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(57) Abréegée/Abstract:
A diagnostic apparatus (100) for testing a milking point of a milking machine includes sensors (141, 142, 143, 144, 161, 162, 163,
164) for measuring fluid-transport related parameters, e.g. various pressure levels and/or flow values (P., P,, P,, P,, F., F,, F,, F,)

relating to a set of teatcups. A controllable valve (150) and a set of test tubes (111, 1 12, 1 13, 1 14) are also included. Each test
tube Is here configured to be attached to one teatcup, and the controllable valve (150) selectively arranges a particular one of the
test tubes for measurement of at least one parameter via one of the sensors In response to a control signal (Ctrl). These
measurements are performed while all the teatcups are simultaneously attached to the test tubes and an external vacuum pressure
(Pp) Is applied either on a milk-line side of the controllable valve (150) or on a side opposite to the milk-line side relative to the
controllable valve (150).
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Diagnostic Apparatus and Testing Method

THE BACKGROUND OF THE INVENTION AND PRIOR ART

The present invention relates generally to testing of milking ap-
paratuses. More particularly the invention relates to a diagnostic
apparatus according to the preamble of claim 1 and a method of
testing executed via this apparatus. The invention also relates to
a computer program and a processor-readable medium.

Today’'s milk production units for extracting milk from cows, buf-
faloes, goats, sheep and the like are highly efficient in terms of
extracted milk volume per animal. However, since the milking
equipment may be relatively expensive, it is key to minimize the
downtime due to testing and service. Therefore, it is desirable
that any scheduled testing of a milking machine can be effected
in the most efficient way.

Some testing can be carried out during normal operation of the
milking machine, so-called wet or dynamic testing. WO 2007/
100280 shows one example of such testing, which, of course, is
advantageous from a utilization point-of view.

However, other types of test may require that the equipment is
temporarily shut down, for example tests investigating the func-
tion of the teatcups. WO 01/32004 describes an apparatus,
which includes one or more artificial teats for introduction into a
respective teatcup under test. Here, the artificial teat has a col-
lapsible chamber for analyzing the pulsation pressure waveform
exerted by the teatcup when operating.

PROBLEMS ASSOCIATED WITH THE PRIOR ART

Although there exist diagnostic equipment for testing various pa-
rameters of a milking apparatus there is still room for improving
the efficiency of automatic dry testing of the fluid tightness, the
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vacuum levels and/or the flow capacity of a milking machine.

SUMMARY OF THE INVENTION

The object of the present invention is therefore to solve the
above problem, and offer efficient dry testing of a milking point,
I.e. diagnosing the function of the teacups and their interfaces

towards the milking machine.

According to one aspect of the invention, the object is achieved
by the initially described diagnostic apparatus, wherein the ap-
paratus further includes at least one sensor, a set of test tubes
and a controllable valve. The at least one sensor is configured
to measure at least one fluid-transport related parameter of the
milking point, e.g. a pressure level and/or a flow value. Each
test tube in the set of test tubes is configured to be attached to
one teatcup, and the controllable valve is further connected to
each of the test tubes. In response to a control signal, the con-
trollable valve is configured to selectively arrange a particular
one of the test tubes for measurement of the at least one fluid-
transport related parameter by means of the at least one sensor
while the teatcups are simultaneously attached to the test tubes
and an external vacuum pressure is applied, either on a milk-
line side of the controllable valve or on a side opposite to the

“milk-line side relative to the controllable valve.

This diagnostic apparatus is advantageous because it offers a
significant shortening of the overall time required to test a mil-
king point of a milking apparatus, e.g. with respect to its fluid
tightness, vacuum levels and/or flow capacity. Namely, the pro-
posed diagnostic apparatus enables a service technician to at-
tach all the teatcups to the test tubes. Then, the diagnostic ap-
paratus may execute a fully automatic test procedure, which in-

volves individual testing of all teatcups without any further.'ma'n- N

ual intervention from the service technician being required.

According to a preferred embodiment of this aspect of the inven-
tion, at least one of the sensors is represented by pressure me-
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ter that is arranged on a fluid conduit connected to the controll-
able valve. The pressure meter is configured to measure a va-
cuum pressure level related to each teatcup in the set of teat-
cups while the external vacuum pressure is applied on the milk-
line side of the controllable valve. Thereby, the system vacuum
level and a so-called release vacuum level can be measured in
a convenient manner.

Further preferably, a set of pressure meters are included, each
of which is arranged on a respective fluid conduit connected to
the controllable valve; and is configured to measure a respective
vacuum pressure level related to a particular teatcup. This en-
ables additional improvement of the testing efficiency.

According to another preferred embodiment of this aspect of the
Invention, at least one of the at least one sensor is represented
by an airflow meter that is configured to measure a flow value
associated with each teatcup. The airflow meter is arranged on
the side opposite to the milk-line side relative to the controllable
valve, and is further connected to the controllable valve. In res-

ponse to the control signal, the controllable valve is configured

to selectively connect a particular one of the test tubes with the
at least one airflow meter while the teatcups are simultaneously
attached to the test tubes, and while the particular one of the
test tubes is connected to the airflow meter and the external
pressure Is applied downstream of the at least one airflow meter
relative to the controllable valve, the airflow meter measures a

flow value. Hence, it can for example be tested whether or not

an adequate air flow can be maintained without excessive pres-
sure drop. It can also be determined if there are any leakages in
the system.

Further preferably, a set of airflow meters are included each of
which is configured to measure a respective flow value associa-
ted with a particular teatcup; and is connected to the controll-
able valve, however is arranged on the side opposite to the milk-
line side relative to the controllable valve. In response to the
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control signal, the controllable valve is here configured to selec-
tively connect a particular one of the test tubes with a particular
one of the airflow meters while the teatcups are simultaneously
attached to the test tubes. Then, while the particular one of the
test tubes is connected to the particular airflow meter and the
external pressure is applied downstream of the at least one air-
flow meter relative to the controllable valve, a flow value is mea-
sured. This enables yet an additional improvement of the testing
efficiency. '

According to still another preferred embodiment of this aspect of
the invention, each test tube has an overall cylindrical shape
and contains an internal cavity extending through the test tube
from a base end to a tip end thereof. The tip end is configured to
be introduced into a teatcup and the base end is connected to a
main body of the diagnostic apparatus, which base end is further
connected to a respective vacuum conduit in the diagnostic ap-
paratus. Thereby, the test tubes are suited for introduction into
the teatcups analogous to the teats of an animal, and can test
various parameters of the milking point while thus connected.

According to a further preferred embodiment of this aspect of
the invention, each test tube is associated with a respective ori-
fice that is controllable between an open state and a closed sta-
te. The orifice is arranged at the base end of the test tube, and
in the open state, is configured to allow a well-defined airflow in-
to a teatcup that is connected to the test tube while the external
vacuum pressure is applied on the milk-line side of the controll-
able valve. Consequently, the milking point’s behavior in respon-
se to a controlled air admission can be tested.

According to yet another preferred embodiment of this aspect of
the invention, the diagnostic apparatus contains an airflow nipp-
le that is configured to be attached to an external vacuum supply
so as to apply the external pressure on the side opposite to the
milk-line side relative to the controllable valve. Thereby, for ex-
ample the system vacuum pressure and/or release vacuum pres-
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sure of the milking machine can be conveniently utilized to per-
form various tests.

Preferably, the airflow nipple is connected to the test tubes via
the at least one airflow meter and the controllable valve. Name-
ly, this enables uncomplicated testing if there is any undesired
air admission, i.e. leakages in the milking point. '

According to another aspect of the invention, the object is achie-

ved by the method described initially, wherein the method further
involves: ' '
attaching each teatcup in the set of teatcups to a respec-
tive test tube of a diagnostic apparatus; and
controlling, via a controllable valve in the diagnostic appa-

ratus, each of the test tubes to be selectively arranged for mea- '

surement of the at least one fluid-transport related parameter by
means of at least one sensor in the diagnostic apparatus while
the teatcups are simultaneously attached to the test tubes and
an external vacuum pressure is applied either on a milk-line side
of the controllable valve or on a side opposite to the milk-line si-
de relative to the controllable valve.

The advantages of this method, as well as the preferred embodi-
ments thereof, are apparent from the discussion above with re-
ference to the proposed diagnostic apparatus.

According to a further aspect of the invention the object is
achieved by a computer program loadable into the memory of at
least one processor, and includes software adapted to imple-
ment the method proposed above when said program is run on
at least one processor. '

According to another aspect of the invention the obj'ect IS achie-
ved by a processor-readable medium, having a program recor-
ded thereon, where the program is to control at least one pro-
cessor to perform the method proposed above when the prog-
ram is loaded into the at least one processor.

Further advantages, beneficial features and applications of the
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present invention will be apparent from the following description
and the dependent claims. '

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is now to be explained more closely by means of
preferred embodiments, which are disclosed as examples, and
with reference to the attached drawings.

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

shows a diagnostic apparatus according to a first
embodiment of the invention:

shows a diagnostic apparatus according to a se-
cond embodiment of the invention; '

shows a diagnostic apparatus according to a third
embodiment of the invention; '

illustrates how the teatcups of a milking point may
be tested via the proposed diagnostic apparatus;
and ' '

illustrates, by means of a flow diagram, the gene-
ral method according to the invention. '

DESCRIPTION OF PREFERRED EMBODIMENTS OF THE IN-

VENTION

In Figure 1, we see a diagnostic apparatus 100 according to a
first embodiment of the invention for testing a milking point of a
milking machine. Figure 4 illustrates how a set of teatcups may
be attached to and tested via the diagnostic apparatus 100.

Preferably, the number of test tubes in the set of test tubes mat-
ches the number of teatcups in each milking point of the milking
machine to be tested. |l.e., if there are four teatcups in each mil-
king point, the diagnostic apparatus 100 has four test tubes: if
there are two teatcups in each milking point, the diagnostic
apparatus 100 has two test tubes, and so on. Namely, each test
tube 111, 112, 113 and 114 is configured to be attached to one
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teatcup 411, 412, 413 and 414 in the set of teatcups in the
milking point.

The diagnostic apparatus 100 includes at least one sensor,
which here is represented by a pressure meter 140. The sensor
140 is configured to measure at least one fluid-transport related
parameter, here in the form of a pressure level P;. As will be dis-
cussed with reference to Figures 2 and 3, the diagnostic appara-
tus 100 may alternatively, or additionally, include other sensors
for measuring other fluid-transport related parameters.

Each of the test tubes 111, 112, 113 and 114 has an overall cy-
lindrical shape so as to imitate a generic teat, and thus allow a
teatcup to fit and be attached thereto. Each test tube 111, 112,
113 and 114 further has an internal cavity that extends through
the test tube from a base end to a tip end thereof. The tip end is
configured to be introduced into a teatcup, and the base end is
connected to a main body of the diagnostic apparatus 100. The
base end is further connected to a respective fluid conduit 121,
122, 123 and 124 in the diagnostic apparatus.

A controllable valve 150 is connected to each of the test tubes
111, 112, 113 and 114 via a particular one of the fluid conduits

121, 122, 123 and 124. The controllable valve 150 is also con-
nected to the pressure meter 140. In response to a control sig-
nal Ctrl, the controllable valve 150 is configured to selectively
arrange a particular one of the test tubes 111, 112, 113 or 114
for measurement of a pressure level P; associated with the teat-
cup 411, 412, 413 or 414 attached to that test tube by means of '
the pressure meter 140. These measurements are made while
all the teatcups 411, 412, 413 and 414 are simultaneously atta-
ched to the test tubes 111, 112, 113 and 114 and an external
vacuum pressure is applied. In this embodiment of the invention,
the external vacuum pressure Pop is applied on a milk-line side
of the controllable valve 150, i.e. via the teatcups 411, 412, 413
and 414 that are attached to the test tubes 111, 112, 113 and
114. The opposite side of the pressure meter 140, in turn, is
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connected to an air tight stop plug 190.

Consequently, the control signal Ctrl causes the controllable
valve 150 to be set such that a particular test tube, say 111 and
the teatcup attached thereto, say 411, is connected to the pres-
sure meter 140 so that an associated pressure value P; can be

registered.

Thereafter, a different control signal Ctrl is received, which cau-
ses the controllable valve 150 to connect another test tube, say
112 and the teatcup attached thereto, say 412, to the pressure
meter 140, and so on, until a pressure value P; has been regis-
tered for each of the teatcups 411, 412, 413 and 414. During the
entire measurement procedure, the teatcups 411, 412, 413 and
414 remain attached to the test tubes 111, 112, 113 and 114
and the external vacuum pressure Py, is applied.

Preferably, each of the test tubes 111, 112, 113 and 114 is fur-
ther associated with a respective orifice i1, 12, i3 and i4, which is
confroliable between an open state and a closed state via a
respective valve 131, 132, 133 and 134. The orifice is arranged
at the base end of the test tube and is configured to, in the open .
state, allow a well-defined airflow into a teatcup that is con-
nected to the test tube while the external vacuum pressure Pop
Is applied on the milk-line side of the controllable valve 150.
Thus, by selectively opening orifices i1, i2, i3 and i4 and chec-
King the pressure meter 140, it can be tested whether or not the
vacuum pressure remains at an acceptable level. Namely, in
normal operation of the milking machine, a certain airflow is
needed to enable extracted milk to be transported from the teat-
cups 411, 412, 413 and 414 to the milk line 250. For example,
an airflow of 75 liter per minute via one of orifice i1, i2, i3 and i4
should at most result in a pressure drop of 5 kPa.

Figure 2 shows an alternative embodiment to the single-pres-
sure meter embodiment shown of Figure 1. In Figure 2, the dia-
gnostic apparatus 100 instead contains an airflow meter 160



10

15

20

25

30

CA 0300095%5 2018-04-04

WO 2017/061932 PCT/SE2016/050943

that is configured to measure the fluid-transport related parame-
ter in the form of a flow value F;.

All elements, units and signals in Figure 2 that also appear in Fi-
gure 1 are the same elements, units and signals as described
above with reference to Figure 1.

The airflow meter 160 is configured to measure a flow value F;
associated with each teatcup in the set of teatcups 411, 412,

413 and 414 respectively. To this aim, the airflow meter 160 is

arranged on the side opposite to the milk-line side relative to the
controllable valve 150. The airflow meter 160 is connected bet-
ween the controllable valve 150 and an airflow nipple 170. The
airflow nipple 170, in turn, is configured to be attached to an ex-
ternal vacuum supply so as to apply the external pressure P, on
the side opposite to the milk-line side relative to the controllable
valve 150.

Such an arrangement is desirable when checking the system for
leakages, i.e. investigating if there is any unwanted air admis-
sion. First, the milking point's connection to the milk line 450 is
cut off, for example via valves 451, 452, 453 and 454 on con-
duits 441, 442, 443 and 444 connecting the teatcups with the
milk line 450, or by other mechanical means e.g. clamps. Then,
the external pressure Py is applied via the airflow nipple 170.
Thereafter, the control signal Ctrl controls the controllable valve
150 such that a particular one of the test tubes 111, 112, 113
and 114 is selectively connected to the airflow meter 160, and
an associated flow value F; is registered. Hence, if there are no

leakages, the registered flow values F; shall all be within a pres-

cribed interval. Normally, an air inlet is arranged in proximity to
where conduits 441, 442, 443 and 444 are connected to the
teatcups 411, 412, 413 and 414 respectively. Further testing can
then be performed, which involves covering and uncovering the-
se air inlets, and studying how this influences the registered'
flow values F;.
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Figure 3 shows a diagnostic apparatus according to yet another
embodiment of the invention. Here, all elements, units and sig-

nals that also appear in Figures 1 and/or 2 are the same ele-

ments, units and signals as described above with reference to
these figures.

In Figure 3, the diagnostic apparatus 100 contains a set of pres-
sure meters 141, 142, 143 and 144, which are arranged on a
respective fluid conduit 121, 122, 123 and 124 that each is con-
nected to the controllable valve 150. The pressure meters 141,
142, 143 and 144 are configured to measure a respective va-
cuum pressure level P4, P2, P3 and P4 related to each of the
teatcups 411, 412, 413 and 414 when these are attached to the
test tubes 111, 112, 113 and 114, and while the external va-
cuum pressure Pop is applied on the milk-line side of the con-
trollable valve 150. '

Analogous to the above, the controllable valve 150 is configured
to, in response to the control signal Ctrl, selectively arrange a
particular one of the test tubes 111, 112, 113 or 114 for measu-
rement of at least one fluid-transport related parameter. Thus, if
for example all passages from the fluid conduit 121, 122, 123
and 124 are cut off at the controllable valve 150, a system va-
cuum level P41, P2, P3 and P4 associated with each teatcup 411,
412, 413 and 414 can be measured via the pressure meters 141,
142, 143 and 144 while the teatcups are simultaneously atta-
ched to the test tubes and an external vacuum pressure Pop is
applied on the milk-line side of the controllable valve 150.

The above test is preferably repeated with an applied release
vacuum, i.e. a somewhat lower pressure (e.g. around 14 kPa)
used in normal operation of the milking machine when releasing
a teatcup from an animal’'s teat after a completed milking ses-
sion.

In Figure 3, the diagnostic apparatus 100 further contains a set
of airflow meters 161, 162, 163 and 164 that are configured to
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measure a respective flow value F1, F2, F3 and F4 associated
with each of the teatcups 411, 412, 413 and 414. The airflow
meters 161, 162, 163 and 164 are arranged on the side opposite
to the milk-line side relative to the controllable valve 150, and
each airflow meter is connected to the controllable valve 150.
Hence, also with respect to the airflow meters 161, 162, 163 and
164, the controllable valve 150 is configured to, in response to
the control signal Ctrl, selectively arrange a particular one of the
test tubes 111, 112, 113 and 114 for of a fluid-transport related
parameter. Analogous to the embodiment shown in Figure 2,
such measurements are performed while the teatcups 411, 412,
413 and 414 are simultaneously attached to the test tubes, how-
ever cut off from the milk line 250 (e.g. by valves 451, 452, 453
and 454, or clamps on the conduits 441, 442, 443 and 444 res-
pectively), an external pressure P, is applied downstream of the
at least one airflow meter relative to the controllable valve 150
via the airflow nipple 170, and a particular one of the test tubes,
say 111, is connected to the particular airflow meter, say 161.

Additionally, in this setting, it can be checked if there are any
leakages in the conduits 441, 442, 443 and 444, for example by
applying the external pressure Pp via the airflow nipple 170,
closing the orifices i1, i2, i3 and i4, selectively connecting test
tubes 111, 112, 113 and 114 to the flow meters 161, 162, 163
and 164, and registering an associated flow value F1, F2, F3 and
F4 respectively aiming at identifying any undesired intake of air,
l.e. leakages. As mentioned above, this may involve covering
and uncovering air inlets in proximity to where conduits 441,
442, 443 and 444 are connected to the teatcups 411, 412, 413
and 414 respectively. '

In all the above-described embodiments, the control signal Ctrl
is preferably generated automatically, for instance by an execu-
ting computer program. However, the control signal Ctrl may
equally well be generated as the result of an operator manipula-
ting an input means (e.g. a key or a button). In any case, the
diagnostic apparatus 100 preferably contains a data processing



10

15

00

25

30

CA 0300095%5 2018-04-04

WO 2017/061932 ' PCT/SE2016/050943

12

unit 180 that is communicatively connected fo a memory unit
185 storing a computer program product, which, in turn, contains

software SW for making at least one processor in the data pro-
cessing unit 180 execute the above-described actions when the

computer program product SW is run on the at least one pro-
cessor. |

Moreover, although three different embodiments have been des-

cribed which represent specific combinations of a number of
pressure meters on the milk-line side of the controllable valve
150 and a number of flow meters on the side opposite to the
milk-line side relative to the controllable valve, the invention
also 'encompasses further combinations, e.g. a single pressure
meter (cf. 140 in Figure 1) combined with a set of flow meters
(cf. 161, 162, 163 and 164 in Figure 3); and a set of pressure
meters (cf. 141, 142, 143 and 144 in Figure 3) combined with a
single flow meter (cf. 160 in Figure 2). Naturally, controllable
orifices i1, i2, i3 and i4 may or may not be included in either of
these combinations. ' | '

In order to sum up, and with reference to the flow diagram in
Figure 5, we will now describe the general method according to
the invention for testing a milking point of a milking machine by
means of the proposed diagnostic apparatus. We assume that
the milking point has a set of teatcups, say four, each of WhICh
Is connected to a milk line of the mllklng machine.

In a first step 510, the teatcups are attached to a respectlve test
tube of a diagnostic apparatus.

Then, a step 520 checks if a control signal has been received,
and if so, a step 540 follows. Otherwise, the procedure loops
back and stays in step 520. '

In parallél with step 520, in a step 530, a vacuum pressure is

applied either on a milk-line side of the controllable valve, or on
a side opposite to the milk-line side. The vacuum pressure app-
lied continues to be applied until steps 540 and 550 subsequent
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to step 520 have been executed.

In step 540, the controllable valve is set In accordan_ce with the
control signal. This, in turn, means that the test tubes are selec-
tively arranged for measurement of at least one fluid-transport
related parameter (e.g. a pressure level or a low value) by
means of at [east one sensor (e.g. a pressure meter or flow sen-
sor) while all the teatcups are simultaneously attached to the
test tubes. '

After having arranged the test tubes for measurement of a parti-

~cular fluid-transport related parameter, this parameter is mea-

sured and registered in a step 550, and then a step 560 follows.

Step 560 checks if all teatcups of the milking points have been
measured with respect to all fluid-transport related parameters,

and if so the procedure ends. Otherwise, the procedure Ioops .
back to steps 520 and 530 for continued testing.

In practice, this typically means that a different control signal is
received in step 520; and thereafter, the controllable valve is set
differently to arrange the test tubes for measurement another
measurement, either with respect to the teatcup to be tested, or
with respect to the fluid- transport related parameter to be mea-
sured. |

Al of the process steps, as well as any sub-sequence of steps,

described with reference to Figure 5 above may be controlled by
means of a programmed processor. Moreover, although the
embodiments of the invention described above with reference to
the drawings comprise processor and processes performed in at
least one processor, the invention thus also extends to computer
programs, particularly computer programs on or in a carrier, ad-
apted for putting the invention into practice. The program may be
in the form of source code, object code, a code intermediate
source and object code such as in partially compiled form, or in
any other form suitable for use in the implementation of the pro-
cess according to the invention. The program may either be a part
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of an operati'ng system, or be a separate application. The carrier
may be any entity or device capable of carrying the program. For
example, the carrier may comprise a storage medium, such as a
Flash memory, a ROM (Read Only Memory), for example a DVD
(Digital Video/Versatile Disk), a CD (Compact Disc) or a semi-
conductor ROM, an EPROM (Erasable Programmable Read-Only
Memory), an EEPROM (Electrically Erasable Programmable Read-
Only Memory), or a magnetic recording medium, for example a
floppy disc or hard disc. Further, the carrier may be a
transmissible carrier such as an electrical or optical signal which
may be conveyed via electrical or optical cable or by radio or by
other means. When the program is embodied in a signal which
may be conveyed directly by a cable or other device or means, the
carrier may be constituted by such cable or device or means.
Alternatively, the carrier may be an integrated circuit in which the
program is embedded, the Integrated circuit being adapted for per-
forming, or for use in the performance of, the relevant processes.

Although the invention is advantageous in connection with cow
milking, the invention is equally well adapted for implementation n
milking machines for any other kind of mammals, such as goats,
sheep or buffaloes.

The term "comprises/comprising” when used in this speCification 1S
taken to specifty the presence of stated features, integers, steps or
components. However, the term does not preclude the presence

~or addition of one or more additional features, integers, steps or

components or groups thereof.

The invention is not restricted to the described embodiments in the

figures, but may be varied freely within the scope of the claims.
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Claims

1. A diagnostic apparatus (100) for testing a milking point of
a milking machine, the milking point comprising a set of teatcups
(411, 412, 413, 414), each of which is connected (441, 442, 443,
444) to a milk line (450) of the milking machine, the diagnostic
apparatus (100) characterized in that it comprises: -

at least one sensor (140, 141, 142, 143, 144, 160, 161,
162, 163, 164) configured to measure at least one fluid-transport
related parameter (Pi, P1, P2, P3, P4, Fi, F1, F2, F3, F4) of the mil-
King point, . , .

a set of test tubes (111, 112, 113, 114), wherein each test
tube Is configured to be attached to one teatcup in the set of
teatcups (411, 412, 413, 414), and .

a controllable valve (150) connected to each of the test tu-
bes (111, 112, 113, 114), the controllable valve (150) being con-
figured to, in response to a control signal (Ctrl), selectively ar-
range a particular one of the test tubes for measurement of the
at least one fluid-transport related parameter by means of the at
least one sensor while the teatcups are simultaneously attached
to the test tubes and an external vacuum pressure (Pop, Pp) is
applied either on a milk-line side of the controllable valve (150)

or on a side opposite to the milk-line side relative to the control-
lable valve (150).

2. The diagnostic apparatus (100) according to claim 1, whe-
rein the at least one sensor comprises at least one pressure me-
ter (140, 141, 142, 143, 144) arranged on a fluid conduit (120,
121, 122, 123, 124) connected to the controllable valve (150)
and which at least one pressure meter is configured to measure
a vacuum pressure level (P, P1, P2, P3, P4) related to each teat-
cup in the set of teatcups while the external vacuum pressure
(Pop) is applied on the milk-line side of the controllable valve
(150). '

3. The diagnostic apparatus (100) according to claim 2, com-
prising a set of pressure meters (141, 142, 143, 144) arranged



10

15

20

25

30

CA 0300095%5 2018-04-04

WO 2017/061932 | PCT/SE2016/050943

16

on a respective fluid conduit (121, 122, 123, 124) each con-
nected to the controllable valve (150) and which pressure me-
ters are configured to measure a respective vacuum pressure le-
vel (P1, P2, P3, P4) related to each teatcup in the set of teatcups
while the external vacuum pressure (Pop) is applied on the milk-
line side of the controllable valve (150). '

4 The diagnostic apparatus (100) according to any one of the
preceding claims, wherein the at least one sensor comprises at
least one airflow meter (160, 161, 162, 163, 164) configured to
measure a flow value (Fi, F1, F2, F3, F4) associated with each
teatcup in the set of teatcups (411, 412, 413, 414), which at
least one airflow meter is arranged on the side opposite to the
milk-line side relative to the controllable valve (150) and is con-
nected to .the controllable valve (150), the controllable valve
(150) being configured to, in response to the control signal
(Ctrl), selectively connect a particUIar one of the test tubes with
the at least one airflow meter (160, 161, 162, 163, "164) while
the teatcups are simultaneously attached to the test tubes, While
the particular one of the test tubes is connected to the airflow
meter and the external pressure (P,) is applied downstream of
the at least one airflow meter relative to the controllable valve
(150).

5. The diagnostic apparatus (100) according to claim 4, com-
prising a set of airflow meters (161, 162, 163, 164) configured to
measure a respective flow value (F1, F2, F3, F4) associated with
each teatcup in the set of teatcups (411, 412, 413, 414), which
airflow meters are arranged on the side opposite to the milkfline -

“side relative to the controllable valve (150) and is each connec-

ted to the controllable valve (150), the controllable valve (150)
being configured to, in response to the control signal (Ctrl), se-
lectively connect a particular one of the test tubes with a parti-
cular one of the airflow meters (161, 162, 163, 164) wh'ile the
teatcups are simultaneously attached to the test tubes, while the
particular one of the test tubes is connected to the particular air-
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flow meter and the external pressure (Pp) is applied downstream
of the at least one alrflow meter relative to the controllable valve

(150).

6. The diagnostic apparatds (100) according to any one of the
preceding claims, wherein each test tube in the set of test tubes

(111, 112, 113, 114) has an overall cylindrical shape and com-

prises an internal cavity extending through the test tube from a
base end to a tip end thereof, wherein the tip end is configured
to be introduced into a teatcup and the base end is connected to
a main body of the diagnostic apparatus, which base end is fur-.
ther connected to a respective vacuum condwt (121, 122, 123,
124) in the diagnostic apparatus. '

7. The diagnostic apparatus (100) according to claim 6, whe-
rein each test tube in the set of test tubes (111, 112, 113, 114) is
associated with a respective orifice (i1, i2, i3, i4) controllable be-
tween an open state and a closed state; the orifice being ar-
ranged at the base end and configured to, in the open state,
allow a well-defined airflow into a teatcup that is connected to
the test tube while the external vacuum pressure (Pop) is applied
on the milk-line side of the controliable valve (150).

8. The diagnostic apparatus (100) according to claim 4, com-

~ prising an airflow nipple (170) configured to be attached to an ex-

ternal vacuum supply and to apply the external pressure (Pp) o

the side opposite to the milk-line Slde relative to the controllable
valve (150).

9. The diagnostic apparatus (100) according to claim 8, whe-
rein the airflow nipple (170) is connected to the test tubes (111,
112, 113, 114) via the at least one airflow meter (160, 161 162,
163) and the controllable valve (150).

10. A method of testing a milking point of a milking machine,
the milking point comprising a set of teatcups (411, 412, 413,
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414) each of which is connected to a milk line (450) of the mil-
king machine, the method characterized by .
attaching each teatcup in the set of teatcups (211, 212,

213, 214) to a respective test tube (111 112, 113, 114) of a dia-

gnhostic apparatus (100); and .

controlling (Ctrl), via a controllable valve (150).in the dia-
gnostic apparatus (100), each of the test tubes (111, 112, 113,
114) to be selectively arranged for measurement of the at least
one fluid-transport related parameter (Pi, P1, P2, P3, P4, Fi, Fy,
F2, F3, F4) by means of at least one sensor (140, 141, 142, 143,
144, 160, 161, 162, 163, 164) in the diagnostic apparatus while
the teatcups are simultaneously attached to the test tubes and

an external vacuum pressure (Pop, Pp) is applied either on a

milk-line side of the controllable valve (150) or on a side oppo-
site to the milk-line side relative to the controllable valve (150).

11. The method according to claim 10, wherein the at least
one sensor comprises at least one pressure meter (140, 141,
142, 143, 144) arranged on a fluid conduit (120, 121, 122, 123,
124) connected to the controllable valve (150) and method
comprises: '
- measuring, via the at least one pressure meter (140, 141 _
142, 143, 144), a respective vacuum pressure level related to
each teatcup in the set of teatcups (411, 412, 413, 414) while
the external vacuum pressure (Pop) is applied on the milk-line
side of the controllable valve (150). '

12. The method according to any one of the claims 10 or 11,
wherein the at least one sensor comprises at least one airflow
meter (160, 161, 162, 163, 164) arranged on the side opposite
to the milk-line side relative to the controllable valve (150) and
connected to the controllable valve (150), and the method
comprising: o -
cutting off (451, 452, 453, 454) a fluid connection (441,

442, 443, 444) between the teatcups (411, 412, 413, 414) in the

set of teatcups and the milk line (450)
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applying the external vacuum pressure (Pp) on the side
opposite to the milk-line side relative to the controllable valve

(150); and

. selectively connecting a particular one of the test tubes
with the at least one airflow meter (160, 161, 162, 163, 164) in
the diagnostic apparatus while the teatcups are simultaneously
attached to the test tubes and while the external vacuum pres-
sure (Pp) is applied on the side opposite to the milk-line side
relative to the controllable valve (150) to measure a respective
flow value (Fi, F1, F2, F3, F4) associated with each teatcup in the
set of teatcups (411, 412, 413, 414) while the particular one of
the test tubes is connected to the airflow meter and the external
pressure (Pp) is applied downstream of the airflow meter relative
to the controllable valve (150).

13. The method according to any one of the claims 10 to 12,
comprising: ,

allowing a well-defined airflow into a particular ,teatcup In
the set of teatcups, which particular teatcup is connected to a
test tube of said test tubes while the external vacuum pressure
(Pop) is applied on the milk-line side of the controllable valve
(150), and while the well-defined airflow is allowed into the
particular teatcup o o

measuring a pressure level (Pi, P1, P2, P3, P4) associated
with the particular teatcup. '

14. A computer program loadable into the memory (185) of at
least one processor (180), comprising software (SW) for con-
trolling the steps of any of the claims 10 to 13 when the program

“is run on the at ieast one processor (180).

15. A processor-readable medium (185), having a program re-
corded thereon, where the program is to make at least one
processor (180) control the steps of any of the claims 10 to 13s
when the program is loaded into the at least one processor

(180).
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