gear pump, the pressure difference
values being determined based on the pressure values; and determining the
at least one operational condition of the gear pump based on the rotation
value when the pressure difference value reaches a target pressure difference

value.

The at least one operational condition may comprise a leakage of the gear
pump, a misalignment between the driving gear wheel and the driven gear

wheel, and/or a defect of one of the driving teeth and the driven teeth.

The computer program may comprise program code which, when executed
by the at least one data processing device, causes the at least one data
processing device to perform the step of controlling the gear pump in an
operational mode, the operational mode comprising commanding driving of
the gear pump to pump liquid through the downstream device while
controlling the gear pump to automatically compensate for the at least one

operational condition.
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The computer program may comprise program code which, when executed
by the at least one data processing device, causes the at least one data
processing device to perform the step of automatically commanding issuance

of a warning based on the at least one operational condition.

According to a further aspect, there is provided an apparatus for applying a
coating medium to an object, the apparatus comprising the gear pump, the
downstream device, the downstream pressure sensor and the control system
according to the present disclosure. The apparatus may further comprise the
upstream pressure sensor. The apparatus may further comprise an
applicator, such as an atomizer, for atomizing coating medium, such as paint.
The apparatus for applying a coating medium to an object may alternatively
be referred to as a coating apparatus. In this aspect, the liquid pumped by the

gear pump in the testing mode may be a cleaning liquid.

Since many coating apparatuses already comprise a gear pump, a
downstream sensor and a downstream pressure sensor for measuring a
downstream pressure between the gear pump and the downstream device,
the method can relatively easily be implemented in existing coating
apparatuses, e.g. by only a software change. This contributes to the cost-

efficiency of the apparatus.

The downstream device may be a downstream valve. In this case, the
computer program may comprise program code which, when executed by the
at least one data processing device, causes the at least one data processing
device to perform the step of commanding closing of the downstream valve
during the testing mode. Since the at least one operational condition can be
determined with a closed downstream valve, the method can be carried out
while the applicator is positioned next to the object to be coated. Thus, the
method enables elimination of coating medium waste. Moreover, the
apparatus can be positioned arbitrarily when carrying out the method
without risking contamination of the environment. This further reduces

downtime of a process involving the apparatus, such as a painting process.
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The apparatus may further comprise a coating medium line for supplying the
coating medium. In this case, the gear pump, the downstream device and the
downstream pressure sensor may be arranged on the coating medium line.
Also the upstream pressure sensor may be arranged on the coating medium

line.

The apparatus may further comprise a valve arrangement. The valve
arrangement may be configured to selectively bring each of a plurality of
pressurized fluid sources in fluid communication with the gear pump.
Examples of such pressurized fluid sources are a coating medium sources,
each containing a unique type of pressurized coating medium, and a cleaning

liquid source containing pressurized cleaning liquid, such as solvent.

The coating medium line may constitute the only downstream volume
between the gear pump and the downstream device. Alternatively, or in
addition, the coating medium line may constitute the only upstream volume

between the valve arrangement and the gear pump.

The apparatus may further comprise a motor and a shaft. In this case, the

gear pump may be arranged to be driven by the motor via the shaft.

According to a further aspect, there is provided a robot system comprising an
industrial robot and an apparatus according to the present disclosure. The
industrial robot may comprise a manipulator programmable in three or more
axes, such as six or seven axes. The apparatus may be carried by the

manipulator.
Brief Description of the Drawings

Further details, advantages and aspects of the present disclosure will become
apparent from the following description taken in conjunction with the

drawings, wherein:

Fig. 1: schematically represents a side view of a robot system comprising
an industrial robot and a coating apparatus having a gear pump;

Fig. 2: schematically represents a block diagram of the coating apparatus;
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Fig. 3: schematically represents a diagram of a downstream pressure of
the gear pump when the gear pump functions correctly;

Fig. 4: schematically represents a diagram of a downstream pressure of
the gear pump when a driving gear wheel and a driven gear wheel
are misaligned; and

Fig. 5: schematically represents a diagram of the downstream pressure of

the gear pump when a tooth of a gear wheel is damaged.
Detailed Description

In the following, a method of handling a gear pump, a control system for
handling a gear pump, an apparatus for applying a coating medium to an
object, and a robot system comprising an industrial robot and a coating
apparatus, will be described. The same or similar reference numerals will be

used to denote the same or similar structural features.

Fig. 1 schematically represents a side view of a robot system 10. The robot
system 10 comprises an industrial robot 12 and a coating apparatus 14. The
industrial robot 12 comprises a manipulator movable in at least three axes,
such as in six or seven axes. The coating apparatus 14 is carried by the
manipulator. The coating apparatus 14 is configured to apply a paint 16 to an
object 18, as shown in Fig. 1. The paint 16 is one example of a coating medium
according to the present disclosure. The object 18 may for example be a body

part of a vehicle.

Fig. 1 further shows that the coating apparatus 14 comprises an atomizer 20.
The atomizer 20 is one example of an applicator as described herein. The

atomizer 20 is here positioned at a distal end of the manipulator.

Fig. 2 schematically represents a block diagram of the coating apparatus 14.
The coating apparatus 14 of this example further comprises a first paint
source 22 containing pressurized liquid paint 16 of a first type (e.g. of a first
color), a second paint source 24 containing pressurized liquid paint 16 of a
second type (e.g. of a second color) and a cleaning liquid source 26 containing

pressurized cleaning liquid (e.g. solvent). Although only two paint sources 22
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and 24 are illustrated, the coating apparatus 14 may comprise at least ten
different paint sources, such as 20 to 30 different paint sources (e.g. paint

sources).

The coating apparatus 14 further comprises a valve arrangement 28. The
valve arrangement 28 of this example further comprises a first paint valve 30
associated with the first paint source 22, a second paint valve 32 associated
with the second paint source 24, and a cleaning liquid valve 34 associated
with the cleaning liquid source 26. Each of the first paint valve 30, the second
paint valve 32 and the cleaning liquid valve 34 is here exemplified as a 2/2

valve. The valve arrangement 28 here functions as a color changer.

The valve arrangement 28 of this example further comprises a junction 36.
The first paint valve 30, the second paint valve 32 and the cleaning liquid

valve 34 are in direct fluid communication with the junction 36.

The atomizer 20 comprises a rotatable deflecting element, here exemplified

as a bell cup 38. The bell cup 38 is configured to atomize the paint 16.

The coating apparatus 14 further comprises a paint line 40. The paint line 40
is one example of a coating medium line according to the present disclosure.
The paint line 40 here extends from the junction 36 to the bell cup 38. The
valve arrangement 28 is thus configured to independently bring each of the
first paint source 22, the second paint source 24 and the cleaning liquid

source 26 in fluid communication with the atomizer 20 through the paint line

40.

The coating apparatus 14 further comprises a gear pump 42. The gear pump
42 is positioned on the paint line 40. In this example, the gear pump 42 is

positioned between the valve arrangement 28 and the atomizer 20.

The gear pump 42 comprises a driving gear wheel 44 and a driven gear wheel
46. The driving gear wheel 44 comprises a plurality of driving teeth 48. The
driven gear wheel 46 comprises a plurality of driven teeth 50. The driving

teeth 48 and the driven teeth 50 are in meshing engagement.
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The gear pump 42 further comprises a housing 52. The driving gear wheel 44
and the driven gear wheel 46 are housed inside the housing 52. The upstream
connection and the downstream connection of the paint line 40 are the only

openings to the housing 52.

The driving gear wheel 44 is rotatable about a driving axis 54. The driven
gear wheel 46 is rotatable about a driven axis 56. The driving axis 54 and the

driven axis 56 are parallel.

The coating apparatus 14 further comprises a motor 58 for driving the gear
pump 42. The coating apparatus 14 further comprises a shaft 60 connected

between the motor 58 and the driving gear wheel 44.

The coating apparatus 14 further comprises a downstream valve 62. The
downstream valve 62 is one example of a downstream device according to the
present disclosure. The downstream valve 62 is positioned on the paint line
40 downstream of the gear pump 42. In this example, the downstream valve
62 is positioned on the paint line 40 between the gear pump 42 and the
atomizer 20. Although only one downstream valve 62 is shown in Fig. 2, the
coating apparatus 14 may comprise a plurality of such downstream valves 62

between the gear pump 42 and the atomizer 20, depending on the process.

The coating apparatus 14 further comprises a downstream pressure sensor
64. The downstream pressure sensor 64 is positioned on the paint line 40
between the gear pump 42 and the downstream valve 62. The downstream
pressure sensor 64 is configured to read downstream pressures of the liquid
in the paint line 40 at an output side 66 of the gear pump 42. The
downstream pressure sensor 64 outputs downstream pressure values 68

indicative of the pressures at the output side 66.

The coating apparatus 14 of this example further comprises an upstream
pressure sensor 70. The upstream pressure sensor 70 is optional. The
upstream pressure sensor 70 is positioned on the paint line 40 upstream of
the gear pump 42. In this example the upstream pressure sensor 70 is

positioned between the valve arrangement 28 and the gear pump 42. The
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upstream pressure sensor 70 is configured to read upstream pressures of the
liquid in the paint line 40 at an input side 72 of the gear pump 42. The
upstream pressure sensor 70 outputs upstream pressure values 74 indicative

of the pressures at the input side 72.

The coating apparatus 14 further comprises a control system 76. The control
system 76 comprises a data processing device 78 and a memory 80 having a
computer program stored thereon. The computer program comprises
program code which, when executed by the data processing device 78 causes
the data processing device 78 to perform, and/or command performance of,
various steps as described herein. The control system 76 is in signal
communication with the valve arrangement 28. In this example, the control
system 76 is in signal communication with, to command opening and closing
of, each of the first paint valve 30, the second paint valve 32 and the cleaning

liquid valve 34.

The control system 76 is further in signal communication with the
downstream valve 62 to command an opening degree thereof. The control
system 76 is further in signal communication with the motor 58. The control
system 776 controls the rotational speed of the motor 58. The motor 58 sends
rotation values 82 to the control system 76. The rotation values 82 are
indicative of the rotational speeds of the gear pump 42. Rotation values 82
indicative of the rotational speeds of the gear pump 42 may however be

obtained and communicated to the control system 76 in a wide range of ways.

The downstream pressure sensor 64 and the upstream pressure sensor 70 are
in signal communication with the control system 76 to send the downstream
pressure values 68 and the upstream pressure values 74, respectively, to the

control system 76.

In a painting process with the coating apparatus 14, the gear pump 42 is used
to control dosing of paint to the atomizer 20. One common malfunction of
the gear pump 42 is that the driving teeth 48 and/or the driven teeth 50 are

worn down. This results in leakage from the high pressure downstream side
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to the low pressure upstream side of the gear pump 42. Leakage can also
occur due to wear of the housing 52. The leakage of the gear pump 42 is
manifested in that the flow rate of paint out from the atomizer 20 is reduced
for a given rotational speed of the gear pump 42. The painting result is

therefore deteriorated.

A further type of malfunction of the gear pump 42 is when the driving gear
wheel 44 and the driven gear wheel 46 are misaligned. Such misalignment
may for example occur when the driving axis 54 and the driven axis 56 are
not perfectly parallel, when a distance between the driving axis 54 and the
driven axis 56 is not correct, and/or when the positioning of the driving axis

54 and the driven axis 56 are not accurate with respect to the housing 52.

A further type of malfunction is a broken tooth or other structural defect of
the gear wheels 44 and 46. If one or more of the driving teeth 48 and the
driven teeth 50 are broken, the paint will not be dosed as efficiently at this

point of the gear pump 42.

In prior art solutions, these types of malfunctions are detected manually. For
example, by means of a cup test, it can be detected if the gear pump 42 gives
higher or lower flow than expected. As a further example, the painting result
on a test object (or on the object 18) can be visually inspected to see if there is
a possible malfunction of the gear pump 42. Both these checks require a
process line involving the robot system 10 to stop, wasting both time and
paint. These measures also ultimately depend on the skill of an operator
performing the checks, which can lead to different conclusions regarding the

health status of the gear pump 42.

In the following, one example of a method of handling the gear pump 42 will
be described. The method of this example utilizes the downstream valve 62,
the downstream pressure sensor 64, the upstream pressure sensor 70 and the
gear pump 42 itself to determine one or more operational conditions of the

gear pump 42. The method comprises controlling the gear pump 42 in a
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testing mode in order to automatically determine an operational condition of

the gear pump 42. The method is controlled by the control system 76.

The testing mode may for example be started each time when the paint line
40 has been cleaned, each day, each week or as desired by the user. The
cleaning may comprise conducting cleaning liquid, such as solvent, through
the coating apparatus 14. The cleaning liquid is then left in the paint line 40
and the downstream valve 62 is closed. Also the first paint valve 30, the
second paint valve 32 and the cleaning liquid valve 34 are closed. Thus, a
closed volume of cleaning liquid is provided between the valve arrangement
28 and the downstream valve 62. The testing mode can thus be performed
without mechanically affecting any parts outside this closed volume. This is
advantageous since the manipulator does not have to move the coating
apparatus 14 away from a painting site in order to check the health status of
the gear pump 42. Instead, the method can be carried out even when the

coating apparatus 14 is positioned facing the object 18.

In the testing mode, the gear pump 42 pumps liquid towards the downstream
valve 62. The rotational speed of the gear pump 42 is initially low and then
slowly increased, for example continuously. The rotational speed may be a
constant low speed before the rotational speed is increased. The downstream
pressure values 68, the upstream pressure values 74 and the rotation values
82 are recorded by the control system 76 with a common timing during
testing mode. The control system 76 also continuously determines pressure
differences over the gear pump 42 by subtracting the upstream pressure
values 74 from the downstream pressure values 68. The rotational values, the
upstream pressure values 74, the downstream pressure values 68 and the

pressure difference values may be referred to as testing mode data.

If the gear pump 42 is worn, the internal leakage of the gear pump 42 may be
relatively high. The downstream pressure will then not build as high as for a
new gear pump with low leakage. By means of the testing mode, automatic
monitoring of internal leakage of the gear pump 42 can be carried out by

running the gear pump 42 against the closed downstream valve 62 while
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monitoring the pressure difference over the gear pump 42. In case the
upstream pressure sensor 70 is eliminated, the upstream pressure may be

assumed to be constant for the purposes of the testing mode.

By closing the downstream valve 62 and then slowly increasing the rotational
speed of the gear pump 42, the gear pump 42 is effectively pushing the liquid
towards a dead end. The gear pump 42 is rotated slowly in order to not
increase the downstream pressure above critical levels of the paint line 40

and the downstream valve 62.

As the rotational speed of the gear pump 42 is increased, the pressure
difference value in most situations eventually reaches a predetermined target
pressure difference value, such as 5 bar. The gear pump 42 is then driven a
few additional revolutions to gather additional actionable testing mode data.
The recording is now complete and the coating apparatus 14 is ready for a
next painting process. The testing mode data can be processed at the same
time as the next painting process is performed by the coating apparatus 14. In
the method, the rotational speed of the gear pump 42 when the pressure
difference reaches the target pressure difference value is taken as a measure
of the leakage, and hence an operational condition, of the gear pump 42.
When this rotational speed is high, the leakage is high and vice versa. This is
due to that the pressure difference over the gear pump 42 can be assumed to

be proportional to the leakage for a given rotational speed.

Since the downstream valve 62 is closed, the pressure difference will
successively increase as the rotational speed of the gear pump 42 is increased.
In case the pressure difference does not increase when the control system 76
commands an increase in rotational speed of the gear pump 42, it can be
concluded that the connection between the motor 58 and the gear pump 42 is
faulty. A warning may then be automatically issued to the user. A faulty
connection between the motor 58 and the gear pump 42 is thus one example
of an operational condition of the gear pump 42 that can be determined by

the method without requiring a dedicated sensor for this purpose.
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Fig. 3 schematically represents a diagram of the downstream pressure values
68 of the gear pump 42 as a function of time t during the testing mode when
the gear pump 42 functions correctly. When the gear pump 42 rotates slowly
during the testing mode, the readings from the downstream pressure sensor
64 will give a very distinct signature, down to the level of each tooth on the
driving gear wheel 44 and the driven gear wheel 46. Every time a new dose of
liquid is delivered from a space between the driving teeth 48 or a space
between the driven teeth 50, the pressure will increase. The liquid will then
leak past the driving gear wheel 44 and/or the driven gear wheel 46 in the
upstream direction and the downstream pressure will drop. As shown in Fig.
3, each upper peak of the downstream pressure corresponds to a tooth of the
gear pump 42. Thus, in case an amplitude of upper peaks corresponding to a
single tooth is low, this tooth may be damaged. In Fig. 3, reference numeral
84 indicates one revolution of the gear pump 42. Based on the downstream
pressure values 68 during the testing mode, the control system 76 detects
peak-to-peak pressure values, the change in upper peak values, the change in
lower peak values, and a sudden change between local minimums or

maximums.

Fig. 4 schematically represents a diagram of the downstream pressure values
68 of the gear pump 42 as a function of time t when the driving gear wheel 44
and the driven gear wheel 46 are misaligned. The entire sine curve moves up
and down, indicating misalignment of the driving gear wheel 44 and the
driven gear wheel 46. Misalignment of the driving gear wheel 44 and the
driven gear wheel 46 is thus a further operational condition of the gear pump
42 that can be detected by the method.

In Fig. 4, reference numeral 86 indicates a full revolution pressure difference
of the downstream pressure values 68 within one revolution 84 and reference
numeral 88 indicates a peak-to-peak pressure difference of the gear pump
42. The control system 76 automatically determines the full revolution
pressure difference 86 and the peak-to-peak pressure difference 88 based on

the downstream pressure values 68 from the testing mode.
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The peak-to-peak pressure difference 88 combined with the rotation values
82 of the gear pump 42 form a basis of comparison between the gear pump
42 and a new gear pump. If the gear pump 42 cannot achieve a high peak-to-
peak pressure difference 88 and a high maximum pressure at normal rotation
speed, this can be compensated for, within a range, before the gear pump 42

needs to be replaced.

The periodic change in local minimum and maximum values, spanning more
than one revolution 84, will indicate an uneven gear wheel. This can manifest

as "heartbeats" in the paint flow when painting at higher flow rates.

A sudden change between two local minimums or two local maximums of the
downstream pressure values 68 will indicate damage to a single point on the
gear wheel, such as a tooth. If this is the case, the same "heartbeats" can be

seen.

A result of these signatures in the downstream pressure values 68 may form
the basis for comparison to determine an operational condition of the gear
pump 42. If the gear pump 42 is outside a recommended area of operation, a
warning and optionally associated information can be issued to the user, e.g.

through a system error and a warning infrastructure of the robot system 10.

Should one of the driving gear wheel 44 and the driven gear wheel 46 be
misaligned, the downstream pressure value 68 will drop on one half of a full
revolution 84, while it will build higher for the other. If a tooth is broken, the

pressure rise that is expected to occur will not occur.

When only one of the driving gear wheel 44 and the driven gear wheel 46 is
inaccurately positioned with respect to the housing 52, the downstream

pressure will be pulsing in correlation with the rotational speed of the gear

pump 42.

Fig. 5 schematically represents a diagram of the downstream pressure values
68 of the gear pump 42 as a function of time t when one of the driving gear

wheel 44 and the driven gear wheel 46 is damaged. In addition to
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misalignment, the signature of the downstream pressure shows that a tooth
of the gear pump 42 is damaged. Thus, a defect of one tooth is a further
example of an operational condition of the gear pump 42 that can be
determined by the method. In Fig. 5, the regions 90 show abnormal behavior

of the gear pump 42. due to the damaged tooth.

The testing mode may be run as a quick diagnostic check of the gear pump
42. The rotation values 82 and the downstream pressure values 68 are
recorded and processed by the control system 76 to determine one or more
operational conditions of the gear pump 42. Information regarding the health
status of the gear pump 42, as determined by the control system 76, is then
communicated to the user. A warning may also be issued in good time before

the gear pump 42 needs maintenance or repair.

In the next painting process, the control system 76 automatically
compensates for the determined operational condition of the gear pump 42.
For example, the rotational speed is increased based on the determined

leakage of the gear pump 42 to achieve a desired flow rate of the paint.

In some prior art apparatuses, a gear flow meter is installed downstream of
the gear pump 42 to monitor the actual flow rate in real time (monitoring the
difference between the requested flow rate and the actual flow rate). By
frequently running the method according to the present disclosure, such gear
flow meter can be eliminated. This saves cost and reduces complexity in the

coating apparatus 14.

Since the upstream pressure sensor 70, the downstream pressure sensor 64
and the downstream valve 62 are known as such, the method can be carried
out with a prior art apparatus by merely changing the software in the control

system 76.

While the present disclosure has been described with reference to exemplary
embodiments, it will be appreciated that the present invention is not limited
to what has been described above. For example, it will be appreciated that the

dimensions of the parts may be varied as needed. Accordingly, it is intended
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that the present invention may be limited only by the scope of the claims

appended hereto.
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CLAIMS

A method of handling a gear pump (42), the gear pump (42) comprising
a driving gear wheel (44) having a plurality of driving teeth (48) and a
driven gear wheel (46) having a plurality of driven teeth (50) meshing
with the driving teeth (48), the method comprising:

- controlling the gear pump (42) in a testing mode comprising
commanding driving of the gear pump (42) to pump liquid towards a
downstream device (62) and commanding an increase of rotational
speed of the gear pump (42);

- monitoring rotation values (82) indicative of the rotational speeds
during the testing mode;

- monitoring pressure values (68) by means of at least a downstream
pressure sensor (64) during the testing mode, the downstream pressure
sensor (64) being arranged to measure a downstream pressure of the
liquid between the gear pump (42) and the downstream device (62);
and

- determining at least one operational condition of the gear pump (42)

based on the pressure values (68) and the rotation values (82).

The method according to claim 1, further comprising:

- monitoring pressure difference values indicative of pressure
differences over the gear pump (42), the pressure difference values
being determined based on the pressure values (68); and

- determining the at least one operational condition of the gear pump
(42) based on the rotation value (82) when the pressure difference value

reaches a target pressure difference value.

The method according to any of the preceding claims, wherein the at
least one operational condition comprises a leakage of the gear pump
(42), a misalignment between the driving gear wheel (44) and the
driven gear wheel (46), and/or a defect of one of the driving teeth (48)
and the driven teeth (50).
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The method according to any of the preceding claims, further
comprising controlling the gear pump (42) in an operational mode
comprising commanding driving of the gear pump (42) to pump liquid
through the downstream device (62) while controlling the gear pump
(42) to automatically compensate for the at least one operational

condition.

The method according to any of the preceding claims, further
comprising automatically issuing a warning based on the at least one

operational condition.

The method according to any of the preceding claims, wherein the
downstream device (62) is a downstream valve, and wherein the

downstream valve is closed during the testing mode.

A control system (76) for handling a gear pump (42), the gear pump
(42) comprising a driving gear wheel (44) having a plurality of driving
teeth (48) and a driven gear wheel (46) having a plurality of driven teeth
(50) meshing with the driving teeth (48), the control system (76)
comprising at least one data processing device (78) and at least one
memory (80) having a computer program stored thereon, the computer
program comprising program code which, when executed by the at least
one data processing device (78), causes the at least one data processing
device (78) to perform the steps of:

- controlling the gear pump (42) in a testing mode, the testing mode
comprising commanding driving of the gear pump (42) to pump liquid
towards a downstream device (62) and commanding an increase of
rotational speed of the gear pump (42);

- providing rotation values (82) indicative of the rotational speeds
during the testing mode;

- providing pressure values (68) monitored by means of at least a
downstream pressure sensor (64) during the testing mode, the
downstream pressure sensor (64) being arranged to measure a

downstream pressure of the liquid between the gear pump (42) and the
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downstream device (62); and
- determining at least one operational condition of the gear pump (42)

based on the pressure values (68) and the rotation values (82).

The control system (76) according to claim 7, wherein the computer
program comprises program code which, when executed by the at least
one data processing device (78), causes the at least one data processing
device (78) to perform the steps of:

- providing pressure difference values indicative of pressure differences
over the gear pump (42), the pressure difference values being
determined based on the pressure values (68); and

- determining the at least one operational condition of the gear pump
(42) based on the rotation value (82) when the pressure difference value

reaches a target pressure difference value.

The control system (76) according to claim 7 or 8, wherein the at least
one operational condition comprises a leakage of the gear pump (42), a
misalignment between the driving gear wheel (44) and the driven gear
wheel (46), and/or a defect of one of the driving teeth (48) and the
driven teeth (50).

The control system (76) according to any of claims 7 to 9, wherein the
computer program comprises program code which, when executed by
the at least one data processing device (78), causes the at least one data
processing device (78) to perform the step of:

- controlling the gear pump (42) in an operational mode, the
operational mode comprising commanding driving of the gear pump
(42) to pump liquid through the downstream device (62) while
controlling the gear pump (42) to automatically compensate for the at

least one operational condition.

The control system (76) according to any of claims 7 to 10, wherein the
computer program comprises program code which, when executed by

the at least one data processing device (78), causes the at least one data
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processing device (78) to perform the step of:
- automatically commanding issuance of a warning based on the at least

one operational condition.

An apparatus (14) for applying a coating medium (16) to an object (18),
the apparatus (14) comprising the gear pump (42), the downstream
device (62), the downstream pressure sensor (64) and the control

system (776) according to any of claims 7 to 11.

The apparatus (14) according to claim 12, wherein the downstream
device (62) is a downstream valve, and wherein the computer program
comprises program code which, when executed by the at least one data
processing device (78), causes the at least one data processing device
(78) to perform the step of:

- commanding closing of the downstream valve during the testing mode.

The apparatus (14) according to claim 13, further comprising a coating
medium line (40) for supplying the coating medium (16), wherein the
gear pump (42), the downstream device (62) and the downstream

pressure sensor (64) are arranged on the coating medium line (40).

A robot system (10) comprising an industrial robot (12) and an

apparatus (14) according to any of claims 12 to 14.
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