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AUTOMATED MILKING SYSTEM SAFETY VALVE ARRANGEMENT
CROSS REFERENCE TO RELATED APPLICATION

This application claims the benefit of United States Provisional Application
62/581,514, filed November 3, 2017, and United States Provisional Application 62/581,526,
filed November 3, 2017, the disclosures of which are incorporated by reference herein.
FIELD AND BACKGROUND OF THE INVENTION

The present invention relates generally to safety valves for segregating dairy milk lines
from contamination by other fluids such as teat dips, and more particularly to safety valves
with improved safety and monitoring features.

Dairy milking systems as they relate to the present invention include a cluster of teat
cups, each of which is matched with a flexible teat cup liner that is attached to a teat of a dairy
animal with a vacuum. Vacuum is applied in pulses between the shell and liner to facilitate
movement of the flexible liner to milk the dairy animals. Milk flows from the dairy animal
through each flexible liner and then through a milk tube to a milker unit collecting assembly,
which collects milk from all of the animal’s teats. This combination of elements is known as a
milker unit and can be used to milk cows, sheep, goats and other dairy animals. Each milker
unit is used to milk multiple animals so it must be sanitized, at least periodically, to prevent
transmission of dirt and germs into the milk, and to help prevent transmission of diseases from
animal to animal.

Milk from individual animals flows from each collecting assembly through milk tubes
and into a milk line that receives milk from all of the milker units in the dairy. The milk is then
chilled and stored in a milk tank. The milk lines and storage systems must not be contaminated
with dirt, debris, chemicals, pathogens, or contaminated milk. In the event that milk being

collected is from a sick dairy animal, or a monitoring system determines the milk is unsellable,
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the milk would be diverted to a “bad milk™ line or a milk line for feeding to calves -- a “calf
milk™ line.

Traditionally, dairy animal teats have been prepared for milking by cleaning the teats
before milking using sanitizing teat dips, and protecting teats after milking by applying
protective teat dips. These dips are broadly categorized as “pre-dips” and “post-dips.” Before
automated systems were used, the pre-dips and post-dips were applied by dairy operators
manually, with cloth wipes or specialized teat dip applicators. The teat dips were effective in
cleaning and protecting teats from infection, but as automated milking systems came into
commercial use, automated teat dip applicators were developed to realize the full benefit of
automated milking.

Various types of automated (robotic) milking systems have been developed with
automated systems for applying teat dip, air, and rinsing fluids (referred to herein as “teat dip
fluids™) applied and rinsed from the system in a manner that protects milk lines, and the milk
therein, from being contaminated. Protecting milk lines and milk is mandated in the United
States Food and Drug Administration’s Pasteurized Milk Ordinance (“PMO”), Item 14r., for
example, as well as other regulatory agencies throughout the world.

To protect milk lines in the United States, they should be separated from potentially
contaminating fluids using at least two automatically controlled valves or a double seat
mixproof valve, with a drainable opening to the atmosphere between the valves or seats (PMO
Item 14r.) This arrangement is referred to as “block-bleed-block,” and protects milk lines from
contamination even when the valves or valve seats fail by draining fluid through the opening
(bleed) rather than allowing it to pass through both valves or valve seats. Various embodiments
of block-bleed-block valves and valve arrangements are known and operate effectively. See for

example: U.S. Patent 8,342,125; U.S. Patent 9,510,556; and U.S. Patent 9,686,958.
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Milk line protection systems can be complicated because pre-dipping and post-dipping
require that teat dipping fluids be delivered in precise dosages and in a timely fashion to provide
proper teat treatment, system cleaning, system timing, and milk line protection. Dosage valves
for teat dips measure proper dosage quantities of teat dips and ensure that the doses are
delivered under pressure and timing. Air can be used to “chase” the teat dip. Following teat dip
application, the delivery system must be sufficiently cleaned and rinsed with water or other
rinsing fluid, to sanitize equipment before subsequent milkings.

Further complicating teat dip delivery systems is the requirement that the teat dip, air,
and water provided from main source lines must be accurately divided and delivered to each
teat of the dairy animal. Typically, dividing dosages of teat dip fluids is performed through a
teat dip fluid manifold that receives the fluids from one or more main supply lines and then
divides the fluids into individual delivery lines. Given the short time durations in which teat
dip must pass through the teat dip fluid manifold, providing adequate milk line protections can
be challenging.

Further complicating teat dip fluid delivery systems, is a desire to prevent cross-
contamination of the various teat dip fluids. For example, water should not be allowed to
contaminate teat dip before it is delivered to a teat because the dip can be diluted and possibly
less effective. Conversely, teat dip should not be allowed to contaminate water and air lines,
which could foul the system and require additional maintenance. Also, pre-dips should not be
contaminated by post-dips, which could contain iodine or other antimicrobial composition.

Safety valves are known in a number of different configurations, including those
disclosed in U.S. Patent 8,342,125 and U.S. Patent 9,686,958. These safety valves are reliable
and work flawlessly. Nonetheless, teat dips and/or backflushing fluids can have an adverse
effect on valve seals. In particular, valve seals exposed to some teat dips could deteriorate and

require regular maintenance. Other valve seal materials can swell when exposed to teat dips.
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When seals of this type are used in shuttle valves or are otherwise expected to slide on a sealing
surface, the seal can inhibit valve operation and even cause spool-type valves (or 2 position-5
way valves) to seize.

Valve seal orientations, such as in a stationary valve head seat, are not susceptible to
valve seizures due to swelling because the valve head will still seal securely even on a swollen
seal. Unfortunately, such valve configurations are more difficult and space-consuming to
configure in a safety valve.

In addition, block-bleed-block valve configuration required by The Pasteurized Milk
Ordinance (“PMO™) 14r.2.b.3. work effectively to “bleed” fluids that seep past one of the
“block™ valves, but the vent used to bleed leaked fluids are difficult to monitor. Consequently,
leaking block valves in a safety valve can escape notice when maintenance is required.

Therefore, there is a need for an improved dairy system safety valve that requires
reduced maintenance, is relatively compact, and can be readily monitored for possible leakage.
SUMMARY OF THE INVENTION

A valve assembly in accordance with the present invention includes: a conduit defining
a flow path having a first end and a second end; a first valve having an open position and a
closed position to close the first end of the flow path; a second valve having an open position
and a closed position to close the second end of the flow path; a pressurized fluid source in
fluid communication with the flow path when the first valve is closed and the second valve is
closed; and a pressure monitor in communication with the flow path to determine fluid pressure
in the flow path. This safety valve is an improvement over the prior block-bleed-block valve
arrangements because the vent to atmosphere is replaced with an active pressurized zone in
between two closed valves to define a beneficial arrangement of a block-monitor-block, the
benefits of which include active valve monitoring, detection of valve leaks for improved and

timely maintenance, and improved safety that forces pressurized gas upstream through a leaky
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upstream valve or downstream through a leaky downstream valve.

The valve assembly pressure monitor can generate data corresponding to fluid pressure
in the flow path, and the data is compared to a predetermined fluid pressure. The pressure
sensor can generate data corresponding to fluid pressure in the flow path, and the valve
assembly can further include: a controller that compares the data to a predetermined flow
channel pressure range and generates a signal if the data comparison indicates that the data is
outside of the predetermined range.

The valve assembly first valve can be a two-position, three-way valve, and the second
valve can be a two-position, three-way valve.

In an alternate embodiment, the first valve is a shuttle valve, and the second valve is a
shuttle valve.

Further, the pressurized fluid source can communicate pressurized gas to the flow path
when the first valve is in the closed position and the second valve is in the closed position.

The present safety valve invention is described and depicted herein for use in a teat dip
fluid dispensing system. Nonetheless, the safety valve is intended to be used in a variety of
dairy settings including, but not limited to, teat dip dispensing; milk lines handling good, bad,
or calf milk; and any other situation where good milk lines are to be protected from
contamination.

Other features and benefits of the invention will be apparent from the following
Detailed Description of the Drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a dairy animal milking station having safety valves in

accordance with the present invention;

Fig. 2 is a front view of the safety valve from the milking station of Fig. 1;
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Fig. 3Ais a schematic view of a first embodiment of a safety valve in accordance with
the present invention;

Fig. 3B is a schematic view of the safety valve of Fig. 3A, in a blocked or good milk
status;

Fig. 3C is a schematic view of the safety valve of Fig. 3A with teat dip passing from a
manifold;

Fig. 3D is a schematic view of the safety valve of Fig. 3A, with dip partially through
the safety valve;

Fig. 3E is a schematic view of the safety valve of Fig. 3A, with dip passing through the
safety valve;

Fig. 3F is a schematic view of the safety valve of Fig. 3A closing down as dip passes
through the safety valve;

Fig. 4 is a schematic view of a second embodiment of safety valve in accordance with
the present invention;

Fig. 5 is a schematic view of a third embodiment of a safety valve in accordance with
the present invention;

Fig. 6 1s a schematic view of a fourth embodiment of a safety valve in accordance with
the present invention;

Fig. 7 is a schematic view of a fifth embodiment of a safety valve in accordance with
the present invention;

Fig. 8Ais aschematic view of the safety valve of Fig. 7 in ablocked or milking position;

Fig. 8B is a schematic view of the safety valve of Fig. 7 in a pre-dip process position;

Fig. 8C is a schematic view of the safety valve of Fig. 7 in a post-dip process position;

Fig. 9 is a schematic view of a sixth embodiment of a safety valve in accordance with

the present invention;
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Fig. 10 is a schematic view of a seventh embodiment of a safety valve in accordance
with the present invention;

Fig. 11 is a schematic view of an eighth embodiment of a safety valve in accordance
with the present invention;

Fig. 12A is a cross sectional view of a safety valve in accordance with the present
invention in a “good milk™ process state;

Fig. 12B is a cross sectional view of the safety valve of Fig. 12A, in a pre-dip process
state;

Fig. 12C is across sectional view of the safety valve of Fig. 12A in a “post-dip” process
state;

Fig. 13A is a cross sectional view of the safety valve in accordance with the present
invention in a “good milk™ state;

Fig. 13B is a cross sectional view of the safety valve of 13A with dip beginning to flow;

Fig. 13C is a cross sectional view of the safety valve of 13A with dip partially through
the valve;

Fig. 13D is a cross sectional view of the valve of Fig. 13A open for teat dip to pass
through the valve; and

Fig. 13E is a cross sectional view of the valve of Fig. 13A partially closed after dip has
flowed through the valve.

Fig. 14Ais a cross sectional view of a safety valve assembly in a “good milk™ process
state;

Fig. 14B is a cross sectional view of the safety valve assembly of Fig. 14A in a “pre-
dip” process state;

Fig. 14C is a cross sectional view of the safety valve assembly of Fig. 14A in a “post-

dip” process state;
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Fig. 15A s a front view of an array of eight safety valves;

Fig. 15B is a perspective view of the array of eight safety valves of Fig. 15A;

Fig. 16Ais aside view of a post-dip safety valve in accordance with present invention;

Fig. 16B is a cross sectional view of a pre-dip safety valve in a blocked position;

Fig. 16C is a cross sectional view of the safety valve of Fig. 16A in a dipping position;
and

Fig. 16D is a cross sectional view of the safety valve of Fig. 16A in a pressurizing
position.
DETAILED DESCRIPTION OF THE INVENTION

In the following detailed description of the drawings, the same reference numeral may
be used to designate the same or similar item in more than one figure. Also, the term “safety
valve” may be used to designate an assemblage of valves or valve components, which may or
may not be in a single valve housing. Individual safety valve components may also be referred
to as “valves.”

ustrated generally in Fig. 1 is an automated dairy animal milking stall unit 30 used in
a dairy harvesting facility. The dairy animal milking stall unit 30 can be used in any type of
dairy arrangement, including those with stationary or rotary milking stalls, and the present
invention is not limited for use in the particular type of milking stall unit 30 depicted herein.

The automated dairy animal milking stall unit 30 includes: a frame 32 for mounting in
or adjacent to a milking stall; a milker unit 34 mounted in the frame 32; milk lines 36 as part
of the milker unit 34; milker arm controls 35 used to control movement of the milker unit 34
between a parked position (shown) and a milking position (not shown); and a teat dip fluid
supply system 38. Further, the frame 32 carries a milking module 42 for determining whether
to direct milk to a “good milk™ path, a “bad milk™ path, or a “calf milk”™ path, for example. Also

included, is a dipping module 43 that is programmed to monitor and control teat dipping,
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rinsing, and backflushing. The milking module 42 and the dipping module 43 are in
communication with each other and coordinated by a programmable stall control 44, preferably
concealed in an upper portion of the frame 32. It is preferred that all of the components
described above be disposed in a single frame 32, but multiple frames or mounting systems can
be used, so long as the teat dip fluid supply system 38 is in fluid communication with the milker
unit 34 or at least a teat dip delivery unit for delivering pre-dip, post-dip, or both types of dip
to a dairy animal’s teats that will be milked using the milker unit 34.

The frame 32 can be open or enclosed or at least partially enclosed to protect the teat
dip supply system 38, the milker unit control mechanism 42, and the programmable stall control
44 from the harsh dairy environment and from being damaged by dairy animals.

The milker unit 34 can be of any suitable design and preferably includes teat cups and
liner combinations 46, each of which receives an animal teat for milking. Generally, milk
travels from the liner through the milk lines 36 and downstream to suitable chilling and storage
systems.

Preferably, the milker unit 34 also carries one or more hoses and teat dip delivery
nozzles or openings to direct teat dip toward each animal teat. Also, preferably, the teat dip
delivery nozzles or openings are formed in a teat cup liner, examples of such liners are disclosed
in Torgerson et al., U.S. Patent 8,991,335, but other types of dispensers and/or liners can be
used with the present invention.

To receive teat dip fluids such as teat dip, air, and rinsing fluids from appropriate
sources and delivering them to individual dairy animal teats, the present invention includes at
least one teat dip fluid manifold 50, and the embodiment depicted in Figs. 1 and 2, includes a
second teat dip fluid manifold 52. The first teat dip fluid manifold 50 delivers pre-dip fluids,
and the second teat dip fluid manifold 52 delivers post-dip fluids. As described below, other

embodiments of teat dip fluid manifolds can dispense both pre-dip fluids and post-dip fluids.
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As used herein “teat dip fluids” can include teat dip for being applied before (“pre”) or
after (“post™) milking, as well as, air to force teat dip through delivery lines, and rinsing fluids,
such as water, for rinsing the teat dip fluid manifold, valves, delivery lines, and teat dip
openings or nozzles. It is not necessary that all of these teat dip fluids be utilized in a single
manifold 50, 52, but the present invention can be used to deliver one or more of these fluids
effectively, efficiently, and reliably. Suitable manifolds are disclosed in a patent application
entitled “Automated Teat Dip Fluid Manifold” filed on November 3, 2017, and naming
inventors Matthew J. Stuessel, Wolfgang Schulze-Wilmert, and Thomas Orban, which is
incorporated herein by reference.

The first teat dip fluid manifold 50 and the second teat dip fluid manifold 52 can each
have substantially the same construction or any other suitable construction in accordance with
the present invention. The teat dip fluid manifold 50 includes a housing 54, a teat dip supply
line 56 (a teat dip supply line 58 is shown for the second teat dip manifold 52), an air supply
line 60, and a rinsing fluid supply line 62. Fewer or other fluids can also be supplied to the teat
dip fluid manifold 50, if desired. Further, if only a single teat dip manifold 50 is used, the teat
dip supply line 56 could be divided into two teat dip supply lines with corresponding inlets, so
that one receives pre-dip and the other receives post-dip.

Generally, the manifolds 50 and 52 inlets for air and rinsing fluids are controlled by
valves 76. Teat dip, air, and rinsing fluids are dispensed using an upstream valve (inside the
housing 54) and a downstream valve 99, as seen in Fig. 2. A galley (not illustrated) between
the various valves is monitored for pressure anomalies by a pressure monitor 114 to provide
data to a controller 43, for example.

Once the fluids are dispensed through the manifolds 50/52, they are delivered to

individual delivery lines 68 and then to appropriate nozzles in the teat cup liners. Safety valves

10
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100 in accordance with the present invention are used to protect the milker units 34 and
downstream milk lines from contamination by teat dip fluids during the milking process.

Figs. 3A through 3F depict a first embodiment of a safety valve 100 in accordance with
the present invention. Fig. 3A uses different valve schematics than Figs. 3B through 3F to aid
in understanding the invention. The safety valve 100 is actually a combination of valves having
an upstream valve 102 that is preferably a 2 postion-3 way valve having an inlet 106, an outlet
108, and vent 110. The inlet 106 is in fluid communication with a delivery line 67 from the
manifold 50 or 52. The outlet 108 feeds a first conduit 116.

In between the inlet 106 and the outlet 108, is the vent 110, which together form a
“block-bleed-block™ arrangement to protect downstream milk lines from upstream teat dip
fluids. The 2 positon-3 way style valve is desirable, because it preferably uses valve seats on
which valve heads bear when in the closed position, as opposed to seals in a spool valve which
must slide and can be subject to swelling and seizure after extended exposure to teat dip.
Nonetheless, under appropriate circumstances, spool valves and other types of valves can be
used. An actuator 113 is used to move the valve 100 between a closed position with the vent
110 open and an open position with the inlet 106 in fluid communication with the outlet 108
and the vent 110 closed. Actuators 113 in accordance with the present invention can be any
desired type, including springs, solenoid valves, or other passive, active, automated, or manual
actuators.

In the embodiment illustrated in Fig. 3A, the first conduit 116 is in fluid communication
with a first shuttle valve 120, which is biased toward a normally closed position with an inlet
122, and outlet 124, and a vent 126. A shuttle 128 moves between a closed position against the
inlet 122 and an open position, against the vent (or “bleed”) 126.

The bias in the first shuttle valve 120 preferably is set at less than the hydraulic or

pneumatic pressures of any of the teat dip fluids being dispensed through the safety valve 100,
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so that the fluid pressure itself is sufficient to actuate or open the first shuttle valve 120 for fluid
flow and to close the vent 126 so that fluid does not drain out through the vent 126 while
passing downstream. Flow in the opposite direction, (from the outlet 124 and toward the inlet
122) is not possible because the fluid would apply pressure against the shuttle 128 and toward
the inlet 122 to maintain the inlet 122 in a closed position. Consequently, any such flow would
drain from the shuttle valve 100 through the vent 126 instead of flowing farther upstream.

The position of the shuttle 128 is monitored with a first position sensor 131. Should the
valve position sensor 131 sense a shuttle 128 out of position for any given procedure, a
corresponding signal can be generated and transmitted to one of the controllers 43 or 44, for
example, to further generate a warning and/or stop milking operations at that stall or divert
milk to a “bad milk™ line, as examples.

The shuttle valve outlet 124 is in fluid communication with a second conduit 129, which
in turn is in fluid communication with a second shuttle valve 130 having an inlet 132, an outlet
134, and a vent 136. A shuttle 138 moves between a biased closed position to close the inlet
132 and an open position to open the inlet 132 and close the vent 136. The position of the
second shuttle valve 138 is preferably actively monitored by a second position sensor 141, in
the same manner described above.

As with the first shuttle valve 120, the second shuttle valve 130 has its bias set at less
than the hydraulic or pneumatic pressures of the teat dip fluids, so that only the fluid pressure
is necessary to move the second shuttle valve 130 from the closed position to the open position.
Also, fluid flow in the opposite direction is not possible because reverse fluid pressure would
simply maintain the second shuttle valve 130 in the closed position, and instead the fluid would
safely drain out of the vent 136.

With this arrangement of the upstream valve 102, the first shuttle valve 120, and the

second shuttle valve 130, one-directional flow through the safety valve 100 is ensured and any
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possible backflow is safely drained out of the vent 136 and/or the vent 126 (or even the vent
110 in the upstream valve 102) instead of flowing back downstream to the teat cup liner where
contamination could occur.

Figs. 3B through 3F illustrate the safety valve 100 in a progression of valve positions
for allowing teat dip fluids to pass toward a teat cup and liner configuration. The valve symbols
have been changed slightly from Fig. 3A to better illustrate valve positions.

Beginning with Fig. 3B, the safety valve 100 is closed and in a milking position, so
called because downstream milker units and milk lines are protected from upstream teat
dipping fluids during the milking process. Specifically, the upstream valve 102 inlet 106 is
closed and the vent 110 is opened to provide a block-bleed-block arrangement. In addition,
both the first shuttle valve 120 and the second shuttle valve 130 are closed with their respective
vents 126 and 136 open to atmospheric pressure. No teat dip fluids can flow through the
upstream valve 102, so the shuttle valves 120 and 130 remain closed.

After milking, when it is desired to apply teat dip fluids, the safety valve 100 begins to
open, as illustrated in Fig. 3C. In this position, the upstream valve 102 now has an open inlet
106, the vent 110 is closed and teat dip fluids can flow from the outlet 110. Nonetheless, teat
dip fluid pressure has not yet reached the first shuttle valve 120, so it and the second shuttle
valve 130 remain closed.

As the teat dip fluids pass through the first conduit 116, they eventually reach and open
the first shuttle valve 120, as depicted in Fig. 3D. Teat dip fluids have not vet reached the
second shuttle valve 130, so it remains closed.

Fig. 3E illustrates the second shuttle valve 130 in the open position because teat dip
fluid has overtaken the bias of the second shuttle valve 130 and teat dip fluid can flow from the

outlet 134 toward a teat cup and liner combination.
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After the teat dip fluid has passed through the safety valve 100, additional teat dip fluids
can be received from the manifold 50/52, either continuously, or sequentially with any desired
intervals in between each teat dip fluid. The teat dip fluids can be related to a pre-dip teat dip
fluid or a post-dip teat dip fluid. Operation of the safety valve 100 will be essentially the same
for all fluids.

After completion of the teat dip application and any desired rinsing, the safety valve
100 returns to the milking position by closing the upstream valve 102 to prevent the flow of
teat dip fluids. As a result, the first shuttle valve 120 closes first, as seen in Fig. 3F. The second
shuttle valve 130 remains open (Fig. 3F) until all of the fluid has passed through the safety
valve 100, as illustrated in Fig. 3B, and then closes.

Fig. 4 illustrates a second embodiment of a safety valve 200 in accordance with the
present invention, which includes an upstream valve 204, a galley 206, a downstream valve
208, a pneumatic pressure valve 212 in communication with the galley 206, and a pressure
monitor 216 also in fluid communication with the galley 206. A vent check valve 214 is also
provided to ventilate the galley 206 before or simultaneously with teat dip flowing into the
safety valve galley 206, so that the dip pressure does not have to be greater than the galley
pressure. In place of the vent 214, or in addition thereto, a vacuum can be applied to the galley
206 to evacuate any pressure and to draw fluid into and through the safety valve 200.

The upstream valve 204, the downstream valve 208, and the pneumatic pressure valve
212 are preferably all normally closed, 2 positon-2 way valves, which are relatively
inexpensive to maintain and avoid the use of spools and related seals that can swell and even
seize up after prolonged exposure to teat dips. Nonetheless, other valve types can be used,
including 2 position-3way valves, which can be easier to flush and less likely to be fouled by

teat dip because they permit rinsing fluids to reach enclosed portions of a fluid flow path.
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All of these valves 204, 208, and 212 are controlled by actuators 218. As stated above,
“actuators” is used herein to designate any type of valve actuator, including manual and
automated, such as a solenoid valve. Preferably, the actuators 218 used with this invention are
automated and remotely controlled by the controller 43.

Teat dip fluids flow from the teat dip fluid manifold 50/52 and the delivery line 68, and
into the upstream valve 204, through the galley 206, and out of the downstream valve 208 when
the upstream valve 204 and the downstream valve 208 have been actuated into an open position.
After these valves 204/208 close, the pneumatic pressure valve 212 opens briefly to permit
pressurized gas from a supply line 213, preferably air but other fluids, gases, and vapors could
be used, to enter the galley 206 until the galley 206 pressure reaches a predetermined level,
preferably about 80 pounds per square inch (“psi”), but other pressures can be used as well.
When desired galley 206 pressure is reached, the pneumatic valve 212 closes. With all these
valves 204, 208, and 218 closed, pressure in the galley 206 should remain relatively constant
unless there is a leak in one of the valves. A leak would be detectable by the pressure monitor
216, which can be a pressure switch or any other type of pressure gauge or monitoring device
that monitors a predetermined pressure or pressure range. A falling pressure or a fluctuating
pressure that is above or below a predetermined value range can be used that indicates that the
pressurized gas is leaking out one of the valves 204 or 208 or another location. Pressure drop
rates could also be detected to indicate the magnitude of the leak, which is beneficial in
determining a corrective course of action.

An abnormal galley pressure would cause the pressure monitor 216 to generate and
transmit a signal either wirelessly or through an appropriate hard wire connector 221 to any
suitable device that would alert a dairy operator that valve maintenance is required. Such
“active” monitoring provides improved monitoring capabilities over a “passive” block-bleed-

block safety valve that simply vents or “bleeds” leaked fluids out of a vent between valves.
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Thus, the present active safety valve can be referred to as a “block-monitor-block™ safety valve
for improved monitoring and safety.

One additional benefit of using pressurized gas in the galley 206, is that if there is a
leak, the pressurized gas will seep through a leaky upstream valve 204 in a direction opposite
the milk lines, and thus provide improved milk line protection. If the downstream valve 208 is
leaking, then only the gas (again preferably air) will reach the milk line and no teat dipping
fluids will reach the milk lines. Thus, a pressurized and monitored galley 206 provides excellent
milk line protection in an automated dairy milker unit, and can be used in any dairy apparatus
where milk lines require protection from other fluids.

One further function of a pressure monitor 216 for monitoring the galley 206, can be
achieved when milking and dipping operations are not taking place. During these “down”
times, the upstream valve 204 and the downstream valve 208 can be closed, and the pneumatic
valve 212 can be opened. If the pressure monitor 216 is unable to detect an adequate or
predetermined pressure range, it would indicate that the pneumatic valve 212 or a source for
pressurized air is not functioning properly.

Thus, all of the embodiments of the present invention can be used to: monitor galley
pressure and determine if there are leaky valves; help maintain upstream valves in a closed
position; prevent contaminating fluids from flowing through the safety valve; force air through
leaky valves in the opposite direction that contaminating fluids might otherwise flow; and test
air pressure sources and the pneumatic pressure valve. Any failures of the safety valve of the
present invention in these areas would be detected by the pressure monitor to generate a
warning signal that maintenance is necessary and/or that milk being harvested through a failing
safety valve should be diverted to a “bad milk™ line or “calf milk™ line, instead of a “good milk™

line.
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Fig. 5 illustrates a third embodiment of a safety valve 300 in accordance with the present
invention. This safety valve 300 includes an upstream valve 304, a galley 306, a downstream
valve 308, a pneumatic pressure valve 312, and a pressure monitor 316, as generally arranged
in other embodiments described herein. The galley 306 and all of the galleys of the present
invention can be any shape or length, including having tapers and branches that lead to the
various valves, but is preferably generally tubular in shape for efficient fluid flow.

In this embodiment the upstream valve 304 is a solenoid-operated 2 way-2 position
valve, with an inlet 320 and an outlet 322. The downstream valve 308 is illustrated as a 2
position-3 way valve with an inlet 324 that is normally closed to the galley 306, and an outlet
326 that is normally open to a vent 328 to atmosphere. The pneumatic pressure valve 312 is as
described above for other embodiments and receives pressurized gas, such as air, from a source
line 313, preferably at a pressure of about 80 pounds per square inch (psi). The valves 304,
308, and 312 are all controlled by actuators 318. The pressure valve 312 allows pressurized gas
(air) into the galley 306 when both the upstream valve 304 and the downstream valve 308 are
closed. The pressure monitor 316 senses whether the pressure in the galley 306 is within or
outside of acceptable ranges, and generates signals, accordingly. This is the arrangement
illustrated in Fig. 5.

When teat dip fluids are supplied, both the upstream valve 304 and the downstream
valve 308 are opened, and fluids can flow through. Pressurized air from the pressure valve 312
is not supplied at this time so that it does not interfere with fluid flow.

Fig. 6 illustrates a fourth embodiment of a safety valve in accordance with the present
invention. This safety valve 400 includes an upstream valve 404, a galley 406, a downstream
valve 408, a pneumatic pressure valve 412, and a pressure monitor 416, as generally arranged

in other embodiments described herein.
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In this embodiment, the upstream valve 404 is preferably a check valve to prevent
reverse flow through the safety valve 400. The downstream valve 408 is illustrated as a 2
position-3 way valve with an inlet 424 that is normally closed to the galley 406, and an outlet
426 that is normally open to a vent 428 to atmosphere, so that any reverse fluid flow will drain
through the vent 428 before it reaches the inlet 424. The upstream valve 404 is a check valve
opened by fluid pressure, but only when dip fluids are supplied by the manifold 50/52. The
downstream valve 408 acts as an active block to any downstream flow through the safety valve
400. The pneumatic pressure valve 412 is as described above for other embodiments, and
receives pressurized gas, such as air, from a source line 414, preferably at a pressure of about
80 pounds per square inch (psi) to pressurize the galley 406 when the downstream valve 408 is
closed and no fluid is opening the upstream valve 404. The pressure sensor 416 acts as
described above.

Figs. 7, and 8A through 8C illustrate a progression of valve positions as teat dip fluids
controlled by the pre-dip safety valve 500A, and the post-dip safety valve 500B, as used as a
combination. In these illustrations, some of the valves are depicted differently for illustrative
purposes, as described below.

For example, in the initial position illustrated in Fig. 8A, the pre-dip safety valve S00A
(right side) and the post-dip safety valve S00B (left side) are both closed to the milking system,
and this can be referred to as a milking position for the safety valves S00A and 500B to prevent
pre and post teat dipping fluids from reaching the milking lines downstream.

Specifically, the inlet valves 504A and 504B (illustrated as check valves) are closed,
the outlet valves 508A and 508B are closed, the pneumatic valves 512A and 512B are open to
allow pressurized air from gas supply line 513 into the respective galleys 506A and 506B

(preferably at about 80 pounds per square inch “psi”), which are monitored by pressure
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monitors 516A and 516B, respectively. The ventilation valves (or port in a valve) 514 and 530
are opened to provide vents or bleeds in this block-bleed-block arrangement.

Fig. 8B shows the next step in a teat dipping progression. In this step, the pre-dip
portion 502A (right side) of the safety valve 500 will be activated to apply teat pre-dip. The
upstream valve 504A is still closed, and because pre-dip will be applied first, the downstream
valve 508A is opened to allow pressurized air to be released from the galley 506 and the
pneumatic valve 512A is closed to stop more pressurized air from reaching the galley 506A.
The valve 530 is also opened to release pressurized air to atmosphere and thereby allow pre-
dip teat dip fluids to enter the galley 506 A without resistance from pressurized air being applied
to the check valve 504A. The galley 506B remains full of pressurized air being monitored by
the pressure sensor 516B. Subsequently, pressurized teat dip fluids will pass through the
upstream valve 504A, through the galley 506A, the downstream valve 508A, the valve 530,
and to the teat dip applicator downstream.

Fig. 8C illustrates a post-dipping phase of the safety valve 500, in which the post-dip
portion 502B (left side) is sequenced. In this phase, the pre-dipping portion 502A is closed
down and the galley 506A is filled with pressurized air and being monitored for leaks by the
pressure sensor 516A. In addition, the valve 530 is closed to prevent post-dip fluids from
entering the pre-dip portion 502A.

On the post-dip portion 502B, the pneumatic valve 512B is closed, the galley 506B is
vented out of the downstream valve S08B and post-dipping teat dip fluids can pass through the
upstream valve 504B, the galley 506B, the downstream valve 508B and on to the teat dip
delivery tube. After post-dipping, the safety valve 500 returns to the valve positions depicted
in Fig. 8A.

Fig. 9 illustrates another embodiment of a safety valve 700 in accordance with the

present invention having an upstream valve 704, a galley 706, a downstream valve 708, and a
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pneumatic valve 712, all operated by actuators 718 and controlled manually or by a suitable
automated controller.

In this Fig. 9 embodiment, the upstream valve 704 is a 2 position-3 way valve used to
open or close the safety valve 700, and also defining a galley port 713 when the upstream valve
704 is closed to the dip outlet from a dip manifold 50. The galley port 713 is used to connect a
pressure monitor 716 to the galley 706 to monitor galley pressure, as described in the other
embodiments above. This arrangement provides protection for the pressure monitor 716 when
the upstream valve 704 is closed, so it is not inadvertently contaminated by teat dip fluids.

Fig. 10 illustrates another embodiment of a safety valve 800 in accordance with the
present invention. This safety valve 800 includes an upstream valve 804, a galley 806, a
downstream valve 808, and a pneumatic valve 812.

In this Fig. 10 embodiment, the upstream valve 804 is a check valve, the downstream
valve is a 2 positon-3 way valve with a ventilation port 813 opened when the downstream valve
808 is closed to downstream fluid flow. This allows any fluid flowing upstream to drain out of
the vent 813 when the downstream valve 808 is closed.

In this embodiment, the pneumatic valve 812 is a 2 positon-3 way valve that defines an
inlet 817 for pressurized air, and a monitoring port 818 through which the pressure monitor 816
can monitor galley pressure when the pneumatic valve 812 inlet 817 is closed. This
arrangement protects the pressure monitor 816 from damage from other fluids and pressure
fluctuations when the pneumatic valve 812 is opened to a pressurized source of air. Otherwise,
this safety valve 800 operates as others described herein.

Fig. 11 is an embodiment of a safety valve 900 for use with pre-dip teat dips and post-
dip teat dips. In this embodiment, the safety valve 900 is actually two safety valves combined,
and with a common outlet 961 for both pre-dips and post-dips. Combining safety valves avoids

the use of a blocking pair of check valves to prevent cross contamination. The safety valve 900
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preferably dispenses teat dip to a single teat cup, so for a milker unit with four teat cups, four
independently operating safety valves 900 will be provided.

In this embodiment, the post-dip teat dipping portion is on the left side of the figure.
The dip fluid line 68 leads from the manifold 50/52 to an upstream check valve 902, a galley
906, a downstream valve 908, a pneumatic pressure valve 910, and a pressure monitor 912.
The upstream valve 902 and the downstream valve 908, when closed form a pair of blocks
separated by the pressurized galley 906 to form a block-monitor-block arrangement in
accordance with the present invention, and similar to embodiments described above.
Preferably, dip is supplied through the dip fluid line 68 at a maximum of about 60 pounds per
square inch (psi), and pressurized air is supplied through the line 913 at about 80 psi, but other
relative pressures can be used.

Similarly, the pre-dip dipping portion 900A (right side) includes a supply line 68 to an
upstream check valve 930, a galley 932, a downstream valve 934, a pneumatic valve 936, and
a pressure monitor 938. A source of pressurized air 940 and line 913 are used to pressurize both
galleys 906 and 932 when their respective pneumatic valves 910 and 936 are switched to open
an appropriate port.

If the post-dip portion 900B and the pre-dip portion 900A of this safety valve 900 were
simply connected at their downstream valves 908 and 934, respectively, to a common delivery
line 68 downstream of the safety valve 900, then at least a pair of check valves would be
required at the outlets 935 and 961 of each downstream valve 908 and 934 to prevent cross
contamination of the two halves of the safety valve 900. To avoid including the extra check
valves, the present embodiment utilizes a pre-dip outlet tube 946 from the downstream valve
934 of the pre-dip portion and routes it through a port 948 in the downstream valve 908 of the
post-dip portion of the safety valve 900. The downstream valve 908 can then be switched to

receive pre-dip from the pre-dip outlet tube 946, or switched to receive post-dip from the galley
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906 on the post-dip side of the safety valve 900. This downstream valve 908 is preferably a 2
position-3 way valve and, as such, it obviates the need for check valves in protecting the two
safety valve portions from cross-contamination.

As illustrated in Figs. 12A to 12C, the pre-dip portion 900A is on the left, and the post-
dip portion 900B is on the right, which is the opposite orientation from Fig. 11. Therefore, for
consistency, starting with the post-dip portion 900B, there is an upstream valve 902, a galley
906, a downstream valve 908, a pneumatic valve 910, and a pressure monitor 912. Preferably,
the upstream valve 902 is a check valve, the downstream valve is a 2 position-3 way valve, and
the pneumatic valve 910 is a 2 position-2 way valve.

Similarly, on the pre-dip side 900A, the upstream valve 930 preferably is a check valve,
the downstream valve 934 is a 2 position-3 way valve, and the pneumatic valve 936 is a 2
position-2 way valve.

Step 1 illustrated in Fig. 12A is a “Good Milk Process State” and in it the upstream
valves 902 and 930 are closed, the downstream valves 908 and 934 are closed, and the
pneumatic valves 910 and 936 are opened to allow pressurized air from source lines 911 and
937, respectively, into the respective galleys 906 and 932, which are monitored by the
respective pressure monitors 912 and 938. In this configuration, the safety valve 900 separates
the upstream teat dip fluids from the downstream milk lines with a block-monitor-block
arrangement.

In step 2, a “Pre-Dip Process State,” as illustrated in Fig. 12B, the upstream pre-dip
valve 930 is open, the downstream pre-dip valve 934 is open, and the pneumatic valve 936 is
closed. This configuration allows pre-dip to flow through the pre-dip portion 900A of the safety
valve 900, but post-dip cannot flow through the safety valve 900 because the post-dip portion
900B upstream valve 902 and downstream valve 908 remain closed, although its pneumatic

valve 910 remains open to allow pressurized air to enter the galley 906 for monitoring.
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Pre-dip enters the pre-dip upstream valve 930 inlet 931 and through the galley 932 and
into the pre-dip downstream valve 934 inlet 933 and out of the pre-dip downstream valve outlet
935. The outlet 935 can have any suitable fittings or couplings necessary to connect
downstream components. A dashed line 937 illustrates the flow path of pre-dip. When the pre-
dip downstream valve 934 is open, the pre-dip flows through the outlet tube 946 and into the
post-dip downstream valve through a secondary inlet 948 in the post-dip downstream valve
908 and then exits a common outlet 961 to delivery line 68. So, even in its “closed” position,
pre-dip is able to flow through the second inlet 948 and out of the outlet 961.

In step 3, a “Post-Dip Process State” illustrated in Fig. 12C, the pre-dip upstream valve
930 and downstream valve 934 are closed, and the pneumatic valve 936 is open to pressurize
the galley 932 for monitoring by the pressure monitor 938.

On the post-dip side 900B, the upstream check valve 902 is open by pressure from the
fluid entering the inlet 903 and flowing through the galley 906 to the open downstream valve
908 inlet 907. The pneumatic pressure valve 910 is closed. Post-dip can, therefore, pass through
the post-dip side of the safety valve 900B by flowing into the inlet 903 of the upstream valve
902, the galley 906, and into the opened post-dip inlet 907 and out of the common outlet 961.
Thus, the benefits of using a common valve outlet 961 are achieved.

Power to all of the valves is provided in any suitable manner, including wires 917.

Figs. 12A through 12C illustrate a progression of cross-sectional views of safety valve
900, similar to the embodiment described above in the schematic Fig. 11. As indicated above,
the safety valve 900 is actually a pair of interacting safety valves, with a pre-dip portion 900A
and a post-dip portion 900B, which when combined this way provide efficiencies that save
space, and avoid unnecessary valves, and tubing. The pre-dip portion 900A and post-dip portion
900B can be arranged in any suitable way, including back-to-back (Figs. 12A to 12C), side-by-

side, an array (Figs. 15A to 15B), or any other desired arrangement.
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Figs. 14A through 14C illustrate a safety valve that is substantially similar to the
embodiment of Figs. 12A through 12C, except that Figs. 14A through 14C illustrate the
pressure monitors 912 and 938 at angles instead of vertically as in Figs. 12A through 12C. This
arrangement provides improved efficiencies in manufacturing and overall safety valve 900 size.
Further, the shapes of the galleys 906 and 938 in Figs. 14A to 14C provide more efficient fluid
flow and junctions with the related valves are open. This embodiment also includes hooks 965
for joining the safety valve portions 900A and 900B to a rack or frame, for example. Otherwise,
the operation of the safety valve 900 in Figs. 14A through 14C is essentially the same as the
safety valve 900 of Figs. 12A through 12C.

Figs. 13A through 13E illustrate a progression of a safety valve 1000 with shuttle valves
from a “Blocked (Good Milk State)” (Fig. 13A) through a “First Shuttle Valve Closing State”
(Fig. 13E).

[ustrated in Figs. 13 A through 13E is a safety valve 1000 with a housing 1002, having
an inlet 1004 for dairy fluids such as teat dip fluids, a bore 1006 through which the fluids flow
toward an upstream valve 1010, a second bore 1012, a first shuttle valve 1014, a third bore
1018, a second shuttle valve 1020, and an outlet 1024, which can be connected to a teat dip
fluid delivery line, for example. A first position sensor 1030 senses the position of the first
shuttle valve 1014 and a second position sensor 1032 sense the position of the second shuttle
valve 1020.

The inlet 1004 can be sized to connect to any upstream supply tube and can have a filter
or other line protection device incorporated in it. The inlet also includes an appropriate coupling
1050 with a gasket for sealing the connection.

The bore 1006 can be any diameter or shape to accommodate the type of fluids that will

be controlled by the safety valve 1000.
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At the lower end of the bore 1006 is the first upstream valve 1010, which is essentially
a 2 position-3 way valve having a plunger 1060 that is biased by a spring (not illustrated)
toward a closed (upward as viewed in the figures) position. The plunger 1060 is spool-shaped
and slides in a chamber 1062 in response to an actuator 1063, which is a solenoid valve in this
case. The chamber 1062 has a vent 1064 beneath the plunger 1060 and a fluid outlet 1066 in
fluid communication with the chamber 1062.

The vent 1064 is normally opened because the spool 1060 is normally closed. When
the spool 1060 moves downward from the force of the actuator 1063, the spool 1060 contacts
aseal 1070 in the bottom of the chamber 1062 to seal the vent 1064. In this position, the outlet
1066 is opened to the chamber 1062 in the area of the recessed portion of the spool 1060, which
allows fluid to flow from the bore 1006, into the chamber 1062, around the spool-shaped
plunger 1060, and out of the outlet 1066.

From the outlet 1066, fluid flows to the second bore 1012, which is appropriately sized
and shaped, and channels the fluid to the first shuttle valve 1014, which includes a plunger
1100 that is spring-biased (spring not illustrated) to a closed position (to the right as illustrated)
and will slide to the left as a result of fluid pressure in the second bore 1012. Appropriate seals
are provided so that fluid cannot flow around the plunger 1100. To the left of the plunger 1100,
is a vent 1116 that is open to atmosphere so there is little back pressure on the plunger 1100, so
that fluid pressure can readily move the plunger to an opened position (to the left).

The position sensor 1030 senses whether the plunger 1100 is closed (all the way to the
right, as illustrated) or opened. The “open” position sensed by the position sensor 1030 is not
actually fully open, but regulatory requirements mandate that the sensor indicate the valve is
open even before the plunger has opened a fluid flow path. Thus, the position sensor 1030
indicates an “open” valve despite the need for the plunger 1100 to move another 8mm (.0307)

before a flow path is opened.
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The valve progression of the shuttle valve 1000 begins with the Fig. 13 A positions of
the upstream valve 1010 being closed and its corresponding vent 1064 being open. The first
shuttle valve plunger 1100 is closed and it corresponding vent 1116 is open, and the second
shuttle valve plunger 1160 is closed and its corresponding vent 1062 is open. This configuration
results in a block-bleed-block arrangement for a safety valve 1000.

Fig. 13B illustrates the upstream valve opened with its spool 1062 is now spaced apart
from the first channel 1006. Fluid flows around the spool 1062 and toward the first shuttle
valve 1014, which causes the plunger 1100 to begin sliding toward an open position. Although
not completely open in Fig. 13B, the position sensor 1030 will indicate that it is open to provide
a margin of safety for downstream processes and components.

Once the plunger 1100 has moved even further to the left and sealed the vent 1116, the
valve is in a true open position (Fig. 13C) to allow fluid to flow from the second bore 1112,
through the first shuttle valve 1014, and into the third bore 1018 where it meets the second
shuttle valve 1020, which is spring-biased toward a closed (downward as depicted in the
figures) position and in contact with an appropriate ring seal in the third bore 1018. The plunger
1160 will move to an opened position (upward) in response to fluid pressure. The vent 1062 is
open to atmosphere so that the fluid can move the plunger 1060 to an opened position by simply
overcoming friction between the plunger 1160 and the seals.

The position sensor 1030 senses whether the plunger 1100 is closed (all the way to the
right, as illustrated) or opened. The “open” position sensed by the position sensor 1030 is not
actually fully open, but regulatory requirements mandate that the sensor indicate the valve is
open even before the plunger has opened a fluid flow path. Thus, the position sensor 1030
indicates an “open” valve despite the need for the plunger 1100 to move another 8mm (.0307)

before a flow path is opened.
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The second spool valve 1020 remains in its closed position because fluid pressure has
not yet reached the plunger 1160.

In Fig. 13C, the upstream valve 1010 is opened and its corresponding vent (bleed) 1064
is blocked. The first shuttle valve 1014 plunger 1100 is in a true open position with its
corresponding vent 1116 closed.

Fluid pressure in the third conduit 1018 has begun to open the second shuttle valve 1020
by moving the plunger 1160 toward an open position (upward). The second position sensor
1032 indicates that the plunger 1160 is open even though there remains another 8mm (.0307)
of travel for the plunger 1160 before it is truly open to allow fluid to pass.

Fig. 13D illustrates the safety valve 1000 in a fully opened position with the upstream
valve 1010 fully opened and the vent (bleed) 1064 blocked, the first spool valve plunger 1100
opened and its corresponding vent 1116 is closed, and the second spool valve plunger 1160 is
fully opened and its corresponding vent 1062 is closed.

Fig. 13E illustrates the process of closing the safety valve 1000, which is essentially a
chain reaction process starting with closure of the upstream valve 1010, which shuts the flow
of fluid through the second conduit 1012. Shutting off fluid flow (and its related fluid pressure)
results in the spring-biased plunger 1100 begin to close. Fluid (and its pressure) are still present
in the third conduit 1018, so the second shuttle valve plunger 1160 remains open.

Although not illustrated, when the first shuttle valve plunger 1100 closes, it cuts off
fluid flow (and the related fluid pressure) in the third conduit 1018, so the second shuttle valve
plunger 1160 will then begin to close as a result of its spring-bias toward a closed position.
Thus, the safety valve 1000 returns to its position as seen in Fig. 13A.

As seen above in Figs. 12A to 12C and 14A to 14C, two safety valves can be combined
to process both pre-dip and post-dip, which are usually delivered through lines 67 from two

separate teat dip manifolds 50 and 52. In the above embodiments, an output from a pre-dip
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safety valve is passed through the post-dip safety valve to avoid the use of additional check
valves that would protect against cross contamination.

Also in the above embodiments, the pre-dip valve 900A and the post-dip valve 900B
are either formed in the same housing or are formed in separate housings that are joined
together. In the embodiment illustrated in Figs. 15A and 15B, the pre-dip safety valves 900A
and the post-dip safety valves 900B are mounted in an aligned array 913. There are four pre-
dip valves 900A and four post-dip valves 900B all positioned in an array of valves 913 (see
Figs. 15A and 15B), with the pre-dip valves 900A positioned together and the post-dip valves
900B positioned together. All of the valves 900A and 900B are preferably joined to a rack 963
using hooks 965 formed or joined to the backs of each safety valve 900A, 900B, (see Fig. 16A,
for example). The hooks 965 provide quick installation and maintenance for the safety valves
in a robotic milker 30 (Fig. 1), for example.

When arrayed in this configuration, each pre-dip safety valve 900A is in communication
with a corresponding post-dip safety valve 900B via a conduit 946. In a preferred arrangement,
the first pre-dip valve 900A on the left end is in fluid communication with the first post-dip
safety valve 900B, which is the fifth safety valve from the left end of the array. These two
safety valves serve one of the four teat cups in a milker unit.

Next in line, the second pre-dip valve 900A from the left end is in fluid communication
with the second post-dip safety valve 900B, which is the sixth safety valve from the left end of
the valve array 913, and so on, so that spaced apart combinations of safety valves 900A and
900B continue through the valve array 913 resulting in four pairs of safety valves (one for each
of the four teat cups) to deliver both pre-dip and post-dip to each teat cup.

Fig. 16Ais aside view of a post-dip safety valve 900B. Figs. 16B through 16D illustrate
an example of a safety valve 900A for use in the valve array 913 is depicted. The safety valve

900A includes an upstream valve 930, a downstream valve 934 in communication with the
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upstream valve via a galley 932, a pressure valve 936 for pressurizing the galley 932, and a
pressure sensor 938 for monitoring pressure in the galley 932. Preferably, the upstream valve
930 1s a check valve and the downstream valve 934 is a 2 position-3 way valve and the pressure
valve 936 is a 2 position-2 way valve, as described above. A power source 917 to power the
various valves in the safety valve 900A is provided. The pre-dip fluids enter the safety valve
900A at an inlet 931 in the upstream valve 930, and exit through an outlet 935 in the
downstream valve 934. A tube 946 delivers the fluid to an inlet 948 in the downstream valve
908 of the post-dip safety valve 900B and out of the outlet 961 of the downstream valve 908
of the post-dip safety valve 900B. In this arrangement, the post-dip downstream valve 908 has
two inlets: a first inlet 907 for receiving post-dip when in an “opened” position and second inlet
948 for receiving pre-dip when in its “closed” position. The outlet 961 is used for both pre-dip
and post-dip depending on the post-dip downstream valve 908 position.

Fig. 16B illustrates a cross section of the safety valve 900A in a blocked or milking
position, with both the upstream valve 930 and the downstream valve 934 in a closed position.
The pressure valve 936 is also closed to maintain pressurized gas (air) in the galley 932 for
monitoring by the pressure sensor 938, and preventing contaminating fluids from passing
through the safety valve 900B.

Fig. 16C illustrates the safety valve 900A in a dipping position, with the upstream valve
930 and the downstream valve 934 both open to allow teat dip to pass through. The pressure
valve 936 is closed so that no pressurized gas can interfere with fluid flow through the galley
932. As described above in relation to Figs. 12A to 12C, the pre-dip exits the safety valve 900A
at the outlet 935 and passes through a conduit 946 to the corresponding post-dip safety valve
900B and its downstream valve 908 inlet 948 to then pass through to an outlet 961 to be

delivered to the teat cup in delivery line 68.
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In the case of a post-dip safety valve 900B in an “open” dipping position, the post-dip
simply passes through the first inlet 907 of the downstream valve 908 and through the common
outlet 961 to be delivered to the teat cup in line 68.

Fig. 16D illustrates the safety valve 900A in a pressurizing position with the upstream
valve 930 and the downstream valve 934 both closed, but the pressure valve 936 is open to
allow pressurized gas into the galley 932 to prevent contaminating fluids from passing through
the valve 900A and where the pressure levels can be monitored by the pressure sensor 938 to
determine whether the valve 900A has leaks or is otherwise in need of maintenance or
replacement.

The foregoing detailed description is included for cleamess of understanding only, and

no unnecessary limitations therefrom should be read into the following claims.
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CLAIMS
1. A teat dip applicator valve assembly comprising:

a teat dip fluid conduit defining a flow path having a first end and a second end;

a first valve having an open position and a closed position to close the first end of the
flow path;

a second valve having an open position and a closed position to close another end of
the flow path;

a pressurized teat dip fluid source in fluid communication with the flow path when the
first valve is closed and the second valve is closed; and

a pressure monitor in communication with the flow path to determine fluid pressure in
the flow path.

2. The teat dip applicator valve assembly of claim 1, wherein the pressure monitor is set
to react to a predetermined fluid pressure.

3. The teat dip applicator valve assembly of claim 1, wherein the pressure monitor
generates data corresponding to fluid pressure in the flow path, and the valve assembly further
comprises:

a controller that compares the data to a predetermined flow channel pressure range and
generates a signal if the data comparison indicates that the data is outside of the
predetermined range.

4. The teat dip applicator valve assembly of claim 1, wherein the first valve is a two-
position, three-way valve.
5. The teat dip applicator valve assembly of claim 1, wherein the second valve is a two-
position, three-way valve.
6. The teat dip applicator valve assembly of claim 1, wherein the first valve is a shuttle

valve.
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7. The teat dip applicator valve assembly of claim 1, wherein the second valve is a shuttle
valve.
8. The teat dip applicator valve assembly of claim 1, wherein the pressurized fluid source

communicates pressurized gas to the flow channel when the first valve is in the closed position
and the second valve is in the closed position.

9. The teat dip applicator valve assembly of claim 1, wherein the flow channel is open
when the first valve is open and the second valve is open.

10. The teat dip applicator valve assembly of claim 1, wherein the flow channel receives

fluid through the first valve and emits fluid through the second valve.

11.  The teat dip applicator valve assembly of claim 1, wherein the first valve is an upstream
valve.
12.  The teat dip applicator valve assembly of claim 1, wherein the second valve is a

downstream valve.
13. The teat dip applicator valve assembly of claim 1, and further comprising:
a control valve upstream from the first valve, and the control valve has an open position

and a closed position.
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14. A teat dip applicator safety valve assembly comprising:
a pre-dip safety valve having:
a pre-dip upstream valve having a pre-dip fluid inlet and an outlet, and having
an open position and a closed position;
5 a pre-dip fluid galley in communication with the pre-dip upstream valve outlet,
and having an open position and a closed position;
a pre-dip downstream valve having an inlet in communication with the galley
and a pre-dip outlet, and having an open position and a closed position;
a post-dip safety valve having:
10 a post-dip upstream valve having a post-dip fluid inlet and an outlet, and having
an open position and a closed position;
a post-dip fluid galley in communication with the post-dip upstream valve
outlet, and having an open position and a closed position;
a post-dip downstream valve having a post-dip inlet in communication with the
15 post-dip galley, and having an open position and a closed position; a pre-
dip inlet in communication with the pre-dip outlet of the pre-dip
downstream valve; and a common outlet in communication with the
post-dip inlet when the post-dip downstream valve is in the closed
position and the pre-dip inlet when the post-dip downstream valve is in

20 the open position.
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15.

5 16
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17.

15 18.
20

The teat dip applicator safety valve assembly of claim 14, and further comprising:

a pressure valve having an open position in communication with the pre-dip fluid galley
and a source of pressurized gas, and a closed position to close the pre-dip galley
from the source of pressurized gas.

The teat dip applicator safety valve assembly of claim 14, and further comprising:

a pressure valve having an open position in communication with the pre-dip fluid galley
and a source of pressurized gas, and a closed position to close the pre-dip galley
from the source of pressurized gas; and

a pressure sensor in communication with the pre-dip galley to monitor pressure in the
pre-dip galley.

The teat dip applicator safety valve assembly of claim 14, and further comprising:

a pressure valve having an open position in communication with the post-dip fluid
galley and a source of pressurized gas, and a closed position to close the post-
dip galley from the source of pressurized gas.

The teat dip applicator safety valve assembly of claim 14, and further comprising:

a pressure valve having an open position in communication with the post-dip fluid
galley and a source of pressurized gas, and a closed position to close the post-
dip galley from the source of pressurized gas; and

a pressure sensor in communication with the post-dip galley to monitor pressure in the

post-dip galley.
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The teat dip applicator safety valve assembly of claim 14, and further comprising:

a pressure valve having an open position in communication with the pre-dip fluid galley
and a source of pressurized gas, and a closed position to close the pre-dip galley
from the source of pressurized gas;

a pressure sensor in communication with the pre-dip galley to monitor pressure in the
pre-dip galley;

a pressure valve having an open position in communication with the post-dip fluid
galley and a source of pressurized gas, and a closed position to close the post-
dip galley from the source of pressurized gas; and

a pressure sensor in communication with the post-dip galley to monitor pressure in the
post-dip galley.

The teat dip applicator safety valve assembly of claim 14, and further comprising:

a pre-dip conduit in communication between the pre-dip downstream valve outlet and

the post-dip downstream valve pre-dip inlet.
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Step 5 — 3 way valve closes followed by first shuttle valve closing
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