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A

AUTOMATIC MILKING APPARATUS
The present invention relates to automatic milking apparatus
and, in particular, but not exclusively, to hydraulic milking

apparatus.

A1l hydraulic milking apparatus includes a cluster of four
teat cups and a one-way valved clawpiece with the requirement
that the various components should be constructed to avoid the
introduction of air into the milk flow upstream of the one-way
valves. In addition to the teat cups and the clawpiece mentioned
above, other important components of the apparatus include a
pulsator, four short milk tubes connecting the liner cores with
the clawpiece, and a suction pump.

Each teat cup in the apparatus described above comprises a
rigid outer casing containing a flexible liner which fits over
one of the cow's teats. The annular space between the liner and
the casing is called the pulsation chamber.

-The suction pump acts via the valved clawpiece to apply a
suction of typically 35 to 50 kPa to the liner cores when the
clawpiece valves are open, the actual value in this range
depending on the height of the milk jar or pipeline downstream of
the clawpiece.

Apart from encouraging a flow of milk into the liner core and
beyond, this suction is also effective to clamp the teat liner on
to the teat ('adhesion').

The pulsator is connected up to vary the vacuum in the
annular pulsation chamber between a first longer-maintained value
of 50 kPa (i.e. half atmospheric pressure) and a second
shorter-maintained value of zero kPa (i.e. atmospheric pressure).

The pressure differential acting across the walls of the
Tiner will vary in response to differences within the pulsation
chamber and the liner core to produce a liner-closing phase, a
liner-cliosed phase, a liner-opening phase, and, providing
sufficient milk is available in the cycle, a “liner-open" phase
in which the liner is fully open.
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When  the pulsation  chamber approachés Zero  vacuum
(atmospheric pressure) during the liner-closing phase, the liner
core collapses on to the teat end and the compressive load on the
teat end either alone, or in combination with the (small) vacuum
level in the liner core, temporarily prevents the flow of milk
through the teat duct.

During the liner closing phase, the collapse of the liners
results in a relatively small vacuum in the Tliner cores (less
than 5 kPa) which enables the one-way clawpiece valves to open in
response to the greater vacuum being applied at their downstream
sides by the suction pump. This allows an uninterrupted column
of milk to flow rapidly from the liners to the clawpiece bowl
and, optionally, beyond.

This column of milk has considerable kinetic energy and as it
comes to rest (when the Tiner fully closes) it acts like a piston
to pull a vacuum of up to 90 kPa in the liner core. At this
point, the pressure differential across the clawpiece valves will
have reduced sufficiently for the valves to close under their own
weight. This will prevent any return of milk from the clawpiece
bowl to the liner during the subsequent liner-opening phase of
the milking cycle. _

There comes a point in each liner-opening phase, however,
when the increasing vacuum level in the pulsation chamber, the
strain energy stored in the collapsed liner, and the increase in
teat volume due to the build up of milk in the teat, all combine
to overcome and relieve the compression load on the associated
teat end. This, together with the flow-enhanced vacuum levels
described above and now present in the liner core (up to 90 kPa),
causes (i) miltk to flow from the teat, (ii) the high vacuum
within the 1iner to be relieved, and (iii) the Tiner to open.

It is to be noted that the clawpiece valves, which are closed
during the 1liner-opening phase, remain closed until the next
liner-closing phase when, as above described, the relatively
small core vacuums produced by the collapsing liners once again
allow the clawpiece valves to open and milk to flow into the
clawpiece bowl.
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One of the advantages expected of all hydraulic milking
systems is that the higher mean vacuum levels generated within
the liner cores (as averaged over the duration of the Tliner-
openinﬁ" and liner-open phases), should lead to significantly
increased flow rates compared to those available with
conventional milking. However, it has now been found that the
full effect of these enhanced core vacuums is to some extent
negated by the fact that milk flow from the teats is restricted
until the correspondingly increased "grip" of the collapsed
liners is finally overcome. Only then is there unrestricted flow
of milk from the teats.

Turning now to the possible harmful -effects of applying a
high mean overall vacuum level to the liner core over a complete
milking, it has been discovered that such vacuums often lead to
the formation of teat lesions either directly and/or as a result
of the correspondingly increased friction between the teat ends
and the collapsing liners during opening and closing of the liner.

In addition, the pressure differentials produced across the
liner walls when the flow-enhanced core vacuums are periodically
opposed by atmospheric pressure in the pulsation chambers, can
lead to high compressive loads being intermittently applied to
the teat ends. This repeated compression of the teat end
throughout the milking process often results in teat orifice
hyperkeratosis.

The continuous application of the compressive loads towards
the end of milking (when the core vacuum is unrelieved by any
significant flow of milk from the teats) can also lead to
significant teat end damage over a prolonged period.

It should be pointed out that the magnitude of these
drawbacks depends to some extent on the milking speed and teat
length of the cows concerned. They may be particularly severe
with a slow-milking cow, for exampie, where it may never be
possible for the cow to provide milk at a high enough rate to
stop unacceptably high vacuum levels building up in the 1liner

cores.
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Similarly, if a cow has long teats, the volume of liner left
to accept the miilk from the teats is correspondingly small and it
takes only a small quantity of milk for the liner to open. If
such a cow is also fast milking, the 1liner open position is
reached in a very short time at which point the strain energy
within the liner wall is lost and subsequent milk flow from the
teat passes the clawpiece valve. As a result, the vacuum leve)
within the open Tliner declines from an initial 50 to 55 kPa, say,
(just prior to complete liner opening) to from 25 to 35 kPa when
the liner is fully open. This reduces the flow rate of milk from
the teat for this portion of the liner-open phase of the cycle.

It is an object of the invention to provide a means for
arriving at a hydraulic milking system which will have a high
milk fiow for acceptable teat end pressures and will be effective
with both fast and slow.milking cows and long and short teats.

According to a first aspect, the present invention comprises,
for use in hydraulic milking apparatus, a teat cup liner
comprising an upper section (extending from the top of the liner
downwards) adapted to encircle the teat with at least the lower
portion of said upper section sufficiently inflexible not to
collapse on the teat end during milking, and a relatively
flexible lower section (extending from the bottom of the liner
upwards to the upper section) which lower section is located
beneath and spaced from the teat end and is adapted to open and
close during the pulsation cycle.

Thus with the teat cup liner of the present invention, no
potentially harmful high compressive loads are exerted on the
teat ends during hydraulic milking. This in turn leads to milk
flow from the teat being initiated at a lower vacuum threshold
thereby preventing teat-damaging high levels of vacuum occurring
within the liner. In addition, avoiding the permanent collapse
of the liner on the teat end at the end of milking, effects more
compiete milking and minimises the volume of residual milk
remaining in the udder during milking.
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Conveniently, the upper section of the liner is at least
100 mm long so as to be able to accommodate the large majority of
teats, although values of between 110 mm and 120 mm are normally
preferred. If use of the apparatus on teats longer than 120 mm
seems likely, then the wupper 1liner section should be of a
correspondingly greater length.

Conveniently, the wupper section of the 1liner defines a
downwardly tapering bore e.g. subtending an included cone angle
of between 5° and 10°.

In a preferred embodiment, the upper section of the liner
includes a flexibie part adjacent to the liner mouthpiece and
adapted to displace in response to changes in the pulsation
chamber (between vacuum .and atmospheric pressure) to enhance
liner adhesion, to provide a degree of teat stimulation and to
encourage blood flow within the teat.

Conveniently, the core diameter of the lower liner section is
greater than the core diameter of the preceding portion of the
liner. Typically, for example, the internal volume of the lower
section might 1ie in the range 25 cc to 40 cc.

According to another aspect, the invention comprises a teat
cup having a liner according to the present invention and a
correspondingly profiled rigid casing in which the liner is
housed.

Conveniently, the core diameter of the lower casing section
is greater than the core diameter of the preceding portion of the
casing to avoid liner/casing contact during liner collapse (when
the Tiner distorts from its initial circular cross-section).

According to another aspect, the invention comprises
hydraulic milking apparatus including a cluster of teat cups
according to the present invention.

According to a further aspect, the invention comprises a
method of hydraulic milking including the step of periodically
reducing the amount of vacuum in a Tiner core to near atmospheric
pressure (e.g. typically, around 5 kPa) thereby to inhibit a flow
of milk from a cow's teat without collapse of the liner on to the

teat end.
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Preferred embodiments of the present invention will now be
described, by way of example only, with reference to the
accompanying drawing in which:

Figure 1 shows a vertical section of a teat cup assembly
according to the present invention drawn‘accurately to scale; and

Figure 2 shows a vertical section of the top part of an
alternative embodiment (accurately drawn to the same scale as
Figure 1).

Thus referring first to Figure 1 of the drawing, a teat cup
assembly 10 according to the present invention comprises a rubber
teat cup liner 12 partially enclosed therein a rigid cylindrical
metal casing 14.

The liner 12, which in the illustrated example is optionally
formed as one piece with the short milk tube 16, includes an
upper section (comprising a mouthpiece part 20" and a barrel
part 21 of downwardly-tapering bore) and an internally expanded
lower section 23 (housed in a similarly expanded lower section 25
of the casing 14). 1In the illustrated embodiment, the inner
surfaces of part 21 lie on a conical surface of 6%2° included
angle.

Reference numeral 27 indicates the connection for connecting
the pulsator (not shown) with the annular pulsation space 29
formed between the liner 12 and its casing 14.

Typical relative dimensions and thicknesses of the various
parts will be apparent from the Figure which, as already
mentioned, 1is drawn accurately to scale with an upper liner
section of length A equal to 115 mm and an expanded lower liner
section 23 of length B equal to 69 mm.

Turning now to Figure 2 of the drawing, this shows a
modification in which barrel part 21 of the liner now includes a
portion 31 of reduced wall thickness. This latter portion is
sufficiently flexible to be able to respond to changes in
pulsation chamber vacuum occurring during the pulsation cycle.
In operation, portion 31 serves to enhance liner adhesion, to
provide a degree of teat stimulation and to encourage blood flow
within the teat.
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The flexibility and inflexibility of the different parts of
the Tiners which have been discussed above with reference to the
drawings, arise from the different wall thicknesses of these
parts and it will be appreciated that the permissible ranges of
wall thickness required to achieve these differing qualities will
be determined by the elasticity of the material (or materials)
from which the liner is constructed. The wall thicknesses shown
in the scale drawings assume the liner to be made of currently
conventional materials for this purpose e.g. silicone rubber or
nitrile rubber or a biend of rubbers with nitrile as a major
component.

The all-important axial dimensions of the 1liner (and its
casing) will, however, be unaffected by such factors.

For Fresian cows, whilst a 100 mm or 110 mm length for
Section A would deal with most or the vast majority of cases, the
illustrated embodiment with its 120 mm section should be able to
deal with virtually all of them (120 mm being longer than the
longest teat).

It might conceivably prove desirable, in some cases, to allot
a different value to dimension A (although this is not thought
likely) to deal with any breeds having a significantly greater or
lesser average teat length than Fresian cows.

It might also be advantageous to produce a range of liners
with bore diameters different to those illustrated in the
drawings so as to be able to fit them more snugly on to different
breeds of cow.

Details of the hydraulic milking apparatus in which the
milking cup assembly of the present invention may be used are
described and illustrated for example in patents GB 2159685 and
GB 2192324, and the corresponding overseas patents.

It should be noted that the absence of excessively high
vacuums in the liner cores and the liner's operational
independence from teat size means that the vacuum changes in the
liner will largely replicate those in the pulsation chamber e.g.
they alternate from near-atmospheric pressure in the rest
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(maximum pressure) phase of pulsation to a stable 50-55 kPa
vacuum throughout the milk flow phase. Since, as a result, no
excessive pressure is exerted on the teat ends with such a
system, vacuum-relieving milk flow from the teat can commence at
the beginning of the liner opening phase of the pulsation cycle
irrespective of the quarter flow rate etc. Moreover as the
volume change in the liner during pulsation is effectively
restricted to that portion of the liner remote from the teats,
milking performance is substantially unaffected by the size of
the teats. Thus further advantages of the liners of the present
invention are that conditions beneath the teat are standardised
irrespective of teat dimension, teat penetration into liner,
quarter flow rate, milk 1ift from claw to recorder jar, or the
inherent flow characteristics of the teat. Efficient milking of
malformed or damaged teats (off-centred orifices) is also
facilitated although with known hydraulic milking systems these
have normally hampered initiation of milk flow.

Effective pulsation is adjudged necessary in all present day
automatic milking machines to minimise the risk of teat damage
such as oedema, congestion and petechial haemorrhages. To
achieve effective pulsation with a conventional milking equipment
pulsation cycle, the liner should apply a compressive load which
is the pressure equivalent of 10 kPa on the teat end for a
minimum of 0.15 seconds while the vacuum level moves from,
say, 20 kPa to, say, 50 kPa. This compression load is used to
modulate milk flow above the isometric point of Tongitudinal
contraction of teat tissue. With the hydraulic milking apparatus
of the present invention, however, this load is applied through
the Tiner when the Tevel of vacuum within the liner is depressed
to near atmospheric pressure during the 'rest' phase of pulsation
and the harmful effects associated with the high compressive teat
loads and high milking vacuum is largely avoided.

The invention should not compromise the other benefits gained
by hydraulic milking systems. These include (i) the prevention of
bacterial cross contamination (teat to teat) during milking;
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(11) decreased damage to milk (reduced lipolysis); (iii) reduced
‘foaming'; and (iv) easier and more accurate metering and
measurement of milk and milk components.

For the avoidance of doubt, it should be noted that even when
the flexible 1lower section (23) of the 1liner 12 is fully
collapsed, there is still some communication with the teat end
through the folds of the liner whereby vacuum may be re-applied
to the teat end at the beginning of the next milking phase.

To enable the illustrated embodiments of the present
invention to be used more satisfactorily with even the slowest
milking cows, it may be desirable to restrict milk flow from the
teat liners e.g. by reducing the bores of the short milk tubes.
This has the effect of slowing down the flow of milk from the
liner cores so as to ensure that .the period of near-atmospheric
pressure occurring within the liner cores is maintained for a
sufficient duration (e.g. 0.15 seconds per pulsation cycle) to
minimise the risk of oedema etc.

Although intended primarily for hydraulic milking, it is
envisaged that the teat 1liners and teat cups of the present
invention might be used with advantage in a conventional milking
system.

Throughout the specification the term 'cows' should not be
narrowly interpreted but should be taken to include heifers and
newly-calved animals.
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1. For use in hydraulic milking apparatus, a teat cup tiner
comprising an upper section adapted to encircle the teat with at
least the lower portion of said upper section sufficiently
inflexible not to collapse on the teat end during milking, and a
relatively flexible lower section which Tower section is located
beneath and spaced from the teat end and is adapted to open and
close during the pulsation cycle.

2. A teat cup liner as claimed in Claim 1 in which the upper
section of the 1liner 1is at least 100 mm long, values of
between 110 mm and 120 mm normally being preferred.

3. A teat cup liner as claimed in Claim 1 in which the upper
section of the liner has a length of between 110 mm and 120 mm.

4. A teat cup liner as claimed in any preceding claim in which
the upper section of the liner defines a downwardly tapering bore.
5. A teat cup liner as claimed in Claim 4 in which the
downwardly tapering bore subtends an included cone angle of
between 5° and 10°.

6. A teat cup liner as claimed in any preceding claim in which
the upper section of the liner includes a flexible part adjacent
to the liner mouthpiece and adapted to displace in response to
changes in the puisation chamber to enhance liner adhesion, to
provide a degree of teat stimulation and to encourage blood flow
within the teat.

7. A teat cup liner as claimed in any preceding claim in which
the core diameter of the lower liner section is greater than the
core diameter of the preceding portion of the liner.

8. A teat cup liner as claimed in Claim 7 in which the internal
volume of the Tlower 1liner section lies in the range 25 cc
to 40 cc.

9. A teat cup comprising a liner according to any of Claims 1
to 8 and a correspondingly profiled rigid casing in which the
liner is housed.
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10. A teat cup as claimed in Claim 9 in which the core diameter
of the lower casing section is greater than the core diameter of
the preceding portion of the casing to avoid liner/casing contact
during tiner collapse.
11. Hydraulic milking apparatus including a cluster of teat cups
as claimed in Claim 9 or Claim 10.
12. A teat cup liner, teat cup or hydraulic milking apparatus
substantially as hereinbefore described with reference to, and/or
as illustrated in, Figure 1 or Figure 2 of the accompanying
drawing.
13. A method of hydraulic milking including the step of
periodically reducing the amount of vacuum in the liner core to
near atmospheric pressure thereby to inhibit a flow of milk from
a cow's teat without collapse of the liner on to the teat end..
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