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(57) Abstract: A teatcup liner (1) includes a head defining a mouthpiece, a barrel (2) with an upper barrel (3) joined to a lower bar -
rel (4), an outlet portion that extends downward from the lower barrel co-operates with the shell of the teat cup. In a relaxed state,
the barrel has a polygonal cross-sectional shape, with the lower barrel having a flexibility for closing during the liner collapse phase
of the milking operation greater than a flexibility of the upper barrel such that corner portions (19) of the lower barrel are weaker
than the corner portions of the upper barrel thereby assuring the lower barrel collapses first to create an upward wave movement of
the lower barrel towards the upper barrel that securely collapses the upper barrel onto the teat to provide an enhanced teat massage
and relieve congestion in the teat tissue.
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SECURE COLLAPSE TEATCUP LINER

BACKGROUND OF THE INVENTION

The present invention provides a teatcup liner having a
barrel that provides an enhanced teat massage and relieves
congestion in the teat tissue during a milking operation. The
teatcup liner is configured to be mounted in a shell of a teatcup
to be applied to a teat of an animal for the milking operation.

The teatcup liner provides that during a liner collapse
phase of the milking operation, as the atmosphere, or a sub-
pressure less than the milking wvacuum, is allowed into the
pulsation chamber, a lower barrel part collapses creating an
upward wave movement that securely collapses an upper barrel part
of the teatcup liner against the teat and thereby avoids any
chance of the barrel pressing lymphs downward as the barrel

collapses.

DISCUSSION OF THE PRIOR ART

Figure 1 illustrates a cycle of the milking operation.
During the milking operation, a vacuum level is applied to the
inner space of the barrel which holds the teat and causes
withdrawal of the milk. Additionally, vacuum and atmospheric
pressure (or the sub-pressure) are cyclically applied to the
pulsation chamber located between exterior surfaces of the barrel
and the inner side of the shell so that the barrel cyclically
collapses against the teat located inside the inner space of the
barrel.

Phases A-B correspond to the milking phase where the
teatcup liner is opening (phase A) or open (phase B). Phases C-D

correspond to the relaxed phase where the liner is closing or
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closed. Phase C corresponds to the liner collapse phase where
atmosphere, or a sub-pressure less than the milking vacuum, is
allowed into the pulsation chamber such that the differential
pressure across the barrel of the teatcup liner increases and
causes the barrel to collapse onto the teat to provide a teat
massage.

The benefits of teat massage are well known and
different liner structures, having different cross-sectional
shapes, have been provided with an eye toward positive teat
massage.

U5-2,687,112 discloses a teatcup liner comprising non-
collapsible collar merged with a yieldable inflation sleeve to
provide an inactive entrance zone which prevents undue and
harmful massaging.

US-6,164,243 discloses a teatcup liner comprising a
head end portion, a barrel, and an outlet tube. The barrel has a
triangular shape with three corner portions and three side
portions extending along the length of the barrel. Each of the
side portions is curved or bulged outwardly in a relaxed state.

FR-953,779 discloses another teatcup comprising a shell
and a teatcup liner, both having a triangular cross-—section with
outwardly curved or bulged side portions in a relaxed state.

Teatcup liners having a barrel with a triangular cross-
sectional shape are advantageous in the sense that they are
considered to result in a gentle teat treatment during the
milking operation. A disadvantage of such triangular or polygonal
teatcup liners is, however, that they do not sufficiently shut
off the vacuum to the mouthpiece of the liner, resulting in a
slower milking.

WO 2009/042022 discloses a teatcup liner having a
barrel with a square cross-section.

EP-958 738 discloses a teatcup liner having a barrel

with a wave-shape cross-section.
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US 8,113,145 discloses a teatcup liner having a barrel
with a round cross-section in its upper part portion and a square
cross—-section in its lower portion to obtain a uniform seal with
minimal irritation in the upper portion of a teat and with
reduced pressure applied to the lower portion of a teat. In the
barrel square portion, one corner-to-corner dimension is greater
than the other corner-to-corner dimension to provide different
corner radiuses so that the square barrel portion collapses in a
roughly diamond shape.

US 6,776,120 discloses teatcup liners of wvarious
thickness and with a barrel where at least one of the wall
thickness and rib thickness varies as the barrel and the ribs
extend axially.

USs 8,820,263 discloses a liner with a barrel having a
polygonal cross-sectional shape transversely to the longitudinal
axis along the barrel which provides an efficient milking and
secures a gentle treatment of the teat during the milking

operation.

SUMMARY OF THE INVENTION

The object of the present invention is to overcome
problems of prior art teatcup liners and to provide a teatcup
liner providing an efficient milking, and securing a gentle
treatment of the teat during the milking operation, and in
particular providing enhanced teat massage and relieving
congestion in the teat tissue by assuring a secure collapse of
the upper barrel part during the liner collapse phase of the
milking operation.

In the present invention, during phase C of the milking
operation, corresponding to the liner collapse phase where the
barrel is initially in a non-collapsed condition, atmosphere, or
a sub-pressure less than the milking vacuum, is allowed into the
pulsation chamber such that the differential pressure across the

barrel of the teatcup liner increases to cause a lower barrel
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part to collapse first such that the collapse of the lower barrel
creates an upward wave movement of the lower barrel towards the
upper barrel that securely collapses the upper barrel onto the
teat to provide an enhanced teat massage and relieve congestion
in the teat tissue. Additionally, the upward wave movement avoids
any chance of the barrel pressing lymphs downward as the barrel
collapses.

In each embodiment of the invention, this object is
achieved by the teatcup liner including a polygonal croés—
sectional shape barrel comprised of an upper barrel and a lower
barrel, the length of the upper barrel being such that the upper
barrel contains all of the teat or at least most of the teat
during the milking operation and, during the milking operation,
the teat does not extend or extend to a minor degree into the
lower barrel; and where the lower barrel has a flexibility for
closing during the liner collapse phase of the milking operation
greater than a flexibility of the upper barrel such that corner
portions of the lower barrel are weaker than the corner portions
of the upper barrel thereby assuring the lower barrel collapses
to create an upward wave movement of the lower barrel towards the
upper barrel that securely collapses the upper barrel onto the
teat to provide an enhanced teat massage and relieve congestion
in the teat tissue. Advantageously, during each of the phases A-
D, the teat fills up the inner space at least in a top region of
the upper barrel.

The corner portions of the lower barrel may, for
example, be made weaker by providing the corner portions of thé
lower barrel with a reduced thickness relative to the corner
portions of the upper barrel, a smaller radius relative to the
corner portions of the upper barrel, or by providing the-corner
portions of the lower barrel with hinge elements, e.g., notches.

Additionally, limiting the length of the lower barrel
relative to the 1length of the whole barrel contributes to

ensuring the upper barrel contains all of the teat or at least
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most of the teat during the milking operation and that the teat
does not extend or extent to a minor degree into the lower
barrel, as well as ensuring that during the liner collapse phase,
the lower barrel collapses to create an upward wave movement
towards the upper barrel that securely collapses the upper barrel
onto the teat.

The inventive teatcup liner may be either a single-
piece liner or a modular liner where the head, the barrel, and
the outlet portion are each modules that connect to each other,
either directly or indirectly, e.g., via a sensor element or

other connector.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be explained more
closely by description of various embodiments and with reference
to the drawings attached hereto.

Figure 1 illustrates a cycle of the milking operation.

Figure 2 discloses a longitudinal cross-sectional side
view of an example of a first-type embodiment of a teatcup liner
according to the invention.

Figures 3-5 illustrate polygonal cross-sectional
sections of the barrel along section lines 3-3, 4-4, and 5-5 of
Figure 1.

Figures 6-7 1llustrate polygonal cross-sectional
sections of the barrel along section lines 3-3, and 4-4 of Figure
1 for a very short teat embodiment.

Figure 8 illustrates the teatcup liner mounted in a
shell in a longitudinal sectional view.

Figures 9-11 1illustrate polygonal cross—-sectional
sections of the barrel along section lines 3-3, 4-4, and 5-5 of

Figure 8, in an embodiment having notches.



WO 2017/105321 PCT/SE2016/051249

Reference Numerals

1 teatcup liner

2 barrel

3 upper barrel

4 lower barrel

5 top part of barrel

6 bottom part of upper barrel

7 top part of lower barrel

8 inner space of barrel

9 interior surface within upper barrel

10 head

11 mouthpiece

12 upper collar region

13 head transition portion

14 bottom of head transition portion

15 outlet portion

16 bottom part of lower barrel

17 outlet transition portion

18 element co-operating with shell of teat cup
19 corner portions

20 side walls

21 exterior surface of corner portion

22 exterior surface of side wall

23 inner surface of corner portion

24 inner surface of side wall

25 shell

26 pulsation space

277 shell vacuum line connection

28 inner surface notch

29 exterior surface notch

Tc thickness of center part of corner portions 19
Ts thickness of a center part of side walls 20
Lh head length along the longitudinal axis (x)
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DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS OF THE INVENTION

Figure 2 discloses a longitudinal cross-sectional side
view of a first type embodiment of a teatcup liner 1 according to
the invention. As shown, the liner 1 has a longitudinal shape
extending along a longitudinal axis (x).

In all embodiments of the invention, the teatcup
liner 1 includes a polygonal cross-sectional shaped barrel 2
comprised of an upper barrel 3 and a lower barrel 4.

Figure 3 illustrates the polygonal cross-sectional
section at a top part 5 of the upper barrel 3 along section line
3-3. Figure 4 illustrates the polygonal cross-sectional section
along section line 4-4, where a bottom part 6 of the upper barrel
3 connects with a top part 7 of the lower barrel 4. Figure 5
illustrates the polygonal cross-sectional section along section
line 5-5.

The barrel 2 defines an inner space 8 with an interior
surface 9 within the upper barrel 3 for receiving the teat.

The upper barrel 3 has a first length (L1l) extending
from section line 3-3 to section line 4-4. The lower barrel 4 has
a second length (L2) extending from section line 4-4 to section
line 5-5. The barrel 2 has an overall length (L) extending
between section line 3-3 and section line 5-5.

As the top part 7 of the lower barrel 4 is connected to
the bottom part 6 of the upper barrel 3, the first and second
lengths (L1, L2Z) together equal the overall length (L) of the
barrel 2 and the barrel defines the inner space 8 with the
interior surface 9 within the first length (L1) of the upper
barrel 3 receiving the teat during the milking operation.

Advantageously, during each of the phases A-D of the
milking operation, the teat fills up the inner space 8 of the
upper barrel 3, at least at one cross-section region of the top
part 5 of the upper barrel 3 thereby achieving a seal between the
interior surface of the upper barrel 3 of teatcup liner and the

teat.
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Each embodiment includes a head 10 that defines a
mouthpiece 11 through which the teat is inserted during the
milking operation. The head 10 defines an upper collar region 12
joined to a head transition portion 13. The head 10 has a head
length (Lh) along the longitudinal axis (x). As shown in
Figure 2, the top part 5 of the barrel extends downward from a
bottom 14 of the head transition portion 13.

In each embodiment, the head length (Lh) and the first
length (L1) of the upper barrel 3 have, in a relaxed state, a
combined length along the longitudinal axis (x) such that the
head 10 and the upper barrel 3 contain all of the teat or at
least most of the teat during the milking operation and that,
during the milking operation, the teat does not extend or extend
to a minor degree into the lower barrel 4.

In each embodiment, an outlet portion 15 extends
downward from a bottom part 16 of the lower barrel 4 along the
longitudinal axis (x). The outlet portion 15 includes an outlet
transition portion 17 that connects to the bottom part 16 of the
lower barrel 4 (shown at section 1line 5-5) and includes
element 18 that co-operates with the shell of the teat cup by
abutting against the shell. The outlet portion 15, at a region
where the element 18 abuts the shell, is sufficient rigid to
avoid collapse during all phases A-D of the milking operation.

As shown in Figures 3-5, the barrel, in the relaxed
state, has transversely to the longitudinal axis (x), a polygonal
cross-sectional shape comprised of corner portions 19 and side
walls 20, each corner portion 19 connecting two of the side
walls 20. Each corner portion 19 and each side wall 20 has a
respective exterior surface 21, 22 and an opposite, inner surface
23, 24, with the inner surface 23 of each corner portion 19 being
an arcuate first concave curvature open to the inner space.

In the embodiment of Figures 2-5, in the liner relaxed
state, the upper barrel 3 and the lower barrel 4, transversely to

the longitudinal axis (x), have the same polygonal cross-
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sectional shape comprised of the corner portions 19 and the side
walls 20, each corner portion 19 connecting two of said side
walls 20, each corner portion 19 and each side wall 20 having the
exterior surface 21, 22 and the opposite, inner surface 23, 24,
the inner surface 23 of each corner portion 19 being the arcuate
first concave curvature open to the inner space 8.

As illustrated in Figures 3-5, a preferred embodiment
provides the polygonal cross-sectional shape with only three
corner portions 19, and only three side walls 20, the invention
is not limited to this polygonal shape.

Although the embodiment shown in Figures 3-5
illustrates that this preferred embodiment provides the polygonal
cross-sectional shape with only three corner portions, and only
three side walls, the invention also includes a four sides/four
corner portions polygonal shape embodiment.

For the upper barrel 3, each corner portion 19 has a
first flexibility for closing such that during a liner collapse
phase C of a milking operation the corner portions 19 close to
the inner space 8 and the side walls 20 collapse towards the
longitudinal axis (x) into the inner space 8 of the upper
barrel 3.

For the lower barrel 4, each corner portion 19 has a
second flexibility for closing such that during the liner
collapse phase C of the milking operation, the corner portions 19
close to the inner space 8 and the side walls 20 collapse towards
the longitudinal axis (x) into the inner space 8 of the lower
barrel 4.

In all embodiments, the second flexibility is greater
than the first flexibility such that the corner portions 19 of
the lower barrel 4 are weaker than the corner portions 19 of the
upper barrel 3. This aésures that, where the barrel is initially
in a non-collapsed condition, the lower barrel 4 collapses prior
to the upper barrel 3 to create an upward wave movement of the

lower barrel 4 towards the upper barrel 3 that securely collapses
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the upper barrel 3 towards the longitudinal axis (x) into the
inner space 8 and onto the teat. This provides an enhanced teat
massage and relieves congestion in the teat tissue.

In each embodiment, the second length (1.2) of the lower
barrel 4 is at least the 30% of the overall length (L) of the
barrel 2 to further assure the lower barrel 4 collapses prior to
the upper barrel 3 and creates the upward wave movement of the
lower barrel 4 towards the upper barrel 3. Preferably, the second
length (L2) of the lower barrel 4 is no more than 45% of the
overall length (L) of the barrel 2 and more preferably, the
second length (L2) of the lower barrel 4 is no more than 40% of
the overall length (L) of the barrel 2.

The overall 1length (L) of the barrel 2, the first
length (L1l) of the upper barrel 3, and the head length (Lh) are
selected based on expected teat length, including the extension
of the teat that always occurs during the milking operation, so
as to assure that the head 10 and the upper barrel 3 contain all
of the teat or at least most of the teat during the milking
operation and that, during the milking operation, the teat does
not extend or extend to a minor degree into the lower barrel 4.

In most embodiments, a combined length of the head
length (Lh) and the first length (L1l) of the upper barrel 3 is in
a range from 60 to 100 mm. In one embodiment suitable for very
short teats, the head length (Lh) is 15.5 mm, and the combined
length of the head length (Lh) and the first length (L1) of the
upper barrel 3 is 85 mm. With reference to Figures 6-7, a
radius (R) of the center of the corner portions 19 of the upper
barrel 3 is 6 mm +/- .50 mm, more preferably 6 mm +/- .15 mm and
a radius (R) of the center of the corner portions 19 of the lower
barrel 4 is 5 mm +/- .30 mm, more preferably 5 mm +/- .15 mm.

In the first type embodiments of Figure 2, a thickness
(Ts) of a center part of the side walls 20 along the upper

barrel 3 1is equal to a thickness (Ts) of a center part of the

10
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side walls 20 along the lower barrel 4 from the top part 7 of the
lower barrel 4 to the bottom part 16 of the lower barrel 4.

In contrast, a thickness (Tc) of a center part of the
corner portions 19 remains constant in the upper barrel 3 down to
the bottom part 6 of the upper barrel 3, and then the thickness
(Tc) of a center part of the corner portions 19 decreases, from
the top part 7 of the lower barrel 4 to the bottom part 16 of the
lower barrel 4 with:

i) a thickness (Tc) of a center part of the corner
portions 19 along the bottom part 6 of the upper barrel 3 being
equal to the thickness (Tc) of the center part of the corner
portions 19 of the top part 7 of the lower barrel 4, and

ii) the thickness (Tc) of the center part of the corner
portions 19 along the bottom part 6 of the upper barrel 3 being
greater than the thickness (Tc) of the center part of the corner
portions 19 along the bottom part 16 of the lower barrel 4 by at
least 25%.

In such embodiments, the thickness (Ts) of the center
part of the side walls 20 along the upper barrel 3 and the lower
barrel 4 may be 1.75 mm +/- .20 mm, while the thickness (Tc) of
the center part of the corner portions 19 along the upper barrel
may be 3 mm +/- .15 mm.

More preferably, the thickness (Tc) of the center part
of the corner portions 19 along the bottom part 6 of the upper
barrel 3 is greater than the thickness (Tc) of the center part of
the corner portions 19 along the bottom part 16 of the lower
barrel 4 by at least 30% and no more than 75%.

In preferred embodiments the thickness (Tc) of the
center part of the corner portions 19 along the of the top part 7
of the lower barrel 4 may be 3 mm, whereas the thickness (Tc) of
the center part of the corner portions 19 along the bottom part
16 of the lower barrel 4 may be a range from 1.74 mm through

2.3 mm.

11
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In some of these preferred embodiments, the thickness
of the center part (Tc) of the corner portions 19 along the
bottom part 6 of the upper barrel 3 is greater than the thickness
(Tc) of the center part of the corner portions 19 along the
bottom part 16 of the lower barrel 4 by at least 60%.

In some particular embodiments, at the top part 5 of
the upper barrel 3, a radius of the corner portions 19 may be
5.85 mm +/- .30 mm, more preferably 5.85 mm +/- .15 mm, the
thickness (Ts) of the center part of the side walls along the
upper barrel 3 and the lower barrel 4 may be 1.80 mm +/- .20 mm,
more preferably 1.8 mm +/- .15 mm, the thickness (Tc) of the
center part of the corner portions 19 along the lower barrel 4
may be no more than 2.3 mm +/- .20 mm., more preferably 2.3 mm
+/- .15 mm. At the bottom part 16 of the lower barrel 4, the
radius of the corner portions 19 may be 4.65 mm +/- .30 mm., more
preferably 4.65 mm +/- .15 mm.

In other particular embodiments, at the top part 5 of
the upper barrel 3, a radius of the corner portions 19 may be
5.85 mm +/- .30 mm., more preferably 5.85 mm +/- .15 mm; however,
the thickness (Ts) of the center part of the side walls 20 along
the upper barrel 3 and the lower barrel 4 may be 1.7 mm +/- .25
mm, the thickness (Tc) of the center part of the corner portions
19 along the lower barrel 4 may be no more than 1.74 mm +/- .25
mm, and at the bottom part 16 of the lower barrel 4, the radius
of the corner portions 19 varies along the inner surface 23 with
a smallest radius being 2.49 mm +/- .20 mm., more preferably 2.49
mm +/- .15 mm at the center of the inner surface 23.

Figure 8 illustrates the teatcup liner 1 mounted in a
shell 25 in a longitudinal sectional view. Element 18 of the
outlet transition portion 17 is shown co-operating with the
shell 25 by having the teatcup liner 1 abut against the shell 25.
Additionally, the outlet portion 15, at the region where the
element 18 abuts the shell, is sufficient rigid to avoid collapse

during all phases A-D of the milking operation.

12
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With the teatcup liner 1 mounted in the shell 25, the
shell 25 defines a pulsation space 26 between an interior of the
shell and an exterior of the teatcup liner 1. The shell 25 has a
vacuum line connection 27. As shown, the teatcup liner 1 is
mounted in the shell 25 with the head 10 bearing against the top
of the shell 25, and element 18 of the outlet portion 15 co-
operating with the shell 25 by abutting against a lower part of
the shell 25.

The barrel 2 is tapered along the overall length (L)
from the head 10 to the outlet portion 15. In this embodiment,
neither the head 10 nor the barrel 2 have a vent (air inlet).

Figure 8 also represents a longitudinal cross—-sectional
side view of a second type embodiment of a teatcup liner
according to the invention. Figures 9-11 illustrate polygonal
cross-sectional sections of the barrel along section lines 3-3,
4-4, and 5-5 of Figure 8. In general, the elements and features
of the second type embodiments are the same as in the first type
embodiment with differences discussed below.

In the second type embodiments, each corner portion 19
of the upper barrel 3 has the first flexibility for closing such
that during a liner collapse phase C of a milking operation, the
corner portions 19 close to the inner space 8 and the side walls
20 collapse towards the longitudinal axis (x) into the inner
space 8 of the upper barrel 3.

However, in the lower barrel 4 there are provided
notches 28, 29 such that the notches 28, 29 result in each corner
portion 19 of the lower barrel 4 having the second flexibility
for closing such that during the liner collapse phase C of the
milking operation the corner portions 19 of the lower barrel 4
close to the inner space 8 of the lower portion 4, and the side
walls 20 collapse towards the longitudinal axis (x) into the
inner space 8 of the lower barrel 4. Again, as in the first type
embodiments, the second flexibility is greater than the first

flexibility such that the corner portions 19 of the lower

13
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barrel 4 are weaker than the corner portions 19 of the upper
barrel 3, thereby assuring the lower barrel 4 collapses prior to
the upper barrel 3 to create the upward wave movement of the
lower barrel 4 towards the upper barrel 3 that securely collapses
the upper barrel 3 onto the teat. The notches may be, e.g.,
V-shaped notches or U-shaped notches with squared or rounded
inside corners.

In the second type embodiments, at least two of the
corner portions 19 of the lower barrel 4 comprise a notch 28, 29
running along a longitudinal direction of the lower barrel 4 on
at least one of the exterior surface 21 and the inner surface 23
of the two corner portions 19 of the lower barrel 4, each notch
28, 29 providing a hinge to the corresponding corner portions 19.

In all the second type embodiments, all of the corner
portions of the upper barrel are free of any notch running along
the longitudinal direction on both the exterior surface 21 and
the inner surface 23 of the corner portions 19 of the upper
barrel 3.

In second type embodiments, the notch of each of the
two corner portions 19 of the lower barrel 4 1is an interior
notch 28 that runs along the longitudinal direction on the inner
surface 23 of the two corner portions 19 of the lower barrel 4.

In other some second type embodiments, the notch of
each of the two of the corner portions 19 of the lower barrel 4
is an exterior notch 29 that runs along the longitudinal
direction on the exterior surface 21 of the +two corner
portions 19 of the lower barrel 4.

In the second type embodiments having the notches 28,
29, each of the side walls 20 and the corner portions 19 of the
upper barrel 3 and of the lower barrel 4 have a same thickness
transverse to the longitudinal axis (x), except at the notches
28, 29. That is, Tc = Ts in the lower barrel 4 of the second

embodiment.

14
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In preferred embodiments of the second type, each of
the corner portions 19 of the lower barrel 4 comprise the notch
28, 29, the notch being located at a center part of each corner
portion 19 of the lower barrel 4 and extending 30% to 60% into a
thickness of the center part of each corner portion 19 of the
lower barrel 4.

In some preferred "double notch" embodiments, each
corner portion 19 of the lower barrel 4 comprise first and second
notches (28, 29) located at the center part of each corner
portion 19 of the lower barrel 4 and running along a longitudinal
direction of the lower barrel 4, the first notch being an
interior notch 28 on the interior surface 23 and the second notch
being an exterior notch 29 on the exterior surface 21 of the
corner portions 19 of the lower barrel 4, each notch 28, 29
providing a hinge to the corresponding corner portions 19.

In these "double notch"™ embodiments, each notch 28, 29
extends 15-30% into a thickness of the center part of each corner
portion 19 of the lower barrel 4. As with all the second type
embodiments, all of the corner portions are free of any notch
running along the longitudinal direction of the upper barrel on
both of the exterior surface and the inner surface of the corner
portions at the center part of the corner portions of the upper
barrel.

As with the first type embodiments, the second length
(L2) of the lower barrel 4 is at least the 30% of the overall
length (L) of the barrel 2; preferably the second length (L2) of
the lower barrel is no more than 45% of the overall length of the
barrel (L); and more preferably the second length (L2) of the
lower barrel is no more than 40% of the overall length of the
barrel (L).

In the above-discussed embodiments, the teatcup liner
may be a modular liner where the head 10, the barrel 2, and the
outlet portion 15 are each modules that connect to each other,

either directly or indirectly, e.g., the barrel 2 connects to the
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head 10 at section line 3-3 and to the outlet portion 15 at
section line 5. For the interpretation of the claims, the term
“relaxed state” refers to the state when the teatcup liner is not
mounted in the shell of the teatcup and thus not subjected to any
external forces at all. However, “relaxed state” may also refer
to the state when the teatcup liner is mounted in the shell of
the teatcup, and not subjected to any further external forces
other than from the tensioning resulting from the mounting of the
teatcup liner in the shell of the teatcup. In any case, the
teatcup liner is not subjected to, for instance, a milking vacuum
or a pulsating vacuum in the “relaxed state”, or to the forces or
pressures arising when the teat i1s introduced into the inner

space of the teatcup liner.
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LISTING OF CLAIMS:

1. A teatcup liner (1) configured to be mounted in a
shell of a teatcup and to be applied to a teat of an animal, with
a pulsation chamber between the liner and an inner side of the
shell being connected to vacuum and atmospheric pressure, or a
sub-pressure less than the milking vacuum, in a cyclic manner
during a milking operation, the liner having a longitudinal shape
extending along a longitudinal axis (x), the teatcup liner
comprising:

a barrel (2) having a top (5) that extends downward,

wherein the barrel is comprised of 1) an upper barrel
(3) of a first length (L1l), and ii) a lower barrel (4) of a
second length (L2), where the first and second lengths (L1, L2)
together equal the overall length (L) of the barrel, and a top
part (7) of the lower barrel is connected to a bottom part (6) of
the upper barrel (3), the barrel defines an inner space (8) with
an interior surface (9) within the upper barrel (3) for receiving
the teat,

wherein, during the milking operation, the teat does
not extend or extend to a minor degree into the lower barrel,

wherein the Dbarrel, in the relaxed state, has
transversely to the longitudinal axis (x), a polygonal cross-
sectional shape comprised of corner portions (19) and side walls
(20), each corner portion connecting two of said side walls, each
corner portion and each side wall having an exterior surface and
an opposite, inner surface, the inner surface of each corner
portion being an arcuate first concave curvature open to the
inner space,

wherein, for the upper barrel, each corner portion has
a first flexibility for closing such that during a liner collapse

phase of a milking operation the corner portions close to the
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inner space and the side walls collapse towards the longitudinal
axis (x) into the inner space of the upper barrel, and

wherein, for the lower barrel, each corner portion has
a second flexibility for closing such that during the liner
collapse phase of the milking operation the corner portions close
to the inner space and the side walls collapse towards the
longitudinal axis (x) into the inner space of the lower barrel,
the second flexibility being greater than the first flexibility
such that the corner portions of the lower barrel are weaker than
the corner portions of the upper barrel, thereby assuring the
lower barrel collapses prior to the upper barrel to create an
upward wave movement of the lower barrel towards the upper barrel

that collapses the upper barrel onto the teat.

2. The teatcup liner of claim 1, further comprising:

a head (10) defining a mouthpiece (11) through which
the teat is inserted during the milking operation, the head
defining an upper collar region (12) joined to a head transition
portion (13) and having a head length (Lh) along the longitudinal
axis (x),

wherein the barrel (2) is connected to the head (10)
and the top (5) of the barrel (2) extends downward from a bottom
of the head transition portion,

wherein the head length (Lh) and the first length of
the upper barrel have, in the relaxed state, a combined lehgth
along the longitudinal axis (x) such that the head and the upper
barrel contain all of the teat or at least most of the teat
during the milking operation and that, during the milking
operation, the teat does not extend or extend to a minor degree
into the lower barrel; and

an outlet portion (15) connected to and extending
downward from a bottom part (16) of the lower barrel along the
longitudinal axis (x), the outlet portion (15) including an

outlet transition portion (17) that connects to the bottom part
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(16) of the lower barrel (4) and includes an element (18) that

co-operate with the shell of the teat cup.

3. The teatcup liner of claim 1, wherein,

a thickness of a center part of the side walls along
the upper barrel is equal to a thickness of a center part of the
side walls along the lower barrel from the top part of the lower
barrel to the bottom part of the lower barrel,

a thickness of a center part of the corner portions
remains constant in the upper barrel down to the bottom part of
the upper barrel, and then the thickness of a center part of the
corner portions decreases, from the top part of the lower barrel
to the bottom part of the lower barrel with:

i) a thickness of a center part of the corner portions
along the bottom part of the upper barrel being equal to the
thickness of the center part of the corner portions of the top
part of the lower barrel, and

ii) the thicknéss of the center part of the corner
portions along the bottom part of the upper barrel being greater
than the thickness of the center part of the corner portions

along the bottom part of the lower barrel by at least 25%.

4. The teatcup liner of claim 3, wherein the thickness
of the center part of the corner portions along the bottom part
of the upper barrel being greater than the thickness of the
center part of the corner portions along the bottom part of the

lower barrel by at least 60%.

5. The teatcup liner of claim 3, wherein,

the thickness of the center part of the side walls
along the upper barrel and the lower barrel is 1.75 mm +/- .20
mm, and

the thickness of the center part of the corner portions

along the upper barrel is 3 mm +/- .15 mm.
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6. The teatcup liner of claim 5, wherein,

at the top of the upper barrel, a radius of the corner
portions is 5.85 mm +/- .30 mm,

the thickness of the center part of the side walls
along the upper barrel and the lower barrel is 1.8 mm +/- .15 mm,

the thickness of the center part of the corner portions
along the lower barrel is no more than 2.3 mm +/- .15 mm, and

at the bottom part of the lower barrel, the radius of

the corner portions is 4.65 mm +/- .30.

7. The teatcup liner of claim 4, wherein,

at the top of the upper barrel, a radius of the corner
portions is 5.85 mm +/- .30,

the thickness of the center part of the side walls
along the upper barrel and the lower barrel is 1.7 mm +/- .25 mm,

the thickness of the center part of the corner portions
along the lower barrel is no more than 1.74 mm +/- .25 mm, and

at the bottom part of the lower barrel, the radius of
the corner portions wvaries with a smallest radius of

2.49 mm +/- .20 mm at center of the inner surface.

8. The teatcup liner according to claim 1, wherein, the
polygonal cross-sectional shape defines only three corner

portions, and only three side walls.

9. The teatcup liner of claim 2 in combination with the
teatcup, wherein,

the teatcup comprising a shell that defines a pulsation
space between an interior of the shell and an exterior of the
teatcup liner, the shell having a vacuum line connection,

the teatcup liner is mounted in the shell with the

shell bearing against the head and the outlet portion,
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the barrel is tapered along the overall length (L) from
the head to the outlet portion, and

the head and the barrel are each vent-free.

10. The teatcup liner according to claim 1, wherein,
when located within the polygonal cross-sectioconal shape of the
upper barrel, the teat fills up the inner space during all
pulsation phases (a, b, ¢, d) during the milking operation with

the interior surface (25) sealed against the teat.

11. The teatcup liner of claim 1, wherein, in the liner
relaxed state, the wupper barrel and the lower Dbarrel,
transversely to the longitudinal axis (x), have the same
polygonal cross-sectional shape comprised of the corner portions
and the side walls, each corner portion connecting two of said
side walls, each corner portion and each side wall having an
exterior surface and the opposite, inner surface, the inner
surface of each corner portion being the arcuate first concave

curvature open to the inner space.

12. The teatcup liner of claim 2, wherein a combined
length of the head length (Lh) and the first length of the upper

barrel, in the relaxed state, 1s in a range from 60 to 100 mm.

13. The teatcup liner of claim 12, wherein,
the second length (L2) of the lower barrel is at least
the 30% of the overall length of the barrel (L).

14. The teatcup liner of claim 1, wherein,

the second length (L2) of the lower barrel is at least
the 30% of the overall length of the barrel (L).
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15. The teatcup liner of claim 14, wherein,
the second length (L2) of the lower barrel is no more

than 45% of the overall length of the barrel (L).

16. The teatcup liner of claim 14, wherein,
the second length (L2) of the lower barrel is no more

than 40% of the overall length of the barrel (L).

17. The teatcup liner of claim 1, wherein,

at least two of the corner portions of the lower barrel
comprise a notch running along a longitudinal direction of the
lower barrel on at least one of the exterior surface and the
inner surface of the two corner portions of the lower barrel,
each notch providing a hinge to the corresponding corner
portions, and

all of the corner portions of the upper barrel are free
of any notch running along the longitudinal direction on both the
exterior surface and the inner surface of the corner portions of

the upper barrel.

18. The teatcup liner of claim 17, wherein,

the notch of each of the at least two of the corner
portions of the lower barrel is i) an exterior notch (29) running
on the exterior surface of the two corner portions of the lower
barrel, or 1i) an interior notch (28) running on the inner

surface of the two corner portions of the lower barrel.

19. The teatcup liner of claim 18, wherein each of the
side walls and the corner portions of the upper and lower barrels
have a same thickness transverse to the longitudinal axis (x),

except at the notches.
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20. The teatcup liner of claim 17, wherein,

each of the corner portions of the lower barrel
comprise the notch, the notch being located at a center part of
each corner portion of the lower barrel and extending 30% to 60%
into a thickness of the center part of each corner portion of the

lower barrel.

21. The teatcup liner of claim 1, wherein,

each corner portion of the lower barrel comprise first
and second notches located at a center part of each corner
portion of the lower barrel and running along a longitudinal
direction of the lower barrel, the first notch on the exterior
surface and the second notch on the inner surface of the corner
portions of the lower barrel, each notch providing a hinge to the
corresponding second corner portions,

each notch extends 15-30% into a thickness of the
center part of each corner portion of the lower barrel, and

all of the corner portions are free of any notch
running along the longitudinal direction of the upper barrel on
both of the exterior surface and the inner surface of the corner
portions at a center part of the corner portions of the upper

barrel.

23



PCT/SE2016/051249

WO 2017/105321

1/8

L DI

oo_or SpUo2aSI||iW ﬁ_u
(085 WG| <) (08s wigog <)
aseyd aseyd aseyd aseyd
p 2 q e

ainssaud ousydsowie

......................... / - eddy

N J
Y Y
paso|2 1o BuIsSOlD Jaul uado Jo Buiuado Jaur
aseyd 1oy aseyd Bupiiy

(ssay) edyy
wnnoeA Buiop)



PCT/SE2016/051249

WO 2017/105321

2/8

¢
_ ——H7—
“ . ” £l "
vl
_ m, [\ \‘\\\N\
d L\ &\:
= .
A o
| L
L /N
Y G ¢ §
P9

_.lv m I

P~ >t X~y

|
¢
%






4/8




WO 2017/105321 PCT/SE2016/051249

5/8




WO 2017/105321 PCT/SE2016/051249

6/8

FIG. 8



WO 2017/105321 PCT/SE2016/051249

7/8




PCT/SE2016/051249

WO 2017/105321

8/8

oL bl

T\

S\ RN




INTERNATIONAL SEARCH REPORT

International application No

PCT/SE2016/051249

A. CLASSIFICATION OF SUBJECT MATTER

INV. A01J5/08
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

A01J

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

2 September 2014 (2014-09-02)
cited in the application

cited in the application

figure 31

VAN DEN BERG KAREL [NL])
6 January 2011 (2011-01-06)
page 5 - page 7; figures 1,2

Y US 8 820 263 B2 (AELVEBY NILS [SE])

column 4 - column 6; figures 1-11

Y US 6 776 120 B1 (CHOWDHURY MOFAZZAL H
[US]) 17 August 2004 (2004-08-17)

column 7, line 54 - column 8, line 7;

A WO 2011/002281 Al (LELY PATENT NV [NL];

1-21

1-21

1-21

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

8 March 2017

Date of mailing of the international search report

17/03/2017

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Moeremans, Benoit

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/SE2016/051249

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

DE 196 23 386 Al (HAPPEL FRITZ [DE])
18 December 1997 (1997-12-18)

column 1; figure 1

US 3 289 634 A (SIMONS CLIFFORD G)

6 December 1966 (1966-12-06)

column 1 - column 3; figures 1,2

DE 19 90 081 U (WESTFALIA SEPARATOR AG
[DE]) 25 July 1968 (1968-07-25)

page 1 - page 3; figure 1

1-21

1-21

1-21

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/SE2016/051249
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 8820263 B2 02-09-2014 US 8567346 Bl 29-10-2013
US 2014014041 Al 16-01-2014
US 6776120 Bl 17-08-2004  NONE
WO 2011002281 Al 06-01-2011 CA 2765933 Al 06-01-2011
EP 2448401 Al 09-05-2012
US 2012097108 Al 26-04-2012
WO 2011002281 Al 06-01-2011
DE 19623386 Al 18-12-1997  NONE
US 3289634 A 06-12-1966  NONE
DE 1990081 U 25-07-1968  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - wo-search-report
	Page 34 - wo-search-report
	Page 35 - wo-search-report

