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DESCRIPTION

Description

Field of the Invention.

[0001] The invention relates to a water softener apparatus and to a displacement flow device
or meter for use in a water softener apparatus and particularly, but not exclusively, to a
displacement type water driven flow-device or meter for controlling valve means of a water
softener apparatus.

Background of the Invention.

[0002] A water softener apparatus generally comprises an active resin water softening
component that has to be regenerated occasionally by-passing brine through it. Whilst the
component is being regenerated it is inoperable to supply softened water. In known domestic
water softeners, this problem is ameliorated by arranging for regeneration to take place at a
time of likely low demand, for example during the very early morning. Also known are water
softeners comprising two softening components which are regenerated during respective
different time intervals so that at least one of them is operable all the time, for example as
disclosed in US Patent No. 5,273, 070. The apparatus according to this patent comprises an
electrically motorized valve arrangement controlled by a microprocessor which is programmed
to sequence the operations of the valve arrangement. However, this requires an electrical
supply to the water softener which, in some cases, may be inconvenient and/or which may add
to the cost of installation of the softener.

[0003] US Patent No. 5,681,454 discloses a water treatment apparatus having several water
treatment components all but one of which are coupled to respective pressure-controlled
valves. The apparatus is intended for use where the demand for treated water may vary, e.g.,
because different numbers of consumers are using it at any one time, but where each
component is most efficient over a particular range of throughput. Accordingly, the valves
operate to bring different numbers of the components into operation depending on the demand
level. Pressure operated valves are used so as to avoid the need for electronic metering.

[0004] Applicant's own prior patent GB2,362,114 discloses a water softener apparatus
comprising two water softener tanks and mechanical valve means for causing said two tanks to
be rendered inoperable to soften water at respective different intervals so that at least one tank
is operable all the time, wherein said valve means comprises water-flow controlled valve
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means and the apparatus includes a water driven flow-meter for mechanically controlling said
valve means. A regeneration meter measures a pre-set volume of water considered necessary
to regenerate either of said two tanks.

[0005] Currently, many mechanical regeneration systems in water softener apparatuses or the
like utilize a displacement type of water driven flow-meter of a kind having a fixed gear train
with a fixed gear train ratio where the gear train turns a cam, a valve or the like to initiate a
regeneration event, e.g. a water softening cycle. One problem with a water driven flow-meter
having a fixed gear train is that, when a gear train is selected and assembled in the water
driven flow-meter, it is normally done with reference to a gear train ratio which covers a range
of water hardnesses of a water supply line or water supply area as it is known that water
hardness levels may vary from one district to another and even from street to street. Fixed
gear ratio gear trains for water driven flow-meters used in water regeneration systems of water
softener apparatuses are therefore typically arranged to cover a relatively wide range of water
hardnesses so that a particular gear train selection can be used to provide flow-meters which
will be able to be installed in a relatively large geographical area without further modification.
Consequently, the design and assembly of a water driven flow-meter having a fixed gear train
ratio for initiating regeneration events in a water softener apparatus is in some respects a
compromise between installation efficiency and water softening efficacy. This lack of water
softening efficacy may lead to an over-use or under-use of salt, neither of which is desirable. It
is possible to improve the water softening efficacy by more accurately tuning the gear train to
the hardness level detected in a water supply line or water supply area, but this entails
considerable additional costs for a supplier/installer of water softener apparatuses. That being
said, it is also known that water hardness in a water supply line or water supply area may vary
over time such as over the seasons and/or vary according to local changes in precipitation
levels, etc. To address time varying changes using a water driven flow-meter of the type having
a fixed gear train would require frequent disassembling of the water softener apparatus so
that, on each occasion, a new gear or new gear train could be installed in the water driven
flow-meter to thereby change the gear ratio and thus timings of regeneration events to better
suit the prevailing level of water hardness. This is, of course, not desirable or feasible in most
situations in view of the fact that water softener apparatuses are typically installed close to
incoming water mains lines and, as such, are often installed in difficult to access positions,
notwithstanding the costs associated with doing so. Furthermore, each time such an apparatus
is disassembled and reassembled increases the risks of leaks through damage or
misplacement of seals. There is therefore a need for provision of a water softener system or a
water softener regeneration system having a displacement type water driven flow-meter or
device which can be more easily tuned to a prevailing and time-varying water hardness level in
a water supply line or water supply area.

[0006] US4539106 uses pegs radially distributed around a meter wheel to enable adjustment
of an amount of water necessary to be measured to initiate regeneration of a water softener

tank.

[0007] US6287457 discloses a regulator with externally operationable setting means with
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which the start of the regeneration cycle can be adjusted in function of the passed water
volume. This comprises a mechanism which is adjustable by rotation of a ring which is coupled
to an adjustment button, by means of a toothing at the circumference of the ring, a toothing at
a gear wheel, and a shaft.

[0008] US2013/248457 discloses a means of incrementally adjusting the amount of water to
be measured to initiate regeneration of a water softener tank by relative rotation between first
and second meter discs which is resisted by an anti-rotation pawl that engages at least one of
the meter discs. At least one of the meter discs includes a disc structure engageable by an
external adjustment member which can be manipulated to overcome the force applied by the
anti-rotation pawl in order to rotate one meter disc relative to the other meter disc.

[0009] US4313825 describes that, while the regeneration cycle is underway, a segment gear is
rotating and its teeth come into running mesh with teeth of another gear. This meshing causes
rotation of a water volume wheel until the gear teeth of the segment gear and the other gear
lose mesh due to missing teeth on the other gear. This comprises an automatic resetting
feature of this device. During the resetting of the water volume wheel, a drive pinion also must
rotate. This is made possible due to the clutching arrangement. The relationship of the missing
teeth on the other gear to a trip finger is adjustable to obtain a volume of water required for a
particular installation.

[0010] WO2009/133251 discloses a regulator operable from the outside of the water softener
with which the start of a regeneration cycle can be regulated according to the quantity of water
to be treated. The system for regulating systems comprises a rotary geared element which is
engaged by a pinion which is externally accessible for adjusting the rotated position of the
rotary element.

Objects of the Invention.

[0011] An object of the invention is to mitigate or obviate to some degree one or more
problems associated with known water softener apparatuses.

[0012] The above object is met by the combination of features of the main claims; the
subclaims disclose further advantageous embodiments of the invention.

[0013] One skilled in the art will derive from the following description other objects of the
invention. Therefore, the foregoing statements of object are not exhaustive and serve merely
to illustrate some of the many objects of the present invention.

Summary of the Invention.
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[0014] In a first main aspect, the invention provides a water softener apparatus according to
claim 1.

Brief Description of the Drawings.

[0015] The foregoing and further features of the present invention will be apparent from the
following description of preferred embodiments which are provided by way of example only in
connection with the accompanying figures, of which:

Figure 1 is a simplified diagram showing the components of a water softener and the
connections therebetween;

Figures 2 and 3 are two diagrams for explaining the construction and operation of a shuttle
valve used in the Figure 1 water softener;

Figures 4 and 5 are two diagrams for explaining the construction and operation of a service
meter used in the Figure 1 softener;

Figures 6 and 7 are two diagrams for explaining the construction and operation of a
regeneration meter used in the Figure 1 softener;

Figures 8 and 9 are two diagrams for explaining the construction and operation of a brine tank
and valve used in the Figure 1 water softener; and

Figure 10 is a diagram of an embodiment of a displacement device according to the present
invention;

Figure 11 is a view of a water meter mechanism for the displacement device of Fig. 10;
Figure 12 is an enlarged view of the circled portion of Fig. 10;

Figure 13 is a further enlarged view of the circled portion of Fig. 10;

Figure 14 is a side sectional view of the displacement device of Fig. 10;

Figure 15 is an enlarged sectional view of a top part of the displacement device of Fig. 10;

Figure 16 is a side view of the adjustment knob and a hardness setting gear or dial for the
displacement device of Fig. 10; and

Fig. 17 is an enlarged view of the adjustment mechanism for the displacement device of Fig.
10.

Description of Preferred Embodiments.
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[0016] The following description is of preferred embodiments by way of example only and
without limitation to the combination of features necessary for carrying the invention into effect.

[0017] Reference in this specification to "one embodiment” or "an embodiment" means that a
particular feature, structure, or characteristic described in connection with the embodiment is
included in at least one embodiment of the invention. The appearances of the phrase "in one
embodiment” in various places in the specification are not necessarily all referring to the same
embodiment, nor are separate or alternative embodiments mutually exclusive of other
embodiments. Moreover, various features are described which may be exhibited by some
embodiments and not by others. Similarly, various requirements are described which may be
requirements for some embodiments, but not other embodiments.

[0018] The water softener of Figure 1 comprises two resin tanks 1 and 2. Each tank has a
cylindrical central portion 3 and two dome-shaped ends 4 and 5 with, at the centre, a water
entry/exit port 6. In one embodiment, the tank is formed in two halves each comprising a
dome-shaped end 4 or 5 and half of the cylindrical portion 3. The two halves of the tank are
then butt-welded together, i.e. around the centre of the tank. Before this, however, two
stainless steel mesh screens 7 are welded into the interior of each half of the tank so that they
will separate the dome shaped ends 4 and 5 from the cylindrical portion 3, and this cylindrical
portion 3 is filled with the ion exchange resin 8. In use of the water softener, the tanks are
positioned upright as shown with water flowing upwards from the port 6 in the lower end 5 of
the tank, through the resin 8 and then out of the port 6 in the upper end 4 of the tank when the
resin is supplying softened water while, for regeneration, salt water (brine) flows down via port
6 in the upper end 4, through the resin 8, and out of the tank through the port 6 in its lower
end.

[0019] The ports 6 at the lower ends 5 of the tanks 1 and 2 are connected via respective pipes
to respective ones of two chambers 9 and 10 in a shuttle valve 11 to be described later. The
valve 11 also has a connection 12 from the supply of water to be softened, e.g. the water
mains, and connections 13 to a drain via a regeneration meter 23, there preferably being a fine
debris blocking screen (not shown) fitted at that side of the meter 23 which is nearest the
connections 13. The regeneration meter 23 forms part of a regeneration system of the
apparatus including also valve means to be described and a service meter 16 to be described.

[0020] The ports 6 at the upper ends 4 of the tanks 1 and 2 are connected via respective
check valves 14 and 15 to a common input of the service meter 16. An output of this meter
leads via pipe 17 to the softened water outlet of the softener apparatus. This pipe will be
connected in use via a union (not shown) to the user's domestic stored water system (not
shown).

[0021] The valves 14, 15, 25, 26, 27, 28, 29, 30 are preferably water-controlled valves with the
advantage that no electrical power supply is required for the apparatus. However, in some
embodiments, electrically or electronically controlled valves may be utilized.
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[0022] The softener also comprises a brine tank 18 and brine valve 19 connected to an
injection input 20 of an injector 21 which also has an input port 22 connected to the softened
water outlet pipe 17. An outlet port 24 of the injector 21 leads via respective further check
valves 25 and 26 to the ports 6 at the upper ends of the tanks 1 and 2, i.e. so that the port 6 at
the top of tank 1 is connected to both check valves 14 and 25 while port 6 at the top of tank 2
is connected to check valves 15 and 26. As shown in Figure 9, the injector 21 comprises a duct
between the input and output ports 22 and 24 which duct is shaped to provide a restriction and
hence a pressure drop when water is flowing through it from pipe 17. This causes brine from
the tank 20 to be sucked into the injector 21 and mixed with the softened water flowing from
the outlet port 24.

[0023] The service meter 16 is arranged to operate two service valves 27 and 28 while the
regeneration meter 23 is similarly coupled to two regeneration valves 29 and 30. The valves
27, 28, 29 and 30 are in turn operable to control the shuttle valve 11. The valve 11 has two
control ports 31 and 32. The valve 11 is a servo-valve whose operation is governed by the
pressure of water at its two control ports. One port is connected via a suitable conduit, e.g. a
relatively narrow bore tube, to an output of the valve 27 and to an output of the valve 29.
Meanwhile, the other control input of shuttle valve 11 is connected via a suitable conduit an
output of the service valve 28 and an output of the regeneration valve 30.

[0024] The service meter 16 measures the flow of softened water supplied by the water
softener. The meter operates the service valves 27 and 28 so that each time a predetermined
quantity of softened water has been supplied, regeneration of one of the tanks is started.
Similarly, during regeneration, the regeneration meter 23 operates via regeneration valves 29
and 30 to set a predetermined quantity of water to pass through the tank being regenerated.
During regeneration, brine from tank 18 is mixed with this water for a time (controlled by the
brine valve 19). The position of the regeneration meter 23 is important. Previously, it has been
known to position the regeneration meter in the pipe leading from the water outlet pipe 17 to
the input port 22 of the injector. However, whilst this has been found to be generally effective, it
has been found that the regeneration meter 23 is measuring only softened water being fed to
the injector port 22 rather than the amount of softened water with injected brine required to
flow through the tank 1, 2 being regenerated. As such, in the present embodiments, the water
regeneration meter is preferably positioned in the apparatus at a point downstream of where
brine for regeneration of the two water softener components is received into the apparatus, i.e.
downstream of the injector 21, such that the regeneration meter 23 measures the volume of
softened water and brine being used to regenerate one of the tanks 1, 2. This provides a more
accurate operation of the regeneration meter in terminating alternate regeneration of the tanks
1, 2. Unexpectedly, it has been found that positioning the regeneration meter 23 adjacent to
the shuttle valve 11 and, more particularly, at the drain provides the advantage that the
regeneration meter 23 acts also to ensure all water to the drain is recorded. This in turn
ensures that any error state that occurs in any of the valves does not cause excess volume of
water to be lost down the drain. In short, the regeneration meter 23 not only operates to
terminate alternate regeneration of the tanks 1, 2, but also acts as a fail-safe mechanism for
the valve means of the apparatus.
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[0025] As shown in Figures 4 and 5, softened water from both tanks 1 or 2 enters the meter 16
and passes through the metering chamber 40. This metering chamber contains a piston type
water meter which measures accurately the volume of water passing through to the outlet pipe
17. The meter chamber drives the service meter cam 41 via a series of gears 42. One rotation
of the service meter cam is equivalent to the pre-set volume of water that may be softened by
both resin tanks.

[0026] As the service meter cam 41 rotates anticlockwise the blade 43 on the service cam
pushes a blade 44 on the service lever 45 so that the lever 45 moves about the pivot 46 which
levers open the service valve 27 enabling a water pressure signal to flow from the meter to the
shuttle valve port 29.

[0027] As softened water continues to flow through the meter the blade 24 wipes past the lever
blade 43 and closes the service meter valve 'locking in' the water pressure to the shuttle valve
port 31. The volume of water required to wipe the blades past each other is less than the pre-
set volume of water required to regenerate a resin tank.

[0028] Service lever 45 operates service valve 27 and starts the regeneration of resin tank 1.
Similarly, service lever 50 with blade 51 operates service valve 28 and applies a pressure
signal to shuttle valve port 32 to start the regeneration of resin tank 2. The lever blades 44 and
45 are positioned at 180 degrees to each other, therefore, the regeneration of either tank is
50% of the pre-set volume of one rotation of the service meter cam. The pre-set volume may
be altered by changing the ratio of the gear chain between the meter chamber and the service
cam.

[0029] The regeneration meter 23 measures the pre-set volume of softened water and brine
necessary to regenerate either resin tank 1 or 2. After the pre-set volume of regeneration
water with brine has passed through the meter it stops the regeneration.

[0030] As shown in Figures 6 and 7, softened water enters the metering chamber 61 of the
regeneration meter 23 and flows through the metering chamber 61. This chamber again
contains a piston type water meter which accurately measures the volume of water passing
through the meter chamber. The meter chamber drives the regeneration cam 62 via a series
of gears 63. Half a rotation of the regeneration meter cam is equivalent to the pre-set volume
of water with entrained brine necessary to regenerate one resin tank.

[0031] At the start of the regeneration of resin tank 1 the regeneration meter cam 62 is
positioned so that regeneration lever 64 is 'free’ and therefore regeneration valve 29 is closed.
This 'locks in' the pressure signal from the service valve 27 which opens drain shuttle valve
port 31. The regeneration meter cam has pushed open the regeneration valve 30 via lever 65,
this prevents resin tank 2 from regenerating at the same time as resin tank 1 by venting any
pressure signal to drain shuttle valve port 32.
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[0032] As regeneration water with brine passes through the regeneration meter 23 the cam 62
rotates clockwise until, at the end of the regeneration, the lever blade 68 on lever 65 drops off
the rear step of the cam 62. Lever 65 is now free to let the spring close valve 30. The cam 62
continues to rotate anticlockwise. The front step 67 of the cam 62 pushes the blade 68 on lever
64 which opens valve 29. Opening valve 29 vents to drain the water pressure holding open
drain shuttle valve port 31 so that the drain shuttle A then closes.

[0033] Regeneration lever 64 operates regeneration valve 29 and stops the regeneration of
resin tank 1. Regeneration lever 65 operates regeneration valve 30 and stops the regeneration
of resin tank 2. The lever blades are positioned at 180 degrees to each other, therefore the
volume of regeneration water with brine for each tank is 50% of the pre-set water volume
necessary to rotate the regeneration cam once. The pre-set volume may be altered by
changing the gear ratio between the meter chamber and the regeneration cam.

[0034] Referring to Figures 2 and 3, the shuttle valve 11 distributes inlet water equally between
resin tanks 1 and 2 when both tanks are in service and diverts hard water to either resin tank 1
or 2 during regeneration. It also enables regeneration water from either resin tank 1 or 2 to
flow to drain where such water volume is preferably measured by the regeneration meter 23.

[0035] In the service position hard water flows through the valve to both resin tanks 1 and 2.
Drain shuttles 70 and 71 are held closed. The shuttle valve 11 comprises a housing defining
chambers connected to the respective resin tanks. A shuttle 72 is mounted in the housing. it
comprises a spindle with two pistons 75 and 76 at its ends and a central valve member. The
shuttle 72 is held in a central position by the springs 73 and 74 which are of equal strength and
oppose each other.

[0036] The regeneration of resin tank 1 is started by a water pressure signal from the service
valve 27 which opens drain shuttle 70. The path of water to flow to drain is now open, the flow
of water to drain now pushing across piston 75 and closing the valve seal on its seat. Hard
water can only now flow to resin tank 1 for softening. The regeneration water now flows from
resin tank 1 past piston 75 through the open drain shuttle and then to drain.

[0037] When regeneration valve 1 opens the water pressure signal opening drain shuttle 70 is
vented to draw in allowing water pressure to push drain shuttle 70 back to the closed position
which equalizes the water pressure in resin tanks 1 and 2 enabling the shuttle to return to a
central service position; hard water again now flows to both resin tanks, that is the shuttle valve
has returned to its service position.

[0038] The regeneration of resin tank 2 is the same operation but uses drain shuttle 71 and
piston 76 etc.

[0039] As shown in Figures 8 and 9, softened water fills the brine tank 18 via the brine valve
19 until shut off by the brine valve float 80 to a level above the platform 81. The salt 82 is
gradually dissolved in the water producing brine.



DK/EP 3722261 T3

[0040] During the regeneration of a resin tank softened water flows through the injector 21
from the inlet 22 to the outlet 24 producing a partial vacuum at the suction point in the injector
21 which draws brine from the brine tank as shown. The brine is mixed with the water flowing
through the injector which then flows to the resin tank in regeneration and ultimately through
the regeneration meter 23.

[0041] Brine continues to be sucked from the brine tank until the brine level stops filling when it
reaches the height of the walls of a cup-shaped weir 85. The level continues to fall in the weir
chamber 84 until it reaches a point which enables the upper seal 85 to check shut and no more
brine is sucked from the brine tank. Water continues to flow through the injector to flush any
brine to drain from the resin tank.

[0042] When the softener returns to the service position the brine tank again refills with water
until shut off by the brine valve float.

[0043] The amount of brine being capable of being sucked from the brine tank may be
adjusted by raising or lowering the brine valve relative to the weir. This raises or lowers the
shut off point of the water refilling the brine tank, thus adjusting the volume of brine.

[0044] Placing the meter 23 adjacent to the shuttle valve 11 and, more particularly, at the drain
is such that, in most failure events of excess water to drain, the water is captured and
registered by the meter 23 thereby driving the regeneration cam 62 via the series of gears 63.
Rotating the regeneration cam 62 via the series of gears 63 opens the regeneration lever 64
which in turn releases the lock pressures on regeneration valves 29, 30 freeing any unwanted
back pressure on a diaphragm of the meter 23 from unusual sight conditions or machine
malfunctions. Removing the back pressure ensures valves associated with drain are firmly shut
and no water is flowing to drain.

[0045] REGENERATION OF TANK 1 After a predetermined volume of water has passed
through the softener as recorded by the service meter 16, service valve 27 opens and a
pressure water signal is delivered to drain shuttle 70, opening it. The open drain shuttle 70
opens a path for water to flow to the drain. Water in chamber 9 pushes the shuttle 72 across a
shown in Figure 3, stopping hard water flow to resin tank 1. All hard water flow is directed to
resin tank 2 which softens all the water now passing through the softener. Soft water flows
from pipe 17 to the injector 21 which sucks brine from the brine tank via the brine valve. The
brine solution passes through the regeneration check valve 25 and into the top of resin tank 1.
Service check valve 14 closes, stopping softened water from resin tank 2 from entering resin
tank 1. The brine solution flows down through resin tank 1 and regenerates the cation ion
exchange resin in the resin tank. The brine solution then passes through chamber 9 and then
via the regeneration meter 23 to drain.

[0046] REGENERATION OF TANK 2 After a predetermined volume of water has passed
through the softener as recorded by the service meter 16, service valve 28 opens and a
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pressure water signal is directed to drain shuttle 71, opening it. The open drain shuttle 71
opens a path for water to flow to the drain. Water in chamber 70 pushes the shuttle 72 across
as shown in Figure 1, stopping hard water flow to resin tank 1. All hard water flow is directed to
resin tank 1 which softens all the water now passing through the softener. Soft water flows
from pipe 17 to the injector 21 which sucks brine from the brine tank via the brine valve. The
brine solution passes through the regeneration check valve 26 and into the top of 12 resin tank
2. Service check valve 15 closes, stopping softened water from resin tank 1 from entering resin
tank 2. The brine solution flows down through resin tank 1 and regenerates the cation ion
exchange resin in the resin tank. The brine solution then passes through chamber 10 and then
via the regeneration meter 23 to drain.

[0047] According to the invention, the regeneration system comprising the service meter 16,
regeneration meter 23 and the valves 14, 15, 25, 26, 27, 28, 29 and 30 is implemented in a
single system comprising parts of a displacement type flow device or meter (hereinafter a
"displacement meter") as described below.

[0048] Referring to Figures 10 to 17, shown is an embodiment of a displacement meter 100
according to the present invention. The circled portion of the displacement meter 100 in Fig. 10
is more clearly seen in enlarged form in Figs. 12 and 13. The displacement meter 100
embodies at least the service meter 16 and regeneration meter 23 of Figs. 1 to 9.

[0049] The displacement meter 100 encloses a chamber 110 (Fig. 11) for receiving a flow of
fluid which, in the case of a water softener apparatus including the displacement meter 100,
would comprise water. The chamber 110 has a fluid inlet 112 and a fluid outlet 114. The
chamber 110 includes a first mechanism 116 driven by fluid flowing in through the inlet 112
towards the outlet 114. A predetermined finite volume of fluid causes the first mechanism 116
to complete one revolution around the chamber 110. The revolving first mechanism 116 is
arranged to drive a shaft or centre drive dog 118 (Fig. 14) which may be linked by a spur gear
train 120 (Fig. 14) or the like to a mechanism for metering the number of finite volumes of
water which have passed through the chamber 110. The first mechanism 116 is therefore
configured to detect and/or meter an amount of fluid flowing through the chamber 110 over
time. The first mechanism 116 comprises at least part of the service meter 16 of Figs. 1 to 9.

[0050] The configuration of the chamber 110 and the first mechanism 116 as shown in Fig. 11
is provided by way of example only. It will be understood that other configurations of
displacement type flow device chambers and metering mechanisms may be utilized in
embodiments of the present invention.

[0051] An adjuster mechanism 122 (Figs. 10, 16 and 17) enables the number of finite volumes
of fluid being detected/metered to be adjusted such that more or less finite volumes need to be
detected/metered to trigger a regeneration event or the like for harder or softer water
dependent on the position of an adjuster knob 124 of the adjuster mechanism 122. In other
words, it is possible to use the adjustment mechanism 122 to adjust the amount of
metered/detected water flowing through the chamber 110 required to trigger a water softener
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apparatus regeneration event without requiring any disassembly of the displacement meter
100 to change gear train ratios or the like.

[0052] The number of finite volumes of water which is detected/metered is related to the stroke
length of a guide member (hereinafter "cam" 126) (Figs. 12 and 13) of a service follower disc
128 (Figs. 14 and 15) of a second mechanism 130 when it passes along a snail tooth 132 of a
snail cam 134 of the adjuster mechanism 122. The second mechanism 130 is driven by the
first mechanism 116 for triggering or initiating an event such as a water softener component
regeneration cycle in response to the detection and/or metering of a selected or calculated
amount of fluid flowing through the chamber 110 of the displacement meter 100.

[0053] The centre drive dog 118 causes rotation of the spur gear train 120 positioned just
above the chamber 110. The spur gear train 120 has a fixed gear ratio. The spur gear train
120 causes rotation of a worm gear 136 which rotates a slideable spur gear 138 causing
rotation of the snail cam 134. The slideable spur gear 138 is mounted on the snail cam 134.
Rotation of the snail cam 134 in turn causes the cam 126 of the service follower disc to move
along the surface of the snail tooth 132 of the snail cam 134 thus rotating the service follower
disc 128 in what can be considered a forward direction of rotation. As the service follower disc
cam 126 moves along the snail cam 134, tension is built up in a biasing means such as a
tension spring 140. In Figs. 12 and 13, the cam 126 is shown near the end of its stroke such
that the cam 126 is about to fall off the snail profile. WWhen the cam 126 does fall off the surface
of the snail tooth 132 of the snail cam 134, the tension spring 140 returns the cam 126 to a
position near a lower end of the snail cam 134 adjacent to the slideable spur gear 138. Thus,
when the cam 126 falls off the end of the snail tooth 132, the spring 140 causes the service
follower disc 128 to return, i.e. to be retracted by the spring 140, to its former position with the
cam 126 now contacting the snail tooth 132 at or near its base point, i.e. at an end of the snail
tooth 132 closest to the slidable spur gear 138.

[0054] As the service follower disc 128 rotates in the forward direction of rotation, a first ratchet
and pal mechanism 142 engages a service drive disc 144 and also drives this forward in the
same forward direction of rotation. Once the service drive disc 144 has been rotated in said
forward direction of rotation by a sufficient amount, it causes triggering or initiation of an event
such as a regeneration event. However, it should be noted that, when the service follower disc
128 is retracted by the spring 140, the service drive disc 144 is not retracted, but retains the
rotated position it has gained. Consequently, the service drive disc 144 which has just been
rotated by an amount by the service follower disc 128 does not retract its position but retains
its rotated position during the time that the service follower disc 128 retracts.

[0055] Each time the service follower disc 128 is rotated in the forward direction of rotation, it
causes the service drive disc 144 to also rotate by an amount related to the adjustable stroke
length of the service follower disc cam 126.

[0056] As the service drive disc 144 rotates, it moves along a second ratchet and pal system
146 with a gearbox lid 148. It also engages a contact key feature of a control disc 150 thus
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rotating the control disc 150 around a centre pin 152. The service drive disc 144 directly drives
the control disc 150 and a ceramic disc 154 and together these can be considered as
comprising the second mechanism 130. As the control disc 150 rotates pressure from a
pressure feed hole and drain pressure from a drain pressure feed hole are distributed to
relevant valves in the water softener apparatus. The control disc 150 and the ceramic disc 154
are arranged such that, for a set amount of forward rotation, they trigger one or more events
such as regeneration events. Consequently, the triggering of events is directly related to the
number of strokes needed to be made by the cam 126 of the service follower disc 128 to
cause, via the service drive disc 144, a set amount of rotation of the control drive disc 150 and
the ceramic disc 154 to trigger events. By inference, there is a direct relationship between the
adjustable number of the finite volumes of water flow needed to complete one stroke of the
cam 126 of the service follower disc 128 to the triggering of a regeneration or like event, i.e.
the number of strokes made by the service follower disc 128 to cause a pre-set amount of
rotation of the service drive disc 144 is adjustable and thus the metered volume of water
required to trigger a regeneration event is adjustable by means of manually adjusting the
adjuster knob 124 of the adjustment mechanism 122.

[0057] When the service follower disc 128 is retracted by the tension spring 140, it is able to
slip past the service drive disc 144 due to the first ratchet and pal mechanism 142. The service
drive disc 144 however is unable to retract due to the second ratchet mechanism 146
engagement with the gearbox lid 148 which prevents the service drive disc 144 from moving
backwards. Consequently, the service drive disc 144 only counts forward.

[0058] Once the first mechanism 116 has metered water flow of a certain adjusted amount,
this causes the second mechanism 130 to trigger a regeneration event. In response, a
regeneration drive disc 156 is activated by a signal from the ceramic disc 154 and caused to
rotate. The regeneration disc 156, which is independent of the service drive disc 144, takes
over control and now directly drives the ceramic disc 154 due to a regeneration spur gear train
158 with a higher gear ratio, i.e. a faster gear train, than the spur gear train 120. Once the
regeneration disc 156 moves the control disc 150 through a predetermined amount of rotation,
it stops. Meanwhile, any service water that has gone through the water softener component in
operation will still be counted by the first mechanism 116 such that the service drive disc 144
will be rotated far enough to catch up with the rotated position of the regeneration disc 156 and
will take over driving the ceramic disc 154. The above process is continually repeated with the
only alteration being any adjustment made to the amount of water required to trigger a
regeneration event using the adjustment mechanism 122.

[0059] As indicated above, to make an adjustment, the adjuster knob 124 is accessible at an
exterior of the water softener apparatus and, when the knob 124 is rotated, this causes
backward or forward movement of the snail cam 134 relative to the service follower disc 128
(leftwards and rightwards movement when viewed in Fig. 13). An adjusted position of the snail
cam 134 relative to the service follower disc 128 results in a different stroke starting position for
the service follower disc cam 126 on the surface of the snail cam 134 which therefore requires
more or less pushes to the control disc 150 and the ceramic disc 154 to trigger a regeneration
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event dependent on the degree of adjustment of the adjustment mechanism 122. Therefore, it
is possible to manually and/or mechanically tune the water softener apparatus to the water
hardness level of the local water supply and to make such adjustments as and when necessary
as the water hardness level changes over time. In one embodiment, as the adjuster knob 124
is rotated, it turns an external gear or dial 160 which displays a hardness setting (ppm) to the
user. Consequently, it is possible for a domestic user to make an adjustment in response to
notice or publication of a changed water hardness level in their area rather than being required
to test the water hardness of their water supply. The adjuster mechanism 122 therefore varies
an operating parameter of said second mechanism 130 for varying the selected or calculated
amount of fluid required for triggering an event such as a regeneration event and does so
infinitely over a defined range of adjustment.

[0060] In the context of the present description, the term gear, gear train, gear mechanism or
gear system may generally relate to one or more gears of any known configurations, which
may include, but not limited to, a spur gear, a worm gear, a helical gear, a double helical gear,
a skew gear, a crown gear, an external gear, or an internal gear, etc.

[0061] While the invention has been illustrated and described in detail in the drawings and
foregoing description, the same is to be considered as illustrative and not restrictive in
character, it being understood that only exemplary embodiments have been shown and
described and do not limit the scope of the invention as defined in the appended claims. The
illustrative embodiments are not exclusive of each other or of other embodiments not recited
herein.

[0062] In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary implication, the
word "comprise" or variations such as "comprises" or "comprising" is used in an inclusive
sense, i.e. to specify the presence of the stated features but not to preclude the presence or
addition of further features in various embodiments of the invention.

[0063] It is to be understood that, if any prior art publication is referred to herein, such

reference does not constitute an admission that the publication forms a part of the common
general knowledge in the art.
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VANDBL@DGJRINGSAPPARAT

Patentkrav

1. Vandblgdgeringsapparat, som omfatter:

to vandbladgeringstanke indeholdende harpiks (1, 2), som hver har en @vre port
(6) og en nedre port (6), og de nedre porte (6) pa vandbladgeringstankene (1, 2) tilsluttes
via respektive kamre (9,10) pa en vekselventil (11) til et vandindlab (12), som leverer en
forsyning af vand der skal bledgeres, og ovennaevnte nedre porte (6) ogsa tilsluttes via
en tilslutning (13) pa vekselventilen (11) til et dreen via en regenereringsmaler (23), der
danner en del af et regenereringssystem til skiftevis at regenerere de to
vandbladgeringstanke (1, 2), og de @vre porte (6) pa de to vandbladgeringstanke (1, 2)
tilsluttes via respektive reguleringsventiler (14, 15) til et feelles input op en vanddrevet
flowmaler (16) med et output pa ovennaevnte vanddrevne flowmaler (16) som ferer via et
udlgbsrer til bledgjort vand (17) til et wudleb til bledgjort vand pa
vandblgdgeringsapparatet;

en saltlagetank (18) og en saltlageventil (19) tilsluttet til et injektionsinput (20) pa
en injektor (21), som har en inputport (22) tilsluttet til udlgbsraret til bledgjort vand (17)
og en udlgbsport (24) som ferer via yderligere respektive reguleringsventiler (25, 26) til
de @vre porte (6) pa de to vandbledgeringstanke (1, 2), injektoren (21) omfatter en kanal
mellem indlgbsporten (22) og udlgbsporten (24) formet til at levere en begraensning, som
medfgrer at saltlage fra saltlagetanken (18) suges ind i injektoren (21) og blandes med
bladgjort vand, der stremmer fra udlgbsporten (24), og ovenneevnte blgdgjorte vand
modtages pa inputporten (22) pa injektoren (21) fra udlebsraret til bladgjort vand (17);

at den vanddrevne flowmaler (16) konfigureres til at styre de to serviceventiler (27,
28) for at medfgre at de to ovennesevnte vandbledgaringstanke (1, 2) ikke vil veere
funktionsdygtige til bledgering af vand ved respektive forskellige intervaller, saledes at
mindst en vandbladgeringstank (1, 2) er funktionsdygtig hele tiden, de to serviceventiler
(27, 28) vil veere funktionsdygtige til at styre vekselventilen (11) gennem respektive
styreporte (31, 32) pa vekselventilen (11), og ovenneevnte vanddrevne flowmaler (16)
konfigureres til at male et flow af vand, saledes at hver gang en pa forhand fastsat
kvantitet af vand er malt, indledes regenerering af en af tankene;

ovennaevnte vanddrevne flowmaler (16) omfattes i en vandfortraeengningsmaler
(100), som ogsa indbefatter regenereringsmaleren (23) og inkluderer en

justeringsmekanisme (122) til justering af maengden af den pa forhand fastsatte kvantitet
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af vand, der kreeves malt, for at indlede regenerering af en af vandbledgeringstankene
(1, 2), vandfortreengningsmaleren (100) omslutter et kammer (110) til modtagelse af et
flow af vand, kammeret (110) har et indlab (112) og et udlgb (114), kammeret (110) har
en ferste mekanisme (116) der danner en del af den vanddrevne flowmaler (16) drevet
af vand, som flyder ind gennem indlgbet (112) mod udlabet (114), hvorved en pa forhand
fastsat, endelig volumen af vand, som flyder gennem indlgbet (112) mod udlgbet (114)
medferer at den ferste mekanisme (116) gennemfarer en omdrejning omkring kammeret
(110) for derved at male en meengde af veeske, der flyder gennem kammeret (110) over
tid, hvori et antal af de endelige volumener af vand som males er relateret til en
slagleengde pa en feringsdel (126) pa en of a service-pakskive (128), og service-
pakskiven (128) er omfattet i en anden mekanisme (130) pa vandfortreengningsmaleren
(100) for at indlede regenerering af en af ovennaevnte to vandbladgeringstanke (1, 2) af
regenereringsmaleren (23) som respons pa malingen af en valgt eller beregnet meengde
af vand, der flyder gennem kammeret (110) pa fortreengningsmaleren (100),
justeringsmekanismen (122) omfatter en kamskive med roterbar snekke (134), som
roteres af den farste mekanisme (116) gennem en gearmekanisme (118, 120, 136, 138),
som medferer at feringsdelen (126) pa service-pakskiven (128) bevaeges langs en
overflade af en snekketand (132) pa kamskiven med roterbar snekke (134) for at rotere
service-pakskiven (128) i en fremadrettet retning indtil feringsdelen (126) falder af
overfladen af snekketanden (132), hvori et forspaendingsmiddel (14) medferer at service-
pakskiven (128) roterer modsat og

returnerer til en startposition med f@ringsdelen (126) som kontakter snekketanden
(132) pa eller neer et basispunkt pa snekketanden (132), den anden mekanisme (130)
inkluderer en ferste skraldemekanisme (142) drevet af service-pakskiven (128),
ovenneevnte skraldemekanisme (142) tilkobler en service-drevskive (144) for at rotere
den i den samme fremadrettede retning som service-pakskiven (128) saledes, at sa snart
service-drevskiven (144) er roteret i den fremadrettede retning af en tilstraekkelig
meaengde, indleder den regenerering af en af vandbladgeringstankene (1, 2);
hvori service-drevskiven (144) konfigureres til at beveeges langs et andet skraldesystem
(146) med et gearkasselag (148), og at bibeholde sin roterede position fremad, nar
service-pakskiven (128) roterer modsat grundet det andet skraldesystem (146) med
gearkasselag (148) som konfigureres til at hindre service-drevskiven (144) i at beveege

sig bagleens;
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service-drevskiven (144) ydermere er konfigureret til direkte at drive en styreskive (150)
og en keramisk skive (154) pa den anden mekanisme (130) som er anbragt saledes, at
de ved en indstillet rotationsmeaengde udl@gser en haendelse med regenerering;

hvori meengden af den pa forhand fastsatte kvantitet af vand, der kreeves malt for
at indlede regenerering af en af tankene (1, 2) er relateret til slaglaengden pa feringsdelen
(126) langs snekketanden (132);

hvori et justeringsgreb (124) pa justeringsmekanismen (122) er konfigureret til at
rotere og medfare en bagudrettet eller fremadrettet beveegelse af kamskiven med snekke
(134) i forhold til service-pakskiven (128) for at justere positionen pa kamskiven med
snekke (134) i forhold til service-pakskiven (128), som resulterer i en anden startposition
for slag pa feringsdelen (126) langs overfladen af snekketanden (132); og

hvori justeringsmekanismen (122) er uendeligt justerbar inden for et pa forhand

fastsat justeringsinterval.

2. Vandblgdgeringsapparatet ifalge krav 1, hvori justeringsmekanismen (122) er manuelt

justerbar fra et ydre af vandbledgaringsapparatet.
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