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BEVERAGE FREPARATION MACHINES

The present invention relates to improvements in
beverage preparation machines and in particular to a
baverage preparation machine of the type which uses pre-

packaged containers of beverage ingredients.

Coffes houses have been a part of the "coffee culture’
since the 17" century. Throughout the years methods of
wmaking coffes have besn refined and skilled people trained
to produce the best coffee beverages. The first coffes
machines were developed in the early 1800s and an automatic
espresso machine was invented in the 1930s. The automation
of the coffee making process has, in turn, lead to a rapid
growth, particularly in the last ten years, in the number of
coffee houses/shops with more specialist drinks, such as
espresso and cappuccino, being in high demand. These types
of beverages have historically been regarded as luxury items
becauge of the need for expensive, complex machines capable
of producing the high pressures necassary for making them,
which had to be properly operated and maintained by a
trained barista to produce good guality. Coffee aficiconades
agree that an espresso can be spoiled by a badly trained
operator despite the use of a good guality machina and gond
guality coffee. This trend, however, has not only lead to an
increagsed demand from consumers for luxury top guality
beverages, but also a desire for a greater variety of
speciality beverages, and the ability to make such beverages

in the comfort of one’s own home.
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although there is no agreed technieal definition, it is
generally understood that, compared to drip coffee, barista
guality espresso has a thicker consistency, due to a higher
amount of dissclved solids and fine oil droplets suspended
throughout the drink. It has a swooth, yet thick, dark
reddisgh brown crema making up 10 to 30% of the beverage. The
crema 18 a polyphasic emulsion of ailr and the oils, proteins
and sugars extracted from the coifee which ig produced at a
high pressure, traditionally in the region of 2 to 10 bar.
The higher pressures increase the rate of coffee wetting and
improve extraction as well as being responsible forxr the

development of the crema.

It is acknowledged, by discerning espresso drinkers,
that espresso produced using water which is cooler than the
optimum temperature tastes souyr and that produced with water
which is hotter than this temperature tastes bitter. The
optimum temperature is claimed to be between 92 and 896°C.
Other factors which affect the guality of the espresso
include the roasting and age of the coffee beans, the grind
size, the compaction of the grinds prieor to brewing, and the
brew time. The “best” espresso is achieved by balancing

these key elements of the brewing process.

Domestic coffee machines have also developed
gignificantly since the first filter machines were invented
in the 19802 and coffee machines are now sssential pieces of
kitchen squipment in many households. Sowme such machines
dispense individual servings of a beverage directly into a
drinking receptacle, and derive the beverage from a bhulk

supply of beverage ingredients or from individual packages
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of beverage ingredients such ams pods, pads or cartridges. In
the following specification such packages will be referenced
by the general term cartridges. Machines which use such
cartridges eliminate the need for cleaning and can enable
the user to make a selection of beverages. An example of one
type of such cartridge is described in BP-A-~1440503. The
heverages are formed from brewing, mixing, dissolving or
suzpending the beverage ingredients in water. For example,
for coffee beverages, heated water is forced through the
carividges to form ths extracted solution. The use of
cartridges in such machines has becows increasingly popular
due to their convenience and the gquality of the heverage

produced.

An example of a wmachine for preparing beverages using
this type of cartridge is described in EP-A-1440844. Thisg
type of machine provided, inter alia, an improvement over
the prior art known at the time in that it operated at a
lower pressure than the previously known machines, which
were designed for the commercial or industrial markets
rather than the domestic market, Hence it was more suitable
for the domestic wmarket in terme of cost, reliability and
pexformance. However, the problem that faces systems that
operate at a lower pressure is that they are generally not
capable of producing barista gquality espressos, which

require a significantly higher pressure.

With the change in consumer trends, however, there is a
desire for domestic machines which are capable of producing

barista gualicy espresso and a range of other beverages,
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for which no training is necessary, which are affordable and

which regquire little or no cleaning.

Sowme machines available on the wmarket ¢laim to produce
higher guality beverages but for various reasons, they are
comparatively expensive machines., Examples of such machines
are the Gaggia L’Amante ™, the Gaggia Evolution ™, the

Nespresso Delonghi Latissimma 660 ™, and the Krups XN2101 ™.

Most of these machines require specially designed
cartridges of increased complexity and a particular
specification of materials to cope with the high pressures
involved in the brewing process for espresso. These
cartridges generally incorporate filters and the process
uses the geometry of the cartridge to enable the desired
guality of the besverage to be produced under high pressure.
This constrains the use of the cartridges in the machine for

which it is designed.

It is, however, desirous to provide an improved
beverage preparaticon machine capable of making a selection
of beverages, including a premium guality espressc as well
28 non-espresso beverages, preferably using pre-packed
beverage cartridges. The machine may also e a bulk brewer

or other non-cartridge machine

It iz alszo desirous to provide a machine which is
backwardly compatible with existing cartridges, such as
those degcribed in EP-A-1440203, which are used in existing

low presgure beverage preparation machines,
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Accoxrdingly, the present invention provides a method of
preparing beverages using a beverage preparation machine for
preparing beverages from one or more beverage ingredients,
characterised by controlling the volume of gas in at least a
part of a delivery system of the machine to produce

predetermined characteristics in a prepared beverage.

The wvolume of gas is preferably actively controlled by
increasing the volume to increase the gas:liquid ratio in
the beverage produced, decreasing the volume to decrease the

gag:liguid ratio or maintaining the volume.

Preferably the volume of gas in the delivery system is
controlled by inducting additional gas into the delivery
system, venting gas from the delivery system and/or purging

the delivery systeam.

The method preferably further comprises the step of
measuring the actual volume of gas resident in the delivery

syatem.

An actual volume of gas resident in the delivery systewm
may be calculated from stored parameters relating te a
volume of gas remaining in the delivery system after a last

operation of the machine.

Control of the volume of gas is preferably effected on
a beverage by beverage basis and is preferably effected
automatically according to the type of beverage being
produced,
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Alternatively the contrel of the velume of gas is

effected wanuslly.

The volume of gas upstream and/or downstream of the

beverage ingredients may be controlled.

Preferably the volume of gas is contreolled by
selectively opening and/or closing valve means in the

delivery system prior to and/or during beverage preparation.

The invention alsce provides a beverage preparation
machine for preparing a beverage from ong or mora beverage
ingredients, characterised by the provision of means for
controlling the volume of gas in at least a part of a
delivery system of the machine to produce predetermined

characteristics in a preparved beverage.

The wmachine preferably comprises means for determining

the actual volume of gaa resident in the delivery sysbem.

The means for determining the actual veolume of gas
resident in the delivery system way comprise means for
calculating the actual volume from storsd pavameters
relating to a volume of gas remaining in the delivery system

after a last operation of the machine.

Preferably the stored parameters comprise a basic
velume parameter stored in the control means, said basic
volume being the actual volume of gas which resides in the
delivery system of an unused wachine or 3 machine after a

purging cycle has been run.
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The stored parameters may comprise parameters relating
to the actual volume of gas remaining in the delivery system
afrer esach type of beverage which the machine is programmed

O prepare.

The means for determining the actual volume of gas
resident in the delivery system preferably comprise means
for measuring the actual volume of gas in the delivery

systen,

Parameters relating to predetermined veolumes of gas
required to be present in the delivery system for preparing
a predetermined range of beverages are preferably stored in
the control means, sald control means being programmed to
calculate the difference bhetween the predetermined volums
reguired for a beverage in preparation and the actual volume

present.

The means for controlling the actual volume of gas may
comprise valve and/or purge means for venting gas and/or
pump means for injecting additiconal gas into the delivery

systen.

Preferably the valve meansg comprise an ocutlet wvalve
downatream andfor a valve upstream of the beverage

ingredients.

Operation of the valve weans is preferably controlled
relative to the beverage preparation cycle to vary the

actual volume of gas present in the delivery system.
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Preferred ewmbodiments of the present invention will now
be described, by way of example only, with reference to the

accompanying drawings in which:

Figure 1 is a front perspective view of a priar‘art
baverage preparation machine with the cartridge head in a
cloaed poasition;

Pigure 2 is a front perspective view of the machine of
Figure 1 with the cartridge head in an open position;

Figure 3 is a rear elevation of the machine of Figure 1
with some parts omibted for clarity;

Figure 4 is a front perspective view ¢f a cartridge
head of the machine of Figure 1 with sowme parts omitted for
clarity;

Figure 5 is another front perspective view of the
cartridge head of Figure 4, with some parts omitted for
clarity;

Figure & is a cross-sectional view of the cartridge
head of Figure 4 in a closed position accommodating a
version of a beverage cartridge;

Figure 7 is a cross-sectional side slevation of the
cartridge head of Figurs 4 in an open position accommoadating
the bheverage cartridge;

Figure 7a is a plan view of a rubber seal for the
cartridge head of Figure 4;

Figure 8 is a schematic showing the varicus component
parts of the machine of Pigure 1 incorporating a new
variable outlet wvalve;

Figure ¢ is a section of schematic of an outflow from
the cartridge head incorporating the variable outlet valve

of Figure 8;
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Figures 10-12 are cross-sectional front elevations of
one embodiment of the variable valve in the cutflow of

Figure 2 showing it's closed, open and restricted positions

-respectively;

Figures 13a and 13b are crosg-sectional end elevations
of an alternative variable outlet valve used in the ocutflow
of FPigure 9 in its open and closed position respectively;

Figures 14 and 15 are cross-sectional side elevations
of the valve of Figures 13a and 13b;

Figure 16a is a side elevation of a beverage receptacle
containing a cofifes bheverage having a large veolume of crema
produced using an improved gas management system;

Figure 16k is a chart showing the birew paramebers used
in producing the beverage illustrated in Figure 16a;

Figure 17a is a side elevation of & beverage receptacle
containing & coffee beverage having a small volume of crema
produced using the improved gas management system;

Figure 17b is a chart showing the brew parameters used
in producing the beverage illustrabted in Figure 17a;

Figure 18 is a plan view of a beverage cartridge
suitable for use in the beverage preparation wmachine of
Figure 1;

Figure 19 is cross-sectional side elevation of an outer
member of the cartridge of Figure 18;

Figure 20 is a cross-gectional side elevation of a
detall of the ocuter member of Figure 19 shawing an inwardly
directad cylindrical extension;

Figure 21 is a crogs-sectional side elevation of a
detail of the outer wmenbey of Figure 19 showing a slot;

Figure 22 is a perspective view from above of the outer

member of Figure 19%;
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Figure 23 is & perspective view from above of the outer
member of Figure 19 in an inverted orientation;

Figure 24 is a plan view from above of the outer member
of Figure 19;

Figure 25 ig8 a crosg-sectional draving of an inner
member of the cartridgs;

Figure 25a is a cross-sectional drawing of a detail of
the inner wember of Figure 25 showing an aperture;

FPigure 26 i3 a pergpective view from above of the inner
menber of Figure 25;

Pigure 27 is a perspective view from above of the inner
mamber of Figure 25 in an inverted crientation;

Figure 28 is ancother cross-sectional drawing of the
inner member of Figure 25;

Figure 28a is a crosg~-sectional drawing of ancther
detail of the imner mwenber of Figure 25 showing an air
inlet;

Figure 23 is a cross-sectional side glevation of the
cartridge in an assembled condition; and

Pigure 30 is a oross-gsectional side slevaticn of

another version of cartridge.

In order to cater for the desired wide selection of
good guality beverage types, having different
characteristics, the present invention involves one or more
significant iwmprovements to known beverage preparation
machines. These inprovements enable sufficiently high
pressures to be generated and maintained for the production
of good guality espressos, and the pressure to be wvaried in

a manner which is invisible to the user and reguires no
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manual intervention. Furthermores they enable the crema to be

improved in a way not previously possible.

Thege improvements, which will be described in more
detail below, include:-

1. providing a variable geometry valve downstream of
the beverage cartridge to enable the beverage preparation

machine to operate at a range of pressures; and

2. providing greater contrel over the end appearance
of the dispensed beverage, in particular beverages with
crema, by controlling the volume of gas pasged through the

beverage ingredients.

The aforementioned improvements will be described with
reference to a known beverage preparation machine 10 which
is illustrated in Figures 1 to 7 of the accompanying
drawings. It should be noted, however, that the improvements
find application in a wide range of beverage preparation
machines capable of using a wide range of cartridges which,
28 noted above, include pods, pads, rigid and semi-~yigid

gartridges,

The beverage preparation machine 10 ¢of Figures 1 to 3
generally comprises a housing 11, a tank 12, a water heatexr
13, a control processor {(not shown), a user interface 16 and
a cartridge head 17. The cartridge head 17 in turn generally
comprises a cartridge holder 18 for helding, in use, a
beverage cartridge 100 and cartridge recognition means 20.

The cartridge head 17 further comprises inlet and outlet
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piercers 21,22 for forming in the beverage cartridge 100, in
use, an inlet 107 for liguid to enter the cartridge 100 and

an outlet 108 for the prepared beverage to exit the beverags
cartridge 100,

Although wabter is likely to be the most common liguid
ugsed in preparing beverages such as coffes, the machine 10
is also capable of handling other ligquids, such as milk or
wilk preparations, for mixing with the beverage ingredients
200. Any refervences herein to wabter should alsoe be taken to

include any form of liquid used in preparing beverages.

The housing 11 ia preferably made in whole or in part
from a suitahle plastics material or metal. The housing 11l
preferably comprises a clam-shell design having a front half
25 and a rear half 26 which allow access during assembly for

fitting of the machine 10 components,

The front half 25 of the housing 11 defines a
dispensing station 27 where dispensation of the beverags
takes place, which includes a cupstand 23 with a drip tray
located heneath. The machine user interface 16 is also
located on the front of the housing 11 and comprises a
plurality of control switcﬁes, for example, a start/stop
button 28, and a nusbher of status indicators 295-32. The
status indicators 29-32 arxe preferably light emitting diodes
{LED} which, for example, indicate readiness of the wachine
10, whether an error has occurred in the machine 10
cperation, and the mode of opevation of the machine 10. The
LEDs 22-32 may be controlled to illuminate at a constant

intensity, to flash intersdrtently, or both depending on the
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of colours including gresn, red and yellow. The start/stop
button 28 controls commencement of the dispense cyele and is
preferably a manually operated push-button, switch or

gimilar.

The tank 12 is located to the rear of the housing 11
and is preferably incorporated in, or connected to, the rear
half 26 of the housing 11. The tank 12 has an inlet for
filling the tank 12 with water, or other liguid, which is
closed off when the tank 12 is in position in the machine
10, An outlet is provided towards a lower end of the tank
12 which communicatbtes with the pump 14. The tank 12 may be
made from a transparent or translucent material to allow a
congumer to view the guantity of water remaining in the tank
12. Alternatively, the tank 12 may be made from an opaque
material but have provided a viewing window therein. In
addition, or in place of the above, the tank 12 may be
provided with a low lewvel sensor which prevents operation of
the pump 14 and optionally triggers a warning indicator,
such as an LED, when the ligquid level in the tank descends
to a preselected level. The tank 12 prefsrably has an

internal capacity of approximately 1.5 litres,

The pump 14 is operatively connected between the tank
12 and the water heatery 13, as shown schematically in Figure
8, and is controlled by the contrel processor. A suitable
pump provides a flow rate of 200 wl/min of water at a
presgure of & bar. The flow rate of wakeyr through the
machine 1€ can be controlled by the control processocor to he

a percentage of the mawximum flow rate of the pump 14 by
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aoycle chopping the electrical supply to the pump. Preferably
the pump can be driven at any of 10%, 20%, 30%, 40%, S0%,
&0%, TO%, BO%, 90% or 100% of the wmaximum rated flow rate.
The accuracy of the velume of water pumped is preferably +
or - 5% leading to a + or ~ 5% accuracy in the final volume
of the dispensed beverags. A volumetric flow sensor (not
shown) is preferably provided in the flow line either
upstream or downgtream of the pump 14. Preferably, the

volumetric flow sensor 1g a rotary sensor.

The heater 12 is lowated in the interior of the housing
1i. One suitable heater 13 has a power rating of 15850 W and
iz able to heat water received from the water pump 14 from a
starting tewmperature of approximately 20 °C to & nominal
operating temperature of around &5$9C in under 1 minute.
Preferably the dwell time between the end of one dispense
cycle and the heater 13 being able to commence a subseguent
dispense cycle is less than 10 seconds. The heatery maintains
the selected temperature to within + or -~ 2 °C during ths
dispense cycle. The water for the dispense cycle is
deliverad to the cartridge head 17 at a predetermined
temperature. The heater 13 is able to guickly adjust the
delivery temperature to the required temperature, generally
betwegen 80°C and $8°C and possibly higher from the incoming
water temperature. Where desired, the machine 10 can
incorporate a steam purge, The preferred means of generating
the steam purgs is to utilige a water heater 13 in the foxrm
of a flash {also known as an instantaneous or flow} heater.
Typically such f£lagh heaters comprise a tube through which
the water passes wherein the tube is heated by ons Or more

registive elements., The flash hsater can be used not only
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for heating water for forming beverages but also, at higher
power settings, for gensrating a steam purge by bolling off
water remaining with the flash heater tubes after the
beverage hasg been formed. An advantage of flash heaters is
that there is no significant delay whilst water in a boller
hsats up. Flash heaters heat water on demand and switch off
immediately after each brewing cycle and are therefore very

energy efficient.

Water output from the heater 13 is fed wvia a suitable
delivery system to the cartridge head 17 and cartridge 100
by means of a valve. If the pressure of the water flow is
acceptable, the water is passed to the cartyidge 10¢. If the
pregsure is below or above predetermined limits then the
water is diverted by means of the valve to a waste recovery

receptacle.

The delivery system comprises conduits which connect
the tank 12, the water pump 14, bthe water heater 13 and the
cartridge head 17 {as shown in Figure 8} to transport the

water from the tank 12 to the carbtridge 100.

The cartridge holder 18 is designed to be capable of
handling the opening forces generated by the pressure inside
the cartridges 100, which is around 250kg for espresso
heverages. During coperation of the machine 10 the cartridges
100 attempt to expand, but the integrity of the cartridges
100 must be maintained. In addition the user must not be
able to open the holder 18 whilst the system is pressurised
and suitable locking wechanisms are provided to achieve
this.
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One guitable design of cartridge head 17, as described
in WO-A-2006/014938, is shown in Figures 4 to 7. The
cartridge holder 18 of the cartridge head 17 comprises a
fixed lower part 43, a rotatable upper part 44 and a
pivotable cartridge mount 45 positioned between the fixed
lowar part 43 and the rotatable upper part 44. The uppex
part 44, lower part 43 and cartridge mount 45 are rotated
about a common hinge axis 46, Figures 4 to 7 show the holder
18 with some components of the machine 16 omitted for

clarity.

The rotatable upper part 44 and pivotable cartridge
mount 45 are moved relative to the fixsd lower part 432 by
means of a clamping mechanism. The clamping mechanism
conprises a clamping lever having first and second members
oy parts 47 and 48. The first part 47 of the clamping leveyr
comprises & U-shaped arm which is pivotably meounted to the
uppar part 44 at two first pilvot points 48, one on each side

of the holder i8.

The second part of the clawmping lever comprises two
aver-centre armg 49, one on sach side of the holder 18 which
are each pivotably wounted to the upper part 44 at a second
pivot point 50 located on the hinge axis 46 coupling the
uppsr part 44 to the fiwed lower part 43. Each over-centre
arm 42 ig a reciprocal member compriging a cylinder 42a, a
gtem 49%b and a resilient slesve 4%c. The cylinder 4%a has
an internal bore and is rotatably mounted at one end at the
hinge axis 46. A first end of the stem 4%b is slidingly
received in the bore of the cylinder 4%a. The opposite end

of the stem 4%b 1s rotatably mounted to the U-ghaped arm 47
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at a third pivot point $1. The third pivot points 51 are
unconnected to, and freely moveable relative to, the upper
part 44 and lower part 43. The resilient sleeve 4%c is
mounted externally on the stem 49h and extends, in use,
between abutment surfaces on the ovlinder 4%a and stem 49%b.
The resilient sleeve 4%c accommodates shorbening of the
over-gentre arm 42 but biases the over-centre arm 4% into an
extended configuration. Movement of the third pivot points
51 towards and away from the hinge axis 46 is thus possible
by relative movement of the stems 48b in the cylinders 49%a.
The resilient sleeves 4%c are preferably formed from
gilicone. Whilst the illustrated embodiment uses twoe over-
centre armsg 4%, it will be apparent that the closure
mechanism may be configured with only one over-centre arm
49.

The U-shaped arm 47 extends around the front of the
holder 18 and comprises two downwardly dependant hook
members 52, one on =ach side of the holder 18, each
comprising a cam surface facing the hinge axis 46. The fixed
lower part 43 of the holder 18 is provided with two bosses
53, or detents, located one on each side ¢f the lower part
43 at or near a front edge %4 thereof aligned generally with
the hook members 52.

As ghown in Figure 4, the U-shaped arm 47 may be formed
from a ons pisce plastics moulding comprising an srgonomic

hand grip and the hook mambers 52 integral to the arm 47.

The cartridge mount 45 is rotatably mounted bestween the

upper amd lower parts 43, 44 of the holder 18. The mount 45
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is provided with a substantially circulary recessg 55 which
recelves in use the beverage cartridge 100 {which is
described in greater details below). The recess 55 includes
an irregularity 56 for accommpdating the handle portion 24
of the beverage cartridge 100 which also acts to prevent
rotation of the beverage cartridge 10C in the holder 18. The
cartridge mount 45 is sprung yelative to the fixed lower
part 43 such that in the open position, as shown in Figure
7, the cartridge mount 45 is biased out of contact with the
fixed lower part 43 so that the cartridge mount 45 is moved
out of contact with the cubtlet and inlet plercer members 21,
22. The cartridge mount 4% is provided with an aperture 57
for receiving there through the inlet and cutlet pigrcers
21, 22 and a head of the cartridge recognition means 20 when

the cartridge wmount 45 is moved into the closed position.

The upper part 43 cowmprises a generally circular bedy
58 housing a circular viewing window 5% through which a
consumer can view the beverage cartridge 100 during a
digpense oycle and also visually confirm whether a cartridge
100 is leaded in the machine 10. The viewing window 592 is
cup-shaped having a downwardly directed rim. In addition,
the viewing window 59 is provided with a clamping member in
the form of an inwardly directed tubular extension 61 as

shown in Figure 7. The sxtengion 81 igs directed towards the

‘lower part 44 and lies within the volume of the cartridge

head when in the cloged position as shown in Figure &. The
viewing window 59 is able to move axially relative to the
housing 58 of the upper part 43. One arrangement of
accomplishing the relative movement is to provide a wave

spring {not shown), or similar resilient means such as a
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rubberised ring, poesitioned between the viewing window 59
and the circular housing 58. In an alternative arrangement,
a geries of helical compression springs (not shown) are
provided extending between the viewing window 5% and the
houging 58. In both cases the resilient means allows the
viewing window 59 to move axially relative to the circular

housing 58 by a small degree.

When the holder 18 is in the closed position, a distal
end 62 of the tubular extension &1 of viewing window 58
bears againgst the clamping surface 18a of the beverage
cartridge 100 biasing it against the lower part 44 as shown
in Figure 6§ {(in which the arrangement is illustrated
containing a cartridge having a greater depth). The pressure
exerted by the tubular extension 61 on the outer wmember 102
ensures a fluid tight seal between the cartridge 100 and the
holder 18. It should be noted that the height of the viewing
window 5%, and hence also the cartridge head 17, is such
that cartridges 100 of wvaricus depths can be inserted. In
Figure & the arrangement is shown with a relative deep
cartridge. The same cartridge head 17 can also accommodate
shallower cartridges. In this case there will be a gap
between the upper surface 11 of the cartridge 100 and the
window 59. However the cartridge 100 is fully sealed at
inlet and outlet by the pressure applied by the tubular

axtension 61.

The lower part 43 comprises the inlet and oublet
piercers 231, 22 and the head of the cartridge recognition
means 20. The inlet plercer 21 comprises a hellow needle-~

like tube 63 having a sharpened end 84 for perforating the
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laminate 108 of the beverage cartridges 100 in use. The inlet
pigrcer 21 ig in fluid communication with a water conduit
$5%, as shown in Figure 7, which passes through the lower
part 43 and is connected to an outlet conduit 66 of the
water heater 13. The outlet piercer 22 is similar in type to
the outlet pilercer described in the EP-A-038%141 and EP-A-U
3134572 and comprises an open ended cylinder of circular or
D-shaped cross-section having dimensions larger than the
beverage discharge spout 109. An arcuate portion 67 of the
upper end of the outlet piercer 22 is serrated to pierce and
eventually cut the laminate of the beverage cartridge 100.
The remainder of the upper end is cut back longitudinally of
the covlinder at least to the base of the teeth 68 of the
serrated portion to fold or pull the cut laminate 108 away
from the ocutlet aperture befores the heverage is dispensed
there through. The outlet piercer 22 pierces the laminate
105 externally of the discharges spout 143 and when the
cartridge mount 45 is in the closed position, rests in the
annulus between the discharge spout 143 and the outer wall
42 of the discharge funnel 140. The cutlet piercer 22 folds
back the cut laminate 105 into the annulus. Thereby both the
outlet piercer 22 and the cut laminate 105 are held cub of

the way of the discharged beverage.

The outlet piercer 22 is survounded by a ledge which is

raiged relative to its surroundings by 0. Smm.

Advantageously, the outlet pisrcer 22 is removable from
the lower part 43 t£o enable it to be thoroughly cleaned, for
example, in a dishwasher. The remcvable outlet piercer 22 is

received in a recess in the lowery part 43 where it is
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seated. The inlet piercer 21 and/or the outlet pisrcer 22
may be made of a metal, such as stainless steel, or from a
plastics material. Advantageously. the use of plastic
cutting elements is enabled by use of a laminate 105 which
is able to be punctured and cut by a non-metallic material.
Consequently, the piercers 21, 22 can be made less sharp
which lowers the visk of injury to the consumer. In
addition, plastic piercing elements are not prone to rust.
Praferably, the inlet piercer 21 and the outlet pisrcer 24
are formed as a single, integral unit which is removable

from the lower parb 43.

In use, the upper part 44 of the holder 18 is wmovable
from an open pogsition in which it is orientated vertically
or btowarde the vertical as shown in Figure 2, to a closed
position in which it is orientated substantially
horizontally and in interengagement with the fixed lower
part 43 and cartridge mount 4%5. The upper part 44 is moved
from the open to the closed positions by operation of the
clamping lever. To close the upper part 44 a user takes hold
of the clamping lever by the U-shaped arm 47 and pulls
doewnwayde. Consequently, the upper part 44 rotates which
firet brings the tubular extension 81 of the viewing window
53 into contact with the clamping surface 118a of the
beverage cartridge 100. Continued rotation of the upper part
44 rotates the upper part 44 and cartridge mount 45 down
inte contact with the lower part 43. Further rotation of
the U-ghaped arm 47 causes the U-shaped arm 47 to rotate
relative to the upper part 44 and the lower part 43
resulting in the hook members 52 of the upper part 44

engaging the bogses 53 of the lower part 43 with the cam
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surface riding over the bosses 53. During this last stage of
rotation the cartridge 100 is compressed between the
cartridge mount 45 and the viewing window 59. A3 a result,
the viewing window 59 is moved axially slightly relative to
the eircular housing 58 of the upper part 44 against the
bias of the wave spring or helical springs. This movement
allows for a take up of teolerances in the beverage cartridge
100 and beverage preparation machine 10 and ensures that the
amount of compressive force applied to the cartridge 100 is
kept within an scceptable range. The clamping force of the
mechanism ags wmoderated by the action of the wave spring or
helical springs ensures a clamping pressure on the cartridge
10¢. It has been found that a force of between 150N and 400N
is required to counter the pressure in the cartridge 100.
buring closure of the cartridge head the laminate 105 of the
cartridge 100 is tensicned asg it is brought inte contact
with the ledge surrcunding the outlet piercer 22 which
causes the laminate 105 to flex cut of plane as the distal
end of the outer tube 42 of the cylindrical furnnel is woved
upwardly by 0.5mm relative to the flange 147. This movement
also ensures that the great majority of the compressive
force appiied to the cartridge 100 acts through the central
region of the cartridge 100 through the load-bearing inner
member 103. These clamping forces help prevent failure of
the cartridge 100 during pregsurisation and also snsure that
the inner member 103 and outer member 102 are fully ssated
relative to one another and thus that all internal
pazsageways and apertures remain at their intended

dimensions even during internal pressurisation.
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In the closed position, the separation of the distal
end 62 of the tubular extension 61 and the lower part 44 is
shown by reference D in Figure §. This distance is fixed by
the dimengiong of the viewing windew 5%, housing 58 and
lower part 44. The distance D is chosen to be the same or
marginally gmaller than the distance & between the clamping
surface 118a and laminate 105 under surface of the
cartridges 100. In this way, on closure of the cartridge
head 17 the cartridges 100 are subjected to a fixed, known
degree of compression. In addition, both the first and
gecond embodiments of cartridge can be clamped with the same
degree of compression since distance D is the same for both

cartridge types.

An imaginary datum line can be drawn between the first
and second pivot pointa 48, 50 of the holder 18. As can he
seen in Figure 7, in the open positieon the third pivet
points 51 are located on the side of the datum line nearest
the fixed lower part 43. As the upper part 44 reaches the
closed position, the third pivot points 51 of the clamping
lever pass through the datum line jeining the first and
second pivolt points 48, 50 to the opposite side of the line,
furtheat from the fixed lower part 43. Conseguently, the U-
ghaped avrm 47 ‘snaps through’ from a first stable position
to a second stable position. The snap through action is
accommodated by shortening of the over-centre arms 42 and
congeguential compression of the resilient sleeves 43%c.
Once the third pivot points 51 are past the imaginary datum
line, the recovery of the resilient sleeves 48%c acts to
continue the motion of the third pivot points 51 away from

the imaginary datuw line. The clamping lever thus has a bi-
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gtable operation in that the lever is stable in the open or
closed positions but unstable at the point when the third
pivot points 51 lie on the imaginary datum line +joining the
first and second pivot points 48, 5¢. Thus, the snap-through
action of the clamping lever provides a positive clogure
mechanism which leads to a definite closure action wherein
in the final stages of the clamping lever’s rotation, the
snap-through action of the U-ghaped arm 47 and second arms
forces the hook members 52 firmly into engagement with the
bogses 53. In addition, the resilient sleeves 48c provide a
registance Lo re~opening of the upper part 44 gince a
minimum force is reguired to compress the slesves 45¢
sufficiently to move the third pivet points 51 back into
line with the datum line joining the first and second pivot
points 48, 50. Advantageously, the interengagement of the
hook members 52 and the bogses 53 prevents separation of the
upper and lower parts other than by rotation of the clamping
lever. This is useful in preventing opening of the cavtvidgs
head 17 during operation when the cartridge head 17 is

subject to internal pressurisation.

The prezssure exsrted by the upper section 44 snsures a
full fluid tight seal between the cartridge 100 and the
cartridge holder 18. The clamping forces help prevent
fallure of the cartridge 100 during pressurisation and alsco
ensure that 3ll of the internal passageways and apertures
within the cartridge 100 remain at their intended dimensions
even during internal pressurisation. To improve the seal
with the cartridges 100 <the applicant has now found that
lining the recess 55 of the cartridge mount 45 with a rubbex

geal 55a (see Figure 7a} improves the machine's ability to
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withstand the significantly higher pressures generated

during the brewing cycle,

Control of the brew cycle is effected by the control
processor of the beverage preparation machine 10, which
compriges a processing moduls and & memory. The control
procesgor is operatively connected to, and controls
operation of, the heater 13, pump 14, user interface 16, and

other conmponentg desgribed below.

The operational behavicur of the machine 10 is
determined by software embedded in the control processor,
for example as described in EP-A-1440644. The memory of the
corntrol processor includes one or more variables for one or
more operational parameters for the beverage preparation
machine 10. In the prior art machines these are generally
the temperature of the liguid passsd through the beverage
cartridge 100 during the operating stage, the speed of
charging the beverage cartridge 100, the presence or
otherwise of a soak step, the total dispensed volume of the
beverage, the flow rate of the liguid during the discharge

stage, and the pericd of the purge stage.

Qne purposge of the cartridge recognition means 20 is,
inter alia, to allow the machine 10 to recognise the type of
baeverage cartridge 100 that has been inserted and to adjust
one or more operational parameters accordingly. The
variables for the operational parameters are stored ian the
memory. The cartridge 100 comprigses a code 120 provided on
or in the cartridge 100 representing the operational

parameters required for optimal dispensation of the beverage
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in that cartridge 100. An example of the code is described
in BP-A-1440644.

The control processor memory further stores information
on the type of beverage dispensed so that the operating
cycle of the machine 10 may be adjusted for the next
cartridge 100. This is especially advantagecus where two or
wmore beverage cartridges 100 are used seguentially to form a
beverage. For example a coffse cartridge may be dispensed
followed by a milk cartridge to form a cappuccine beverage.
Alternatively a chocolate cartridge could be used followed
by a milk cartridge to produce a creamy hot chocolate
beverage. By using a memory that stores information on the
first beverage dispensed, the manner of dispensing the
gecond cartridge, say a milk cartridge, may be altered to
achieve an optimum beverage. In the above example the milk
dispensed for hot chocolate may, typically, be diluted less
than the milk added to the coffee. In addition, the milk
dispensed for chocolate may be dispensed at a slower flow
rate to lessen the degree of foaming of the beverage. Many
combinations of cartridges are possible and operating
parameters as will be cbvious te the skilled person. In
addition, the memoyy may be usaed to allow the machine 10 to
‘predict’ the type of beverage that a uger will next want to
dispense. For example, if a user predeminantly drinks one
beverage type then the machine can inatruct the water heater

to remain at the optinmum fenperature for that baverage type.

Operation of the known prior art machines 10 comprises
insertion of a beverage carbridge 100 into the cartridge

head 17, carrying out a dispense cycle in which the beverage
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machine.

To ingert the cartridge 100 the cartridge holder 18 is
opened ag described above to expose the cartridge mount 45.
The cartridge 100 is then placed on the cartridge wount 45
received within the recess 46. The cartridge holder 18 is
then closed by operation of the clamping handle 51 as
described above. During closure the inlet and outlel
piercers pierce the cartridge 10¢ to form the cartridge
inlet 107 and outlet 108.

To commence the operating cycle the user operates the
start/stop button 28. The operating cycle comprises the
steps of cartridge recognition and the beverage preparation

cycle.

Cartridge recognition is perforwed by the optical
cartridge recognition means 20 as described above assuming
that the outputs from the cartridge sensor and lock sensor
are satisfactory. Once the barcode 40 has been decoded the
operational parameters of the machine 10 are adjusted by the
control progessor. The preparation cycle is then
automatically commenced. The preparation cycle has four main
stages, although not all of these are used for all beverage

Lvpes:

1. Pre-~wet

2. Pause

3. Brew stage
4. Purge
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In the pre-wet gtage the cartridge 100 is charged with
ligquid from the storage tank 12 by means of the pump 14. The
charging with water causes the beverage ingredients 200 in
the chamber 160 to be wetted. The charging may take place at
a “fast? flow rate of 600 wml/min or a “slow” flow rate of
325 ml/min. The slow charging rate isg particularly useful
for cartridges 100 containing viscous liguid bheverage
ingredients where the ingredients reguire some dilution
before they are able to be pumped at a higher velume flow
rate. The volume of liquid injected into the cartridge 100
ig selected to ensure that liguid or beverage does nob drip

out of the cartridge outlet 108 during this stage.

The pause stage allows the beverage ingredients 200 to
scak in the liquid injected during the pre-wet stage for a
predetermined period of time, Both the pre-wetting and
soaking stages are kpown to increase the yield of the
extractibles from the beverage ingredients 200 and to
improve the end flavour of the beverage. Pre-wetting and
soaking are particularly used where the beverage ingredients

are roasgst and ground coffee.

in the brew stage liguid is passed through the
cartridge 100 in order to produce the beverage from the
beverage ingredients 200. The temperature of the liguid is
determined by the control processor which sends dnstructions
to the heater 13 to heat the ligquid passing from the tank 12
to the cartridge head 17. Liguid enters the cartridge holder
18 wvia an inlet valve and the inlet piercer and then passes

inteo the inlet chambsy 126 of the beverage cartridge 100.
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Brewing and/or mixing of the beverage in the beverage
cartridge 100 occurs, as described in EP-A-1440644, before
the prepared beverage exits the cartridge outlet 104, enters
the outlet valve 37 and is directed into a suitably placed

receptacle in the digpenasing station 27.

During the purge cycle the temperature of the water
heater 13 ig raised sufficiently high to convert the water
remaining in the gystem to steam and blowing the pressuriged
steam through the beverage preparation machine 10 and the
beverage cartridge 100. This ensures that all beverage is
digpengsed and that the flow path is cleared ready for
dispenging another baverage., The purge cycle may nob
commence immediately on cessation of the brew/mixing stage
to allow for the majority of the fluid to clear the flow
path.

Once the operating cycle has been cowmpleted, the
machine automatically stops and the consumer removes the
cartridge 100 by opening the cartridge holder 18 and -
manually removing and disposing of the carbtridge 100.
Alternatively, the machine 10 may be provided with an
automatic ejection mechanism for removing the cartridge

automatically on opening the cartridge holder 18.

The first of the significant improvements to the known
baverage preparation machines 10 referred to above is the
provision of variable geonmetry valve 60 {(see Figures ¢ to
15) provided adjacent the cartridge outlet 108 to provide
post~cartridge pregsure control. This enables the machine 10

to produce a wide variesty of beverages, as it allows the
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cartridges 100 to be selectively brewed at either high or
low pressure or a varying pressure duxing the brew cycle,
depending on the type of brew cycle reguired foxr the
beverage ingredients in the cartridge as identified by the
cartridge recognition means 20, thus providing an automated
variable pressure system. The modified machine is capable of
producing beverages at a range of pressures, for example

from 0 to ¢ bar, and more preferably from 0 to & bar.

The variable geometyy valve 60 is positioned
downstream of the cartridge 100, and preferably positioned
in the beverage outlet 37, which is partially housed in, and
extends from, the lower section 43 of the cartridge head 17
{see Figures 6 and 7). The valve 60 has at least an open and
a restricted state, and more preferably all of the states

identified below:-

. Cpen (Figure 11)
Rastricted {Figure 12}
Closed {Figure 10)

EoR Y S

Cleaning/purging.

Varicus types of valve may be used for the outlet wvalve
£0, such as ball valves, pinch valves, slesve valves, seat
valves oy disc valveg. The embodiment illustrated in Figures
16 to 12 ig a ball type valve which has a rotating element
69 located in a chamber 70 in the beverage outlet 37. The
rotating element 6% is rotatable batween preset positions to
provide the reguired states. The diameter of the bore of the

valve 60 in the unrestricted position is preferably at least
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smm which is reguired, for example, for cartridges 100

providing low pressure filter bheverages.

An alternative suitable valve is a pinch valve
illustrated in Figures 13 to 15 which comprises a flexible
tube 71, preferably made of silicon rubber or an slastomeric
material, and a clamping mechanism 72. In the unrestricted
position (Figures 13a and 14) the bevervage flows iresly
through the tube 71. The clamping mechanism 723 is activated
£ provide a restricted position (Figures 13b and 15! and

closed position.

The valve 60 is controlled automatically by the contrel
processor of the machine 10. Once the type of cartridge 100
inserted intc the machine 10 has been identified, by the
decoding the barcode 40, the control processor selects the
correct initial setting and, if appropriate, any subseqguent

operation of the valve 60 for the relevant beverage type.

The wachine 10 can operate in a range of modes, with
the valve 40 in one or more positions, some examples of

which are: -~

1. Valve Open Throughout The Brewing Cycle

when the valve 60 ig in its open position the operating
pressure is below 2 bar allowing a steady state through flow
rate of up to 400 ml/min. The beverage is dispensed under
gimilar conditions ko those described in EP-A-~1440644. This
mode iz particularly useful as it renders the machine 10

backwardly compatible with existing cartridges for preparing
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low pressure beverages, such as tea, foamed milk ox

chocolate.

2. Valve Restricted Throughout The Brewing Cyecle

When the valve 60 is in its restyicted position it
creates a relatively high back pressure within the cartridgs
1060, which results in an operating presgure of up to 4, 6 or
even 9 bar and provides a steady state through flow rate of
60 to 300 ml/min. This is sufficient to obtain the necessary
solids extraction and emulgification of oils in the beverage
ingredients 200 for an espressc beverage. The consequential
restriction in the beverage outlet 37 provides & shearing
and mixing action in the beverage flowing through the valve
60, giving rise to good air/liguid emulsification and
resulting in an improved crema. This mode can advantageously
be used for preparing higher pressure beverages, such as
sspressos and cappuccinos, frowm cartridges 100 which do not
have means for entraining air to effect the mixing action,

i.e. so called non-eductor cartridges.

3. Valve Clogsed Then Restricted

If the valve €0 ig closed immediately at the start of
the brewing cycle (before the pump 14 commences and during
the pre-webt cycle), this enables a higher pressure to be
developed within the cartridge 100 than when the valve 60 is

in it's restricted pegition.
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Further combinations may be appropriate, such as valve
closed then open or valve closed then restrictasd then open

according to the desired effect to be achieved.

If reguired, the valve 60 can be pulsed betwesn various
positions during the brewing cycle, or a part therecof. This
manner of valve operation during the delivery cycle enables
beverages with a crema having a graduated colour and/or

bubble size to be produced.

During the purge oycle the valve 60 is controlled by
the control processor to divert the steam to a drain area
rather than o the dispensing stabion 27 to preserve the

appearance of the beverage and prevent contamination.

The second of the significant improvements to the known
heverage preparation machines 10 referred to above is the
addition to the brew control system of gas managenent.
Surprisingly the applicant has now discovered thab the
characterigtics of beverages prepared in this type of
heverage prepavation machine 10 can be moedified beyond
boundaries hereto seen in prior art machines. The surprising
effect ig enacted by contrelling the wvolume of gas in the
delivery system during the prepavation of the beverage to
prescribe the amount of high guality crema resulting in a
controlled amount of crema on a beverage varying from a
delicate layer up Lo a surprisingly deep layer in the final
beverage. The applicant has found a way to successfully use
gases within the beverage preparabtion machine to modify the
gas:liquid ratio to produce a surprising volume of good

atable crema in prepared beverages never seen before in
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prior art machines. Maintaining a greater volume of gas
resident in the delivery system enables a much larger
gas:liguid ratio to be achieved during brewing and
dispensing and thisg produces a correspondingly larger volume
of crema. Decreasing the volume of gas enables the ratio to
be decreased to reduce the crema volume. The bubble size is
also influenced by the gas:liguid ratio, so a lower ratio
can be used to provide a tight and creamy crema and a higher
ratio used to provide a more logse and bubbly crema. This
improvenent therefore provides the ability to optimise the
crema volums and bubble size for each beverage dispensed. It
has been found that by manipulating the gas good quality
espresseg ¢an be brewed with a crema volume greater than 25%
of the beverage volumwe whilst wminimising the occurrence of
bubbles having a diameter of more than 172 microns which is
not previcusly seen to be peossible in known beverage

preparation machines of this type.

The improvement is achieved by adapting the control of
the brew cycle to provide wmeans for managing the volume of
gas within the delivery system which conveys the water frowm
the tank 12 to the beverage ingredients 200 and to the
dispensing cublet. All further references in this
specification to the delivery system are intended to include
any predetermined section therecf, for example the section
extending from the water heater 13 to the cartridge 100 and
may algo include, if relevant, some gas contained within a

headspace of the cartridge 100.

The '"basic volume® of gag which can reside within the

delivery system of any given machine 10 is dependant on its
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congstruction. The "actual volume” at any given time will
vary acceording to whether the machine 10 has just been uged
t¢ prepare a heverage, what type of beverage it was used for
and whether a steam purge cycle has been run. Thus the
improved brew cycle control incorporates means for varying
the volume of gas in the delivery system according to the
type of beverage to be dispensed {i.e. one reguiring a crema
with smaller and fewer bubbles or one which reguires a
greater froth of larger bubbles} taking into account the
actual volume of gas already present. The means for varying

the volume of gas may be achieved by combinations of:-

1. purging the delivery system after a brewing cycle
is complete, and prior to a subsequent high
pressure brew, which will increase the gas:liquid
ratio;

2 venting gas from the delivery system prior to
high pressure brewing, which will decrease the
gas:ligquid ratio; and

k3 inducting gas into the delivery system prior to
high pressure brewing, which will increase the

gas:liguid ratio.

Valve means are preferably provided to enable the
volume of gas within the delivery system to be reduced and
an alr puwp to enable gas (tvpically air) to be injected
into the system. A separate, dedicated air valve may be
incorporated in the delivery system, either upstream or
downatream of the cartridge 100. Preferably the variable
geometyy valve 60 described above may be used as the wvalve

MEANS .
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To enable this improved brew ¢ycle control to be
effected, additional parameters to those described in
conmection with the basic machine 10 may be stored in the
memory of the control processor. These additional pavameters
include the basic volume of gas for the specific
construction of machine 10 (which will apply to the machine
10 which is wnused or after it has been purged! and the
volume regquired during high pressure brewing for optimising
the crewma for sach specific beverage. Preferably the
additional parameters also include the actual volume of gas
which will remain in the delivery system after each type of
brew operaticn which the machine 10 is capable of. However
this ig not wholly necessary if the machine 10 is programmed
to run a ateam purge cycle after every beverage is
dispensed, which effectively resets the actual volums to the
rasic volume, because it flushes the dispensing systam

downstream of the water heater 13 of any remaining liquid.

The brew cycle will therefore include an additional
step, namely a gas adjustment cycle before the pre-wet

cyele. The gas adjustment cycle thus includes:-

1. An assessment of the required veolume of gas for
the type of beverage to be prepared. This will most
conveniently be the selection f£rom the processor memoxy of
the reguirsd paramater assoclated with the cartridgs code
130;

2. The determination of the actual volume of gas

currently resident in the delivery means according to the
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last operation ¢f the machine 10. This will bs the basic
volume for an unused wmachine or if a purge cycle has beesn
ruri. If the machine has just been used to prepare a beverage
and no purge cycle run, the processor ideally selects from
the memory the parameter for the remaining gas according to
the last beverage. Alternatively, means may also be provided
to specifivally monitor the velume of gas within the

delivery system at any point in time;

3. A calculation of the volume of gas to be inducted
into or vented from the delivery gystem to achieve the

required volume;

4, The modification of the volume of gas, if
required, by the induction of additional gas {typiecally aixn)

or the venting of excess gas.

In onge example the beverage preparation machine 10 has
a basic volume of gas of 3sml in thes section of the delivery
means extending between the water heater 13 and the beverage

ingredients 200.

There are a number of different wmodes of operation for
step 4 depending on the outcome of step 3, depending on what
type of valve means are used. If the valve means are
downstream of the cartridge, i.e. an cutlet valve, one way
of contrelliing the volume of alr upstream of the beverage
ingredients 200 prior to high pressure brewing is by closing
the ocutlet valve at different points in the brew cycle as

followa: -~
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1. The Correct Volume of Gzs is Present

If the processor calculatves that it requires the full
basic volume of gas (36ml} for the beverage to be digpensed,
as determined from the reading of the code 128, it closes
the outlet valve at the start of the brew cyecle, before any
water flows from the water heater 13. This means that the
compression of gas in the delivery system will commence
immediately and the cartridge 100 will be subject to higher
pressures during the pre-wet and soak cycles, with the valve
only opening to dispense the resultant beverage. As the
cutlet valve ig closed befors the pump 14 is started, all of
the 36ml of trapped gas is mixed in to the resulting
beverage and a larger volume of slightly coarser crema is
obtainad {(Figure 16a}. In the example shown the volume of
crema ¥ in 3 graduated glass, flat bottomed beaker was 20ml

compared to the volume of liguid X, which was S0ml.

The chart shown in Pigure 16b represents an example of
brew cycle paramsters used to produce a3 beverage in this

mode with a large volume of crema undey test conditions.

In this chart, a stop condition of 0 seconds {e.g.
against the remove gas step) indicates that the step is not

carriad out.
2. Too Much Gas is Present

If, on the other hand, a beverage with a small volume
of crema ig indicated by the cartridge 100 inserted and

there is an excess of gas present in the system, the ocutlet
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valve is closed after the punmp 14 has operated for a short
time until the excess gas in the delivery system has escaped
through the open valve at low pressure. With the valve being
closed later in the brew cycle, the required wvolume of gas
iz vented to atmosphere via the cartridge 100 and valve, go
a smaller guantity of trapped gas is left to be compressed
and mixed in to the resulting beverage during high pressure
brewiné and oonseguently a smalley volume of finer crema is
cbtained {Figure 17a). In the example ghown the volume of
crema ¥ in a graduated glass, flat bottomed beaker was Swml

compared to the volume of liquid X, which was 50ml.

The chart shown in Figure 17b represents an example of
brew paramebers used to produce a beverage in this mode with

a small volure of crema under test conditions.
3, Ingufficient Gas Pregent

If step 3 indicates that more gas needs to be inducted,
the outlet valve is closed immediately and the air pump
operated until the deficit has been made up. Thereafter high

pregsure brewing commences.

The following qgraph ig a digital image analysis showing
a comparison of the crems characteristics produced by the
present beverage preparation machine 10 {(machine 2}
utilising the gas svanagement syvstem and two prior art
wachines {(machines B and C} without such gas management
system. Comparing the preofiles for each machine from the
peak {(~172gm diameter) rightwards {increasing bubhle size},

it can be seen that machine A exhibits a very tight
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distribution of small bubbles within the crema. Machine C
{the Nespresso Latissma {(tm)which igs a high pressure machine
which has a pressure rating of around 19 bar and operatesg at
a pressure between 9 and 15 bar) produces a broader/coarser
distribution with a number of larger diameter bubbles,
whilst machine B {the applicantis own Tassimo/Bosch

Machine {tm} similar to that described in EP-A-1440844 which
ig a low pressure machine opearating at pressures bslow 2
bar} is coarser still, though without the larger bubbles

gsen for machine C.

Hubble size histogram

40

e Machine &
30 4 . e = Narhing 8
~hProtiing <

wQTH«Mj%%Egiﬁﬁwmaﬁ NN WS N AN ff\i
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The tail to the left of the chart (extremely small
bubkles) is characteristic of the limits of the image
analysis systems used to produce the graph, though is

gualitatively similar.
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Some elements ©of the control of the gaz in the baverage
machine 10 may also be effected manually by the use of
suitable buttons for the user to press, te indicate the type
of beverage being produced and the required crema

characteristics.

Whilst this ilmprovement has been described with
refersnce to beverage wachines 1€ which use cartridges 100,
it may also be used in bulk brewsrs and other non-cartridge

machines.

Brmbodiments of cartridges 100 which are suitable for
use in the machine 10 having the improvemants described

above are ghown in Figures 18 to 30,

The cartridge 100 generally comprises an outer nmembery
102, an inner member 103 and a laminate 105. The cuter
member 102, imnsr member 103 and laminate 105 are assembled
to form the cartridge 100 which has an interior 1988 for
containing one or more beverage ingredients, an inlet 107,
an outlet 108 and a3 beverage flow path linking the inlet 107
to the outlet 108 and which passes through the interior 104,
The inlet 107 and outlet 168 are initially sealed by the
laminate 105 and are openad in use by pilercing or cutting of
the laminate 10%. The beverage flow path is defined by
spatial inter-relatvionships between the outer member 102,
inner member 103 and laminate 105 as discussed below. Other
components may optionally be included in the cartridges 100,

such as & filter 104, as will be described further below.
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A first version of cartridge 100 which will be
deacyibed is shown in Figures 1% to 29. The first version of
the cartridge 100 is particulariy designed for use in
digpensing espresso-style products such as roast and ground
coffee where it is desirable to produce a crema. However,
thig version of the cartridge 100 may be used with other
products such as chocolate, coffee, tea, sweeteners,
cardials, flavourings, alcoholic beverages, flavoured milk,

fruit juices, sguashes, sauces and desserts.

Az can be seen from Figure 23, the overall shape of the
cartridge 100 is generally circular or disc-shaped with the
diameter of the cartridge 100 being significantly greater
than its height. A major axis X passes through the centre of
the outer wmember as shown in Figure 19. Typically the
overall diameter of the outer member 102 ig 74.5 wmm xémm and
the overall height is 16 mm £3mm. Typically the volume of

the cartridge 100 when assembled ig 30.2 wml 220%.

The outer member 102 generally comprises a bowl-ghaped
shell 110 having a curved annular wall 113, a closed top 111
and an open bottom 112, The diameter of the outer membexr 102
ig smaller at the top 111 compared to the diameter at the
bottom 112, resulting from a flaring of the annular wall 113
as one traverses from the closed top 111 to the open bottom
112. The annular wall 113 and closed bottom 112 together

define a receptacla having an interior 134.

A hellow inwardly directed cylindrical extension 118 is
provided in the closed top 111 centred on the major axis X.

&z more c¢learly shown in Filgure 20, the coviindrical

IPR2023-00502
Nespresso USA, Inc. Ex. 1002 Part 5
Page 74 of 387



521

10

15

20

258

extension 18 comprises a stepped profile having first,
second and third portiona 119, 120 and 121. The first
portion 119 is right circular cylindrical. The second
portion 120 is frusto-conical in shape and is inwardly
tapered, The third portion 121 ig another right circular
cylinder and is closed off by a lower face 131. The diameter
of the first, second and third portion 11%, 1206 and 121
incrementally decreases such that the diameter of the
¢ylindrical extension 118 decreases as ong traverses from
the top 111 to the closed lower face 131 of the cylindrical
extension 118. A generally horizontal shoulder 132 is
formed cn the coylindrical extensicn 118 at the junction

between the second and third portions 120 and 121.

An outwardly sxtending shoulder 133 is formed in the
outer member 102 towards the bottom 112. The outwardly
extending shoulder 133 forms a secondary wall 115 co-axial
with the annular wall 113 so as to define an annular track
forming a manifold.lls between the secondary wall 115 and
the annular wall 113. The manifeld 116 passes around the
circumference of the outer wmenber 102. A series of slots 117
are provided in the anmalar wall 113 level with the manifold
116 to provide gas and liquid communication between the
manifold 118 and the intexrior 134 of the ocuter member 102.
Ag shown in Figure 21, the slots 117 comprise vertical slits
in the annular wall 113. Between twenty and forty slots are
provided. In the embodiment shown thirty-seven slots 117 are
provided generally egqui-spaced around the ecircumference of
the manifoeld 18. The slots 117 are preferably betwsen 1.4
and 1.8 mm in length. Typically the length of mach slot 117

ig 1.6 mm representing 10% of the overall height of the
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outer member 102. The width of each slot 117 is between ¢.2%
and 0.3% mm. Typically, the width of each slot 117 is 0.3
wn. The width of the slcots 117 is sufficiently narrow to
prevent the beverage ingredients passing there through into

the manifold 116 either during storage or in use.

An inlet chamber 126 is formed in the outer member 102
at the periphery of the cuter wember 102. A cylindrical
wall 127 is provided, as most clsarly shown in Figure 23,
which defines the inlet chamber 126 within, and partitions
the inlet chamber 126 from, the interior 134 of the outer
member 102. The cylindrical wall 127 has & closed upper face
128 which is formed on a plane perpendicular to the major
axis X and an open lower end 129 co-planar with the bottom
12 of the cubter membey 102. The inlet chamber 26
communicates with the manifold 116 wvia two slots 130 as
shown in Figure 19. Alternatively, between one and four
slots may be used to communicate between the manifold 1i6

and the inlet chamber 126.

A lower end of the oubwardly extending shoulder 133 is
provided with an outwardly extending flange 135 which
sxtends perpendicularly to the major axis X. Typically the
flange 135 has a width of between 2 and 4 mm. A portion of
the flange 135 is enlarged to form a handle 124 by which the
cuter memper 102 may be held. The handle 124 is provided

with an upturned rim 125 to improve grip.

The outer member 102 is formed as a single integral
piece from high density polyethylene, polypropylene,

polystyrene, polyaster, or a laminate of two or more of
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these materials. A suitable polypropylene is the range of
polymers available from DSM UK Limited {Redditch, United
Kingdom . The outer nmember may be opaque, btransparent or
translucent. The manufacturing process may be injection

moulding.

The inner wmember 103 as shown in Figures 25 to 28,
comprises an annular frame 141 and a downwardly extending
cylindrical fumnel 140. A major axis X passes through the

centre of the inner member 103 as shown in Figurs 23,

As best shown in Figures 26 and 27, the ammular frame
141 comprises an outer rim 151 and an inner hub 152 joined
by ten equi-spaced radial spokesg 153, The inmer hub 152 is
integral with and extends from the cylindrical funnel 140.
Filcration apertures 155 are formed in the annular frame 141
between the radial spokes 153. A filtexr 104 is disposed on
the annular frame 141 30 as to cover the filrtyration
aperturas 155. The filter is preferably made from a
material with a high wet strength, for example a non-woven
fibre material of polyestex. Other materials which may bs
uged include a water-impermeable cellulosic material, such
as a cellulosic material comprising woven paper fibres. The
woven paper fibres may be admixed with fibreg of
polypropylene, polyvinyl chloride and/or polyethylens. The
incorporation of these plastic materials inte the cellulosic
material renders the cellulosic material heab-sealable. The
filter 104 may also be treated or coated with a material
which is activated by heat and/or preassure so that it can be

sealed to the annular frame 141 in this way.
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Ag ghown in the oross-sectional profile of Figure 25,
the inner hub 152 is located at a lower position than the
osuter rim 151, resulting in the annular frame 141 having a

sloping lower profile.

The upper surface of each spoke 153 is provided with an
upstanding web 154 which divides a void space above the
annular frame 141 into a plurality of passages 157. Each
passage 157 iz bounded on either side by a web 154 and on a
lowar face by the filter 104. The passages 157 extend from
the outer rim 151 downwardly towards, and open into, the
cylindrical funnel 140 at openings 156 defined by the inner

extremities of the wabz 154.

The cylindrical funnel 140 comprises an outer tube 142
surrounding an inner discharge spout 143, The cuter tube
142 forms the exterior of the cylindrical funnel 14C. The
digcharge spout 143 ig joined to the outer tube 142 at an
upper end ¢f the discharge spout 143 by means of an annular
flange 147. ‘The discharge spout 143 comprises an inlet 145
at an upper end which communicates with the opsnings 156 of
the passages 157 and an outlet 144 at a lower emd through
which the prepared beverage ig discharged into a cup or
other receptacle. The profile of the diacharge spout 43
compriges a stepped profile with a distinct dog-leg 166 near

an upper el of the tube 143,

As shown in Figuxe 25, the discharge spoub 143 is
provided with a partition 165 which extends part way up the

discharge spout 143 from the outlet 144. The partition 165
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helps to prevent the beverage spraving and/or splashing as
it exits the dischavrge spout 143.

A rim 167 is provided upstanding from the anmlax
flange 147 joining the outer tube 142 to the discharge spout
143. The yim 187 surrounds the inlet 145 to the discharge
spout 143 and defines an annular channel 169 between the rim
167 and the upper portion of the outer tube 142. Ths rim
187 is provided with an inwardly directed shoulder 168. Ak
cne point around the circumference of the rim 187 an
aperture 170 is provided in the form of a slot which extends
from an upper edge of rim 167 Lo a point marginally below
the level of the shoulder 168 ag most clearly shown in

Figures 25 and 25a. The slot has a width of 0.64 wm.

An air inlet 171 is provided in annular flange 147
circumferentially aligned with the aperture 170 as shown in
Figures 28 and 28a, The air inlet 171 comprises an aperture
passing through the flange 147 50 as teo provide
communication between a point above the filange 147 and the
void space below the flange 147 bebtwsen the outer tube 142
and discharge spout 143, Preferably, and as shown, the air
inlet 1731 comprises an upper frusto-conical portion 173 and
a lower oylindrical portion 172. The air inlet 171 is
typically formed by a mould tool such as a pin., The tapered
profile of the air inlet 171 allows the mould tool to be
more easily removed from the moulded component. The wall of
the outer tube 142 in the wvigcinity of the air inlet 171 is
shaped to form a chute leading from the air inlet 171 to the
inlet 14% of the discharge spout 143. As shown in Figure

Z28a, a wanted shoulder 174 iz formed bebween the air inlet

IPR2023-00502
Nespresso USA, Inc. Ex. 1002 Part 5
Page 79 of 387



140

15

20

25

30

- 48 =

171 and the chute to ensure that the jet of beverage issuing
from the slot 170 does not imwediately foul on the upper
gurface of the flange 147 in the immediate wicginity of the

air inlet 171,

The innery membery 103 may be formed as a single integral
piece from polvpropylens or a similar mabterial as described
above and by injection moulding in the sawe manney as the

ocuter member 102.

Alternatively, the inner member 103 and/or the outer
member 102 may be made from a biodegradable polymer.
Examples of suitable materials include degradable
polyethylene {for example, SPITEK supplied by Symphony
Environmental, Borehamwood, United Kingdom}, bicdegradable
polyester amide (for example, BAK 10%5 supplied by Symphony
Bnvironmental), polv lactic acids (PLA supplied by Cargil,
Minnesota, USA}, starch-based polymers, cellulose

derivatives and polyvpeptides.

The laminate 105 is formed fyom two layers, a first
layer of aluminium and a second layer of cast pelypropylens.
The aluminium layer is betwegen 0.02 and ¢.07 mm in
thickness. The cast polypropylene layer is between 0.035 and
0.06% mm in thickness. In one embodiment the aluminium laysr
is 0.06 mm and the polypropylene layer is 0.025 mm thick.
This laminate 105 is particularly advantageous as it has a
high resistance to curling during assembly. As a result the
laminate 10% may be pre-cut to the correct gize and shape
and subsequently transferred to the agssembly station on the

production line without undergoing distoertion. Congeguently,
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the laminate 108 is particularly well suited to welding.
Other laminate materials may be used including
PET/Aluminium/ PP, PE/EVOH/PP, PET/metallised/PP and
Aluminium/PP laminates. Roll laminate stock may be used

instead of die cut stock.

The cartridge 100 may be closed by a rigid or gemi-

rigid lid instead of a flexible laminate 105.

Assembly of the cartridge 100 inveolves the following

steps:

al the inner member 103 ls ingerted inte the outer
membexr 102;

b} the filter 104 is cut to shape and placed onto the
inner member 103 so to be received over the
cylindrical funnel 140 and come to rest against
the annulay frame 141;

c} the inner member 103, ocuter member 102 and filter
104 are joined by ultrasonic welding:

d) the cartridge 100 is Filled with one or more
beverage ingredients;

&} the laminate 105 is affixed to the outer member

102.
These steps will be discussed in greater detall below.
The outer member 103 ig orientated with the open bottom

112 directed upwards. The imer wmember 103 is then inserted

into the outer member 102 with the ocuter rim 151 being

raceived as a loose fit in an axial extengion 114 at top 111

of the cartridge 100. The cylindrical extension 118 of the
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outer member 102 is at the same time received in the upper
portion of the cylindrical funnel 140 of the imner member
103,

The third portion 121 of the gviindrical extension 118
is seated inside the support rim 167, The shoulder 132 of
the cylindrical extension 118 between the second portion 120
and third portion 121 bears against the upper edge of the
support rim 167 of the inner wmember 103. An interface zone
is thus formed between the inner member 103 and the outer
membey 102 comprising a face geal between the cylindrical
extension 118 and the support rim 187 which exitends around
nearly the whole circumference of the cartridge 160. The
szal between the cylindrical extension 118 and the support
rim 187 is not fluid-tight though since the glot 170 in the
gupport rim 167 extends through the support rim 167 and
downwardly to a point marginally below the shoulder 168.
Congeguently the interface fit between the cylindrical
extension 118 and the support rim 167 transforms the slot
17¢ inte an aperture providing gas and liguid communigcation
between the annular channel 16% and the discharge spoub 143.

The aperturs ig typically 6.64 mm wide by ©.6% mm long.

The filter 104 is then placed over the inner member 103
guch that the filter material contacts the annular rim 181,
An ultrazonic welding process is then used to jein the
£ilrver 104 to the inner member 103 and at the same time, and
in the same process step, the inner member 103 to the outer
member 102. The inner member 103 and filter 104 are weldsed

around the suter rim 151. The inner member 103 and outer
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member 102 are joined by means of weld lines around the

cuter rim 151 and alsoc the upper edges of the webs 154.

As shown most clearly in Figuxe 28, the outer wmember
102 and inner member 103 when joined together define a void
spacve in the interior 106 below the annular flange 141 and
exterior the c¢ylindrical funnel 140 which forms & filtration
chamber., The filtration chamber 160 and passages 1357 above

the annular frame 141 are separated by the filter paper 104.

The filtration chamber 180 contains the one or more
heverage ingredients 200. The ons or more beverage
ingredientsg 200 are packed into the filtration chamber 160.
For an espresso-style beverage the ingredient is typically
roast and ground coffee. The density of packing of the
beverage ingredients in the filtration chamber 13¢ can be
varied ag desired. Typically, for a filtered coffee product
the filtration chamber contains between 5.0 and 10.2 grams
of roast and ground coffes in a filtration bed of thickness
of typically 5 to 14 mm, Optionally, the interior 106 may
contain one or more bodies, such as spheres, which arve

freely movable within the interior 106 to aid mixing by

dnducing turbulence and breaking down depesits of beverags

ingredients during discharge of the beverage.

The laminate 105 is then affixed to the outer wmembex
102 by forming a weld 161 around the periphery cf the
laminate 105 to join the laminate 105 to the lower surface
of the outwardly extending flange 135, The weld 161 isg
extended to seal the laminate 105 against the lower edge of

the cylindrical wall 127 of the inlet chamber 126, Further,
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a weld 162 is formed between the laminate 108% and the lower
edge of the outer tube 142 of the eylindrical funnel 140,
The laminate 105 formg the lower wall of the filtration
chamber 180 and also seals the inlet chamber 126 and
eylindrical funnel 140. However, a small gap 163 exigte
prior to dispensation between the laminate 105 and the lower
edge of the discharge spout 43. A variety of welding methods
may be used, such as heat and ultrasonic welding, depending

on the material characteristics of the laminate 105,

Advantagecusly, the inner wember 103 spans between the
cuter membear 102 and the laminate 105. The inner member 103
is formed from a material of relative rigidity, such as
polypropylene. As such, the inner member 103 forms a load-
bearing member that acts to keep the laminate 105 and outer
member 102 spaced apart when the cartridge 100 is
compressed. It is prefsrred that the cartridge 100 isg
subjected to a compressive load of between 130 and 280N in
use. The compressive force actg to prevent the cartridge
failing under internal pressurisation and also serves o
squeeze the inner member 103 and outer member 102 together.
This ensures that the internal dimensions of passageways and
apertures in the cartridge 100 are fixed and unable to

change during pressurisation of the cartridge 106.

In use the water, under pressure, enters the cartridge
100 through the inlet 107 into the inlet chambexr izs. From
there the water i1s directed to flow through the slots 117
and round the manifold 116 and into the filtration chamber
160 of the cartridge 1 through the plurality of slots 117.

The water is forced radially inwardly through the filtration
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chamber 160 and mixes with the beverage ingredients 200
contained therein. The water is at the same time forced
upwardly through the beverage ingredients 200. The beverage
formed by passage of the water through the beverage
ingredients 200 passes through the filter 104 and filtration
apertures 155 into the passages 157 lying above the annular

fraune 141,

Beverage in the radial passages 157 flows downwardly
along the passages 157 formed between the webs 154 and
through the copenings 156 and into the annular channel 169 of
the cylindrical funnel 140. Prom the annular chanmel 169 the
beverage is forced under pressure through the aperture 128
by the back pressure of beverage collecting in the
filtration chamber 160 and passages 157. The beverage i
thus forced through aperture as a jet and into an expansion
chamber formed by the upper end of the discharge spoub 143.
As shown in Figure 292, the jet of beverage passes directly
ovaer the air inlet 171. Pagsage of the beverage through the
restriction of the aperture causes the pressure of the
beverage to be reduced. As the beverage enters the discharge
spout 143 the pressurs of the beverage is still relatively
low. Ag a result alr is entrained into the beverage stream
in the form of a multitude of small alr bubbles as the air
is drawn up through the air inlet 171. The jet of beverage
issuing from the aperture is funnelled downwards Lo the
outlet 144 where the beverage is discharged into &
receptacle such ag a cup where the air bubbles form the
desired crema. Thus, the aperture and the alr inlet 171
together form an eductor which acts to entrain air into the

beverage. Flow of beverage into the eductor should be kept
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ag smooth as possible to reduce pressure losses. It should
ba noted that, in the high pressure state, the air eduction

mechanism is de-activatved.

The sealing of the filter 104 onto the spokes 183 and
the welding of the riwm 151 with the cuter member 102 ensures
that there are no short-gircuits and all the beverage has to
pass through the filter 104.

Figure 30 shows a second embodiment of beverage
cartridge 100 which can be used in the bheverage preparation
machine 10 of the present invention. Like components between
the first and second embodiments have been referenced with
like numerals. Many of the conponents and functions of the
gecond embodiment of cartridge 100 are the same as for the
first embodiment. However, it can be geen fyrom Figure 30
that the cartridge 100 has a greater overall height compared
to the cartridge 100 shown in Figure 22. The outer member
102 is taller and thereby defines a larger void space in
which a larger guantity of beverage ingredients 200 can be
stored. The sscond embodiment of cartridge 100 is therefore
suitable for dispensing largex volumes of beverage. The
diameter of the ocuter member 102 and cartridge 100 are the
game as in the first embodiment. Typically the storage
volume of the cartridge 100 when assembled is 50 to 58 wml
+20%. As with the first embadiment; the upper surface of the
outer member 102 18 provided with a recess having a clamping
surface 118 located at a bottom thersof. According to the
present invention, the separation D between surface 118a and
the underside of the laminats 105 is the same as for the

first embcdiment. Ag a result, the elongated recess sxtends
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approximately 60% of the distance towards the laminate 10S.

-This advantageously allows for a simplified clamping

arrvangement to be used as described below.

Also, the second embodiment of cartridge 100 lacks an

eductor air inlet 171.

The first and second embodiments of cartridge 1
described above are given as examples of an *eductort® type
of cartridge and a *non-sductor® type cartridge which may be
used with the improved beverage preparation machine

described above.
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CLAIMS

1. A merthod of preparing beverages using & beverage
preparation machine for preparing beverages from cne or more
beverage ingredients, characterised by controlling the
volume of gas in at least a part of a delivery system of ﬁhe
machine to produce predetermined characteristicg in a

prepared beverage.

2. A method of preparing beverages as claimed in ¢laim 1
it which the volume of gas is actively controlled by
increasing the volume to increase the gasg:liquid ratio in
the baverage produced, decreasing the volume to decrease the

gas:liguid ratio or maintaining the volume.

3. a method of preparing beverages as claimed in any one
of the preceding <laims in which the volume of gas in the
delivery system iz controlled by inducting additional gas
inte the delivery system, venting gas from the delivery

system and/or purging the delivery system.

4. A method of preparing beverages as claimed in any one
of the preceding claims further comprising the step of
measuring the actual volume of gas resident in the delivery

gysten.

5, & method of preparing beverages as claimed in any one
cf the preceding claimg in which an actual volume of gas
regsident in the delivery system is calculated from stored
parameters relating to a volume of gas remaining in the

delivery system aftey a last operation of the machine.
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&. A method of preparing beverages as c¢laimed in any one
of the preceding claimg in which the control of the volume

of gas is effected on a beverage by beverage basis.

T A method of preparing beverages as claimed in any one
of the preceding claims in which the contrel of the volume
of gaz is cffected automatically according te the type of
beverage bsing produced.

g, A method of preparing beverages ag ¢laimed in any one
of claims 1 to S in which the control cof the volume of gas

iz effected manually.

Q. A method of preparing beverages as c¢laimed in any one
of the preceding claims in which the veolume of gas upstream

of the beverage ingredients is controlled.

18, A method of preparing beverages as claimed in any one
of the preceding claims in which the volume of gas

downstyeam of the beverage ingredients is controlled.

11. A method of preparing beverages as claimed in any one
of the preceding claims in which the volume of gas is
controlled by selectively opening and/or closing valve means
in the delivery system prior to and/or during beverage

preparation.

12. A beverage preparation machine for preparing a beverage
from one or more beverage ingredients, characterised by the

provision of means for controlling the volume of gas in at
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izast a part of a delivery aystem of the machine to produce

predetermined characteristics in a prepared beverage.

13. A beverage preparation machine as claimed in claim 12

 further comprising means for determining the actual volume

of gas resident in the delivery system.

14. A beverage preparation machine az claimed in claim 13
in which the means for determining the actual volume of gas
resident in the delivery system comprise means for
caloulating the actual volume from stored parameters
relating to a volume of gas remaining in the delivery system

afrer a last operation of the machine.

15. A beverage preparation machine as claimed in claim 14
in which the stored parameters comprise a basic volume
parameter stored in the control meang, said basic velune
peing the actual volume of gas which resides in the delivery
aystem of an unused machine or a machine after a purging

cycle has been run.

16. A beverage preparvation machine as claimed in claim 14
or claim 15 in which the stored parametsers comprige
parameters relating to the actual volume of gas remaining
in the delivery system after each type of beverage which the
wmaghine is programmed o prepare,

17. A beverage preparation machine as claimed in claim 13
in which the means for determining the actual volume of gas
resident in the delivery system cowprise means for measuring

the actual volume of gas in the delivery svsten.
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18. A beverage preparation machine as claimed in any one of
claims 13 to 17 in which parameters relating to
predetermined volumes of gas reguired to be present in the
delivery system for preparing a predetermined range of
beverages are stored in the control means, said control
means being programmed to calculate the difference between
the predetermined volume reguired for a beverage in

preparation and the actual volume present.

19. A beverage preparvabtion machine as claimed in any one of
claims 13 to 18 in which the means for controlling the
actual volume of gas comprise valve and/or purge means for
venting gas and/or puwmp means for injecting additional gas

into the delivery system.

20. A beverage preparation wachine as claimed in claim 19
in which the valve means comprise an outlet valve downsbream

of the beverage ingredients.

21, A beverage preparation wachine as claimed in claim 19
or glaim 28 in which the wvalve wmeans comprise a valwve

upstreamn of the beverage ingredients.

22. A beverage preparation machine as claimed in any one of
claims 18 to 22 in which the operation of the valve means is
controllaed relative to the beverage preparation cycle to
vary the actual volume of gas present in the delivery

system.
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CLATME:

1. A method of preparing beverages using a beverage
preparation machine for preparing beverages from one or more
beverage ingredients, charvactevised by controlling the
volume of air vesident in at least a3 part of a delivery
system of the machine to produce predetermined

characteristice in a prepared beverage.

2. A method of preparing beverages as claimed in claim 1
in which the volume of air is actively controlled by
increasing the volume bo increags the air:liguid ratic in
the beverage produced, decreasing the velume to decreasse the

alr:liguid ratio or maintaining the volume.

3. A method of preparing beverages as claimed in any one
of the preceding claims in which the volume of air in ths
delivery systam is controlled by inducting additional gas
inte the delivery systew, venting air from the delivery

system and/or purging the delivery system.

4. A method of preparing beverages as claimed in any one
of the preceding c¢laims further comprising the step of
measuring the actual volume of air resident in the deliivery

ayshem,

5. A method of preparing beverages as claimed in any one
of the preceding claims in which an actual volume of air
regident in the delivery system is calculated from stored
parameters relating to a volume of air remaining in the

delivery systam after a last operation ¢f the machine.
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methed of preparing beverages as claimed in any one

the preceding claims in which the contrel of the volume

G
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air is effected on a beverage by beverage basis.

7. A method of preparing beverages as claimed in any one
of the preceding claims in which the control of the volume
of air is sffected automatically according to the type of

beverage being produced.

8. A method of preparing bheverages as claimed in any one
of claime 1 to 5 in which the contrel of the volume of a is

gffected manually.

g. A method of preparing beverages as claimed in any one
of the preceding claims in which the velume of air upstream
of the beverage ingredients is controllied,

10. method of preparing beverages asg ¢laimed in any one

e

of the preceding claims in which the velume of air

downstream of the beverage ingredients ig controlled.

11, A nethod of preparing beverages as claimed in any one
of the preceding claime in wiich the veolume of aix is
controlled by selectively opening and/or closing valve neans
in the delivery system prior to and/or during beverage

praparation.

12, A beverage preparation machine for preparing a beverage
from one or more baverage ingredients, characterised by the

provigion of means for controlling the volume of aix
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resident in at least a part of a delivery system cf the
machine to produce predetermined characteristics in a

prepared beverage.

13, A beverage preparabion machine ag claimed in claim 12
further comprising means for determining the actual volume

of alir resident in the delivery syvstem,

14. A beverage preparation machine as claimed in claim 13
in which the weans for determining the actual voluwe of air
ragident in the delivery system comprise means for
caloulating the actual volume from storxed parvameters
relating to g volume of alr remaining in the delivery system

after a last operation of the machine.

15. A beverage preparation machine ag claimed in <laim 14
in which the stored parameters comprise a basic volume
parameter storsd in the control wmeansz, said basic volume
being the agtual volume of air which resides in the delivery
syatem of an unused machine or a machine after a purging

cycle has been run.

16. A beverage preparation machine as claimed in claim 14
or ¢laim 1% in which the stored parameters comprise
parameters relating to the actual volume of alry remaining
in the delivery system after each type of beverage which the

machine is programmed to prepare.

17. A beverage preparation machine as claimed in claim 13

in which the means for determining the actual volume of air
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resident in the delivery system comprise means for measuring

the actual volume of air in the delivery system.

18. A beverage preparation machine as claimed in any one of
claims 13 to 17 in which parameters relating to
predetermined volumes of alr reguired to be present in the
delivery system for preparing a predetermined range of
beverages are stoyed in the control means, said control
means being programmed to calculate the difference between
the predetermined volume reguired for a beverage in

preparation and the actual volume present.

19. A beverage preparation machine as claimed in any one of
claims 13 to 18 in which the means for controlling the
actual volume of air comprize valve and/or purge nmeans for
venting air and/or pump means for injecting additional air

into the delivery system.

Z20. A beverage preparation machine az claimed in claim 1%
in which the valve means comprige an outlet valve downstream

of the beverage ingredients.

21. A beverage preparation machine as claimed in claim 19
or claim 20 in which the valve means comprise & valve

upstream of the heverage ingredients.

22. A beverage preparation machine as claimed in any one of
claimsg 18 to 22 in which the operation of the valve means is
contrelied relative to the beverage preparation cycle to

vary the actual volume of air present in the delivery system
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The present invention relates to a Qartridge and method

for the preparation of beverages and, in particular, usin
5 sealed cartridges which ars formed frowm substantially air-

and water-impsrmeable wmaterials and which contain one ox

more ingredients for the preparation ¢f beverages.

“{‘f

It has previocusly bsen proposed to seal beverage

praparation ingredients in individual air-impermeable

10 packages. For example, cartridges or capsules containing
compacted ground coffes ars known for use in cartain colfes
preparation machines which are generally termed “espressQ”
machines. In the production of coffee using these
preparation machines the coffee cartridge is placed in &

15 brewing cﬁamber and hot water is passed though the cartridge
at relabtively high preseures, thersby extracting the
aromatic coffee constituents from the ground coffee to
produce the coffee heverage. Typiloally,. such machines
operate abt a pressure of greatey than 6 X 10% Pa. The

20 preparation machines of the type described have to date heen
relatively expensive since components of the machine, such
ag the water pumps and seals, musht be able to withstand the
high pressuves.

In WO01/58788 there is descrihed a cartridge for the

25 preparation of beverages which operates abt a pressure
generally in the vange 0.7 to 2.0 x 10° Pa. However, the

cartridge is desgigned for use in a beverage preparation
ine for the commercial or industrial market and is

relatively sxpensive and limited in the types of beverage

30 produced. Hence, there remaing a reguirement for a

0O

artridge for the preparation of beverages wherein the
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cartridgas.and beverage preparation machine are suitable, in
particular, for the domestic market in carme of cost,
performance and wyeliability. Thers is also a need for a
beverage praparation machine for such a system which is
simple to cperate and reliable in operabion and can produce
a wide range of beverags types.

It ig known bo provide dairy-based beverage ingredients
in cartridges in the form of a powder or other dehydrated
form. However, consumers consistently indicate that the use
of auch powdered dairy-based products adversely afiects the

raste, colour and texturs of the final beverage. It has

i

proven difficult to provide liguid dairy-based products in 2

2

cartridge due to the requirement to sterilise the cartridge
components. Further, it has besn found to be difficult to
comtrol the dilution and dispensing of the liguid milk
products to arrive at a consistent and acceptable final
heverage.

Tn addition, powdered dalry products cannot b= ugaed to
produce an authentic looking frothy milk-bhaged foam as
desired by consumers for cappuccino-style beverages. A
number of heverage preparaticn machineg provids a steam wand
or similar for frothing of a quanbity of wmilk. However, the
addition of the steam wand increases the cost of the machine
and regquires a means for generating steam. Operabtion of tha
steam wand mugt be done manually and regquires experience to
be successful. In addition, since steam is being used there
is the potential for the consumer to be burnt by either the
steam or hot components of the wachine. Further, the
consumer must keep 2 supply of milk available separate from
the machine and carry out a further process step of a

tha
different type in order to produce a cappuecino style
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beverage. This increases the complexity and time required to
produce such beverages,

Hence, there remains a reguirement for a system For the
preparation of beverages wherein the cartridges and baverage

preparation machine of the system are suitable, in

%11

particular, for the domestic market in terms of ook,
paerformance and reliability. There is also a need for a
bevaerage preparation machine for such a system which is
simple to operate and reliable in operation and can producs

a wide range of beverage types.

f
]

Accordingly, the present invention provides a cartridge

£

containing one or wore liguid beverage ingrediente and being
formed from substantially air- and water-imwpermesblea
materiale, the cartridge comprising an inlet for the

15 introduction of an agueocus wmedium into the cartridoge, a
compartment containing the one or more liguid beverage
ingredients and an outlet for a beverage produced by
dilution of the one or more liguid beverage ingredients by
the agueous wedium, characteriged in that the compartment

20 includes weans for controlling dilution of ab least a
proportion of the one or wove liquid beverage ingredients an
introduction of the agusous medium into the compsrimnent .

Advantageously, the cartridgs of the present invention
provides superior dilution and dispensing of liguid bevarage

25 ingredients by ensuring that the liguid heverage ingredientcs
are dispensed more avenly over the operating cycle rather
that being dispensed all at the start of the operating cycle
followed by substantially pure aqueous wedium, which ig, Ffor
example, water. This steady dispensation of the liguid

LYY

3¢ heverage ingredients leads to improved homogensity of the

ol

digpensed liguid beversge. In addition, where the diluted
2 g g

¥
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5

liguid beverage is subsequently subjected to foaming, by for
example, jetting through an orifice, the improved
homogeneity of the liguid leads to a greater consistency of
foaming and improved quality and guantity of foam produced
per unit volume of liguid beverage.

pPreferably, the means for comtreolling dilution delays
dilution of abt least a proportion of the one or more liguid
beverage ingredients on introduction of the agqueous medium
inte the compartment.

preferably, in use, an agueous medium flow path is
egtablighed frowm the inleb to the outlet, the means fox

delaying dilution conprising a partition which hinders entyy

of at least a proportion of the one or nore liquid beverags

ingredients into the agueocus medium f£low path. In one
embodiment the partition comprises one or more apsrtures for
controllably releasing the at least s proportion of the one
or more liguid beverage ingredients into the aguecus medium
flow path. Four apertures may be provided.

The partition may comprise a cup-shaped member having
an open mouth directed away frow the agueous wedium flow
path. The cup-shaped wember is preferably annular. The one
or wore apertures are preferably provided at or near a base
of the cup-~shaped membsr., The at least a proporiion of the
ligquid beverage ingredients ip the cup-shaped member, fov
exawple, drain by gravity through the one or more aparhiires
in use.

In one ewmbodiment, the cup-shaped mewber ig spaced from
a bottom of the cartridge, such that the aquéous madium flow
path passes between the cup-shaped member and the bottom of
the vartridgs. Consequently, the at least a proportion of
the liquid beverage ingredients in the cup-shaped member
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3

draing by gravity through the one or more apertures in use
vertically downwards into the agueous medium {low path.
prefsrably, the cartridge cowprises an inner membexr and
an outer mewber, wherein the inner member comprises the cup-
shaped member. The components of the inper mewber and the

outer membar may wore easily be sterilised prior to assembly

when they are separated. Once the cowponents are conjoined

a number of small-apertured, tortuous pathways are created
which cannot effectively be sterilised using known wmethods.
The ability to sterilise the components is a particularly
advantageous feature where the cartridges are used fou

dispensing dairy-based beverages such as milk.

3]

Prafershly, the cartridge further comprises means for
producing a jet of the beverage, whersin gaid means for
producing the jet of the beverage comprises an aperture in
the aguecus medium flow path. The aperture wmay be delimited
by an interface betwsen the inner member and the ocuter
member .

preferably, the cartridge further comprisss at least
cne inlet for ailr and means for generating a pressure
reduction of the Hat of beverage, whereby, in use, air from
rhe at least one air inleb is incorporated into the beverage
as a plurality of small bubbles. At least one alr inlet way
be provided in the inner member downstream of the aperture.

In one embodiment the at least one alr inlet and means
for producing a pressure reduction in the jet of beverage
produces a foaming of the one or more liguid beverage
ingredients of greaber than 40%. Preferably. greater than

0% . Preferably, the cartridge is disc-shapsd. The outex
memher and/or inner member are formed, for example, from
polypropylena.
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in one example, the liguid beverags ingredient is a
concentrated liquid milk composition. Preferably, the
concentrated liguid milk contains between 25 and 40% toral

olids. Mors preferably, the concentrated liguid wilk

n

contains 30% total solids. Also preferably, the concentrated

in

liguid wmilk contains between 0.1 and 12% fat. Alternatively,

the one or move liguid beverage ingredients are selected

from the group of cocoa solidg, coffes, tea, gweebensrs,

cordials, flavourings, alcoholic beverages, flavoured milk,
10 fruit julces, squashes, sauceg and dessertg,

The present invention alsoc provides a method of
dispensing a beverage from a car ridge containing one or
wore liquid beverage ingredients during an ope vrabing oyale,
comprising the steps of passing an agueous mediim through

15 the cartridge to form a beverage by dilution of said one or
more beverage ingredisnts, and dispensing the beverage into
& receptacls, wherein the one or mors liguid ingredients as
digpenged has a concentration at the start of the operating
cycle of between 30 and 70% total solids and a concentration
20  at the end of the operating cycle of betwesn 1 and 15% btotal
golids,

In ons embodiment the concentration at the start of the
operating cycle is between 30 and 35% total solids. The
cencentration at the end of the operating cyole is

45 approximately 10% total solids. The liguid ingredient may be
concentyataed milk., In another embodiment, the concentration
at the start of the operating c¢ycle ig between 50 and 708
total seolids. The concentration at the end of the operating
cycle is between 12 and 15% total solids. The Tiguid
30 ingredient may contain cocoa solide. In another embodinent,
the concentration at the start of the cperating aycle is
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between 40 and 70% total solids. The concenktration at the
end of the opsrating cycle is betwsen 1 and 2% total solids.
“The liguid ingredient may contain coffes.

The present invention further provides a method of

e

dispensing a beverage from a cartridge containing one or
more liquid beverage ingredients during an operating ovale,
corprising the steps of passing an aguecus medium through
the cartridge to form a beverage by dilution of gaid one or
more beverage ingredientsg, and digpensing the beverage into
a receptacle, wherein the one or more liguid beverage
ingredients is foamed on dispense to a ratio of between 20

and 150%.

Preferably the one or more liguid beverage ingredients
are foamed Lo a ratio between 70 and 100%.

The one or more liguid beverage ingredients may include
cne or more of concentrated milk, coffee and cocoa solids.

The present invention further provides a beverage as
produced by the above wmethods.

The present invention also provides a mathod of
manufacturing a cartridge for dispensation of a beverage
comprising the eteps of:

a. manufacturing a plurality of ocuter members comprising

at least a first type of cuter member and a sscond
typa of ocuter wember having differing shape or
configurations;

b. manufacturing a plurality of inner members CoOTmTrising

at least a first type of inner wember and a second
type of ilnner member having differing shape or
configurations;

¢. storing said plurality of outer members and zaid

inner members;
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of cuhber member oOr

i3
i

selecting one of the first Lyy

the merond btype of cuter member from the plurality of

cuter members;

2. selecting one of the first type of imner member Or
the second type of inner mewber from the plurality of
inney menbars;

f. conjoining the selected inner mewber to the selected

outey mewmber such the imner member is within the

outear member; -

£filling the outer member with one or more beverage

i

ingredients selected from a plurality of be vafage
ingredients; and

h. sealing the outer member with a lid to form the

cartridge.

The method of manufacturs of the present invention
provides an economical wmeans for producing cartyidges for
the dispensation of one of a plurality of beverages
Advantagecusly, the cartridge lg easily assembled from the
main components of the inney member, the cuter membar, the
beverage ingredient and the lid. Different types of outer
member, inner member and lid are manufactured ﬁemena¢nq on,
the beverage ingredient to be dispensed. However, the
differing types of inner mewber, cuter member and 1id are
interchangeable so that individual cartridges may be
assexbled from specific combinations of the stock

-

components. This results in a reduced number of tota

o

components that need to be manufactured without affecting
the flexibility of the type of cartridges that can ba
produced. Por example, the same type of outer member may be

ueed for digpensing filter coffee and espresso-style coffse.
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The cost of wmanufacturing the range of beverage
cartridges is reduced by using interchangeable compeonents.
In addition, the types of ouber member share substantially
the same exbernal shape and configuration a¢ that all
cartridges in the range can be dispensed using the same
heverage preparation machine.

Cptiomally the wethod further comprises in step .
joining a f£ilter member to the first type and/or second type
of imner member.

The first type of outer member way be sulbable for
containing roast and ground beverage ingredients or the
like. The second type of outer member may be suitable forx
containing soluble or liguild beverage ingredients or the
like.

The first typs of inner member may be suitable for
filtering rcast and ground beverage ingredients and the
like. The second type of inner member may be sultable for
filtering roast and ground beverage ingredients and the like
and for entraining a plurality of air bubbles in the
dispensed beverage.

The first and second btyps of inner member may comprige
a frawe having a filter disposed thereupon, and wherein a
peripheral rim of the frame is conjoimesd to the selectad
type of outer member by welding.

By using separats components for the inner and outex
members which are then conjoined on assembly by a welding

cesg the manufacture of sach cowmponent and the assembly
of the cartridge can be optimised. This is particularly
advantageous in the present cartridge where very small
rable aince the beverage flow path

&

tolerances are des

i
through the cartridge is defined by the interface between
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the outer member and the inner mewber. In addition the
components of the irmer member and the outsr member may more
sagily be sterilised prior to assewbly when they are
separated. Once the components arve welded together & numbey
of small-apertured, tortuous pathways are created which
cammot effectively be sterilised using known methods. The
ability to sterilise the cosponents is a particularly
advantageous feature where the cartridges are usad for
dispensing dairy-based beverages. A -welded arrangement
provides a guick to assemwble but secure wethod of conjoining
the inner member and cuter member. Advanbageously, the
welding method avoids the need for glues or other such
adhesives in the interior of the cartridge which will he
exposed to the beverage ingredients.

Preferably, the second type of inner wmember comprises
means for producing a jet of the beverage, which means
comprises an aperture in a beverage flow path between an
inlet and an ocuklet of the cartridge.

preferably, the method further comprises manufacturing
and atoring a thizd type of inner wember. The third type of
inner wmewber may be suitable for dispenasing scluble beverage
ingredients and the like.

preferably, the method further cowprises manufacturing
and storing a fourth btype of inner mewmber. The fourth type
of inner member may bes sultable for dispensing a liguld
beverage ingredients and the like.

The third or fourth type of inner member may comprise a
skirt surrounding an outlet, the skirt comprising an upper
extanasion having an upper riwm which engages, on assembly of
the cartridge, a co-operating formation of the aslected Lype

of outer member to form a snap-fit arrangement for
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b}

conjoining the third or fourth type of inner member to the
selected type of outer member.

The present invention alsce provides a cartridge svstem
for dispensing a plurality of beverages comprising:

5 a. a plurality of outer mewbers comprising ab least a
first type of outer wewber and a second type of outer
member having differing shape or configurations;

b, a plurslity of imner members comprising at least a
first type of inmer member and a second type of innex
18 member having differing shape or configurations;
<, a plurality of beverage ingredients; and
d. at least one 1id to geal the cartridge;
wherein each cartridge comprises an outer member, an
inner member, one or more beverage ingredients and a
18 lid,
The present invention also provides a method of
preparing & beverage conprising the steps of:

a. inserting a first beverage cartridge containing
one or more beverage ingredients into a beverage

a0 preparation sachine;

b, operating said beverage preparation machine to
pass an agueous wedium through the first
beverage cartridge to dispense a firsk portion
of said beversge into a receptacle;

25 <. inserting a second beverage cartridge cantaining

s

one oY moye beverage ingredients into the

i

beverage preparation machine; and
4. oparating the beverage preparvation machins to
pags an aguecus medium through the second
30 beverage cartridge to dispense a second portion
of said beverage into the receptacle;
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characterised in that one of the fixst or second
heverage cartridges contains a liquid dairy-baged
ingredient.

By using twoe or move carbtridges to prepare a beverage a
large varisty of beverage can be produced by the sawme
beverage preparation machine. In addition, each cartridoe
can be optimigssed for dispensing particular beverage
ingredients. In particular, the ability to dispense ligudid
dairy-based ingredientg allows for the formation of
heverages having an authentic look, taste and mouth feel
which have previously only been possible using nom-cartridge

bhaged systems such ss the use of a separate steam wand to

m‘

froth bulk guantitiss of milk. The present method provides
reliable and easy to operate syetem for forming such
beverages.

Preferably, one of the first or second beverage
cartridges containg an ingredient for forming a brewed
portion of a beverage.

Preferably, the method further conprisss the step of
removing the Ffirst beverage cartridge before inserting the
second beverage cartridge.

In one ewbodiment, the beverage ingredient in the first
or second beverage cartridge is roast and ground coffee. In
ancother embodiment, the beverage ingredient in the first or

&

the

4

second beverage cartridge isg lsaf-basged tea. In ancther,
baverage ingredient in the first cr second beverage
cartridge is a liquid coffee ingredient.
Fraferably, the liquid beverage ingredient is a
concentrated dairy-based product. Advantageously, the
e

concentrated dairy-based product ig concentrated liguid

wilk. Preferably, the concentrated liguid milk contains
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bentween 25 and 40% total solids. More prefersbly, the
id

addition, preferably, the concent rated liguid milk contains

o2

. In

1]

concentrated liguid milk contains 30% total so

between ¢.1 and 12% fal,

¥referably, the method further comprises the step of
foaming the one or more liguid dairy-based ingredients
during digpensation.

The present invention also provides a beverage
preparation system comprising & beverage preparation machine
having means for receiving a range of beverage cartridges

and means for passing an aguecus medium through said

{,

heverage cartridges, a First beverage cartridge containing
one or more heverage ingredientes for preparing a fivst
portion of said beverage, and a second beverage cartridge
containing one or wmore beverage ingredients for preparing a
gecond portion of sald beverage, characterised inm that one
of the first or second beverage cartyidges contains & liguld
dairy-based ingredient.

Tt will be understood that by the term “cartridge” as
used herein ig meant any package, contailner, sachelb ox
receptacle which containg ocne or more beverage ingredients
in-the manner described. The cartridge way be rigid, semi-
rigid ox flexible.

The cartridge of the present invention contains one or
more ligquid beverage ingredients suiltable for the formation
of & beverage product. The beverage product may be, for
example, onz of coffse, tea, chocolate or a dairy-basad
beverage including milk,

In the following description the terms “upper” and
sTower” and sguivalents will be used to describe the

relational positioning of features of the inventicon. The
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terms “upper” and “lower” and squivalents should be
understood to refer to the cartridge {or other components)
in its normal orientation for insertion into a beverage
preparation machine and subseguent dispensing as shown, for
example, in Figure 4. In particulayr, “upper” and “lower”
refer, respectively, to relative positions nearer or further
from a top surface 11 of the carkridge. In additioen, the
terms “inner? and “outer” and eguivalents will be used to
describe the relational positioning of features of the
invention. The termg “inner® and “outer® and eguivalents
should be understood to refer to rvelative positions in the

cartridge {or other components) being, respectively. nearer

f'}

or Further from a centre or major axis X of the cartrng: 1
{or other component}.

Embﬁdlments of the present invention will now be
described, by way of example only, with refsrence to the
accompanying drawings, in which:

Figure 1 is crosg~sectional drawing of an ocuter member
of first and second embodiments of cartridge;

Figure 2 is a crosg-sectional drawing of a detail of
the outer member of Figure 1 showing an inwardly directed
cylindrical extension;

Figure 3 is a cross-sectional drawing of a detail of
e}

the outer member of Figure 1 showing a slob;

Figure 4 is a perspechive view from above of the ouber
member of Figure 1;

Figure 5 is a perspective view from above of the outer
member of Figure I in an Ilnverted orientation;

Figure € is a plan view £rom above of the outer member

of Figure 1;
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Figure 7 is a cross-sectional drawing of an inpner
membar ¢f the first ewbodiwment of cartridge;
Figure 8 is a psrspective view from above of the inner

member of Figure 7;

i,

Figure 9 iz a parspective view from above of the innexr
wmember of Figure 7 in an inverted orientatlon;

Figure 10 is a plan view from above of the inner member
of Figure 7;

Figure 11 is a croas-sectional drawing of the firvast
embodiment of cartridge in an agsembled condition;

Figure 12 is a cross-sectional drawing of an innsy

member of the sscond enbodinment of cartridge;

;\.-—.l

Figure 13 is a cross~sectional drawing of a debail of
the inney wmembasr of Figure 12 showing an aperture;

Figure 14 is

e

perapective view from above of the inner
member of Plgure 12;

Figure 15 iz a parapective wview from above of the inner
member of Plgure 12 in an inverbted orientabion;

F

Figure 1€ is another cross-sectbional drawing of the
inner wmember of Figure 12;
Figure 17 is a cross-sactional drawing of another

detail of the inner member of Figure 12 showing an air

Figure 18 is a crosg-gectional drawing of the second
embodiment of carbridge in an assenbled condition;

Figure 1% is crosg-gectional drawing of an outer wmember
of thdrd and fourkh smbodiments of cartridge:

Figurse 20 is a cross-sectional drawing of a detail of
the outer member of Figure 19 showing an inwardly direscted

gylindrical extension;
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Figure 21 ig a plan view from above of the ocuter member
of'Figure 19;

Figure 22 lg a perspective view from above of the outer
membaer of Figure 19;

Figure 23 is a perspective view from above of the oubter
member of Figure 19 in an inverted orientation:

a cross-geckional drawing of an inner
membar of the third embodiment of cartridge:;

Figure 25 is a plan view from above of-the inner member
of Figure 24;

Figurse 26 is a cross-secbional drawing of a detail of
the inner mewbesr of Figure 24 showing an in-turned uppsy
rim;

Figurs 27 is a perspective view from above of the dnner
membeyr of Figure 24;

Figurs 28 is a pevspective view from above of the inner
member of Pigure 24 in an inverted orientabion;

Figure 29 is a croas-sectional drawing of the third
smbodiment of cartridge in an agsembled condition:

Figurs 30 is a croag-gectional drawing of an inner
member of the fourth embodiment of cartridge according to
the present lnvention; V

Figure 31 is a plan view from above of the inner member
of Pigure 30;

Figure 3Z is a perapechtive view from above of the inner
menber of Figure 30;

Figure 33 is a perspective view from above of the inner
member of Figure 30 in an inverted orientation;

Filgure 34 lg a cross-sectional drawing of the fourth

entodiment of gartridge in an agsewbled condition;
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Pigure 25 is a front perspective view o a beverage
preparation machine for use with the present invention;

Pigura 36 iz a front pergpective view of the machine of
Tigurs 35 with a cartridge head in an open position;

Figure 37 iz a vear perspective view of the wmachine of
Figure 35 with some parts omitted for clarity;

& ancther rear pergpective view of the

il

Figure 38

machine of Figure 35 with some parts omitted for clarity;

7]
&

Figure 39 i perapective view of the cartridge head

Figure 35 with some parts omitted for

iy

of the wmachine o
clarity;

Figure 40 is another perspective view of the cartridge
head of the machine of Figure 35 with sowme parts omitted fov
claritys;

Figure 41 is a cross-sectional view of the cartridge
head in a closed position;

Figure 42 is & cross-sectional view of the cartridge
head in an open position;

Figure 43 is a schematic layout of the wachine of

Figure 44a and 44b are schematic layoutg of first and
second’ code recognition means for the machine of Figure 35;

Figure 35 is a plan view of a beverage of the present
invention comprising & barcode;

Pigure 46a iz a graph of concentration vs. operatin

Pigure 46b is a graph of feoamability wvs. opsrating
ocvole time;: and
Pigure 46c ig a graph of temperature ve. operabing

cycle time.
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As shown in Pigure 11, the cartridge 1 generally
compriges an outer member 2, an inner member 3 and a
laminate 5. The cuber member 2, imner member 3 and laminate
5 are assembled to form the cartyidge 1 which hag an
interior 120 for containing one or more beverage
ingredients, an inlet 121, an outlet 122 and a beverage flow
path linking the inlet 121 to the outleb 122 and whi
passes through the intevior 120. The inlet 121 and outletb
122 are initially sealed by the laminate 5 and are opened in
uge by piercing or cutting of the laminate 5. The beverags
flow path is defined by spatial intexr-relat icnships between

v

the outer member 2, inner member 3 and laminate 5 as

]

discussed below. Other cowponents may optionally ke included
in the cartridge 1, such as a filter 4, as will be described
further below.

A first version of cartridge 1 which will be described
far background purposes is shown in Figures 1 to 1l. The
first version of the cartridge 1 isg particularly designed
for use in dispensing filtered products such as voast and
ground coffee or leaf tea. However, this vergion of the
cartridge 1 and the other versions described below way be
used with other products such as chocolate, coffee, tea,
swesteners, ocordials, flavourings, alcoholic beverages,
flavoured milk, fruit juices, sguashes, sauces and desssrig.

As can be meen from Figure 5, the overall shape of the
cartridge 1 iz generally circular or disc-sghaped with the
diameter of the cartridge 1 being significantly greater than
its height. A major axis ¥ passes through the centre of the
puter mewber as shown in Figure 1. Typically the overall

diameter of the cuber member 2 is 74.% mm i6mm and the
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overall height is 15 mm $3mm. Typlcally the volume of the
partridge 1 vhen assembled is 306.2 ml £20%,

The outer membsr 2 generally comprises a bowl-shaped
shell 10 heving a curved annular wall 13, a closed bop 11
and an open bottom 12. The diameter of the outer wewbexr 2 is
smaller at the top 11 compared to the diameter at the bobttom

12, regulting from & flaring of the anmular wall 13 as one

T

raverses from the closed top 11 to the open bottom 12. The

iy

anpulary wall 13 and closed bobtom 11 together define a
receptacle having an intericr 34,

A hollow inwardly dirested cylindrical extension 18 is
provided in the closed top 11 centred on the major axis X.
Ag wore clearly shown in Figure 2, the cylindrical extension
18 comprises a stepped profile having first, second and
third portions 19, 20 and 21. The first portion 18 is right
cirenlar cylindrical. The second portion 20 1s frusto-
zenical in shape and is inwardly tapered. The third portion
21 is another right circular cylinder and is closed off by a
lower face 31. The diameter of the firseb, second and third
portion 19, 20 and 21 incrementally decreasss such that the
diameter of the oyvlindrical extension 18 decreasss as ons
traverses from the top 11l to the closed lowsr face 31 of the
cylindrical extension 18, & generally horizcntal shoulder
32 is formed on the cylindrical sxtension 18 at the junction
between the gecond and third portions 20 and 21.

An outwardly extending shoulder 33 iz formed in the
outer member 2 towards the bottom 12. The cutwardly
extending shoulder 33 forms a secondary wall 15 co-axial
with the annular wall 13 so as to define an annular brack
forming a manifold 15 bebwesen the secondary wall 15 and the

annular wall 13, The manifold 16 passes around the
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circumference of the outer member 2. A series of slobg 17
ére provided in the annular wall 13 level with the manifold
16 to provide gas and liguid communication between the
manifold 18 and the interior 34 of the ouber wmembar 2. Ag
shown in Figurs 2, the glots 17 comprige vertival slits in
the amnular wall 13. Betwesn 20 and 40 slots are provided.
In the smbodiment shown thirty-seven slots 17 are providsd
generally egqui-gpaced around the clrcumference of the
manifold 146, The slots 17 are preferably betwsen 1.4 and 1.8
wm in length. Typically the length of =ach siot is 1.6 mm
repregsenting 10% of the overall height of the ouber membar
2. The width of sach slot is between 0.25 and 0.3%5 mw.
Typically, the width of each slot is 0.3 wm. The width of
the slots 17 is sufficiently narrow te prevent the beverage
‘ingredients passing therethrough into the manifold 16 either
during sbtorage or in use.

An inlet chamber 28 is formed in the outer member 2 ab
the periphery of the outer member 2. A cylindrical wall 27
is provided, as wmost clearly shown in Figure 5, which
defines the inlet chamber 26 within, and partitions the
inlet chamber 26 from, the intsricr 34 of the cuter member
2. The cylindrical wall 27 has a closed upper face 28 which
ig formed on a plane perpsndicular to the major awis X and
an open lowsy end 29 co-planar with the bottom 12 of the
cuter mewber 2. The inlet chamber 26 communicates with the
manifcld 15 wvia two slots 30 as shown in Figure 1.
Altermatively, between one and four sliots may be used to
communicate bhetween the manifeld 16 and the inlet chamber
6.

& lower end of the outwardly sxtending shoulder 33 is
provided with an ocutwardly extending flange 35 which extends
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perpendicularly to the major axis X. Typically the flange 35
has a width of between 2 and 4 mm. A portion of the flange
35 is enlarged to form a handle 24 by which the outer mewber
2 wmay be held. The handle 24 is provided with an upturnsd
rim 25 bto iwmprove grip.

The outer member 2 is formed as a single integral pisce
1)

from high density pelyethylene, polypropylens, pa“3s CYTens,
polysster, or a laminate of two or more of these materials

A suitable polypropylens is the range of polymers available
fram DEM UX Limited (Redditch, United Kingdow}. The ouber
membar may be opague, transparent o translucenk. The
manufacturing process may be injection meulding.

The inner membey 3 ag shown in Figures 7 to 10,
comprises an amnular frame 41 and a downwardly extending
cylindrical funnel 40, A major axis X passes through the

inner member 3 as shown in Flgure 7.
Ag best shown in Figuye 8, the annular frame 41
comprises an outer rim 51 and an inner hub 52 ioined by ten
equi-spaced radlal spokes 53. The inner hub 52 is integral
with and extends from the cylindrical fummel 40. Filtration
apertures 55 are formed in the annular frame 41 between the
radial epokes 53, A filter 4 is disposed on the annular
frame 41 so a& to cover the filtration apertures 53. The
filter ig preferably made from a material with a high wet
strength, for example a non-woven fibre material of
polyester. Other waterials which may be used include a
water-impermeable cellulosic material, guch as a cellulasic
material comprising woven paper fibres. The woven paper
fibres may be admiwmed with fibrss of polypropylene,
polyvinyl chloride and/or polyethylene. The incorporation
of these plastic materisls into the csllulesic material
IPR2023-00502
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renders the cellulosic material heat-sealabls. The filter 4
may also be treatad or coated with a waterial which is
activated by heat and/cr pressure so that it can be gealed
to the annular frame 41 in this way.

Aa zhown in the cross-sectional profile of Figure 7,
the inmer hub 52 is located at a lowsy position than the
outer rim 531, resulting in the annular frame 41 having a
sloping lower profile.

The upper surface of gach spoke 53 is provided with an
upstanding web 54 which divides a vold space above the
annular frame 41 into a plurality of passages 57. Each
passage 57 ie bounded on either side by a web 54 and on a
lower face by the filter 4. The passages 57 extend from the
outer rim 51 downwardly towards, and open into, the
cylindrical funnel 40 at openings 56 defined by the inner
extremitise of the wabs 54.

The cylindrical funnel 40 comprises an outexr tube 42
surrounding an inner discharge spout 43. The oubter tube 42
forms the exterior of the cylindrical fumnel ¢40. The
discharge spout 43 is joined to the outer tube 42-at an
upper end of the discharge spout 43 by means of an anmular
flange 47. The discharge spoub 43 comprises an inleb 45 at
an upper end which cowmunicates with the openings 56 of the
passages 57 and an outlet 44 at a lowar end through which
the prepaved beverage is discharged into a cup ox obther

receptacle. The discharge spout 43 comprises a frusto-
conical portion 48 at an upper end and a cylindrical portion
538 at a lower end. The oylindrical portion 58 may have a
slight taper such that it narrows towards the outlet 44,
The frusto-conical porbion 48 helps to channel beverage from
rhe passages 57 down towards the cutlet 44 without inducing
IPR2023-00502
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turbulence to the beverage. An upper surface of the frusto-
conical portion 48 is provided with four support webs 45
equi~gpaced around the circumference of the cylindrical
funnel 40. The support webs 49 define channels 50
therebetwesn. The upper edges of the sugpcrt webs 4% ave
level with one another and perpendicular to the major axig
X.

The inner wewber 3 way be formed as a single integral
plece from polypropylene or a similar material as described
above and by injection moulding in the same manner as the
outer memher 2.

Alternatively, the inner member 3 and/cr the outer
wmember 2 may be made from a biodegradable polymer. Examples
of suitable materials include degradable polyethylens {for

b3

nony Environmental,

example, BPITEK supplied by Symp
Borshamwood, United Kingdom), biodegradable polyester amide
{for example, BAK 1095 supplied by Symphony Bnvivonmental),
poly lactic acids {PLA supplied by Cargil, Minuesota, USA),
starch-bagsed polymers, cellulose derivatives and
polypeptides.
The laminate 5 is formed from two layers, a first layer
of aluminium and a second layer of cast polypropylene, The
aluminiug layer i between 0.02 and ¢.07 wm in thickness.
The cast polypropylens layer is bstween 0.02% and 0.065 wmm
in thickness. In one swbodiment the aluminium laver is 0,06
i and the polypropylens layer is 0.025 mm thick. This
laminate is particularly advantageous as it has a high
resistance to curling during sssewmbly. As a result the
laminate 5 may be pre-cut to the correct size and shaps and
subsequently transferred to the agsembly station on the
production line without undergoing distortion. Congeguantly,
IPR2023-00502
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the laminate 5 is particularly well suited to welding. Cther
laminate materials way be used including PET/Aluminium/EP,
PE/EVOH/PP, PET/metallised/PP and Aluminium/PF laminates.
Roll laminate stock may be used instead of die cubt stock.

The cartridge 1 may be closed by a rigid or semi-rigid
lid instead of a flexible laminate.

Agsembly of the cartridgs 1 involves the following

stepy:

a} the inner member 3 is inserted intc the outer
maembar 2;

b} the filter 4 is cut to shape and placed onto the
innesr member 3 2o to be received over the
cylindrical funnel 40 and come to rest against the
amular frame 41;

el thae inner wember 3, outer member 2 and filter 4
ars joined by ulbtrasonic welding

d} the cartridge 1 is filled with one or more
beverage ingrediants;

e} the laminate 5 is affixed to the outer member .

These steps will be discussed in greater detail helow.
The outer member 2 is orientated with the open bottom

4 L)

12 directed upwards. The inner member 3 ig then inserted

{r

[4]

into the cuter wmember 2 with the outer rim 51 being received
as a loose fit in an axial extension 14 at top 11 of the
cartyidge 1. The oylindrical extension 18 of the cuter
member 2 is at the same time received in the upper portion
of the oylindrical fumnel 40 of the inner member 3. The
thivd portion 21 of the covlindrical extension 18 is seated

nside the cylindrical funnel 40 with the closed lawer Faeoe

L)«
{v.

1 of the eylindrical extension 18 bearing against the

3]

support weba 42 of the inner member 3. The filker 4 is then
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placed over the inner member 3 such that the filter material
contacta the annular rim 51. An ultrasonic welding process
is then used to join the filter 4 to the inner mewbsr 3 and
at the same time, and in the same process step, the inner
member 3 to the outer member 2. The inner member 3 and

filter 4 are welded around the outer rim 51. The inner

(73]

membher and cuter member 2 are joined by means of weld
lines around the outer rim 51 and also the upper edges of
the webs 54.
Az shown most clearly in Figure 11, the outer member 2
and immer member 3 when joined together define a vold space
130 in the interior 120 below the annular flangs 41 and
exterior the cylindrical funnel 40 which forms a filtration
chamber. The filtration chamber 130 and passages 57 above
the annular frame 41 are separated by the filter paper 4.
The filtration chawmbsr 130 contains the one or more
beverage ingredients 200. The one or more beverage
ingredients are packed into the filtration chamber 130. FPop
a filtered style beverage the ingredient iz typically roast
and ground coffee or leaf tea. The density of packing of the
beverage ingredients in the filtration chamber 130 can be
varied as desired. Typically, for a filtered coffse product
the filtration chamber containg between 5.0 and 10.2 ¢rams
of roast and ground coffee in a filtration bed of thickness
of typically 5 to 14 mm. Optionally, the interior 120 may
coentain one or more bodies, such as spheres, which are
freely movable within the intsrior 120 to aid mixing by
inducing turbulence and breaking down deposits of beverage
ingredients during discharge of the beverage.
The laminate 5 is then affixed to the outar member 2 by
forming & weld 126 arcund the periphery of the laminate 5 to
IPR2023-00502
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Join the laminate 5 to the lower surface of the outwardly

axtending flange 25. The weld 126 is extended to seal the

~3

B

laminate 5 against the lower edge of the cylindrical wall
of the inlet chamber 26. Further, a weld 125 is formed
bhetween the laminate 5 and the lower edge of the outer tube
42 of the cylindrical funnel 40. The laminate 5 forms the
lower wall of rthe filtration chamber 130 and also seals the
inlet chamber 26 and cylindrical funnel 40. However, a small
gap 123 exists prior to dispensation between the laminate 5
and the lower edge of the discharge spout 43. A variety of
welding wmethods wmay be used, such as heat and ultrasonic
welding, depending on the material characteristics of the
laminate 5.

Advantageously, the inner mewber 3 spans between the

e
e

cuter member 2 and khe laminate 5. The inner wenber 3
formed from a material of relabive xigidity, such as
polypropylens. As such, the inner member 3 forms a load-
pearing mevber that acts to keep the laminate 5 and cuter
member 2 spaced apart when Cthe cartridge 1 is compressed. It
is preferred that the cartridge 1 is subjected to a
compressive load of between 130 and 280N in uese. Ths
compregsive force achts to prevent the cartrvidge falling
under internal pressurigation and alsc gerves to sgusere Lh
inner member 3 and cuter member 2 together. This ensures
that the internal dimensions of passageways and apertures in
the cartridge 1 are fixed and unable to change during
presgurisation of the cartridge 1.

To use the cartridge 1 it is first inserted intc a
beverage preparation wachine and the inlet 121 and cutlet
122 are open2d hy plercving members of the beverags

reparation machine which perforate and fold back the

)
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laminate 5. An aqueocus medium, typically water, under
presgure enters the tartridge 1 through the inlet 121 into
the inlet chamber 26 at a pressure of between 0.1-2.0 baxr.
Frowm there the water is directed to flow through the slots

5 30 and round the manifold 16 and inte the filtration chamber
130 of the cartridge 1 through the plurality of sliots 17.
The water is forced radially inwardly through the filtration
chamber 130 and wixss with the beverage ingredients 200
contained therain., The water is at the same time forced

10 upwardly through the beverage ingredients. The beverage

Y

formed by passage of the wabter through ths beverage
ngredisnts passss through the filter 4 and filtration
apertures 5% into the passages 57 lying above the annular
frame 41. The sealing of the filter 4 onto the spokes 53 and
15 the welding of the rim 51 with the outer member 2 ensures
that thers are no short-circuits and all the beverage has to
pasg through the filter 4.
The beverage then flows downwardly along the radial
paseages 57 formed between the webs 54 and through the
20 cpenings 56 and inte the cylindrical funnel 40. The heverage
pasgeg along the channels S0 bebween the support webs 47 and
down the discharge spout 43 to the ountlet 44 where the
beverage is discharged into a receptacle such as a cup.
Praeferably, the beverage prepavation machine comprises

%

an alr purge facility, wherein compresss

&>
i
[ R
]
}..!
a1
ot
J£2]
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]
)
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B
Q Q‘

through the cartwidge 1 at the end of the operating cavcle to
flush out the remaining bheverage into the receptacle.
A second version of carbtridge 1 will now be degcaribed
for background purposes with refersnce to Figures 12 to 18,
30 The second versgion of the cartridge 1 is particularliy
designed for use in digpensing espressc-style products such
IPR2023-00502
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as roast and ground coffee whers it is desirable to produce
a beverage having a frotbh of tiny bubbles known as a crema.
Many of the features of the second version of the cartridge
1 are the same ag in the first version and like numerala
have heen used to refersnce like features. In the following
degcription the differences betwsen the firet and sscond
versions will be discussed. Common features which function
in the same mannsr will not be discussed in detail.

The outer member 2 ig of ths same comstruction as in -~

T

-he First version of cartridgs and as shown in Figures 1

P

Q&

The annular Frame 21 of the inner member 3 is the same
ag in the fivet versicon. Also, a filter 4 ig disposed on
the ammlar frame 41 2o as to cover the filtration apsrtures
55, The cuber tube 42 of the cylindrical funnel 40 is also
as before. However, there ave a number of differencss in the
construction of the inner member 2 of the second version
compared to the first version. As shown in Figure 16, the
discharge spout 43 is provided with a partition &5 which
extends part way up the discharge spoub 43 from the outlet
44. The partition 55 helps to prevent the beverags spraying
and/or splashing as it exite the discharge spout 42. The
profile of the discharge spout 43 is aleo different and
comprisss a stepped profile with a digtinct dog-leg 66 near
an upper end of the tube 43.

A rim 67 is provided upstanding from the annular flange
47 joining the outer tube 42 te the discharge spout 43. The
rim 67 surrounds the inlet 45 to the discharge spout 43 and
definas an annular chammel 69 betwesn the rim 67 and the
upper portion of the outer hube 42. The rim 67 is provided
with an inwardly directed ghounider 88. AL one polnt arounc
IPR2023-00502
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the circumference of the rim 67 an aperture 70 is provided
in tiHe form of a slobt which exbtends from an upper edgs of
rim 67 to a point marginally below the level of the shoulder
68 az wmost clearly shown in Figures 12 and 13. The alot has
a widkth of 0.84 mm.

An aiy inleb 71 is provided in annular flange 47
circunferentially aligned with the aperture 70 as shown in
Figurss 18 and 17. The air inlet 71 comprisss an aperturs
pagsing through the flange 47 so as to provide commnication
betwesn & point above the flange 47 and the void space below
the flange 47 between the ouber tube 42 and discharge spout
42, Preferably, and as shown, the air inleb 71 comprises an
upper frusto-conical portion 73 and a lower coyvlindricsl
rortion 72. The air inlet 71 is typically formed by a mould
teol such as a pin. The taperved profile of the air inlet 71
allows the mould toel to be more esasily removed from the
mouided compenent. The wall of the outer tube 42 in the
vicinity of the air inleb 71 is shaped to form a chuts 73
ieading from the alr inlst 71 to the inlet 4% of the
discharge spout 43. As shown in Figure 17, a canted
shoulder 74 is formed bebween the alr inlet 71 and the chute
78 to snsure thab the jet of beverage issuing from the slot
70 does not immediately foul on the upper surface of the
flange 47 in the immediate viginity of the air inlet 71,

The assembly procedure for the second version of
cartridge 1 is similar to the assembly of the fiwst version.
However, there are certain differences. BAs shown in Figurs
18, the third portion 21 of the cylindrical extension 18 is
seatsd inside the support rim 87 rather than against support
webs. The shoulder 22 of the ¢ylindrical axtension 18
betwsen the second portion 20 and third portion 21 bears
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against the upper edge of the support rim §7 of the inner
mewber 3. An interface zone 124 is thus formed between the
inner member 3 and the ouber member 2 cowprising a face geal
betwesn the covlindrical extension 18 and the support rim &7
which extends arcund nearly the whole circumference of the
cartridge 1. The seal betwsen the cylindrical extension 18
and the suppori rim §7 ig not fluid-tight though since the
glot 70 in the support rim 67 extends through the support
rim 87 and dowawardly to a point marginally below the
shoulder §%. Conseguently the interface f£it between the
cvlindrical extension 18 and the support rim &7 transforms
the slot 70 into an aperture 128, as nost clsarly shown in
Pigure 18, providing gas and liguid communication betwesn
the annular channel 6% and the discharge spout 43. The
aperture is typically 0.64 mm wide by 0.82 mm long.
gperation of the second version of cartridge 1 to
dispense a beverage is similar to the operation of the first
varsion but with certain differences. Beverage in the
radial passages 57 flows downwardly along the passages 57
formad betwsen the wabs 54 and through the openings 56 and
into the anmular channel 6% of the coylindrical funnel 40.
Frow the annular channel 62 the heverage is forced undser
pressure through the aperture 128 by the back pressure ol
beverage collectiing in the Ffiltration chamber 130 and
pagsages 57. The beverage is thus foreed through aperturs
128 ag a jet and into an expansgion chamber formed by the
upper end of the discharge spout 43. As shown in Figure 18,
the jet of beverage passeg dirvectly over the ailr inleb 71.
As the beverage enters the discharge spout 43 the pressure

o~

of the beverage jet drops. As & result air is entrained into

i
the beverage styeam in the form of a multitude of small air
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bubbles as the air is drawn up through the alr inlet 71.
The jet of beverage igsuing from the aperture 128 is
funnelled downwards to the outlet 44 where the beverage is
discharged into a recgptacle such 88 2 cup where the air
bubbles form the desired crema. Thus, the aperture 128 and
the air inlet 71 together form an eductor which acts to
entrain air into the beverage. Flow of beverage into the
eductor should be kept as smooth ae possible to reduce
pregsure losses. ARdvantageocusly, the walls ¢f the sductor
should be made concave to reduce losses due to ‘wall effect’
friction. The dimensional tolerance of the aperture 128 is
small. Preferably the aperture size is fixed plue or minus
0.02 wmt. Hairs, fibrils or other surface irregularities can
be provided within or at the exit of the eductor ko increase
the effective crossg-sectional area which has besen found to
increase the degree of alxy entralnment.

& third version of cartridge 1 will now be described
for backgreund purposes and is shown in Figures 18 to 25.

i

The third version of the vartridge 1

}re

g particularly

o

designed for use in dispensing soluble products which may be

2

in powdered, liguid, syrup, gel or similar form. The goluble
produnt is disscolwved by ov forms a suspension in, an agueous
yedium such as water when the agueocus medium is passed, in
uge, through the cartridge 1. Bxamples of beverages inciude
chocolate, coffee, milk, tea, socup or other rehyvdratable or
aguscus-soluble products. Many of the features of the third
version of the cartridge 1 are the same as in the previous
versions and like numerals have been used to referencs like
features. In the following descriphion the diffevences

petween the third and previocus versions will be discussed,
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Common features which function in the same manner will not
be discussed in detail.

Compared to the outer member 2 of the previous
versions, the hollow inwardly directed cylindrical extension
18 of the outer menbsr 2 of the third version has a largex
overall diameter as shown in Figure 20. In particular the
diameter of the first porbion 19 ig pyvpilecally between 16 and
18 wm compared to 13.2 mm for the outer wewber 2 of the

pravious versions. In addition, the first portion 19 is

34

provided with a convex ocubtey surface 1%a, or bulge, as wmost
clearly shown in Filgure 20, the function cf which wili be
degcribed below. The diameter of the third portions 21 of
the cartridges 1 are however the same resulting in the area
of the shoulder 32 being greater in this, the third version
of the cartridge 1. Typically the volume of the cartridgos 1
whan assembled is 22.5 wl 220%.

The number and positioning of the slots in ths lower

end of the annular wall 13 is also different. Retween 3 and

911

slots ave provided. In the embodiment as shown in Figure
23, four slobks 36 are provided egui-spaced around the
cirvcunference of the manifold 18. The sleokbs 36 are slightly
wider than in the previous versions of the cartridge 1 being
between 0.35 and 0.45% mm, preferably 0.4 wn wide.

In other respechs the outer members 2 of the caritridges
1 are the same.

The construction of the coylindrical funnel 40 of the
inner member % 1g the game as in the fizst version of
cartridge 1 with an outer tube 42, discharge spout 45,
annular flange 47 and support webs 49 being provided. The

only difference is thabt the dischayge gpout 45 is shaped
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with an upper frusto-conical section 92 and a lower
cylindrical section 93.

In contrast to the previous versions and as shown in
FPigures 24 to 28, the annulsr frame 41 is replaced by a
skirt portion 50 which surrounds the cylindrical funnel 4¢
and is joined thereto by means of eight vadial struts 87
wiich adjoin the coylindrical funnel 40 at or near the
annular flange 47. A cylindrical extension 81 of the skirt
portion 80 extends upwardly frowm the gstruts 87 to define a
chamber 80 with an open upper face. An upper rim 21 of the

g shown

jaz]

cylindrical extension 81 has an in-turned profils s
in Pigure 26. &n annular wall 82 of the skirt portion &0
extends downwardly from the struts 87 to define an annular

channel 86 between the skirt portilon B0 and thes outer tube

42.
The annular wall 82 cowmpriases at a lower end an
exterior flange 83 which lies perpendicular to the major

axis X. A rim 84 depends downwardly from a lower surface of
the flange 83 and contains five apertures 85 which are
ciromferentially equi-spaced around the rim B4,  Thus, the
rim 84 is provided with a castellated lower profile.

Apertures 89 are provided between the struts 87
allowing compmunication bebtwsen the chamber 90 and the
annular channel 88,

The assembly procedure for the third verasion of
cartridge 1 is similar to the assembly of the firat version
but with certain differences. The outer member 2 and inner
member 3 are push-fitted together as shown in Figure 28 and
retalined by means of a snap-fit arrangement rather than
welded together. On joining the two nembers the inwardly
directed cylindrical extension 18 1is received inside the
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upper cylindrical extension 81 of the skirt porticon 80. The
inner membar 3 ls retasined in the cuter member 2 by
frictional interengagement of the convex oubter surface 19%a
of the first portion 19 of the cylindrical extension 18 with
the in-turned rim 81 of the upper cylindrical extsnsion &1.
With the inner member 3 located in the outer member 2 a
mixing chamber 1234 is defined located exterior te the skirt
portion 80, Thé mixing chamber 134 contains the beverage
ingredients 200 prior to dispensation. - It should be noted
that the four inlets 38 and the five apertures 85 are
astaggered circumferentially with respect to one zauother. The
radial location of the two parts relative to sach other need
not be determined or fixed during assembly since the use of

four inlets 36 and five apertures 85 ensures that

D
u

misalignment ocours betwsen the inlets and apertur
whatever the relative vobabtional positioning of the

companents .,

3

t

£t}

The one or more beverags ingredier are packed inbto
the wmixing chamber 134 of the cartridge. The density of

packing of the beverage ingredientg in the mixing chamber

[
ik

4 wan be varied as degired.

&2

The laminate 5§ ig then affixed to the outer membesy
and inner member 3 in the sams manner as descoribed abhove in
the previoua versions.

In use, water enters the mixing chamber 134 through the
four slots 36 in the same manney as previous versions of the
cartridge. The water is forced radially inwardly through
the mixing chawber and wixes with the beverage ingredients

contained therein. The product is dissolved or mized in the

24

water and forms the beverage in the mixing chamber 13¢ and

1

ig then driven though the apertures 85 into the annular
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channel 8¢ by back pressure of beverage and water in the
mixing chamber 134. The circumferential staggering of the
four inlet slots 36 and the five apertures 85 ensures that
jets of water are not able to pass radially divectly from
the inlet slots 38 to the apevtures 85 without first
circulating within the mixing chamber 134. In thig way the
degree and consistency of dissolubion or mixing of ths
product is significantly increaged. The beverage is forced
upwardly in the amnular chammel 86, through the apertureg 89

between the struts 87 and into the chamber 90. The beverags

passes frow chambsr 30 through the inlets 4% between the

support webg 49 into the discharge spout 43 and towards the
outlet 44 where the heverage is discharged inte a receptacle
such &s a cup. The gartridge finds particular application
with beverage ingredients in the form of viscous liquids or
gels. In one application a liguid chocolate ingredient is
contained in the cartridge 1 with a vigcosity of between
1700 and 3200mPa at ambient temperature and betwsen 5000 and
10000mPa at 0°C and a refractive solide of 67 Brix £3. In
another application liguid coffee is contained in the
cartridge 1 with a viscosity of between 70 and 2000mPa at
ambiesnt and between 80 and S000mPa at 0°C where the coffee
has a total solids level of between 40 and 70%. The liguid
coffse ingredient may contain bstween 0.1 and 2.0% by weight
sodium bicarbenate, preferably betweesn 0.5 and 1.0% by
welght. The sodinm bilearbonate acts to maintain the pH level
of the coffes at or below 4.8 enabling a shelf-life Ffor
coffes-filled cartridges of up to 12 wonths.

A fourth version of cartridge 1 embodying the present
invention is shown in Figures 20 to 34. The fourth version
of the cartridge 1 is particularly designed for use in
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digpensing liguid products such as concencrated Tlguid milk.
Many of the features of ths fourth version of the cartridge
1 are the same as in the previous versions and like numerals

have bheen used to reference like features. In the following

£

description the differences betwessn the fourth and pravious
versions will be discussed. Common features which function
in the same mamner will not be discussed in detail.

The outer wewber 2 is the same as in the third version
of cartridge 1 and as shown in Figures 19 to 23.

The oylindrical funnel 40 of the inner wmember 3 is

similay to that ghown in the gecond version of cartridgs 1

f‘r’

ut with

ey

i rtain differences As shown in Figure 30 the
discharge spout 43 is shaped with an upp frusto~conical
section 106 and a lower cylindrical section 107. Thres
axial ribs 105 are provided ocn the imner surface of the
discharge spout 43 to direct the dispensed beverage
downwards towards the outlet 44 and prevent the digcharged
beverage from spinning within the spout. Conseqguently, the
ribg 105 act as baffles. BAs in the second version of
cartridge 1, an air inlet 71 is provided through the annular
flange 47 However, the chute 7% beneath the air inlet 71
is more elongated than in the second version.

A skixt portion 80 is provided similar to that shown in
the third version of the cartridge 1 describad above.
Between 5 and 12 aperbures 85 are provided in the rim 84.
Typically ten apertures are provided rather than the five
provided in the third version of cartridgs 1.

An annular bowl 10C¢ is provided extending from and
integral with the flange 83 of the skirt portion 80. The
armular bowl 100 comprises a flared body 101 with an Qpen

upper mouth 104 which iz directed upwards. Four feed
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apergures 103 shown in Figures 30 and 31 ave located in the
body 101 at or near the.lowsr end of the bowl 100 where it
joing the shirt portion 80. Freferably, the fesd apertures
are egui-spaced around the circumfersnce of the bowl 100,
The bowl 100 joins the skirt poriion 30 pavt-way up its
length such that a discrete gap is provided between the bowl

v 3

100 and the laminate 5 when the cartridgz is assembled.
Thus, the aperturves 85 are located below the level of rthe
bowl 100. As can be seen frow Figure 34, when the cartridgs
1 iz agwembled and filled the bowl 100 containg a proportion
of the liguid beverage ingredients therein, effectively
partitioning thabt proportion of the beverage ingredients
from the apsrtures 85.

The laminate 5 is of the type described above in the
previous embodiments.

Y

The assembly procedure for the fourth version of
cartridge 1 is the sawme as that for ¢

he third version.
Operation of the fourth version of cartridge is similsx
to that of the third version. The water snters the
cartridge 1 and the mizing chawber 134 in the same mammer as
before. There the water mixes with and dilutes the liguid
product which ia then forced out below the bowl 100 and
hrough the apertures 85 towards the outlet 44 as described
above. The proportion of the liguid product initially

contained within the annular bowl 100 as shown in Figure 34

is not subject to immediate dilution by the water entering
the mixing chamber 134. Rather, the diluted liquid product

in the lower part of the wixing chawber 134 will tend to

exit through aperturesz 8% rather than be force

H1
{:ls
f
w3
87
o
[
fo
=
P
G

the ammular bowl 100 through upper mouth 104, Conseguently,
the liguid product in the annular bowl 100 will remsin
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relatively concentrated during the initial stages of the
operating cycle compared to the product in the lower part of
the mixing chamber 134. The liguid product in the annular
bowl 100 drips through the fead apertures 103 undsy gravity
into the stream of product exiting the mixing chamber 134
through the apertures 85 and below the bowl 100. The

anmziar bowl 100 acts to even cubt the concentration of the
diluted liguid product entering the cylindrical funnel 40 by
holding back a proportion of the concentrated ligquid produch -

and releasing it into the exdting liquid stream flow path

,..)

steadily throughout the operabing oyele as illustrated in

Figure 48a where the concentration of the milk msasursd as a

percentags of the tobkal solide present is shown during an

operating aycle of approximately 15 seconds. Lins a
illustrates the concsntration profile with the bowl 100
whilst line b illustrates a cartridge without the bowl 100.
Ag can be seen the concentration profile with the cup 100 is
more even during the operating covele and there is no
immediate large drop in concentration as occurs without the
bowl 100. The initial concentration of the milk is typically
30-35% 88 and at the end of the cycle 10% 58. This resulis
11

ution ratico of around 3 te 1, although dilubion

}-4-.
o7
Fa2e

ratios of between 1 to 1 and 6 to 1 are possible with the

pregent invention. For other ligquid beverage ingredients the
concentrations wmay vary. For example for liguid chonolate

the initial concentration is approximately 67% 38 and abt the

end of the ayole 12-15% 88, This rvesults in a dilution ratio

(ratio of agueous wmedium to beverage ingredient in dispensed
heverage) of around S5 to 1, although dilubtion ratios of

between 2 te 1 and 10 to 1 ars possible with the presen

invention. Por ligquid coffee the initial concentration is
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betwegen 40-67% and the concentration at the end of dispense
i-2% 88..Thig vesults in a dilution ratic of between 20 to 1

and 70 to 1, although dilution ratioe of bestween 10 to 1 and

"'1'

180 to 1 are poseible with the present invention.

From the annular channel 86 the beverags isg forced
under pressure through the aperture 128 by the bhack pressurs
of beverage collecting in the filtration chamber 134 and
chamber 30. The beverage ie thus forced through aperture 128
as a jet and into an expansion chamber formed hy the uppesr
end of the discharge spout 43. As shown in Figure 34, ths

ir inlet 71. A&as

13

jet of beverage passes divectly over the
the beverage saters the discharge spout 43 the pressure of
the beverage jet drops. As a result air is entrained intc

de of small air

»

the besverage stream in the form of a wmultit
bubbles as the alr is drawn up through the air inlet 71.
The jet of beverage isguing from the aperture 128 is
funnelled downwards to the outlet 44 vhere the beverage is
discharged into a receptacle such as a cup where the air
bubbles form the desived frothy appearance.
Advantageousaly, the inner member 3, cuber member 2,

laminate 5 and filter 4 can all be readily sterilised due to

ot

the components being separable and not individually
comprising tortuous passagevays or narrow oravices. Rather,
it is only after conjolining ths cowmponents, after
sterilisation, that the necessary passageways are Lormed.
This is particularly important where the beverage ingredient
is a dairy~based product such as ligquid milk concentrate.
The fourth embodiment of beverage cartridge is
particularly advantagsous for dispenging a concentrated
dairy-based liguid product such as ligquid milk. Previously,
powdered milk products have bsen provided in the form of
IPR2023-00502
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sachets for adding te s pre-preparsd beverage. However, fox

ecesgary to foam the

s
s}

a rappuccine-style beverage it i

nilk. This has besn achieved previausly by passing steamn

3

eceggitates

P
-

through a liguid wmilk product. However this
the provision of a steam supply which increasss the cost and
complexity ¢f the wachine used to diaspense the beverage.

The use of gteam also increases the risk of injury during
oparation of the cartridge. Accordingly the present
invention provides for a beverage cartyidge having a
concentrated dairy-based liguid product thereinm. It has been

found that by concentrating the milk product a greater

H‘}

amount of foam can be produced for a particular volume of
milk when compared bto fresh or UHT milk. This reduces the
gize ragquired for the milk cartridge. Fresh semi-skimmed
milk contains approximately 1.5% fat and 10% total solids.
The concentrated liguid wmilk preparations of the pressnt
invention contain between $8.1 and 12% fat and 25 to 40%
total solids. In a typical example, the preparation
containg 4% fat and 30% total solids. The concentrated milk
preparations are suitable for foaming using a low pressure
preparation wachine as will be dessoribad below. In
particnlar, fcaming of the milk is achieved ab pressures
below 2 bar, preferably approximately 1.5 bar using the
cartridge of the fourth smbodiment described above,

The foaming of the concentrated milk ig particularly
advantageous for beverages such as cappuccinos and milk
ghakes. Preferably the passing of the milk through the
aperture 128 and over the air inlet 71 and the optional use
of the bowl 100 enables foaming levels of greater than 40%,

preferably greater than 70% for milk. Por liguid chocolate

foaming lavels of greater than 70% are possible. For liguid
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coffes foaming levels of greater than 70% are pogsible. The
feoamability level is measured as the ratio of the volume of
the foam produced to the volume of liguid heverage
ingredient dispesnsed. For exawple, where 138.3ml of beverage
5 is dispensed, of which 58.3ml is foam the foamabilivy is
measured ag [58.3/7{138.31-58.3}1*100 = 72.8%. The foamability

A

of the wilk {and other liguid ingredients) is enhanced by
the provision of the bowl 100 as can be seen in Figure 46h.
The foamability of the milk dispensed with the bowl 100

10 present {line a) is greater than that of milk dispensed
without the bowl present (line b). This is because the
foamability of the milk is positively corre aelated Lo the
cancentration of the milk and ag shown in Pigure 35a the
howl 100 maintains a higher concentration of the milk a

15 larger part of the operating cycle. It is also kmown that

foamability of the milk is positively correlated to

W

(‘1

temperature of the agueous medium as shown in Flgure

=

180
Thus the bowl 100 is advantageousz since mere of the milk
nd

remaing in the cartridge until near the e of the operating

20 covele when the agueous wedium is at itg hottest, This again
improves foamability.
The cartridge of the fonrth embodiment is also
advantageous in dispensing liguid coffee products.

Tt hag been found that the smbodiments of beverage

o)
51

cartridge of the present invention advantageously provide an

of
9]

improved congistency of the brewed beverage when compared
rior art cartridges. Reference is made to Table 1 below
which shows the results of brew yields for twenty samples
sach of cartridges A and B containing roast and ground

30 coffee. Cartridge A ig & beverage cartridge according to the

first embodiment of the present invention. Cartridge B isg &
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pricr art beverage cartridge as described in the applicant’s
9 g

document WOC1/58786. The rafractive index of the brewed

“beverage is measured in Brix units and converted to a

percentage of soluble solids {%SS8) using standard tables and

formuilas. In the sxamples balow:

%88 = 0.7774 % {Brix valusz) + 0.05&89.

!

et

(100 * Coffes Weight (g)}

5

Table 1
CARTRIDGE A
 Sample [Brew Volume (g} Coffer Weightfgy! Brix % 88 % % Yield
1 105.8 8.5 1.55 _1.2¢ 20.88
2 10424 B.5 1.84 1,93 24,38
3 10089 83 187 . 24.08
4 10223 8.3 1.71 1.39 21.80
5 100,49 88 173 140 21,871
8l 10754 8.5 1.59 1288 21.39
,,,,, 7 102,70 _ BH 1.87 138 2141
8 87.77) 5,5 1,86 1.50 22,61
g 97.82 3.5 17 1.38 2075
10 97,83 5.5 1.67} 1.380 2040
11 978 88 178 148 21.63
. 106,84 8.5 18 1.31 2147
13 99,26 8.8 1.54 1,25 18,15
14! 97.29 8.5 1,59 1.281 19,36
15 L 8.5 1.51 123 19.23
19 10423 63 1,61 1.3 20.98
17 97,51 6.5 173 1,40 21.03
18 100,83 g8 188 1.36 2114
19 odmen g8 187 1360 21.20
20 101.32 65 188 1.36 21.24
AVERAGE 20,98
CARTRIDGE 8
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Sample [Brew Volume (g} Coffes Weight |

Brix %8S % Yield

1 100,68 g8 1.87 1511 2339
pr 945,85 85 186 1S 994p
I S84 55 18 1458 22.04
L 92.43 88 23 1.845 28.2%
8 fwo02e 6.5 172 1.394 2150
8 BE.08 8.5 2.08 , 1581 , 24.50
7 95,48 5.8 1.98 1.581 24.18
8 95,82 8.5 2.3 18450 27.14
gl 94,28 8.5 217 1.7440 2529
10 LRk T 8.5 1.72 1.3941 20,82
,,,,,,,,, 11 96,88 8.5 181 1.464 5 o
13 £4.03 6.5 2.2 1.787 25,561
15 95,28 8.5 1.78 1441 21,34
14 95,85 6.5 1,08 1sv 23.19
15 95,38 8.5 1,88 1.518 2228
16 92,73 6.5 .88 1,520 21.77
17 99 85 188 1,203 17.50
18 93.5| 6.5 2.08 , 1.674 2408
19 100.88 6.5 1.75 1.417 22,00
28 84.77) 8.5 237 1,895 24,77
AVERAGE | 23.08]

Performing & t-test statistical analysis on the above

gives the following results:

Table 2

t-Test Two-Bample Assuming Equal Vatiances

Mean

Varlance
Observations

Paolad Varianoe

Hypothesized Mean Difference
df

t Siat

P{T==1} ona-ialf

20.5¢ 23.08
077 5.04
20 20

280

g

35

3480
0.000188

IPR2023-00502
Nespresso USA, Inc. Ex. 1002 Part 5
Page 140 of 387



=i
<

)
th

WO 2004/065238 POT/GBIOGH02T6

44
t Critical one-lalt 1.588
P{Te=t} two-fadl £.000376
1 Critioal hvo-tail 2.0244
Standard Deviation 0.876 2245

The analyeis shows that the consistency of % yield,
which eguates to brew strength, for the gartridges of the
present invention is significantly better {ab & 495%
confidence level) than the prior art cartridges, with a
standard deviation of 0.88% compared Lo 2.24%, Thie means
that beverages brewed with the cartridges of the present
invention have a more repeatable and uniform strength. This
ig preferrved by consumers who like their drinks to taste the
same bime after time and do not want arbitrarxy changes in
brew strength.

The materials of the cartridges described above way be
provided with a barrier coating te iwprove their resgistance
to oxygen and/or woisture and/oxr otherx contaminant ingress.
The barrier coating may alsc lwmprove the resistance to
leakage of the beverage ingredients frowm within the
cartridges and/or reduce the degree of lsaching of
extractibles from the cartridge materials which might
adversely affect the besverage ingredients. The barrier
coating may be of a material selected from the group of PET,
Polyamide, EVOH, PVDC or a metallisaed material. The bavrier
coating may be applied by a number of wechanisms ingluding
but not limited to vapour depesition, vacuum deposition,
plasma coating, co-extrusion, in-would labelling and
two/multi-~gtage moulding.

3 beverage preparabion machine 201 for use with the
present invention for use with the above described beverage
cartridges is shown in Figurss 35 to 45. The beverage
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preparvation machine 201 generally comprises a housing 21
containing a water tank 220, s water heater 225, a water
pump 220, an aly compresscr 235, a conbrol proCes|sor, a user

3

interface 240 and a cartridoe head 280. The cartridge head

2

250 in turn genervally comprises a cartridge helder 281 for
holding, in use, the beverage cartridge 1, cartridge

54

3]

recoguition means 252 and inlet and oubtlet piercers 253,
for forming, in use, the inlet 121 and the outlet 122 in the
beversge cartridge 1.

The housing 210 contains and holds in positicn the
other components of the machine 201, The housing 210
preferably made in wholes or in part from a robust plastics
material such as ABS. Rlternatively, the housing 210 can be
made in whole or in part from a metallis material such as
stainless steel or aluminium. The housing 210 is preferably
comprises a clam~shell design having a front half 211 and a
rear half 212 which allow access during assembly for fitting
of the machine Z01 components and can afterwards be joinad
together to define an interiocr 213 of the housing 210, The
rear half 212 provides a recess 214 for the abtachment of
the water tank 220. The housing 210 ie formed with weans,
such as detenbts, abutmente, bosses and threaded portions,
for retaining the components of the machine 201 in position
without the need for a separate chazsis. This reduces the
overall cogt and weight of the machine 201. A base 215 of
the houging 210 is preferably provided with feet for
standing the machine thereon in a stable wanner.
Alternatively, the base 215 itself may have a shape Forming

a stable support.

The front half 211 of the housing 310 comprisss a
dispense station 270 whers dispensation of the beverage

IPR2023-00502
Nespresso USA, Inc. Ex. 1002 Part 5
Page 142 of 387



w

10

<8

ir

30

WO 2004/065258 PCT/GBIDOL000276
16

takes place, The dispense stabtion 270 conprises a
receptacle stand 271 having a hollow interior forming a drip
tray 272, An upper surface 273 of the receptacle stand is
provided with a grill 274 on which the receptacle is
positioned. The drip tray 272 is rewovable from the housing
210 to ease emptying of the ceollected watex. A vecess 275 is
ormed in the fropt half of the housing 21

geepracie stamd 271 Lo accommodate the dimensions of the

"‘SHH’:

ecaeptaclia.

The vartridge Head 250 ig located towards the top of
the housing 210 above the receptacle stand as shown in
Figures 35 and 36. rreferably, the height of the grill 274
relative to the cartridge head 250 can be adjusted
accommodate different sizes of receptacle. It is preferred
that the receptacle is as close to the cartridge head 250 as
possible, whilst still allowing the receptacle to be
ingerted and withdrawn from the dispense station 270, so as
to minimige the height that the dispensed bheverage has to
descend before contacting the receptacie. Thig acts to
minimise spraying and splashing of the beverage and minimige
losz of entrained air bubbles where these are present.
Preferably receptaciss of betwesn 70mm and 110 mm in height
can be inserted betwesn the grill 274 and cartridge head

2E0.

i

The wmachine user interface 240 is located on rtha Erant

of the housing 210 and comprizes a start/stop bubton 241,

Lk

and a plurality of status indicators 243-246,
The status indicators 243-246 preferably include a

light emitting diode {(LED) 243 to indicate readiness of the

f’n

machine 201, a LED 244 to indicate if an error has coco

U! 3
E\J
th I
iy

in the wachine 201 operaticn, and one or more LEDs 24
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to indicate whether the machine 201 is operating in manual
or automatic wmodes. The LEDs 243-246 may be controlled to
iliuminate at a constant intensity, to flash intermittently,
or both depending on the atatus of the wachins 201. The LEDs
243-248 way have a vearisty of colours including green, red
and vellow.

The start/stop button 241 controls commencement of the
operating cyele and is a manually cperated push-button,
switch or similar.

A volume adjustment control may be provided to allow a

uger of the wmachine 201 to manually adjust the volume of the

[

delivered beverage without altering the other operating
characteristics. Preferably the volume adiustment control
allows an adjustment in volume of plus or minus 20%. The
volume adjustment contrel may be a rotary knobk, a linear
glidsr, & digival readout with increment and decrement
puttons, oy similar. More typleally, volume is controlled by
& usey opevxating the start/stop button 241,

A manual power switch (not shown! way be provided on
the machine 201. Alternatively, power supply can be
controlled simply by insertion or removal or kthe power
supply plug from the maing power supply.

The water tank 220 is located to the rear of the
housing 210 and is connected to the rear half 212 of the
housing 210. The water tank 220 comprises a generally
cvlindrical body 221 which may be right circular or a
frustum as desirved for aesthetic reasons. The tank
copprises an inlet for £illing the tank with water which is
cleoged off in use by a manually removable 1id 222, An
outlet is provided towsrds a lower end of the tank which
comuunicates with the water pump 230, The water tank 220 may
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be made from a transparent ov tranglucent materisl to allow
a consumer to view the quantity of water vemaining in the
rank. Alternabively, the water tank 220 wmay be made fxom an
opague matsrial but have provided a viewing window therein.
tn addition, or in place of the above, the wabter tank 220
may be provided with a low level seusor which prevents
operation of the water pump 230 and optiomally btriggers a
warning indicator, such ag an LED, when the water level in
the tank descends te a preselected level. The water tank 220
creferably has an internal capacilty of approximately 1.8
litrea.

The water pump 230 is operatiwvely connected Debwsen the
water tank 220 and the water heateyr 225 as shown
gchematbically in Pigure 43 and is controlled by the control
processor. The pump provides a maximum flow rabe of $0¢C
wml/min of water at a wmaximue pressure of 2.5 bar,
Preferably, in normal use, the pressure will be limited to 2
bar. The flow rate of water through the wachine 201 can be
controlled by the control processor to be a percentage of
the maximum flow rate of the pump by cycle chopping the

electrical supply to the punp. Preferably the punp can be

i

C)

driven at any of 10%, 20%, 30%, 40%, 50%, 60%, To%, BO%, B

or 100% of the maximum rated flow rate. The accuracy of th

1]

volume of water pumped is preferably + or ~ 5% leading ko

it

+ or ~ 5% socuracy in the final volume of the dispensed
heverage. A suitable pump is the Evcolution EP8 pump produced
by Ulka 8.r.1. {(Pavia, Italy). A volumetric flow sensor {not
shown) is preferably provided in the flow line either
vpatream or downstream of the water pump 220. rreferably,

]

tha volumetric flow sensor i1s & rolary sensoy.
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The water heabter 225 is located in the interior of the
housing 210.-The heater 225 has a power rating of 1550 W and
iz able to heab water received from the water pump 230 frowm
a starting temperabture of approximately 20 °C to an
operating temperaturs of around 85 °C in under 1 mimibte.
PFreferably the dwell time between the end of one cperating
aycle and the heater 225 being able to commsnce & subsequant
cperating cycle is less than 10 seconds. The heater
maintains the selected tempersturs te within + or ~ 2 °C
during the operating cavele., As discussed below, the wabter
for the operating cyole may bs delivered to the carbtridge
head 250 ab 83 °C or 93 °C. The hsater 225 1z able to
gquickly adiust the delivery temperabure to either 83 °C or
g3 o fyrom a nominal water temperature of 85 °C. The heater
22% cowprisas an over»temﬁé?at“"e cub-off which shuts off
the heatesr if the temg@rdtire exceeads 38 °C. Water output
from the heater 22% is fed to the cartridge head 250 and
cartridge 1 by means of a three-way valve. If the pressure
of the water flow iz acceptable the water ilg passed to the
cartridge 1. If the pressure is below or above pradetarminsd
limite then the water is diverted by means of the three-way
valve inte the drip tyay recovery receptacle 270.

The air compressor 235 is coperatively comnected to the
cartridge head 250 by means of a one-way valve and
controlled by the contreol processor. The air compresgor Q35
provides a maximum flow rate of alr of 500 ml/min at 1.0
bar. In use a working veolume of 3% wml is pressurised to 2.0
bay. Freferably, the air compressor 235 can produce twe flow
rates: a fast {(or maximum) flow rate and a slow f£low rate.

The contrel procsgsor of the beverage preparation
maéhine 201 comprises a processing moduls and a memory. The
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control processcor is opesratively connescted to, and contrels
operation of, the wabter heater 285, water pump 230, aix
compressor 235 and ussr intsriace 240,

The mamory of the contrel processor includes ong or
more variables for one or more ogperational parameters for
the beverage preparation machine 201. In the illustrated
ambodiment the operational parvanetsrs are the temperature of
the water pasgsed through the beverage cartridge 1 during the
operating stage, the speed of charging the heverage
cartridge 1, the presence or otherwise of a goak step, the
total dispensged volume of the beverage, the flow rate of Lhe
water during the discharge stage, and the flow xrabte and
period of the purgs stage.

The variables for the operational parameters are stored
in the memory. The cartridge 1 comprises a code provided on
or in the cartridge 1 representing the operstional
parameters required for optimal dispensabtion of the beverags
in that cartridge 1. The code ig in binary format and
comprises a plurality of data bite corresponding to the
variables stored in the control processor memory. Table 3

illustrates how 13 bits of data can be used to represent the

,.,
)
&
g}
o

esgary variables for the operational parameters described

oL

Bit | Parameler Dascription
6 & 1 | Water tempsrature | 00 = cold
01 = warm

10 = 83 °C
1%L = 83 °C

2 & 3 Cartridge charge | 00 = fast charme with soak

01 = fast charge without =zoak
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10 = slow chaxvgs with goak

- 11 = zmlow cherge withoup sosk

4, B, & & 7 | Beverage woelume oond = 50 ml
Q001 = 60 ml
Q018 = TO wmi
80311 = 80 ml
03100 = 20 ml
0101 = 100 mwml
01310 = 110 ml
$111 = 138

1068 = 150 ml

1003 = 3170 ml

1810 = 190 md
1032 = 310 mi
1108 = 230 mi
1101 = 250 ml
1336 = 295 @l

fd

(1) 3
£ &
&

]

. 13111 =

8, 3 & L0 Plow rate 000 = 30%
GO01 = 40% |
010 = S0%
011 = 60%
106 = T0%
101 = 80% g
110 = 308 §
111 = 100% - §

11 %12 Turge {00 = alow flow/short period

41 = slow flow/long period

10 = fast flow/short pericd
11 = fast flow/long peringd

The code on or in the cartridge 1 will normally
comprises one or more extra data bita for errvor checking. In
ong sxample a 16 bit zode le provided. For example, using

5 ithe wvariasbles listed in Table 3, a carbridge 1 bearing the
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code “10001C0011110° would have the following operational

pavanciers:

10 Water temperature of 83 °C

Qo Fast chavge with soak

1000 Digpenged drink volume of 150ml
111 ~ Flow rate equalzs 100%

10 Fast air {low purge/short pericd.

Thus, uniike in previcus beverags preparation machines,
the memory of the contrel processor does nobt store

operational instructicns for beverage cartridges based on

the cartyidge type, i.e. instructions fox a cofise
cartyidge, instructions for a choseolate cartridgs,

ingtructions for a tea carbridge eto. Inastead the memory of
the control processory stores vavriableg for adiusting the
individual operational parameters of the opervating ovole.
This has a number of advantages. Firstly, a greater degres
of control of the dispensation cycle can be exercised. For
example, slightly different operational parameters can be
used for different grades or blends of coffese rather than
using the same paramsters for all types of coffee. Prior
coding solubions relying on storing instructions by
cartridge type rather than by individual parameters are
unsuited to such subtle differences in operating cycles for
similar beverage types bscause they guickly consume the
available storage space in the coding medium and control
processcr. Secondly, the coding method of the present
imvention allows for new beverage gartridos bvepes to be ussed
in pre~existing beverage preparation wmachines even where the

i

operational parameters for the operating cyele for the new

i3]

beverage cartridge 1 ave only decided upon after sale of the

peverage preparation wmachine 201. Thig is because the
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control provessor of the beverage preparation machine 201
doeg not need fo recognise that the beverage is of a new
type. Rather the operational parameters of the operating
oyole are set without direct reference to the beverage type.
Hence the coding method of the present invention provides
excellent backward compabibility of the besverage preparation

machines Ffor new beverage types. In contrast, with prior

ol

machines, the manufactursey is restricted to dispensing a new
beverage type using one of the pre-existing dispensation
cycles as determined by the in-market machines.

The cartridge head 250 ig shown in Figures 3§ to 42.
The cartridge holder 251 of the cartridge head 280 COMErLEes
a Fixed lowexy part 235, a rotatable upper part 256 and a
pivotable cartridge mount 257 positicned inbetween the fixed
lowsr paxrt 255 and the rotatable upper part 256. The uppsr
part 256, lower part 255 and cartridge mount 257 are rotated
about a comron hinge axis 258. Pigures 32 te 42 show the
cartridge holder 251 with some components of the machine 201
omitted for clavity.

The votatable upper part 256 and pivetable cartridge
mount 2857 arve moved relabtive to the fixed lowexr part 25
wmezns of a elamping mechanism 380. The clamping mechanisn
280 comprises a clamping lever having first and second
wewbers or parts 281 and 282. The first part 281 of the

clamping lever comprises a U-shaped arm which is pivotably

1

mounted to the upper part 256 at two first pivot polnts 283,

42

one on each gside of the cartridge holder 251.
The second part of the clamping lever cowprisss two
sver-centre arms 282, one on sach side of the cartridge

holder 251 which arve sach pivotably mounted to the upperx

art 256 ab a second pivoeb point 285 located on the hinge
P 4
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axis 258 coupling the upper part 256 to the fixed lowsr part
255, Bach over-centre arm 282 is a reciprocal wmembeyr
comprising a cylinder 282a, a stem 282P and & resilient
sleeve 282c. The cylinder 282a has an internal bore and is
rotatably mounted ab one end abt the hinge axis 258, a first
end of the stem 282b i slidingly received in the bors of
the cylinder 282a. Ths opposite end of the stem Z82b is
rotatably mounted to the U-shaped aym 281 at a thirxd pivot
paint 28¢6. The third pivoet points 286 are uncomectsd to,
and freely moveable relative ta, the upper part 256 and
lower part 255. The resgilient glesve 28Z¢ is mounted
externally on the stem 282b and extends, in use, bebtween
abutment surfaces on the cylinder 282a and stem 282b. The
resilient sleeve 282¢ accommodates shortening of the over-
cenbre arm 282 but biases the over-centre arm 28%2 inte an
extended configuraticon. Movenent of the third pivot points
286 towards and away from the hinge axis 258 is thus
possible by relative movement of the stems 282b in the
cylinders 282a. The resilient slseves 282¢ are preferably
fFormed from silicons.

The U-ghaped arm 281 extends around the front of the
cartridge nheldey 251 and conprises two downwardly dependant
hook menbers 287, one on each side of the cartridgs holder
281, each comprising a cam surface 288 facing the hincge axie
258, The fixed lower part 255 of the cartridge holder 251 is
provided with two bosses 259, or detents, located ons on
gach side of the lower part 255 ab or near a front edge 260
therect aligned generally with the hook members 287.

As ghown in Figure 39, the U-shaped arm 281 may be

formed from a one plece plastics moulding comprising an
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ergonomic hand grip and the hook members 287 integral to the

LI,

2]

The cartridge mount 2357 is rotatably nounted between
the upper and lower parxty 255, 25¢ of the cartridge holder
251. The mount 257 is provided with a substantially circulax
recess 280 which receives in use the beverage cartridge 1.
The recess 290 includes an irregularity 291 for
accommodating the handle portion 24 of the heverage
cartridgs 1 which also acts to prevent rotation of the
hevarage cartridge 1 in the cartridge holder 251. The
cartridge wmount 257 is sprung relabive to the fixed lower
part 25% such that in the open position, as shown in Figure
41, the vartridge mounkt 2857 ig biased out of contact with

the fixed lower part 25% so that the cartridge mount 257 is

¢

roved oubt of contact with the outlet and inlet piercer

membars 254, 253, The cartridge mount 257 ie provided with
an aperture 292 for receiving therethrough the inlst and
outlet piercers 253, 254 and a head 300 of the cartridgs
recognition means 252 when the cartridge wmount 257 is wmoved
into the closed position,

The upper part 255 comprises a generally circular body
310-housing a circular viewing window 312 through which =
congumer can view the beverage cartridge I during an
operating oycele and also visually confirm whether a
cartridge 1 is loaded in the machine 201. The viewing window
312 is cup-shaped having a downwardly directed rim 311 which
engages and grips the flange 35 of the beversage cartridgs 1
against the lower part 256 when the cartridge holder 251 is
clogad. AL the sams time the window 312 contacts the closed
top 11 of the cartridge 1. A wave spring (not shown! is
positionaed betwesn the viewing window 312 and the circular
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body 210 to enable the viewing window 312 to wmove axially
relative to the circular body 310 by a small degree. The
presgure axerted by the rim 311 on the flange 358 and by the
window 312 on the closed top 11 ensures a fiuid tight seal
betwesn the cartyidgs 1 and the cartridge holder 251.

The lower part Z55 comprises the inlet and outlet
piercers 253, 2%4 and the head 300 of the cartridge
recognition means 25Z. The inlet plercer 253 conprises a

holliow needle-like tube 280 having a sharpened end 261 for,

perforating the laminabte $ of the beverage cavtridgs 1 in
uze. The inlet plercsr 253 is in fluid communication with &

water condult 282 as shown in Figure 42 which passes through
the lower part 255 and is connected to an outlelb condult 283
of the water heater 225. The outlet pilercer 254 is similar
in type to the outleb plevcer described in the applicant’s
Ruropean patents EP 0 389 141 and EP 0 334 572 and conmprises
an open ended cylinder 254 of eircular or D-shaped crogs-
section having dimensionsz larger than the discharge spout
43. An arcuate porticn 245 of the upper end of the outlet
piergey 254 is serrated to plerce and sventually cub the
laminate of the beverage cartridge 1. The remainder of the
upper end is cut back longitudinalily of the oylinder at
leaat to the base of the teeth 265 ¢of the ssryrated portion
to fold or pull the cut laminate 5 away from the outlet
aperture before the heverage is dispensed therethrough. The
cutlet plercer 254 pilexces the laminate & axtermally of the
discharge gpoub 43 and when the cartridge mount 257 is in
the closged position, rests in the annulus betwsen the
discharge gpout 43 and the oubter wall 428 of the discharge
funnel 40. The outlet plercer 254 folds back the cut

laminate 105 inte the anmulus. Thereby bkoth the cutlek
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plercer 254 snd the cut laminate 105 are held out of the way
of the discharged beverage.
The outlet piesrcer 254 is surrounded by a ledge 254a
which is rvaised relative to ite surrcundings by 0.5mm.
Advantageocusly, the outlet piercer 254 is removable
from the lower part 253 bo enable it to be thoroughly
cleaned, for example, in a dishwashery. The rsmovabie outlet
plercer 254 is received in a recese 257 in the lower part
5% where it is seated. The inlet pilercsy 253 and/or the
cntlet plercer 254 may be made of a metal, such ag stainless

sbeel, or from a plastics material. Advantageously, the use

of plastic cubtin

fa)
e’

E
L

y elements ig enabled by use of a laminats

5 which ig able to be punctured and cut by a non-mstallic
material. Congssguently, the plercers 253, 254 can be made
less gharp which lowers the risk of injury to the consumer.
In addition, plastic piercing elements are not prone to
rust. Preferably, the inlet pilercer 253 and the outlet
plercer 24 are formed am a gingle, integral unit which is
removable from the lower part 258

In use, the upper part 256 of the cartridge holder 251

ig movable from an open position in which it is orientated

ertically or towards the wvertical as shown in Figure 36, to
& closed position in which it is orientated substantially
horizontally and in interengagement with the fixed lower
part 255 and cartridge wmount 257. The upper part 2586 is
moved from the open to the closed positions by operation of
the clamping lever. To close ths upper part 256 a uger takes
hold of the clamping lever by the U-ghaped arm 281 and pulls
downwards. Consequently, the upper part Z58 rotates which
first brings the vim 311 of the viewing window 312 into
contact with the flange 35 of the beverage cartridge 1 in
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the cartridge mounkt 257 and the window 312 ibmelf into
3

of the cartridge 1. Continned

jomt
§o2

contact with the cloged top
rotation of the upper part 256 yotateg the upper part 258§
and cartridge mount 257 down into contact with the lower
part 2535. PFurther rotation of the U-shaped arm 281 causes
the U-ghaped arm 281 to rotate relative to the upper part
256 and the lower part 255 resulbting in the hook members 287
of the upper part 256 engaging the bosses 259 of the lower

part 255 with the cam surface 288 riding over the boagag

0y

259. During this last stage of votation the cartridge 1 is
compressed between the cartridge mount 257 and the viewing
window 312, As a result, the viewing window 312 is wmoved
axially relative to the circular body 310 of the upper part
256 against the bias of the wave spring. This movement
allows for a take up of tolerances in the beverage cartridge
1 and beverage preparation machine and ensures that the
amount of compressive force applied to the cartridge is kept

witliin an acceptable range. The colamping force of the
- el

g
0

mechanism as wmoderated by the action of the wave spring
engures a clamping pressure on the cartridge of betwesn 130
and 280N. Preferably the force ig approximately 200N. A
force less than about 120N does not provide an adeguats
seal, whilst a force greater than about 280N leads to
plastic failure of the componsnte of the cartridge 1. During
closure of the cartridge head the laminate $ of the
cartridge 1 is tensionad as it is brought into contact with
the ledge 254a surrounding the cutlet pisrcer 254 which

causes the laminate 5 to flex out of plane as the distal end

9]

£ the outer tube 42 of the cylindrical fumnnel is moved

upwardly by 0.5mm relative to the flangs 35, This movement

also ensures that the greab majority of tha compressive
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orce applied to the cartridge acts through the central
gion of the cartridge 1 through the load-bearing inner

-

member 3. In the closed position the cartridge 1 is thus
clampad around the flange 315 by means of the rim 311 of tche
viewing window 312 and firmly clamped between the closed top
11 of the cartridge and the outer tube 42 of the imner
menber 3 by contact with the viewing window 312 and the
ledge 254a. Thess clamping forces help prevent Failure of
the cartridgs 1 during pressurisation and alsc ensure that
the inner member 3 and cuter mamber 2 are fully ssated
relative to one anothery and thus that all internal
pagsageways and apertures remain at their intended
dimensions sven during internal pressurisation.

An imaginary datum line can be drawn hetween the first
and second pivet points 283, 28% of the cartridge holdex
251. As can be seen in Figure 41, in the open position the
third pivot points 286 are located on the side of the datum

ks

line nearest the fixed lowsr parb 255. As the upper part 286

« ]

reaches the closed position, the third pivot points 288 of

the clawmping lever pass through the datum line doining the

first and second pivot points 283, 285 to the opposgite side

h
e

of the line, furthest from ths xed lower part 255,
fokd

Conseguantly, the U-shaped arm 281 ‘snaps through’ from a

fixst stable position to a second stable position. The snap

through action is accommodated by shortening of the over-
centre arms 282 and congegquential compression of the
resilient sleeves 282c. Once the third pivob points 286 ave

past the imaginary datum line then recovery of the resilient

sleeves 282¢ acts to continue the motion of the third pivet

points 286 away from the imaginary datun line., The clamping

lever thus has a bi-stable operation in that the lever is
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gtable in the open or clossd pogitions but unstable at the

voint when the third pivet peoints 286 lis on the imeginary

i1}

3 )

datum line joiming the first and second pilvot points 283,

i

285, Thus, the snap-through action of the clamping lever
5 provides a positive closure wechaniswm which leads to a
definite closure action wherein in the final stages of the
clamping lever’s rotabtion, the snap-through action of the U-
shaped arm 281 and second arms 284 foreee the hook members
287 firwly into engagement with the bosses 252. In

10 addition, the resilient sleeves 282c provide a resistance fo
re~opening of the uppsr part 256 aince a minimum force is
required to compress the sleeves 282c¢ sufficiently to move
the third pivoeb points 286 back into line with the datum
line joining the first and second pivot poinks 283, 285,

15 Advantageously, the interengagement of the hock wembers 287
and the bosses 259 prevents separation of the upper and
lower parts other than by rotation of the clamping lever.
This is useful in preventing opening of the cartridge head
250 during operation when the cartridge head 250 is subject

20 to internsl pressurisation

The purpose of the cartridgs recognition means 252 isg
to allow the machine 201 to recognise the type of beverage
cartridge 1 that has been inserted and to adiust one or more

v}
oparational parameters accordingly. In a tvpical smbodiment,

25 the vartridge recognition means 252 comprises an optical
barcode reader which reads a printed barcede 320 provided on
the laminate 5 of the beverage cartridge 1 as shown inm
Figure 45. The barcode 320 is formed from a plurality of
barg of contrasting colour. Preferably the bars are black on

30 a white background to maxiwmise the contrasi. The barcode 320

-

is not required to conform to a published standard but a
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standard format for barcodes, such ag RAN-13, UPC-&, or
interieaf 2 of 5 way be used. The optical barcode reader

0

":;’i

prises one or mors LEDs 321 to illuminate the harcode

3

l\.‘

e
W

, a focusing lens 322 to acguire an image of the barcods,
a charge coupled device {CCD) 323 for producing an
elactrical signal vepresentative of the acquired image and
support circuitry for the LEDs and CCD. The space in the
lower part for accommodating the barcode reader is limited.
A mirror or mirrors 324 may be used te reflect the light
From the LEDs 321 to a Ffocussing lens which is not located

>

in the lower part 255. Schematic arrangsments are shown in

Py

Figures 44a and 44b. The lower part 235 comprises an

T

erture 2286 which is the sawe size as the barcede 320 on

(;s

(,'J

the beverage cartridge 1. In use the plectrical signals
produced are decoded by signal px roceseing software and the
rasults forwarded to the control processor. The software can
recognise whether the read of the barcode gontained srrors
The barcods 320 may be rescanned a number of times before an
errvor message is presented to the consumer. If the machine
201 is unable to read the barcode the consumer is able to
use the beverage cartridge 1 to dispense & beverage uging a
manual mode of operation.

The cartridge head 250 algo includes a carty idge sSensor
for detescting whether a cavtridge is present in the
cartridge holdey 2B1.

The cartridge head 250 alsc includes a lock sensox
which detects whether the ca“trxdge holder 251 is properly
closed. Preferably the lock sensor comprises a micro-switah
which ig triggered when the cartridgs holder 251 is closed
and locked. DPreferably the cartridge sensor and lock sensoxr

are connected in series such that the outpub of bobth sensors

IPR2023-00502
Nespresso USA, Inc. Ex. 1002 Part 5

Page 158 of 387



WO 2004/065238 POT/GBIOGH02T6
62

]

must be satigfactory, i.e. cartridge present and wechanism

7

¥
locked, before the operating cycle can be commenced.

Cperation of the machine 201 comprisss inssrbion of a
beverage cartridge 1 into the cartridge head 250, carrying
out an cperating cycle in which the beverage is dispensed
and removal of the cartridge 1 from the machine.

The operational behaviour of the machine 201 is
determined by software embedded in the control processor.
Operation of the machine can be described in terms of
‘Brateg’, wherein ths machine 201 will normally exist in a
particular Stabte until an event occure to change the State,
& gtep called a State transition.

Table 4 shows a State Tramsition Table which
illustrates the States and State transitions for one

embodiment of the beverage preparation machine 301,
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Table 4
State Temperature | Lock Cartridge Water Water | StariSto
Description Sensor Sensor level flow ip
: | variable indicator | rate
e | | {OK, NOK,
£ CLR}
3 0‘) 3
1 | WATER >or = 85 golo | Closed: N/A Low golo | N/A No
- HEATING 2 [Carlridge 10 Agtion
Sensars
readpod{}]
Qpem
[Cartridge
Sensor
, , =CLR]
2 | WATER < 8% goto 2 Closed: Carlridge Low goto | BHA No
READY [Cartridge | Sensor =0K | 10 i Action
i imeout Sensor= | golod
10mins golo 8 readpod(}]
Open: Carridge
[Cartridge | Sensor
Sensor =NOK gole 3
, =CLR} ) ]
3 | READYTO /A Qpean; N/A Low gote | N/A Golo 5
BREW AUTO | ftemperature | [Cariridge 0 ;
sonrolied in Sensor
| background] =CLR]
goto 2
4 1 BREWIN N/A Qpery: NIA i Low goto | No Water off
PROGRESS temperature | [Cartridge 10 | Tlow goto §
AUTO gonrolled in Sensor | goln
[Rur Brew background] =L R] 110
State] goto 10
goto 7 7 3 ; 7
5 | BREW N/A Qpen: N/A Low goto | N/A Goto 5
SUSPENDED | {lemperabure | [Carlridge 10
controfied in Sensor
background] =CLR}
gote 10
8 | READYTO N/a Qpen: N/A Lowgolo | NJA | [Water
| BREW flsmperature [Carlridge 10 2n]
- MANUAL controlied in Sansor Goto B
‘ background] =CLR]
goto 2
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7 | BREW IN N/A Open: NI Lowgoto | No Release |
 PROGRESS | ltemperature | [Cartridge 10 i flow  idgote? |
L MANLIAL gontrolied in Sensor goto E
background] =CLR] 1@ i
goto 10 E
8 | PURGE | NIA Open: | NiA Noaction | NFA | No E
Water off; air ftemperature | [Carlridge | Action |
on, imeout n controlfed in Sensor | :
sec than gote | background] =CLR]
gl gote 10
g | BREW DONE | N/A Open goto | NiA Lowgolo | NIA Golo 9
fakr purge] [temperature 2 10 :
{Gartridge controfled in
Sensor =CLR] | background]
if tirrgout 10s
goto 2
18 | STANDBY N/A Open; N/A Low goto | N/A Goto §
[heater off] {Cartridge | 10 ]
Sensor
=CLR]
goto 1
Closed:
{Carlridee
Serisor =
readnod()] ‘
11 | ERROR RN NIA N/A Nf& NIA | NiA
Powsar offion ‘
required to
clear
12 | WATER LOW Low golo
10

The following ewasple illustrates an operating oyole to

exemplify the use of the State Tramnsitions by the control

procaesady.

gswitched off and with no cartridge 1
cartridge head 250. When the machine

gontrol processor is in State 1.

It ig asszumed that the machine 201 iles initdially

bet)!
iiet

awitched on. Once the tewperaturs

ingerted in the
2¢1 i1¢ ewitched on the
e water heater 225 ig
*C the contrel
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processor transibs Lo State 2. If at any time during State 1
cr Z the cartridge holder 251 is closed the lock sensor will
he triggered to send a signal to the control processor
Indicating that the cartridge holder 251 is properily closed.
The control procsgsor then intervogates the cartridge genasox
by sending & ‘veadpod’ instruction. The cartridge sensor
returne a signal to the control procegsor indicating whethex
a carbtridge ig in place in the cartridge holder 251. If neo
cartridge is present the conkrol processor transiks to State
3 where 1t remains in a readiness state until the cartridges
holder 251 is reopesned at which point the control processor
transits back to 8tats 2. If a cartridge is present in State
2 then the control processor transits to State 4 and
operation is commenced automatically. During States 4 to @
the water temperature is coanbrolled in the background to
remain within the required tolerance range of the desired
temperature a8 set by the operational parameters set by the
barcode on the beverage cartridge 1., Once the discharge
stage of dispense is completed an air purge ig commenced in
State 8. Once the alr purdge is completed the operating cycls
ig completed and the machine enters to standby mode in State
10. If, during operation, an exvor occurs then the processor
transibs to State 11, If a low water level is detected then
the processor bransgits to State 12,

To insert the cartridge 1 the cartridge holder 251 is

opened as degcoribed above to expoese the cartridge mount 257.

=

The cartridge 1 is then placed on the cartridge mount 257

received within the recess 290 much thab the handle 24 of

the cartvidge ils located in the irrvegularity 291. The

optical or magnetic barcode 320 of the rzavtridge 1 is

orientated directly asbove the aperturs 226 in the cartridge
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mount 257. The carbtridge holder 251 is then closed by
operation of the clamping lever as described above. During
closure the inlet and ocutlet pilercers 253, 2854 plexce the

laminate 3 of the cartridge 1 to form the cartridge inlet

51

121 and outleb 122. Ag described above the laminate cul
the cutlet plercer 254 iz folded up into the annulus
gurraunding the discharge spout 43. When closed the
cartridge holder 251 grips the cartridge I around the rim 25
between the cartridge mount 257 and the upper part 256 and
between the window 311 and the top 11 «f the cartridge 1 to
form a fluid tight seal of sufficient integrity to withstand

the pressures developed during the operating oyole.

([l

To commence The operating cycle the consumer operate

the atart/stop bubthtan 2471.

15}

The opsrating cycle comprises the steps of cartridgs
recognition and the discharge coyele.

Cartridgs recognition is performed by the optical
cartyridge recognition means 252 as described above assuming
that the cukputa from the cartridge sensor and lock zensor
are satisfactory. Once the barcede 320 has been decoded the
cperational paramsters of the machine 201 are adjusted by
the controel processor. The discharge cyole is then
automatically commenced.

The discharge cycle has four main stages, not all of

which are used for all beverags types:

{1} Pre-yet
{id} Pausge
{id4) Brew/Mizing

{iw} Purge
In the pre-web stage the cartridge 1 ig charged with
water from the water storage tank 220 by means of the water
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pump 230. The charging with wster causss the beverage
ingredients 200 in the filtration chamber 130 to be webtted.
The charging may take place at a “fast” flow rate of 600
ml/min or a “slow’ flow rate of 325 wl/wmin. The alow
charging rate 1s particularly useful for cartridges
containing viscous liguid beverags ingredients where the
ingredients require some dilution before they are able to be
pumped at a higher volume flow rate. The volume of water
injected into the cartridge 1 is selscted to ensure that
water or beverage does nobt drip out of the cartridge outletb
122 during this skage.

The pause stage allows the bheverage ingredients 200 to
soak in the water injected during the pre-wet stage for a
prédeterml gd period of time. Both the pre-wetting and
soaking stages are known to increase the yield of the
extractibles from the beverags ingredients 200 and to
improve the end flavour of thes beverage. Pre-wetting and
scaking are parbicularly used where the beverage ingredisnks
are roast and ground coffee.

In the hrew/mixing stage wabter is passsd through the
cartridge 1 in order to produce the beverage from the
beverage ingredients 200. The temperature of the water is
deternined by the control processor which sends instructions

to the water heater 228% to heat the watsy

w3

agzing from the

v,

Water enkers the

-

water tank Z20 to the cartridge head 250.
lower part 285 of the cartridge holder 2351 through the
conduit 262 via the inlet valve and the inlet pilercer 253
into the dnlet chamber 126 of the bevezaga cartridge 1.

beverage from the beverage cartridge 1 is as described above

with reference to the versions of the beverage cartridge 1.
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age preparabtion machine and the beverage

o

The air purge comprises the blowing of pressurised aiw
through the bhevera

cartridge 1 to snsure that all beverage is dispenssad and
that the flow path isg cleared veady for digpensing another
beverags. The alr purge does nob cowmence immediately on
cessation of the brew/mixing stage to allow for the majority
of the fluid to clear the flow path. This prevenis an
unacceptable spike in internal presgsure on commencement of
the air purgs.

In normal operation a user manually stops the machine
201 by operating the start/stop button 241.

{nce the operating cycle has besen completed the
consumar removes the cartridge 1 by opening the cartridgs
holder 251 and manually removing and disposing of the
cartridge. Alternatively, the wachine 201 wmay be provided
with an automatic ejection mechanism for removing the
cartridge automatically on opening the cartridge holder 251,

As desgscoribed above, Lbwo or move of the beverage
carbtridges are used in combination according to the present
invention to produce a wide vaviety of beaverages including
incorporating the advantage of digpensing a liguid dalry-
bassd beverage portion from a cartridge of the same overall
gize ag the cartridges uged to prepare the remaindsr of the
baverage. Thus a single beverage prepavation machine may be
used with all tyvpes of cartridges since the interface
retween the cartridges and the machine ars the same
irrespective of the beverage ingredients contained in the
cartridges.

The delivery times for beverages using the machine 201
and cariridges 1 are typically between 10 and 120 seconds,
preferably 30 to 40 seconds for roast and ground coffee,
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between S5 and 120 seconds, preferably 10 te 20 seconds for
chocolate and betwesn 5 and 120 seconds, preferably 10 to 20
geconds for wmilk.

The machine 201 may also advantageously cowprise &
memory in operative communication with the control processox

that stores information on the type of beverage dispensed by

T
g
i

a2 umger. The operating cycle of machine 201 may then be
adjusted for the next cartridge 1. This is especially
advantageous where Lwo or more baverage partridges 1 are
used sequentially to form a bevarage. For example a coffes
cartridge may be dispensed Ffollowed by a milk cartridoge to
form a cappuccino beverage. Altermabively a chocolate
cartridge could be used followed by a miik cartridge to
produce a creamy hot chocolate beverage. By uelng & nemory
that stores information on the first beverage dispensed, the
manner of dispensing the second cartridge, say a wmilk
cartridge, may be altered to achieve an optimum beverage. In
the above example the milk dispensad for hot chocalate wmay,
rypically, be diluted less than the wilk added to the
coffee. In addition, the milk dispensed for chocolate may
be dispensed at a glower flow rate to lessen the degres of
foaming of the beverage. Many cowmbinations of cartridges are
possible and operating paramebers as will be obvious te the

skilled person. In addition, the wemory may be used to

i

alliow the machine 201 to ‘predist’ the type of beverage thatb
a user will next want to dispense. For exawple, 1f a user
predominantly drinks one beverage type then the‘machiné man
instruct the water heater to vemain at the optimm

tesrpevature for that beverage type.
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A cartridge (1) containing one or more liguid beverage
ingredients (200) and being formed from substantially
air- and water-iwpermeable materials, the cartridge
comprising an inlet (121) for the introduction of an
aguecus madium into the cartridge, a compartment (134)
containing the cne or wore liguid beverage ingredients
and an cutlet {122) for a beverage produced by dilution
of the one or more liguid beverage ingredients by the
aguesus medium, chavachevised in that the compartment
includes means for controlling dilution of at least &
proportion of the one or more liguid beverage
ingredients on introduction of the agueous wedium into

the compartment,

A cartridge {1} as claimed in c¢laim 1 wherein the means
for controlling dilution dalays dilution of at least a
proportion of the one or wore liguild beverage

ingredients on introduction of the aguecus medium lnto

the compartment.

A carbridge (1) as claimed in claim 1 or claim 2
wherein, in use, an agueous medium flow path is
satablished from the inlet to the cutlet, the means for
delaying dilution couwprising a partibion {100} which
hinders entry of at least a propertion of the one or
more Liguid beverage ingredients intoe the aguecus

wedium flow path.

IPR2023-00502
Nespresso USA, Inc. Ex. 1002 Part 5
Page 167 of 387



5+ 1}

3
]

%]
[

W 2004/063238 POT/GB04/000276

4. A cartridgs (1) as claimed in claim 3 wherein the
partiticn {100) compriges one or more apertures {103]
for controllably releasing the at least a proportion of
the one or more liguld beverage ingrsdisnts into the

aguecus wediuw flow path.

&
v

A cartridge (1) as clalwed in claim 4 whereln four

apertures {103} are provided,.

o

A cartridge (1) as claimed in any of clajms 3 bto §
wherein the partition comprises a cup-shaped member
having an open mouth {(104) directed away from the
aguecus medium flow path.

%

. A cartridge (1) as claimed in claim €& wherein the cup-

-3

shapsd membay is anmalar.

8. A cartridge {1} as claimed in claim & or claim 7
wherein one or more apertunres {103) are provided at or

near a base of the cup-shaped mewber.

. A cartridge {1 as claimed in claim & wherein the at
leagt a proporiticon of the liquid beverage ingredients
in the cup-shaped wmember {(100) drain by gravity through
the one or wore apertures {(103) in use.

160 A cartridge (1) as claiwed in claim 2 wherein the cup-

shaped mewber is spaced from a bottom of the cartridge,

such that the agueous medium flow path passes bhebween

the cup-shaped member and the bottom of the cartridge.
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& eartridge (1) as claiwmed in claim 10 wherein the at
least a proportion of the liguid beverage ingredients
in the cup-shaped wmember (100} drain by gravity through
the one or wore aperxbures {103) in use vertically

downwards into the agusous medium Llow path.

A cartridge (1} ag claimed in any of claims & to 1l
compriging an inner member (3) and an cuter member (2},
wherein the inner wember comprises the cup-shaped
mewnber.

A cartridge as claimed in any of claims 3 toe 12 further
comprising means for producing a jet of the beverage,
wherein saild means for producing the jet of the
beverage comprigss an aperibure (128} in the agueous

medium f£low path.

A cartridge as claimed in claim 13 ag dependent on
claim 11 wherein the apexture (128) ig delimited by an
interface bstween the immer wmember and the outer

membar.

i

& cartridge as claimed in claim 13 or claim 14 further
comprising ab least one inlet {71} for air and means
for generating a pressure veduction of the jeb of
beverage, whereby, in use, air from the at least ons
alr inlet is incorporated inte the beverage asg a

plurality of swmall bubbles.
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& cartridge (1) as claimed in c¢laim 15 wherein the at

least one air inlet (71) is provided in the inner

member downstream of the aperture {(128).

A cartridge (1) as claimed in claim 16 whersin the at

least one air inlet {71) and means for producing a

73

regsure reduction in the jet of beverage produces a
foaming of the one or more liquid beverage ingradiente

of greater than 40%.

A cartridge (1) as claiwmed in claim 17 wherein the

foaming is greater than 70%.

A cartridge {1} as claimed in any preceding claim

wherein the cartridge is disc-shaped.

A cartridge (1) as claiwed in any preceding c¢laim
wherein the outer member and/or inner member are Fformed

from polypropylane.

A cartridge {1} as claimed in any preceding claim
wherein the outer mewber and/or inner mewber is formed

by injection moulding.

A cartridge (1) as claimed in any preceding claim
wherein the liguid beverage ingredient is a

concentrated liquid milk composition.

A vartridge {1} as clajmed in claim 22 wherein the
concentrated liquid milk contains between 25 and 40%

total solids.
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A gartridge (1) as claimed in claiwm 23 whersin the

concentrated liguid milk contains 30% total solids.

A cartridge (1) as claimed in any of claims 22 to 24
wherein the concentrated liguid wmilk containg between

8.1 and 12% fat,

A cartridge {1} az claimed in any of claims 1 to 21
wherein the one or wmore liguid beverage ingrediesnts are
selected from the group of cosoa solids, aoffee, tea,
sweeteners, cordials, flavourings, alccholic beverages,
flavoured milk, fruilt juices, sgguashes, sauces and

desgerts.

A wmethod of dispensing a beverage from a cartridge {1)
containing one or wore liguid beverage ingredients
{200) during an operating cycle, conprising the steps
of passing an agqueous medium through the cartridge to
form a bheversge by dilution of said one or moxs
beverage ingredients, snd dispensing the beverage inte
a recepbtacle, wherein the one or more liguid
ingredients as dispensed has a concentration at the
gtart of the operating cycle of between 3¢ and 70%
total solids and a concentration at the end of the

opearating ovele of between 1 and 15% total sclids.

A method as claimed in claim 27 wherein the
concentration at the start of the operating cyvcle is

between 30 and 35% total sclids.
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A methed as claimed in claim 28 wherein the
concentration at the end of the operating cycle is

approxzimately 10% btotal solids.

A method as claimed in claim 28 or claim 29 wherein the

liguid ingredient is concentrated wmilk.

B method as claimed in claim 27 wherein the
concentration at the start of the operating cycle is

hetwean 60 and 70% total szclids.

A method as claimed in claim 31 whevrein the
concentration at the end of the operabting cyele is

between 12 and 15% total asolids.

Ly
| §;
1.,,]
2
I
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A method as claimed in olalm 31 o

liguid ingredient contains cocea solids.

A method as claimed in claim 27 wherein the
concentration at the start of the cperating cycle ia

between 40 and 70% total solids.

A& method ag claimed in claim 34 whersin the
concentration at the end ¢f the operating cycle is

between 1 and 3% total solids.

A method as claimed in claim 34 or claim 35 wherein the

liguid ingredient is containg coffese.

A method of digpenging a beverage from a cartridge (1)

containing one oy wmove liguid beverage ingredients
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38.

(200} during an cperating cyele, couprising the steps
of passing an agueous medium through the cartridge to
form a heverage by dilution of said one or more
beverage ingredients, and digpensing the beverage into
a yeceptacle, wherein the one ox mare ligquid beverage
ingredients is foamed on dispense to a ratio of between

20 and 1850%.

A wmethod ag claimed in claim 37 wherein bhe opne or nores
liguid beveracge ingredients are foamed to a xatic

between 70 and 100%.

A method as claimed in claim 37 or claim 38 wherein the
one or more liguid beverage ingredients includes one or

wore of concentrated milk, coffes amd cocoa golids.

:,..J

A beverage as produced by the method of any of claims

27 to 38.

A method of manufacturing a cartridge (1) for

dispensation of a beverags comprigsing the steps of:

a. manufacturing a plurality of outer wembsrs (2}
comprising at least a first type of outer member and
a2 second type of outer member having differing shape
or configurations;

b. manufacturing a plurality of inner members {3}
comprising at least a first bype of inner member and
a gecond type of inner member having differing shape

ar confilgurations;

i

gtoring saild plurality of ocuter members and said

inner wmembers;
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d. selecting one of the first type of outer member or
the gecond type of outer member from the plurality of
outer mamnbers;

e. selecting one of the first type of inner member or
the second type of inner mewber from the plurality of
inner members;

f. conjoining the selected imner member to the sslescted
ocutsr member such the inner wember is within the
outer member:

g. £illing the oubter wember with one or moxe beverage
ingredients (200) selected from a plurality of
beverage ingredients; and

h. ssaling the outer membesr with a lid {5} to form the
cartridge.

A method as claiwmed in claim 41 further comprising in

gtep b. of joining a fillter member {4) to the first

type and/or second type of inner member {3}.

& wmethed az claiwmed in olaim 81 or claim 42 wherein the
first tvpe of outer member (2} is suitable fowx
containing roast and ground beaverage ingredients or the

ke,

o
Fordm

A method as claiwmed in any of claims 41 to 43 wherein
the escond type of outer member {2) is suitable fox
containing soluble or liguid beverage ingredients or
the like.

A method as claiwed in any of claims 41 to 44 wherein

the first type of inner member (3 is suitable for
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Filtering roast and ground beverage ingredients and the

like.

A method as claimed in any of claims 41 to 4% whasrein
the second tyvpe of inner membsr (3} is suitable for
filtering roast and ground beverage ingredients and the
like and for entraining a plurality of air bubbles in

the dispensed beverage.

A method as claimed in claim 45 or claim 46 wherein the
first and second tyvpe of inner member (3} comprise a

frame {41} having s filter {4} dispoged thereupon, and
wherein & periphersal rim {($1) of the frame iz comijoined

to the selected tvpe of cuter member by welding.

i

A method as claimed in claim 47 wherein the second type
cf inner mewber {(3) comprises weans (70} for producing

70
a jet of the beverage, which wmeans comprises

&

n
apsrture in a beverage flow path betwesn an inlet and

an outlet of the cartridge.

A mwethod asgs claimed in any of claims 41 te 48 further
comprising manuwfacturing and storing a third type of

inner member (3} .

A method as claimed in claim 49 wherein the third type
of inner wembsr is sultable for dispensing sclubls

-

beverage ingredients and ths like.
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A method as claimed in any of claims 41 to 5¢ further
comprising manufacturing and storing a fourth type of

inner mewber {3}.

A wethod as clalwed in claim 51 wherein the fourth typs
of inner wember {3} is suitable for dispensing a liquid

beverage ingredients and the like.

A method as claimed in any of claims 48 to 52 whersin
the third or fourth type of inner mewber (3} comprises
a skirt (80) surrounding an outleb, the skirt
conprising an upper extension (81} having an upper rim
{21) which engagesa, on assembly of the cartridge, &8 co-
operating formation (19) of the gelescted type of oﬁter
menker {2} to form a snap-fit arrangement for
conjoining the third or fourth type of inner member Lo

the selected type of outer member.

A carbtridge eystewm for dispensing a plurality of

beverages comprising:

a. a piurality of outer pewbers {3} comprising at least
a first type of ouber mewber and a second type of
outer member having differing shape or

configurations;

b. a plurality of inner members (2} conprising at least

!

a first type of inner member and a second type of
inner member having differing shape or
configurations;

¢, a plurality of beverage ingredients {(200); and

d. at least one 1id {5} teo seal the cartyidge:
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wherein each cartridge comprises an cuter member, an
inner menmber, one or mors heverage ingredients and a

1id.

A cartridge system as claimed in olaim %4 wherein each

cartridge further comprisss a filter {4).

A cartridge system as clailmed in claim 52 or claim 58
wherein the £irgt type of outer menber {(3) is suitable
for containing roast and ground beverage ingredients ox

the like.

A cartridge system as claimed in any of claims 54 to 5§
wherein the second type of cubey mewber (3} is suitable
for containing scluble or liguid bsverage ingredients

or the like.

A cartridge svstem as claimed in any of claime 54 Lo 57
wherein the first type of imner member {3} is suitable
for filtering roast and ground beverage ingredients and

the like.

aimg 54 to B

oot

A cartridge system az claimed in any of ¢
wherein the second type of inner mewmber (3} ig suitable
for filtering roast and ground beverage ingredients and
the like and compriges meansg enbtyraining a plurality of

air bubbles in the dispensed beverage.

A cartridge system as claimed In any of c¢laims 54 ho &3
wherein the First and second type of inner member (3}

comprige a frame {41} having a filter {4} disposad
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thereupon, and wherein a pevipheral rim (51} of the
frame is conjoined to the selected type of outer mewber

by welding.

A cartridge systew ag claimed in claim 59 or claim 80
wherein the sgecond type of imner member (3} cowprises
means (70} for producing a jet of the beverage, which
meang corprises an aperture in a beverage flow path

betwaen an inlet and an ocutlet of the cartridge.

A cartridge system ag claimed in any of claims 54 to &l

5

further compriging a third type of inner membey ({3}.

A cartridge gystem as claimed in claim 62 wherein the
third tvpe of inner member {2} iz suitable for

dizpensing scluble beverage ingredients and the like.

A cartridge system as claimed in any of claims 54 to 63

further conprising a fourth btype of imnnsr member (3}.

A cartridge svstem as claimed in olaim §4 wherein the
fourth type of inner merber (3) is suitable for

disgpenseing a liguid beverage ingredients and the like.

A cartyidge system ag claimed in any of claims 62 to €5
wherein the third or fourth type of innsr member {3}

comprizes a skirt {80} surrounding an ouflet, the skixt
comprising an upper extension (81} having an upper rim

he cartridgs, a co-

(%3

{91} which engages, on assembly of
operating formation {(13) of the selected tvpe of outer

member to form a snap-fit arrangement for conjoining
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the third or fourth type of inner member to the
gelectad tvpe of outer member.

67. A method of preparving a beverage comprising the steps

a) inserting a first beverage cartridge {1}
containing one or more beverage ingredients
{200} into a beverage preparablon machine
{201} ;

b} operating said beverage preparation machine
to pass an agueous medium through the first
beverage cartridge to dispenss a first

¥

ortion of gald beverage into a receptacle;

1‘{}

0

inserting a second beverage cartvidge (1}
containing one or more beverage ingredients
{200) inta the beverage preparation wmachine;
and

d} operating the beverage preparation machine to

ass

o

n agueous medium through the second

s ]

beverage cartridge to dispense a second

portion of saild beverage into the rsceptaclie;
characterigsed in that one of the first or sscond
beverage cartridges containe & ligquid daivy-based

ingredient.

€8. A method as claimed in clalm 87 wherein one of the
firsgt or second beverage cartridges (1) containg an

ingredient for forming a brewed portion of & beverage.

£8. A method ag claimed in ¢laim €7 or claim 68 further

comprising the step of removing the first beverage
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cartridge (1) before inssrting the second beverage

cartridge (1).

A method as claiwed in any of claims 67 ho 6% wherein
the beverage ingredient in the fivst or second beverage

cartridge is roast and ground coffee.

A method as claimed in any of claims €7 to 69 whevrein
the beverage ingredient in the first or second heverags

cartridoe is leaf-based tea.

A method as claimed in any of claima 67 to 69 wherein
the beversge ingredient in the firet or zecond beverage

cartridge is a liguid coffees ingresdient.

A method as claimed in any of claime 67 bto 6% whersein
the liguid dairyv-based ingredient is a concentrated

dairy-based product.

A method as claimed in claim 73 wherein the
concentrated dalryv-basged product is concenbrated liguid

milk.

A method as claimed in claim 74 wherein the
concentrared liguid milk contains between 2% and 40%

total sgolids.

A method as claimed in claim 75 whersin the

concentrated liguid milk contains 30% total selids.
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77. A method as claimed in any of claims 73 to 76 wherein
the concentrated liguid milk contains between 0.1 and

12% fat.

5 78. A method as claimed in any of claims 73 toe 77 furthex
comprising the step of foaming the one or more liguid

dairy~-basad ingredients Juring dispensation.

79, A beverage prepavation gystem conprising a beverage
10 preparation wmachine (201) having wmeans for receiving a
range of heverage cartridges (1) and means for passing
an agueous wmedium through said beverage cartridges, a
first beverage cartridge {1} containing ons or nore

beverage ingredientas (200} for preparing a Ffirst

i5 porticn of zaid beverage, and a second beverage
cartridge {1} containing one or more beverage
ingredients {200} for preparing a second portion of
said beverage, characterised in that one of the first
or second beverage cartridges contains a liguild dairy-
20 7 based ingredient.
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FACKAGE AND DEVICE FPOR THE PREPARATION OF A FOOR PRODUCT SUCH AS A
BEVERAGE

The invention relates to the przparation of a food product
sultable for human consompiion. In a8 praferred embodiment the

inventi relates to the preparation of a baverage or component of a

 baeverage, in particular the preparation of milk froth. The invention

is suitable in particular for the prepacvation of milk froth for a

In the invention use is made of =z package, which is preferably
disposable, filled with a portion of dilutable liguid foodstuff ox a
liguid ingredient to be mixed with a base liquid.

The invention also proposss a device which can be used in
coamblnation with the package,

A dizposable package with a reservoir filled with a portion of
dilutable liguid foodstuff or liguid ingredient is known. In a known
embodiment a separate mixing slement, provided with a mixing chamber,
iz fixed on the resevvoir mads of plastic. A vacuum is prodused in
the mixming chamber by coreating a venturd effect, so that the
dilutable liguid foodstuff or the liguld ingredient is drawn out of
the reserveir. This known package is camplax and conssguantly
axpensive to produce. In addition, the known package reguires many
assembly steps during its production, which increases the cost even
further.

1 \

One cbiect of the invention is te provide an improved pachkage.

N

Another obiect iz to provide a package which can be mass-
produced at relatively low cost.

N

vide a parckage which can be handled in

o]

Ancther object is to pr

an attrachive manner on a filliy

’2$

g unit for £illing the packags,. for
grample with a milk dugredient,

Another obiject is to provide a package which is rellable when
it is a mattsr of food safety. '

Ancther obisct is to provide a package which is easy for the
user to use, pariicularly for use by a consumer in the home.

In order to achieve one or wmore of the abovementioned bbjects;
the invention acoording to a first aspscet thereof provides s package

¥

as described in claim 1. In accordance with that ficst aspeck,. the
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invention alsc provides a package as described in claim 17.

T

in the packsge according to the first aspect of the inventien
the plastic body is produced in one pimce by means of Injechion
moulding., This msans that a separats assembly step 1s no longex
neceszary in the produckion. Making the body of one piece also means
that the shape of the mixing elsment or column can be kept relabtively
simple because no asssambly ls reguired. Furthermore, sealing problems
do not occur in such & monolithic construction.
In an advantageous embodiment the body has a botitom, and the
mixing element or column is connected directly to the bottom. Ths
mixing element or column then in fact stands in the reseyvoeir.

The bottom prsferably has & flexibls portion., The mixing
glement or column can conseguently be moved, preferably particularly
in the vertical direction, relative to & non~flexible portion of the
botton and/or relative to the clroumferential wall. This possibility
af wmovement can be used for opening or otherwise activating the
package, as will be explainsd further.

In a possible ambodiment the flexible Dbottom portion is
provided in the form of a protuberance.

Provision can also be mads for the flexible botiom portisou to
e of & bistable design. The mixing element or column in that cass
has a first stable posiblon amd a sscond stable position, which is
preferably lowey than the first stable position.

Por example, the protuberance projects upwards in the reservoir
in the first stable position and downwards relative to the reservolr
in thes sevcond stabls positlon. The protuberance of the portion of the
bottom concernsed makes it possible o move the miming elament ox
coluwmn connected ito sald protubsrance into ancther, lowesr position
relative to the remainder of the reservelr. This possibilibty of
movemsnt can be ussed for opsning or othsrwiss activating the packags
and assists with the empiying of the reservolc.

The nmovakle arrangement of the mixing element ©r column is used
in an ddﬁantagﬁuus embodiment for opsning the package, notahly for
opening a seal on the underside of ths packags in thabt way.

In an advantageous embodiment a breakable or removable seal,
for example with a plastic film or plasticized aluminium Ffoil, is
provided at the outlet apsrture situakted on the underside of the
package. Said seal is, for example, comnnected to a rigid portion of

the bottom, in other words a portion of the hottom lylmg around the’

IPR2023-00502
Nespresso USA, Inc. Ex. 1002 Part 5
Page 209 of 387



i

v ]
&

W 2007/114688 PUT/NLIBOTG00040
flexikle portion. In the initial position, which can correspond to
the first stable position if a bistable protubsrance has been
provided, the protuberance projects lawards in  the ressyvolir.
Pressing the mixing element or column down now causes the
protubsrance to be moved downwards., In the case of 2 bistable
protuberance the latter is preferably taken inte its second stable
position as a vesult, in which case the protuberancs points outwards.
The underside of the mizing element or column is also woved down in
the process, and in doing so plerces the bottom seaxl, which is
applicable particularly if a sealing film or foll is provided, In

another embodiment of bthis seal it I for example, ths case that ths

(IJ

downward movement causes the seal to be pushed away to ths side. For
example, a s=alil element with & hinged arm 1is fixed on ths
undersids of the packaga, in such & way that during downward mowvsment

aid sealing slemsnt swings away out of the path of the dispensed

0

et,

[ %

In an advantageous embodiment the mixing element or column 1is
placed substantially in the centre of the reservoixr. It has besn
found in practice that a good dischargs out of the package can be
achieved in this way.

In one gmbadiment the ciroumferential wall forms a £illing
aperture on the wpper side and & raservolr seal or top seal which
protects the contents of the package from the atmosphesre iz provided
thare. In this way the veservoir can be filled through a relatively
largs filling aperture, after which & top seal can be placed in a
simple manner, for example with known equipment for placing & film or
foil seal over an apsrture on the upper side of a plastic package.

It 4is advantageous if the raservolr seal or btop ssal is
hreakablie st the position of the channsl, notably can be pierced ox
removed by a lancs.

T is not necessary for a seal also to bz present bslween the
reservoelr and the channel. The absence of such & Seal‘leads o &
simpler producktion of the package.

The package according to ithe flrst aspsct of the invention,
through its simple production and possible low cost, is sultable for-
mass production and as a disposable package for & single use.

According te a second aspsct of the invention, & package
acoording to claim 47 is provided. In the case of this packayge

provision iz made for the column ~ through the engagement of a base
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iiguid Fesd lance on te the column ~ to hs moved from & higher
initial position higher to.a lower dispensing position.

This movability of the column has already besn descoribed and
explained zbove with referenca to the preferred embodiments of the
package according to the first aspect of the invention. In that first
aspect of the invention the Dbody of the package is nade
monolithically of plastic material. That construction detail is an
advantageous exbodiment, but 1is not essential in the cass of the
package according to  the second aspect of the Invention., In
particular, & package according to the second aspect of the invention
could be made of several componentsz which are assembled. For example,
in the ocase of the paakage according o the second aspect of the
invention the column is made separately and fitted later on the
component Forming the circumferential wall and bottem of the packayge.

For exarmple, the package socording ho the second aspect of the
invention is designsd specifically for multiple use. For example,
this package is dishwasher-szafe.

¥or example, the ciroumferential wall and an anpular part of
the bothom are made of metal, such as stainiess steel, the flexible
portion of +ths kottom being formed hy a suitable elastomeric
component, and the column baing alse of stainless steel or ancther
suitable material. Such a package can have a lavge filling aperxture
ot the upper side, for example Just as explained in the case of
suitable embodiments of the package according to the first aspect of
the invention, bub the filling zperturs can also he smaller or can be
in & gdiffersnt placs. For example, the package can have a cover
{(preferably removable or hinged) with a hole above the ceolumm, =0

that a lance can act upon the column. When the cover has been removed

ot

or is open the user can thsn £111 the package and put on orx close tha
cover, and cen then place the package in a suitable device.

The inventlon furthermore relates ito a system according teo
claim B0 and a system according to o2laim 81,

The invention also relates to a device for preparation of a
peverage according to claim 13,

The invention also relates to a device according teo olaim 70
and to a device according to claim 71.

The device has a holder for sasccommodation of a packags
aceording to the inventlon, -

The device can alsco bhe provided with sevaral helders for
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simulitansous accommodation of several packages according to  ths
invention or of several types of holders, for sexanpls one oz
accommodation of & package acvording to the invention and one for
ancther type of packags, Ffor sxample a coffes pad.

3 Phe inventimm also relatss to such a device which doss not

t

sccomnodats a package according to the inventdion, but two diffesrent
packages, preferably siongle-portion disposable packages, the device
having, for example, a lance which connzcts to a channel in one of
said packaces and then, on the basis of some suction effect or other,
10 draws 2 liguid ingredient out of ths reseyvolr of =ald package and

subsaguently mixss it with llgnid, such as {hot) watex, aupplied

through the lance. A package according to the invention ds preferred

#

here, The first and second package can preferably be placed hy the
user in a common holder.

1% The device preferably has a watsr feed means which connects to
a feed lance for the diluent or base licquid. The lance and the holder
for ths package(s! arve preferably movable relative tn sach other by
means of suitably designed controllaile movement means of the devigs,

The lance and ths psckagel{s) can be moved relative ho each

20 other, for example when the user oloses the device afbter placing the
package in the devies. In that case the operable displacement means
are cperated by closing the system. It is, however, also possible for
the lance and the package{s) to move relative to each other when the
user actuatss the system, for example by means of & push bntton. In

25  that case the operable displacement means are operabsd by activating
the system.

In an advantageous swbodiment the lance is adapted to break ox
remove a seal provided over the channel of a package. Doring
insertion 'of the lancs intoe the inlst of the chanuel the lance can

30 plervce and/or push away the ssal.

in a further advantageous embodiment the lance is eguippsd to
act ospon the mixing slement or column in order to deform the flexible
portion of the bottom of a packages and thus take ths mixing elament
or column into a different position, preferably downwards relative to

3% the initial position,

For instance, during use of a package with a protubsrance,

N

bistable or otherwise, in bthe bohtom saild

3

protuberance can be taken

from the first sition into the second position by the lancs. During

,t:j'

thiz process any seal which may be pressnb cover the cutflow aperture

»

z";
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of the package can be hroken or
from ithat,

of the

Bpart

nackage on the basis

i

the invention.

The packags can be used,

cappuccine, drinking chocol
It is advantageous if

that case the contents

a high tamperatuve for a lony tims.

package according

for

the pa

of the pachkage

PUTINLIGOT000046

removed.

it is also possible to realize a reussbls

to ths first aspect of

for preparing coffese,

axamnle,

ate, broth, fruit duice or soft drinks.

ckage is sterilizable, bacause in
do not have to be subjected to

If the package is £illed with,

for exsmple, concentrated milk or concentrated orange Julce, this is
baneficial for the guality and the taste of the contents.

Packages according to ths invention and also device and
systems are described Ffurther in the claims and will be described

below in a non~limitative way with
The drawing shows in:
a first

in cross ssection;

Fig. 1z embodinent of a

Fig. 2: the embodiment of the package according to Fig,

i
{2

ceording to the ianvenbtion

Fig. 3: the embodiment

package according te the

in a first

of the packags

raference kto the appended drawing.

invention,

phase of use;

aceording to Fig., 1 in a

device according toe the invention, in a second phase of use;
Fig. 4: tha enbodiment of the package according to Fig., 1 in a

according to the inventlon,
the body of &

the invention,

Fig. %: the body of PFigure &
perspective;

Fig. €z the illustration of Pigure
Fiyg

the itial position:

the body of Figurs 3
detall of
Pig. 18: a part of the hody of
dispensing positlon;

1%:

Fig. diagrammatically an

combination with
Pig. 12:

according to the invention;

diagrammatically an

in a view from the top

the hody of Figure 5

a package accovding te the

in a third phase of use;

cond embodiment of the package sccording to

in perspective;

in a wview from the bottom in
& with bottom sealing F£ilm;

. 71 the body of Figure 5 in vertical ssction with the column in

in another vertical sechion;
on a larger scale in the
Figure 5 with the column in the
example of a device suitable for
invention;
gxample of a holdsr for the system
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]

e

of Figure 12 and

.
o
&
&
-
S
5441
o
i
P

diagrammatically in sachion

Fig., 13

£
v

corresponding parts of the device of the gystem according to ths
invention:

Fig. 14: diagrammatically an example of an alternative device

L5

suitable for combinaticn with a package according to the invention:
Fig., 15: diagrammatically a part of an example of an alternativs
system dccording o the invention.

Pig. 1 shows a first embodiment of a package 1 acaurding to the
invention. The packags 1 comprises & xmservoir 10 and a mixing
10 element or column 20. The reservelr 10 is intended for ths
accommodation of a dilutable liguid foodstuff or liquid dngradieunt

sulitables for human consumption. The package can be

for a fouds
filled with, for sxample, a portion  of  concentrated milk,
comeantrated Ffrnit dulce or concentrated broth,

15 The reservoiy 10 iz preferably filled approximstely 273 £ull,
preaferably through the aperture formed by the clroumferential wall on
the upper side of the package 1. The reservoir 10 is then closed by =
reservolyr zsal 13.

The reservoir seal 13 is preferably a suitshle Zilm, for

20  example a plastic film and/or metal foil {(possibly multi-layer).

The reseryvolr ssal is prsferably aslightly elastic, for oxample
through the uses of 2 PE film. The sealing £ilm 13 is praferably fixed
by means of a fusion weld on the upper adge of the clircumferential
wall of the package 1. On a closed package thes ressrvoir seal 13 is

2%  fised on the rsserveir by means of the sealing edge 14.

a cliroumferential wall 12.

[

The ressyvoir 10 has a bottom 11 an
Tthe circumferential wall 12 is preferably of a siightly taperad
desigr, the remaining shape of the package preferably being such that

the empty packages 1 which are not yet f£illed and provided with a

Lad

¢ sealing fils are nestable.

in

For making, for example, milk froth for the preparation of
cappuccine the package has a circumferential wall with a diameter of

5% millimetres and a height of 23 millimetrss
The packags can be made of food-grade plastic, for examplis PP
35 or ¥RE.
"It is not nacessary also to provide a ssal betwesn the
regservolir 10 and feed channel 31, for example by connscting the
reserveir seal 13 also to ths upper edge 3%, If such a seal is not

present, liguid foodstuff can run inte the feed channel 31, for
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example during conveyance of the package, but during use it is
flushed ocut again by the diluent or base liguld. The abssnce of a

eal Dbetwean the ressrvolr 10 and ths feed channsl 31 nmakes

EIZ

Hv

production ©f the packags according te the ntion considexably

simpler.

(8]

The bottom 11 of the reservoir 18 in this example is stiffened
by means of stiffening ribs 16. A nuxber of stacking lugs 17, for
sxample three, are provided on the inside of bhe circumferential wall
12. The stacking lugs 17 ensure that damage is not caussd to ths

10 mixing element 30 during the nesting of empty packages 1.

in the oxample shown the package 1 is substantially disc-

shaped. & ciroular symmetrical shape such a3 a disc has the advantags
that the package can be placed in any desired orientation in a

~

holder. If a particular orientation is stlll desired, the ciroular
15 symmatrical shape can be departed from, so that the package can be

placed in only onz way in the holder.

Tt ran be sesn clearly in Figure 1 that a proituberance 15 is
provided in the bobttom 11 of the package 1. Tha mixing slement 30 is
present on sald protuberances 15.

8 The feed channel 31, with inlet on the upper side of the mixing

elmment, is Tformed in the mixing element 30 during the injection
moulding, and a mixing chaxbsr 34 ls alse c¢o-woulded during the
injection moulding., Liquid foodstuff or ingredient from ths reservoir

10 can be mixed with a dileent in said mizing chasber 34. The liguid

23 fondstnff or ingrsdient Ffrom the rpeservoir iz fed to the mixing
chambear 34 through one or more ducks or passages 35, herxe a single
passage 35, formed in the mixing element during the injection
monlding. The dilusnt or base liguid is fed to the mixing chamber 34
through the feed channel 31.

30 The Ffeed channel 31 has a first portion 32 and a second portion

33, As can be seen olearly in Fig. 1, the second portion 33 of the
feed channsl 31 has a cross section which is significantly smallerx
than the cross sactinn of the first portion 32 of the feed channel 31
and of the mizinyg chamber 34. The ratlo between tha cross sections of

3%  the two portions 3Z, 33 and the mixing chamber 34 is selected in such

[

a way that when diluent, for exampls water, is fed inm through the
fead channsl 31 to the mixing chamber 34 a venturi effect ocoours in
the mixing chambezr 34. 8aid venturd effect creates a vacuum in the

mixding chamber 34, with the result that liguid foodstuif flows out of
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the ressrveir 10 throwgh passage 35 into the mixing chamber 34. Ths
turbulence as a result of ths venturi effect also ensures good miwing
of the liguid foodshuff or ingredient from the veservolr 10 with t
dilusnt or base liguid.

5 The selection of the c¢ross section of the passage 35 in

relation to the crosg section of the second portion 33 of the feed

channal 31 partly dstermines the mixing rvatic betwsen the liguid
foodatuff or ingredient, on the one hand, and the diluent or base

fluid, on the other hand. Making ths parts of the injection mould
i that destermine the respective cross ssctions removable from the mould
reans that these cross sections are relatively easy to chaugs.

The wmizinre leaves the mixing chamber 34 through the outllow
sperture 35 on the underside of the package 1. When the package is
closed said outflow aperture 36 is sealed by a sultable seal 37. 2aid

15 seal 37 zzn bes in wvarious forms. An exawmple is & ocap or & seal

iilm or foil, which ig removed by the user before use. The seal can
also be removed or broken aubematically when the package is placed in
a sultable device according to the inventdion and the device is then
ackivated.

20 it ocan be sesn in Figure 1 that the second portion 33 of the

E»l

feed channel 31 in this illustrated embodiment does nob connect up to

the lowest point of the first portion 32 of ths fead channel 31. This
P

means that a dead space 35 is produced. Any sediment from the liguid

foodstuff to be diluted can settle in said dead space 38 withqut the

-t

V)
9 1]

econd portion 33 of feed channel 31 becoming blocked.

Figurs 2 =zhows the embodimsnl of the package 1 accoxding Lo
Figure 1 in a dsvice 50 according to the invention, in & Iirst phase
of use.

the device 50 according to the invention comprises a holders L5,
36 in which a package 1 according to the invention can be placed. Figurse

2 shows a package 1 placed in the holder 85, The holder 35 is
tuated in a low position, so that there iz still some distance
betwsan a lance 52 of the deviecs which 1s connscted to a suitahkle
water supply 51, on the one band, and the feed channsel 31 of the
35  parckage 1, on the other hand.
.

The protuberance 15 in the bottom 11 of the reservolr ls raised

and thsrefore facing inwards in thisz phase. The bistabls protubsrance

1% is now situabed in itz first stabls position.

Figore 3 shows the ewmbodiment of the package 1 according te
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Pigure 1 in a device 50 according to the invention, in a second phase
of use,
The holder 55 has now moved upwards in the dirzection of ths

lance 52. The free end of khe lance 52 is now projecting into ths

5  flrst 32 of the fsed channel 31, The zlanting side 57 of the
lance 52 has broken through the part of the reservoly ssal 13 which
sealed the feed channel 31. The water fesed means 51 can now feed
watar te the mixing chamber 34 through the fszed channsl 31.

The mador part of the ressrvoir seal 13 is still intact. This
10 prevents splashing and conseguently soiling of the devise 50, It is
otherwise concelvabls for one or mors small holes alsc to be plerced
in the rsservodr seazl 13 when the bolder 535 is nmovedd upwards. This
orevents undesired pressures, for example in that the package draws
vacows during smptying of the ressrveir 0. A suitable projection can
15 be provided on the lance 52 for this purpose, if desired.

Instead of the holdsy 55 moviang upwardz to the lance 52, it is
also posaible for the lance 32 to move downwards.

Figure 4 shows the exbodiment of the package 1 acocording to
Figure 1 in a device 50 according to the inventisn, in & third phass
20  o¥f use.

The holdar 55 has now movaed slightly further upwards, in the
direction of the lance 5Z. In thizs ambodiment the lance 52 has a
callar 53, which is preferably provided with a rubbsr ring 54. Ths
collar 33 sxerts a downwardly directed force by wav of ring 54 upon
the mizing element 30. The yesult is that the protuberance 15 is
deformed and springs inte its second stable position, in which the
protuberance 15 is directed outwarde. The mixing element 3¢ is moved

T

downwards as a yesult., During this proce the underside of the

mixing element 30 plerces ths sealing film 37 extendling along the
8  bottom of the oubflow aperturs 386 of the mixing chawber 34.

The holder 55 has & dispensing aperturs 56 through whlch ths
mixture of liguid feoodstuff or ingredient from the reservoir 10 and
diluent or base liguid can leave the device 350. Ths dispenaing
aperture 5% iz praferably s0 wide that the mixture doss not come into
contact with ths device 30, Bolling of the device 30 is prevented in
that way.

Through the elasticity of the material of the reservoly seal
13, the upper side of the reservoir 10 remaina substantially closed

in the embodiment shown, except for the hols for the lance 52, This

IPR2023-00502
Nespresso USA, Inc. Ex. 1002 Part 5
Page 217 of 387

16



3

521

ik
L

WO 2007/114685 PUTINLIBOT000046

prevents solling of the device 30.

In an alternative smbodiment the protuberance 15 can also be of
& non-bistable design. Thiz wmeans that a force remains upon ths
mixing slement 30 and upon the lance 52 during emptying of the
resarvelr.

The invention furthemmore also provides an enbodiment in which,
in addition to at least one recess for the accommedation of a package
secording to the dinvention, the holder 5% also has at least one
racess for the acgommodation of a coffse pad. In that situation whan
a package filled with concentrated milk and a coffee pad are placed

the holder a cup of cappuccino can be preparsd.

A second exemplary embodiment of the package according to the
invantion will now be explalined with reference to Figures 5 - 10.

These PFigures & - 10 show a plastic body of a disposable
package 100, which can be filled with a portien of a liguid
ingredient intendsd for mixing with a base liguid for a food product
sultabie for human consumpbion, nobsbly s beverage which can be cold
or hot as desired.

Raefora filling, the packags is preferably sterilized, and the
filling is preferably performed under aseptic conditions. In that
case the packages is also sealed undsr asepbic conditions, so that the
ingredient is protected f£rom the atmosphere.

.

A particularly intereshing application iz when the package is

filled with a3 milk dngredient, which is mixed with hob water,

preferably at a tewperakure of at  least F0  degyses Celslus,
preferably net boiling, as the base liguid, so that wilk froth on top
of a cup of coffes, for example such as cappuccino, or for sxample on
hot chooolabs, can be chtained.

For example, the pachkage is filled with a milk conceutrate that
remains stable when stored at room temperaturs, for example milk that
is steriliszed for 1 to 5 seconds at 116 - 1372 degre

It will be clear that the package can also contain another

liguid beverages preparation imgredient or an ingredient for preparing

another food product, such as & soup. As already mentioned, the food
product to be prepared can alse be cold, for example if the
ingredient iz mixed with oold or even chilled water, poszgibly even
carbonated water.

»

The food product to he preparved with the package dosg not have

(2]
(%)

Yo bhs in a frothed form, as appsars, r example, from exagples
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mentioned earlisr such as the preparation of fruilt julce.

If it iz desired that 1litile or no Froth should be formed on
the dispensed mizbturs, the geomstry of the venturl portion and/or of
the passages connecting to 1t can be adapted. Of course, ths
ingredient itself also has an influence on any froth formation, and

of froth formaktion can alsc be

[

+he froth formation or absenc

influenced by adapting the recipe of the ingredient.

It appears, for sxample in ths case of milk froth, that the
distance of the oubflow aperture of the package from the bottom of &

G,

mig or the like intm which the mixture is dispsused can also play a

role in the froth Fformation., Por instance, experiments seem Lo
demonstrate bthalh a welatively great distance leads to a large
guantity of froth with falrly large bubbles and conseguently limited
stabillity. Reduction of that distance can then produce s more stable
froth with finer bubbles.

For exanmple, milk froth with bubbles which are substantially
imss than 1.5 millimetrss is obtained.

In particular, the package according to the invention zand a
suitable device can be used First to prepare a relatively thick wmilk
froth laver, preferably over 1 centimstrs thick, in a cup or the like
ro be usad by the consumer, and then (preferably with the same device
or pessibly with another device) to prepare coffee, preferably on the
basis of a coffea pad or anoctharx virglgmport¢0r coffes ingredisnt
package, which goss im a jet or stream frowm above onto the milk froth
layver and sinks down through said froth layesr. A thick, Tigm layer of
milk froth is ultimately obtainsd on the top of the coffes, =0 thab a
cappuccine is prepared. The device I1s possibly eguipped Tor the
preparation of a rcafé créme with a thin, fine-frothed creamy layer,
on top of which the thick, firxm froth layer obtained with the packags

eoording to the invention then lies.

It is for example a possibility that the package contains a
guantity of ingredient which is mixed with a certain guantity of base
iliguid, amd that, if all of the ingredient in the package has besn
dischargsd, base liguid is still supplisd by the devics to the
channel of the package., The effect is then that a relatively strong
et of base Lliguid goss onto the mixture already dispensed into & cup
or the 1liks, so that the mixture can bz made to froth well, This was
found, for example, during ths preparation of milk froth described

sarlisy, in the oase of whict for ezample, 15 -~ 30 mi of milk
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ingredient iz present in the package. When hot water is supplled the

milk ingredient iz drawn from the package in a few seconds, and said

+h

mixture can then be brought inte vigorous agitation with the jet o
hot water =till spouting out of the channel of the package. Ths
narrow passage of the venturi portion then causes the fast jet of
water. This proressz appsars 1o be influenced by the thickness of the
layer in the bokttom of the holdsy inte which the mixture is
dispensed, into which layer the fast jet is then squirted. '

]

The packagz 100 here has a mwonolithic plastic body 101,
produned hy injection moulding, with a Dbottom 102 and =&
circumferential wall 103, in which the upper eadge 104 of the
circumferential wall 103 bounds an apsrture. As already mentioned,
the yeservoir of the package 100 is prefsrably filled with the
ingradient through said aperture, so that known filling technigues
can in principls be used,

Afver Ffilling, s==id aparturs is hermebically sesled by a top
sealing film {not shmwn}, which is Ffixed on the upper edge 104 on its
circomfersnce, here to an outwardly directed clrommferential flangs
104a, preferably by mesans of a fusion weld. Such fusion welding
vechnology and also sealing film for this purpose sre generally kaown
in the field of yplastic holders for food products, such as, for
example, for packages of individual evaporated wmilk portions,
dessarts etc., to be sealed with film.

The packags 100 iz preferably filled and sealed under aseptic

conditions on a suitzsbls Filling machins.

The monolithic plastic body 101 has a central column 110, which

ie integral with a central portion of the bottom 102, which column

foe

110 has a porbion 110a thaet projechts upwards from the botiom Lo an
upper side of the coluwen, and in the example shown heve also has a
portion 110k that projects below the bottom 102,

A channel 11% extends through ths column 110 from as inlet 116
on the upper side of the column 110 to an outflow aperture 120 on the
anderside of ths column 110, and therefore on the underside of the
package.

The top sealing film is breakable, preferably plercable, so
that a bass liguid feed lance can be taken through said sealing film
and can then be connected to the inlet 115 of the channel 115 in the
colunn 110, mc that the base liguld can be fed through the chaausl

115 to the outflow apsriure 120,
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A wventurl portlon 130 {visible in detail in Figure 8} is
prasent in the channel 11%, te which wenturi portion one or more

assagas 131 for the ingredient formsd in the column 110 arve

53

connectad, in such a way that when base liguid is passed through the

%  channsl 115 a wenburi effect oocurs and the ingredient goes through
the onha or more passages 131 into ths wenturi portion 1230 and mixes
there with thz base liguid, which mixture is dis spensad abt the outflow
aperture 120 of the column 110,

The channsl 115, the venturi portion 130, and ths passages 131
10  are - as is preferable -~ all fully fowmmed during the injection

moulding of the body, so¢ that no further operztions were necessary to

-

pmake those parts or te £

3

inish them.

The bottom 102 here has an annular flexible portion 140 around

the column 119, =30 that the column 110 iz movable downwards relativs
15 to the upper edge of the body 101 and back wup again here in an
lastically shape~recovering manner.

The oolwm: 110 1is therefors wovahle here beiwesn a higher
initiasl position I[Figures 5 ~ 9} and a lowey dispsnsing position
(Figure 10) relabtive to the upper edge of the body, preferably with a

29  height difference of at least 3 millimetres.

It can be sesn that the flexible porticn 140, viewed in oross
seotion, is in ths form of one or more wdulations, formed hare by
coaxial annular parts, which in this sxauwple are in each case

@
higher level from the outside towards the inside {in the initial

2%  position of the column 110}.

Tt can be seen that here in the initial position the upper side
of the column 110 lies in the plane of the upper edge 104, so that
when the top sealing film is present the uppesr side of the column

goes against the underside of sald sealing film, This makes 1t sasier

L
T

to plerce the sealing film, since the column forms a sort of countsr-
support here on Tthe underside of the film.

As explained earlier, the presence of a “seal” between the
upper side of the column and the bop ssaling filw is oot critical,
but in this simple manner the inlet 116 1s nevertheless more or lass
3% sealed relatiwvse to the raserveolir with the ingredisnk.

It is preferable for the package to be Filled with the liguid
ingredisnt to & level at a distance below the upper side of the
central column. Por the f£illing techunigue it is alsoe advantageous if

the lewvsl of the ingredient lies abt a distance below the upper edge
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of the pachkage.

It is conceiwable for liguid ingrasdient to bhs present in the
column after the Filling and/or for the column to be relativaly short
with its vuvpper side lving at a distance below the sealing film,
possibly even below the lsvel of the ingredient.

In this example it can alss be seen that in the dinitdasl
pasition the underside of the colwmn 110 lies in the plane of the
underside of the bottom 132.

As is preferred, a Dbottom sealing f£ilm dis provided, which
sealing film is placed along the bothom of the cubflow aperture 120
en the underside of the bottom of ths pazckage. Said sealing f£ilm 141
iz wiszible in Figure Sa.

The underside of the c¢olumn 110 in the initial positlon
preferably lies against the bottom ssaling film 141,

Zaid bottom sealing £ilm 141 is fixed on the underside of ths
bottom in 2 reglon 142 around the flexible porticon 140 of the bothom.
Said film 141 is preferably placed already bsfors the filling ({and
possibly sterilizing) of ths package.

The person skilled im the art will understand that when the
column 110 is prozsed down to the dispensing position the dbobttonm
portion 110k of the column 110 goss with force against sald botto
fiim 141 and breaks, in this case plerces, sald filwm 141, zo that ths
cutflow aperture 120 is opened. The bottom film 141 here remains
adhering to the botbtom 102 in the annular reglon 142,

In this example it can also be seen that the circumferenmtial
wall 103 projects below the bottom 102 and has a lowsr sdge 105 which
defines an imaginary f£lat supporting suriace of the package 100, so
that the package oan be placed with the lower edge of the
circumferential wall stably on a surfage. In that ocase ths bottom

[

sealing film 141 iz lying higher up than said lower edge 185, so that

k=g

undesirahle damage to sald film 141 is avolded, for example during

handiing/convayvance of the package when 1t is being filled on a

filling wachine.

w3

For the stability of the bedy 11¢, co-moulded ribs 107 ars
rovided hers Dbestwesn the Dpottom 102 and the part of the
cireumferential wall 103 that projects downwards.

Yhe wenturi portion 130 shown has a narrow passage 132, in this
axanple, which is adapted for milk f£roth, having a diamster of 0.8

millimetres, followed by a chamber 133 with a larger dismeter, here
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of 1.2 millimetres. It will be clear to the person skilled in the art
that for other ingredients and/or base liguid the dinmensions and
shape of the venturl portion can be selected differently.

As regards the venturi portion 130, it can furthermors e seen
in this ewample that from the chambsr 133 of the venburli portion 130
to the outflow aperture 120 the channel has a substantlially uniform
sross sscbion, which in any case is greater than the diameter of the
narrow passage 132. That has the advantage, inter alia, bhab, 1if ithe
vackags has been amptisd and liguid iz still beiny fed to the
channel, a fast jet is dispensed through said passage 132 and remains
clear of the survounding wall until it reachss ths outflow aperture
120, so that it is not dishurbed. Said fast jet can then be used to
froth, or further froth, the mixture dispensed earllier.

The venturl porktion 130 here lies substantially at the level of

the surrcunding portion of the Dpottom 182, sz that no Tupwand

U}

conveyancs” of ithe ingredisnt is necessary and the ressrvoir can be
ewptiad well and guickly. For the purposs of good emptying of the
package provisicn iz made here for the passages 131 in the column 110
zach to have an inflow aperbture closs to the surrounding region of
the bottom.

Furthermors, one or nere passages 131, in this exawmple twe

]

disposed diametrically opposite each other, ave provided in the

1oy
po)

columm 110 with a corresponding inflow aperture on  the outer
cireumferencs of the column, for the feseding of ths ingredient to ths
venturl portion. The passages 131 are funnel-shaped here, viewed from
the inflow apasrture to the wenturi portion. Furthermore, the passages
121 here are placed at an angle slanting dJdownwards, wviswed from an
inflow aperture to the venturld portion.

It is peinted out that in ths package 1lllustmated only the one
or more passages 131 for the liquid ingredient conpect to the venturl
portion 130, and not any additional passages in the column for the
suction of air to the venturi portion. That has not been found te be
necessary for the gualiity of the frothing, and it produces a simple
construction.

Figure 10 shows diagrsmmatically a lance ‘170 acting upon ths
golumn 110 .and thereby pressing the wcolumn 110 downwards to its
dispansing position.

It can be sean that the flexible portion of the bottom 140 now

R

forms a downward-facing fumnel, so that all liguid ingredient passes
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through the inflow aperiures, which ars now low down, into the
rassages 131,

When the lance 170 is removed again {or the packags is removed
from the lance), ths shape-~recovering flexible portion 140 of the

s -

bobtom will ensure that the column 110 and the surrcunding flexible

i5t

portion of the bottom move back again fo, or at lsast in the
direction of, ths initial position. In the process the inflow
apertures now reach a position higher up than the surrouwwding bottom,

so that any residue of ingredient does not leak out of the packags

(=1
L]

through the outflow apertures 120.
For esase of placing the package in a device, provision is made
for the clroumfsrential wall 3102 to be cylindrical and for the column

110 to be dispossd on the axis of the cylindrical cirocumferential

wall, the inlet 116 of the channel 115 likewise bedny disposed on

o
L

said axis, and ths ountflow aperture 120 preferably alsc being
dizposed on saild axis. This concentric arrvangement of the componznis
also makes it easier to handle on a £illing machine. |

A gystem for preparation of a food product suitable for human
consumption, mnotably a beverags or component of a beverage, in
20 particular for preparation of milk froth for a ceppuceino, will now
be explained with referencs to Figurs 1l1.

Figurs 11 shows & device 200, din this example intended for
domestic use. Ssid device 200 has a housing 201 with a base 204, an

R

arect housing part 203 and an overhanging housing part 204, OF

25 course, other ambodiments are also concslivabls.

4 nolder 210 for accomeodabing and retaining a package
according te the invention {(here, as an exawple, package 1008} is
present in the deviecs at s dispensing position in the device. The
nolder 710 accommodates the package 100 in the normal positlon, with

30 the botbom down and the top sealing f£ilm up. In particular, the

package 100 rests here on its lower edge 105 on the holder. Thers is
an aperturs 211 in the holdsxr 210 in line with the cutflow apertuxe
120, so thab the Jjet of mixture or base liguid can squirt in a
downward direction out of the package and then through the aperture
35 211 into the muyg 300 or other hesverage holder. Sald aperture 211 is
so large herse that the mizture doeg not make contagh with the holdex
219, so that soiling is pravented.
As mentioned earlier, the preparation of milk froth, in which
ille

H)

EJ,‘

the package 100 is with & milk ingredisnt, will be explained
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heras as an example.
Pagilities indicated in general by base liguid fesd means are
E=3

present in the device 200, here for the preparat!

A supply tank 220 for a supply of water can be seen, hsre a
tank 220 which ocan be removed by the user and refilled undesxr the tap,
and which has a self-closing valve 221 which closes when the supply
tank is discoanected from the device.

A water oircuitr is present in ths housing of the device, saild
water ciycuit having a system of one or more pipes, and furthermore
having an electyric pump 225 and a hesting asssmbly for heating ths
base liguld, here an Ilow-through electric water hesatsx 230, Ifox
supplyving hot, prefsrably not boiling base liguid, preferably hotterx
than 70 degrees, Yo the lance. I¥ desirved, one or more valves,
preferably electrically controllable walves, can be provided in the
water circult. Instead of being an flow-through water heater, the
water heater could also be a hotw-water hollsr, or a combhination of

The water circuit connscts to a lance 240, which is mounted, in
a staticnary position here, on the underside of the ovsrhanging part

heusing 201, said lance being situated at the dispensing
position,

As explained earlier, the lance 240 is adapted to plerce the
top mealing £ilm of the package 100 and to vonnect to the channel 115
in the column 110, =20 that water can be fed through the lance 240 to

=%
N

the channsl 11% and thereby, on the basis of ths venburi effect, the

!"J

ingredient flows through ths ons or more passages 131 to the ventuxd

£}

portion and is mixed there with the water, and ths mimtuove 1
dispensed bthrough the oubflow aperture 120, hers to the mug 300
dispossd on the base 202.

As desarib&d, provision is made for the lance 240 to ant upon
the coluwmn 110 in order to press said column downwards and therewith
alsoc to brsak bhrough the bottom film 141, That requires a relative
movenent between holder 210 and the lance 240, which can be achievad
in many different ways.

The device 200 is preferably provided with opsrable ﬁmanualiy,
elactrically ox the like) displacemsnt meansz which ars adapted to
produce & relative movement of ths holder 210 for the package 100

ralative to the lance 240, so that whan the displacemsni nmeans ars
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operated the lance 240 plerces the top ssaling film of the package,
and the bottom sealing £ilm 141 is also broken in the process.

In & zimpls sabodiment the displacement mmans are 3 manually
controllable lever mechanism 270, for example with a handle 271 mon
the front side of the overhanging parkt 204 of the housing.

In this example provigion is made for the holder 210 to be
removed by the user, and it can then be filled with the package,
after which the holder can be raplaced in a carrier 250 belonging to
the device.

The carrier 250 is connected to the lever mechanism 270 and can
ke moved up and down by operation of sald wmechanism.

Onm or more vertical guides are preferably provided in the
device, which guides guide the carrier 250 substantially in the

vartical dirsction relative to the housing 201.
r can preferably be pushed from the front side

210
3
Y

53, so that the consumer can £irst remove the

The holde
into the carziey

noldexr 210, ecan place the package 100 din it, and can then zlide

=

holder 210 back inte the carrier 250, COperating ths handle 271 the

&

causes the carrisr 250 to move upwards with holder 210 and package
100. The lance 240 then goes against the top film and plerces sald
£ilm, and the cclumn 110 is then presssed downwardsg relative to the
packagas 100 which is moving upwards. In this way the packags 100
reaches the position of Figurs 10.

Putting intc operation the feed of hot water te the lance 240
now leads first to a mixture of ingredient, in this sxample milk, and
the hot water beinyg dispensed into the mug 300, ¥hen the package is
gmpty, a jat of hot water is scuirted at high spsed, notakly because
of the narrow passage of the venturl portion, through the packags 180
into the mug, and onbto the milk and water mizture dispensed eaviier,
which jet is thereby formed into a stable milk froth of high guality.

After dispensing, the carrier 250 can be moved down again by
operating the mechanism 270, and the holder 210 can bes removed and
thae empty package 100 thrown away.

puring the dispensing there haa heen no contact here beatwssn
the jet of mixture and the device, so that no seiling occurs. The
charmel 11% of the packsye has been flushed out by the stream of
water, so that no milk can drip out there either. Furthermore, when
the carrier 250 moves down the columr 110 is moved up again by the

shape-recovaring portion 140, so that any residue in the package does
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»

the package iz kept morgs or less

£
&

not reach ths passages 131 &
straight.

Bs msntioned earliier, it is furthermore conceivable o arrange
an additional preparation and dispensing asssmbly in the housing of
the device for the purpose of prepariny, on ths basis of a second
ingredient, which differs from the ingredient in the abovenentionsd
package according ko the invention, a second, different food product
suiltable for human consumption, for example a bsverage or component
of a besverage, for exanmple for coffee.

The additional preparation angd dispensing assembly preferably
has a ocorresponding dispensing orifice for dispsnsing the food
product prepared on the basis of the second ingredient, which
dispensing orifice is preferably situated near the outfiow aperturs
of the first package, in the dispensing position of sald packags, {ox
can ke taken inte that position if the dispensing orifice is
movablel, in such & way that & mugy oy other holder into which the
streams frow the firvst package and the dispensing orifice are
dispensed does not nsed to be moved, and pan then receive hoth
streams {in succession, simultanecusly or with & certain ovexlay in
time}. This mutual distance is preferably no more than 5 centimetrss.

An appropriats embodiment of the davice is for preparing coffes

th said additional preparation and dispensing assembly. With the
first packages, which is preferably deaigned according to the
invention, milk froth can then be nmade, and the coffse can be
proparad subsaguently with the additional station, which coffes can
then flow through the Ifroth, so that a layer of milk froth is

produced on the coffee, as in the case of cappucoinm.

3

The additional preparation and dispensing assembly can be

adapted, for exsmple, for preparing coffese bassd i coffse beans, in
which case a grinding device for the beans is provided.

The additional preparvation and dispensing assembly is
preferably adapted for sccommodating and retaining a second packsage
filled with the secornd ingredient, for example a coffes preparation
ingredient.

The second ingredient ls preferably intendsd for cowbinabtlion
with the same liguid as the ingredient in ths first package, fox
example with water {hot water), in which c¢ase the =additional

preparation and dispensing assembiy is cormected te the ligquid feed

means and is equipped to dispense the second ingredient combined with
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the liguid

The asecond package is praferably a disposable package filled
with a single portion of the second ingredient, for exampls a coffes
pad or a metal oup Filled with a coffes ingredient, or a cartridge ox
the 1like. The second ingredienmt does not, sf courss, have Lo be
liguid, depending on the ingredient and the second packags, and may,
if desired, be in powdsr form or in another fowm.

The sscond package is, for example, a packags already avallable
cn the merket, examples of which ave the coffee pad, a plastic
cartridga, a metal oapsuls, a flexible sachet etc. Such packages
clearly differ from the package acoording to the invention. It is

also conceivable for a packags according bo the iunventlon likewise to
be filled with the second ingredient, in which case it is then
preferable to maks ak least the dimensicns of that package differsnt,

s that the usar does not make a mistake.

As will be explained below in detail with refersnce to an
gxample, the second package can he a coffme pad, in which case the
system furthermore comprises a coffes pad holder part, the devies

having a corresponding part which forms a chamber with the coffse pad

nolder part when coptiguity has been achieved, said chamber having an

h

inlet for feading hot water to it and an ocutlet for coffee, possibly

an outlet adapted for creating coffee with a relatively thin, Fine~
frothed creany layer.

It is preferable to provide a common carrier, which forms the
holder for & first packags with a first ingredisnt, praferably the
packags accdording o the invention, and for a sscond package
containing a second ingredispt. In that case both packages are
preferably disposable packages. Por exawple, the second package is a
singie-portion coffee preparation package, for exsmpls a colfse pad.
In thabt oase it is praferxable for the common carrier to be egquippsd
to accommodate a coffee pad holder part containing a coffse pad.

In a possible embodiment the additional dispensing assembly of
the device iz adapted for the prspsration and dispsnsing of a
beverage, such ag coffee, or another food product, on the basis of a
second ingredient with which a second package is filled, which second

package is in the form of a storvage package, i.e. contains second

-

L
ingredient for a rnumber of preparations. This can bs, for example,
for coffee machines for use in businesses eto, For example, the

beverage, such as coffes, is made on the basis of a second package
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with & supply of an extrach for mixing with water, stored in a

=

N,

sultabhle package (D

LIS

ag-in-bhox or ths likel.

-

In a possible embodiment provision is made for thes device, with
or without additional preparation and dispensing assembly, to contain
a magazine Ffor accommodating in it a nuwmbsr of packsges according to
the invention, as well as an awtomatic feed mechanism for removing
me package at & time from the magazine and feeding it to the
dispensing position in the device 1f preparation of a food product on
the basis of sald package is desired. 8Such magazines and feed

-~

mechanisms are known in the field of bsverags

m

preparation machines

]

and can be adapted to the package according toe the iwvention by the
parson skilled in the art.

Figure 12 shows diagrammatically a warlant of the holder 210,
which hers has an accommodation rscess 213 for a package according to

the invention, for exampls package 100, and an accommodation recess

i+

214 for a coffee pad, in this example for a removadble coffee pad
holder part in which or on which the coffes pad {or a number of

coffae pads stacked) can be placed.

| 2od

chnlos

o

Making coffes on the basis of a coffee pad and the t
components of the device to be ussd for this purpose axve genevally
known, For examples from BP 904 717 and WO 037026470, in which it is
atbamphted to prepare & beverage similay to cappuccd

In addition to the lance 240, the device Z00 also has a part
320 which together with the bholder 210 forms a chamber (when the
carrier 250 has heen moved up) arcund the coffes pad{s}, which
chamber iz connected to the water circult. In this way holt water can
be faod under limited pressure to sald chamber, and coffse can be
prepared. Said coffee then flows through a pipe 2156 to ona or more
dispenaing orifices 216, 217 of the holder 210.

It can be sesn that the one or more dispensing orxifices Z2ls,
217 ave sitwated so close to the aperture 211 that all streams out of
or through them open into the mug 300 ox the like.

¥igure 13 shows very diagrammatically the holder 210 of Figurs
12 with package 10¢ and with a coffee pad 310 placed on a part 311
which the user places in the holder 210 {in saccommodation recass

214) . Furthermore, the lance 240 is shown, as iz ths part 320, which

togather with part 311 forms a chamber around the pad 3210 when ths
carrier 250 in which the holder has besu placed has besn wmoved

upwards. As pointed out, much is known in the fleld of coifse
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preparation with a pad and corresponding parts, inter alia from ths

FEY ’

natent iiterature. The inclusion of one or more detalls in the devics

%

1 be achievable for the pexson skilled

,,..r

according to the invention wil

The water cliroult now comprisss one or- more electrically

w

controllable wvalves 235, hsre between the heatey 230, on the ons
hand, and the lance 240 and part 320, on the other hand. Said ong or
more valves 2385 make it possible fizst to fesd hot watsr o the lance
240 and after a milk Froth layer has been formsd in the mug 300 to

> ]

make coffes by feeding said water to the chawbsr containing the pad

‘

319. Said coffse then goes onto the froth and sinks through it.

The holdmr 210 is preferably mads of plastlic and is dishwashex-
safe.

The holder 210 here is provided with one or mors positioning
elements, holes 218 in this case, which can interact with
complementary positioning elements of the housing of the device in
crder in this way to ensure the correct positicn of the holder
relative o the lance 240 and any chambsr-forming part 320 {this

¢+, in connection with the seal at ths chamber for

P

€

being, for sxampl
the coffee pad).

It will bz olsar that the displacement means for the carrier
250 can also be of an electrical typs.

It will be clear that the carrier 250 could alss be dispensed
with, and the holder 210 could be counnected diveckly teo a sultable
displacement mechanism of the device.

In a variant of the dsvice shown diagrammaticzlly in Figure 14

provision is made for the lance 240 to be disposed s0 as to be

:, movable up and down here, prefevably connected to a flewible
hose 241, aund to be movable by means of oorresponding  fiust
displacement means 242 of ths device. The holder 210 for the package
100 {and any othey package in the holder) hers is likewise movable,
movable up and down here, by means of corresponding sscond
displacement means of the devics, in this example already explained
with reference to Pigure 11. For use of the system the uyser first
oparates ths second displacemsnt means, so that the holder and the
package in it and retained by it move to the dispsunsing position in
the device., In the version alsc having a coffee pad holder part that
s

movenment causes the chamber to close around the coffee pad. The user

then operates the fivst displacement means 241, which move the lance
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240 in such a way that the lance connects to the chaonel. The first
displacement means can be slectrically driven here, so thal operating
& butbteon puts sald means into operstion, suitably followed by
switching on of the pump and the water heater. It is also conceivable

5 for the hyvdraulic pressurs of the watex, when the pump 225 is

o

switched on, to put a suitable actuator, for example a bellows, int
operation o move the lance.

It will be clear to the person skilled in the art thab instead

of a coffes pad, the systam and the devics can alsoe be eguipped to

16  accommodate another portion package with a suitahle ingredient, such

as a beverayge preparation ingredient, for example a fiszible sachat

or a plastic cartridyge made up of several cowmponents, for example of

the type being put on the market under the brand name Tassimo ox, forx

sxample, a metal capsule, for example of the type being put on the

0

market under the bhrand name Nesaprasso. Az iz known Tassimo
& £

et
Lt

cartridges, made up of several componenits, ars available not only
filled with a coffes ingredienit, but also with a chocelats ingredient
for preparing hot chocolate. The invention can then be used o maks
milk froth.

i
<

It is also conceivabkle for a device which accommodates only the

Y

ackage according to the invention to be produced, for ezxample in

*::5

rder first to make a quanbity of milk froth in a mug at home. Coifees

or another hesverage can then be made using a separate dsvime, for
example a coffee pad device or ancther device of the ftype mentioned

hers, and the coffee or other beverage is then dispensed into said

32
5

mug. Such a device according Lo ths invention could then have a small
supply tank for water, for example with a capacity of no more than
250 mi, av that the device can be made small and takes up little

space,

[lec'd

Figure 15 shows an sltsrnative package 1000 according to the

2

invention, which works together with a lance 2400 of s device {(not
shown in any further detall) and together with that device forms an
alternative systsn according to the invention of the type describsd

1&;

in claim 7S
35 It will be clear that all kinds of details of the package have
already been explained, which details can be uvasd separately or in
corbinations if desirsd on the package described in claim 78, The
device can in principle be designed largely in accordsnce with

devices described earlier, as will be clear to the person gkilled in
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the art.

The package 1000 shown is filled or can be f£illed with a
portion of a liguid ingredient which is intended for mixing with a
base liguid for the preparation of the food product. A top sesaling
film, which is pleresd by the lance 2400, is preferably provided.

a

z

The packags 1000 has a body with bottom and a circumferential
wall, the bhody furthermore having a column 1100, which is coansched
to a preferably centrally sitvated portion 140 of the bottom, which
column 1100 has a portion which projects upwards from the bottom to
an uppar side of the column.

In the version shown the portion 140 of the bottom is flexible,
in such & way that the column is wovable, prefersbly elastically

movable, downwards and possibly back up again.

& channel extends through the column 1100 from an inlet on the

upper side of the column to an outflow aperture 120 on the underside

aof the colum.

Unlikxe preferved embodimesnts shown earlier, the columm 1100 in
this case is not provided with a complete venturl portion, but
provision is made for saild wvanturi portion to bs fully formsd in the
lance {not shown), or for the venturi porition {and possibly also the
one  or more passages cochneckting to ity to bhe formed Iy  the
interaction of the bottom portion of the lance with the adjacent

+

portion of the column {see Figure 15}.

(o)

The device {(not shown in any Sfurthsr stazil}) furthermore

COMPrises holder for acooummodating and re the package at a

21
s
o]
[EETE
joo]
g
L
3

dispensing position in the deviee and base liquid feed means, of
which the lance 2400 disgposed at the dispensing position forms part.

As can be ssen, the lance 2400 can be placed in the inlet of
the channel in the ocolumn 1100, =30 that the kase liguid can be fed
through the channel.

It can be seen that ths underside of ths lance 2400 togsthsyr
with an adjacent part of the column 1100 forms a venturi portion to
which one or more passages 130, Fformed in the column hers, connsch in

such a way that, when base liguid iz fed through, & venbturi effect

o

oncurs and the ingredient passes through the ope or more passagses
intoe ths vanturl porticn and mixes there with the base liguid, which
mixture is dispensed at the ontflow apesrbure 120 of the column.

It will be clesay that this makes a simple desigm of the package

possible,
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CEAIMNS
1. Package for a portiosn of liguid foodstuff dilutable with =
diluent, which package comprises:
~ a yeservoily for containing a portion of liguid foodshuff
ailutabls with a diluent, which reservolr haz a £illing
aparturs,
- a resarvoilr ssal for closing the reserxvoln,
- a mixing element for mizing the dilutable liguid foodatuff with
the diluesnt, which mixing element comprises:
- & nixing chamber, which nixing chamber has an oubflow
aperture for dispsusing ligold foodstuff dilubted with  ths
dilueant,
~ & liguid fsed device for Ffeeding diluteble liguid Foodstuff
from the reservoly to the mizing chamber,
~ & faed channel for fesding diluent to the mixing chamber,
which feed channel has a €irst portlon and a sscond portios,
the sscond portion having an outflow apertures which opens into
the mixing chambasr, and the cross section of the second portion
being smaller than the crose section of the flest portion and

the cross section of the nixing chambsr to such sn extent that

when diluent is fed to the mizing chamber a wventurld effect
securs in the mixing chswber,

characterized in that the reservelr and the nmixing element are

produced monolithicalily by injection moulding.

Z. Package acaording to clsim 1, in which the ressrvoilr has &
bottom and at the position of the betbtom the mixing element is
connec s0 &#s to he integral with the reservoir.
3. Package according to claim 2, in which at the position of the
nizing elemsnl the boitom has a flexibls portion.
4. Package according to claim 3, in which the flexible portion is

in the form of a protubsrancs, which protuberance has a bistable Fform
with a first and a second astable position.

5. Package according to one or more of the preceding claims, in
which the outflow aperture of the mixing chamber is provided with a
breakable ox removable ssal.

. Package according to clalms 4 and‘ﬁ, in which the seal of the
outflow aperture of the mixing chamber can be removed or bhroken by

taking the protuberance in the buttom of the reservolr from the first
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stabls position into the second stable position.
7. Package according to one or more of ths preceding <laims, iIn
which the mixing element is placed substantially in the centre of the

regerveldr.
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8. Package accordin
seals the fead channsl for thse dilusnt,

8. rackage according to claim 8, in which the reservoir seal is
hreakable or removable at the position of the feed channel.
10, Package according to one or wmors of the preceding claims, in

which the package is a disposable package for a single use.

11. Package according to ona or more of the preceding clajms, in
which the package is sterxilizable.

12, Package according to one of the precsding claims, in which the

second portion of the fesd channel connects to the first portion of

Hw

the feed channel in a plscs other than the lowest podnt of the fixst
porkicon of the fesd channel.

12. Devies for the preparvation of a Ieverage, vwhich davice
comprises:

~ a holder for a package acoording te one or move of the preceding
claims, which holder has an apertuve through which the misturs of

&
dilutable 1liguid foodstuff and diluent passes, preferably without

e

contact with the holder,

~ water fsed means Ffor feeding water, preferably heated water, to the
feed channel of the mixing elsment of the package,

characterized in that the water feed means comprise a lance which is
sguipped to connect to the fesd channel ¢f the mixing slement of ths
package in order to feed in water as a diluernt to the mixing chamber,
the lance and the holdesr being movable relative to sach other.

14, Device zconrding te claim 1%, in which the lance is adapted to
hreak or to remove a seal placsd over the fesd channel.

15. Devize according to claim 13 or 14, auitable for use of a
package according to ab lesst claim 4, in which the lance is adapte

to take the proiunberance in the hottom of the vessrvolr from the

first stable position inte the second stable position.
16. Davice according to one or morve of claims 13 -~ 15, in which

device also compriges a holder for accommodation of a coffse pad.
17. Disposable package Filled with a portion of a liquid ingredient
intended for mixing with a base liquid for the preparaticn of a food

product suitable for hmman consumption, which package has an
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injection moulded monolithic plastic body with a botiom and a
ciroumferential wall, the upper edge of the circumferential wall
hounding an apeviure, which aperiure of the f£illed package is
hermetically sealed by a top sealing film which is fixed on its

sircumfersnce on  the upper edgs, the moncolithic plastic body

furthermore having a central column which is integral with a cenbtral
portion of the bottom, which column has s portion that projects

upwards from the bottom to an upper side of the columm, through which
colunn a channel extends from an inleb on the upper side of the
colwen to an oubflow aperture on the undsrside of the column, the top
sealing film being breakable, preferably plercable, so that a base
liguid feed lance can b passed through the sealing f£ilm and can then
be connacted to the inlet of the channel in the column, with the
result that the base liguid can be fed through the channel, which
channel has a venturi portion to which are connected one ©r more
passages formed in the column for the ingredient, in such a way that
when bhase liguid is fed through the chamnel a venturi effect occours

and the ingredient goes through the one or more passages into the

b

r

venturi portion and mixes ithers with the bass liguid. which miznture

iz dispensed at the outflow aperture of the column.

18. Package according te colaim 17, in which the bottom haz a

flexible portion, such that the column iz movable, preferably

elastivally movable, downwards and back wp again relative to the

upper edge of the body if desired.

18, Package according to oclaim 18, in which the botton has an

annular flexible portion around the column.

20. Package according to olaim 37 or 18, in which the column is
o

movable between a higher initi

oo
.
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position relative to the upper

height difference of at least 3 millimstres.

21. ©Packsge according to one or more of claims 17 - 20, in which
rhe botbom has & flexibls portion with a bistable design, so that the
column haz 2 stable position both in an isitial position and in =
dispensing position.

22. Package according to one or mors of claims 17-- 81, in which
the bottom has a flexibles portion arcund the colwmn, said flexidble
porticn, viewed in sasch vertical section, being in the form of ocne or
more undulations.

23, package according to one or more of claims 17 - 24, in which
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the upper side of the column rests against the underside of the top

sealing film when the package is closed.

)

24, Packags according to one or more of olaims 17 - 23, in which

the channel from the venturi portion to the ocutflow aperiure has a

o

sphstantially uniform cross section.

25, Fackage according to one or mors of claims 17 - 24, in which
the package is provided with a bobtom seal which seals the ocutflow
aparture and can be opensd or ramoved at the tims of use.

26, Package accordiang to mme or more of claims 17 - 25, in which
10 the package has a bottom sealing f£ilm, which is placed along the
nottom of the oubtflow aperture on the underside of the bhottom of the
package.

2. Caokage according to claim 26, in which a gportion of the bottom
is fiexible, so that the column is movable downwards relative to the

edge of the body, and the bottom ssaling film is breakabls

fort
L5t
e

e

ko]
&
¥4

along the bottom of the outflow aperture by wmoving the column
downwards from a bhigher initlal position to a lower dispsnsing
position.
28. Package according to claim 28 or 27, in which the body of the
30 packags is designed such that it forms a supporbing swface of the
packags, which supporting surface lies ab a distance below the bottom
ssaling £ilm, s0 thalb ths bobtom sealing fllm lies higher up than any
bearing surface when the package is placed on it.

~

%5, Package according to one or more of claims 17 -~ 27, in which

\
1

2%  thes circumferential wall projects below the bottom and has a lower
edge which forms a supporting surface of the package, so thal ths
package can be placed with the lowar edge of the cirommferential wall
in & stable position on a hearing surface and the bottom sealing film
in this case lies higher up than sald bearing surface.

30 30. Package avcording te one or more of claims 17 - 28, in which
the column furthermore has a portion which projects below the bottom,
in an embodiment according to claim 28 or 23 preferably ending at a

distance abova the supporiting surface of the package

31. ©Packags acgorxding to one or morxe of claims 17 ~ 2%, in which

=

35 the one or more passages, preferably two placed diametrically
opposite each other, in the column each have an inflow apsrinve on
tha outer cirocumference of the column for the fseding of ingredient
to the venturi portion.

32.  Package according to one or more of claims 17 - 31, in which
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the one or more passages in the column are funmel-shaped, viswed from

gorresponding inflow asperiture on the suter cirocwiference of the

3

column towards the venturi portion.

(65
02

]

. ackage according to one or morxe of claims 17 - 32, in which
the one or more passages in the column ave placed at an angle
slanting downwards, viewed from an dnflow asperture on the outer
clroumference of the oolumn towards the venturi portion.

34. FPackage according te ons or mere of claims 17 -~ 33, in which
the one or more passages in the column have an inflow apesrture close
to the top of the reagion surrovnding the bobtom.

35. Package according to one or more of claims 17 - 34, in which
the hody has on the upper edge of the circummferential wall an
putwardly directed c¢ircumferential flange on which the top sealing
film is fixed.

36. Package according to ons or more of claims 17 - 3%, in which
the bottor has an elastically shape-recovering Fflesible poxrtion
around the column, so that the column is movable downwards relative
to the uppesr edge of the circunfsrential wall from an initial
position to & ispensing positicn, and after dispensing of ths
mixbure is movable back up again in a shape-recovering manner.

37. Package acocording to one or more of claims 18 - 22, 27, 36, in
which in the ipitial pesiticon the inflow aperiures of the one or more
passages lie highesr up than the region of ths bottom lying outsids
the flemible portion.

38. Package according to claims 18 - 22, 27, 35, 37, in which the
connection of the flexible portion of the bothom o the column in an
initial position of the eolumn lies higher up than the pertion of ths
bottom lving around the flexible portion.

38, Ppackage asccording to c¢laim 38, in which the connection of the
flexiple porbtion of the bottom te the colusn in & dispensing position
of the coluwmn lies lower down than the portion of ths bottom lying

around the flexible portion.

fa

40, Package according t¢ one or more of claims 17 ~ 3%, in which
the circumferential wall, the column and the inlet sperture of the
channel are goncenktric relative to an axis of the package, ths
outflow aperture also preferably being concentric relative to said
axis.

41. Package according to ome or more of claims 17 - 40, in which

the package contains a liguid bevsrags prsparstion ingredient.
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42, Package according to one or mors of claims 17 ~ 41, in which

the package is sterdlized before filllng, and contains, for sxample;

a liguid milk ingredisnt, for sxample a milk concentrate, for example

milk which has besn heated te 116 - 1229 for 1 to % seconds,

5 43, Packags according to one or more of claims 17 ~ 42, in which

. the venturi portion has a narrow passags with a diameter of 0.8

millimetres, and batwsen said narrow passage and the outflow aperiturs
has a chamber with a diamstey of 1.2 millimetres.

44, Package according to claim 26, 27 or 88, in which the bottom

10 sealing film is fixed on the underzide of the hottem in an annular
ragion around the flexible portion of the bottom.

4%, Package according bo claim 28, 27, 28 or 44, in which the

underside of the central column in the initial position rests agalnst

he bottowm sealing film.

o

15 48. Package according te one or more of olalms 17 - 485, in which
the package 1is filled with the liguid ingredient to a level at a
distance below the upper edge of the central colum.

47. Package f£illsd or to be filled with a portion of a liguid
ingredient which is intended for mixing with a base liguid fox

20 preparation of a food product suitable for human conswmption, which
package has a body with a botton and a clrcumferential wall,
in which the body furthermore has a columy which is connected to a
portion of the botbtom which is preferably situated centrally, which
column has a portion that projects upwards from the hottom fto an

2E wpper side of the column,
in which a portion of the bottom is flexible, such that the column is
movable, preferably elastically movable, downwards and back up again
if desired,
through which column a channsl extsnds from an inleb on the upper

30  side of the column Lo an cubflow aperture on the underside of the
column,
in which & base liguid fszed lance can be broughit into engagement with
the column, with the result that the column moves from an initial
position situated higher up to a dispensing position situvated lower

3%  down, through which fsed lance the base liguid can be fed through the
channel, which channel has a venturi portion to which one or more
passages formed 3o the colimn for the ingredient conneckt, in such a
way that when base liquid is fed through the channel a venturi effect

cocurs and the ingredient goes through the one or more passages into
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the wventuri portion and mixes there with the base ligald, which
mixbure is diszpensed at the outflow aperture of the coluwwn.
48, Packags according to colaim 47, in which ths package is 3
disposable package which is filled with the ingredient through a
filling sperture, preferably bounded by the wupper edge of the
ciroumferential wall and prefsrably closed by -z top sealing f£ilwm.
49, Fackags according o claim 47, in which the package 1s reusable
and the ceolumn is movable szeveral timss, preferably at least 100
times, bebwssn the initial position and the dispensing position.
50. SRystem for the preparation ¢f a food product sultable for human
consumphion, for ezample a beverage or a compenent of a beverags, for
sxample wmilk froth, for example for cappuccinoe, which system
womprises s First package according to one of the preceding clalms,
and zlso a devige, the device being ab least provided with:
~ & holder for sccommodabting and retaining the first packags at a
dispensing position in the device,

liguid feed means with a lance disposed at the dispensing position,
ox

[

which lance is equipped to pass through the top ressrvelr seaz

Nl

sealing Film which may be present on the first package, for example

g
by plercing the sealing film, and to connect Lo the chamnel of the
first package, so that liguid cas be fed to the channel through the

]

lance and therewith on the basis of the vanturi effect ths foodstulf
or the ingredisnb Jdo the Ifivst package is drawn to the venturi

portion and is mized with the liguid, and the mixture iz dlspensszd

el

through the outflow aperturs of the flrst package.

81. System according to elaim 50, in which the device hag operable
zﬁﬁplacement means which are adsptzd to produce z movement of the
holder for the filrst package and the lance relative to each other, so
that when the displacemeont means are operated the lance connects Lo
the channel by, for example, plsarcing the resszvoir ssal or top
sealing filwm of the first psckage.

52. System according to claim 51, in which the f£irst package has a
bottom ssaling f£film along the bottom of the outflow aperture, and a
portion of the boltom of the first package is flexible, in such & way
that the lance presses the mixing element or the column downwards
when the displacement means are opsrated, with the result that the
pottom ssaling film is broken.

53. System according to one or more of c¢laims 50 -~ 52, in which the

liguid feed means are squipped for feeding in water as the liquid.
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54, System according to one or more of claims 50 - 53, in which the
liguid feed means comprise a heating asssmbly for heating the liguid,
praferably an slectric heating assembly for supplying hot, not
boiling liguid, preferably water, preferably hotter than 74°%C.

55,  System according to one or morve of elaims 50 - 54, in which the
liguid feed means couwpriss a punp for the liguid.

5. Aystam according to one or more of claims 50 - 53, in which the
liguid feed mesns cowprisze a supply tank for z supply of the liquid.
57.  Byvstem according o claim 55, in which the supply tank can be
removed from the device by a user in arder to £ill the supply tank,
the supply tank preferably having a self~cliosing valve which closss
when the supply tank is dizconpected from the device.

58, System according to one or more of claims 30 - 57, in which the
lance and the inlet of the channel of the package are such that the
lance ultimately projects ints the inlet =f the channel of the
packags.

53, System acoording to olaim 51, in which ths lance is stationary,

s

nd in which the displacement means are sguipped to move the holder

[

owards the lanoce and away from it, in zuch a way that in the procass
the lance conneots to the channel of the package.

§0. System according ko claim 51, in which the lance is disposed so
as to be movable and is movable by means of corresponding £irst
displacement means of the device, and in which the holder for the
first package is likewise movable by means of corresponding second
displacement means of the device, in which during use of the system
when the second displacement means are operated the holder and the

package accommodated and retained in it move to the dispsasing

posii in the device, amnd in which when subseqQuently operated,
preferably on the basis of a speclific opsration instruction from the
user, the first displacement msans move the lance in such a way that
the lance comngcots te the channel.

1. System according to one or mors of claims 50 ~ 60, in which the
holder for the first package is equipped to accommodabs and retain
the first package in a substantially horvizontal position with the
bottom downwards, the holder having an aperture below the ocutflow
aperture of the first package in such a way that during dispensing of
the mixtars sald mixture remains clear of ths holder.

2. Bystem according to one or more of c¢laims 50 - 61, in which at

a distance below the dispensing position of the holder the device has
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a beverage holder, for syample & mug.
63, Bystem according to one or more of claims 50 - 62, in which the

5

devies is furthermore provided with an addi
h

T

icnal preparation and

digpensing assembly for preparving, on e hasis af &  segond

5

ingredisent, which differs from the ingredient in the first packsge, a

’")

sacond, d'fferent food product suitable for human consumption, for
axarpls & bevarags or componsent of a beverage, for example for
coffas.,
4. System acgcerding %o elaim €3, in which the additional
10 praparation and dispensing assembly iz adapted for accommodating and
rataining & sscond package filled with the second ingredient, fox
pxample a coffas preparation ingradient.
65%. System agecording te colaim €4, in which ths sscond package
differs from the first package, at lsast as regards itz dimensiouns.
5 ©6. JHystem according to one or more of claims €63 ~ 6%, in which the

ingredient is intendsd for combination with the same liguid as

&
parkages, for example with water (hot

i
]
“
ey

the ingredient in the Ffix
water}, in which case the additional preparation and dispensing
assembly is connectsd to the liguid feed means and is adapted to

0  dispense the szecond ingradient combined with the liguid,

&7. System asccording to one or more of clailms 64 - 6§48, in which the
second package is a disposable package filled with a single portion
of the sscond ingrediegnt, for esxample a2 coffee pad or a metal cup
filled with a coffes ingrediant.

5 &8. System according to claiwm 67, in which the second package is a
coffee pad, and in which the system furthermore comprises a coifes
pad holdsr part, the device having a corvesponding part wyhich forms a
chamhsry with the coffes pad holder part when contiguity has been
achiieved, said chawber having an inlet for feeding hot water Lo it

30 and an outlet for coffee, possibly an outlet adapted for creating

coffes with a relatively thin, fine-frothed creamy layer.

§9. System according to one or more of claims 64 -~ 68, in which =2

common carrisr is provided, which carrier forms the holdsr fox the

first package and for the second package, for example for the first

it

packag

,-.

= and for a coffee pad holdexr part containing a coffes pad.

8. Device forxr the preparation of a food product gultables for human
conmumption, for example a beverage or a component of a beverags, fox
szample milk froth, for example for cappucoing, as described in one

or more of claims 50 ~ 9.
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Ti. Device for the preparation of a food preduct suitable for human
consurption, for example a beverage or a component of a heverage, fov
example wmilk froth, for example for cappuccine, which devic
ocoNpYises:

~ & holder for accommodating and retaining a first disposable package
at
which 1s filled with a portion of a first ingredient, and also an

dispensing position in the device, which package has a reservoir

in

inlet and an outflow aperiture,

s :

— liguid fesd means with & lance disposed the dispensing position,

at
which lance is adsptaed to connect to the channel of the fiyst

N

package, so bthab liquid can bhe fed to the channel through the lance
and therewith the first dngredisnt can be mixed with the liguid, ao

that the mixture is dispensed through the outflow aperture of the

e

first package, which First ingredisnt s, for swxample, & mnilk
ingresdient for the preparation of milk froth,
in which the device furthermore comprises:
~ an additional praparation and dispensing asssembly for preparing, on
the basis of a second ingredient, which differs from ths ingredient
in the first package, a second, different food product suitabls for
human consumption, for esmample a beverage or component of a beverage,
the additicral preparation and dlspensing aszzmbly belng adapted for
acgommadating and retadning a dispozable second package filled with a
partion of the sscond ingredient, for ezawple a coffee preparation
ingredient, which second package differs from the first package, at
least as regards its dimensions,
72, Device acceording to olaim 71, in which the first package
comprises a venturi portion in the channel, so that on the basis of
the venturl effsct the first ingredient is drawn to the channel when
liguid ds fed to the chanpel, and is mixed with the Iiguid,
73, Devies acuording to claim 71 ox 72, in which the f£irst package
has & sealing film, and the lance iz egquippsd to pierce the sealing
film and then to copnect to the channel.
74, Device according to ons or more of claims 71 - 73, in which the
sescond ingradient is intended for combination with the same liguld as

the ingredient in the first package, for mxample with watsr (hot

ey

water), in which case the additiomal prepsrabion and dispensing
assembly is connected to the liguid feed means and is squipped to
dispense the second ingredient combired with the liguid.

73, Device according fo one or more of claims 71 o~ 74, in which
F
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i
Q

provision is made for a common carrier, which forms the holder

package, for example for the

ju3

the first package and for the sscon

first package and for a coffee pad, possibly for a removabls coffee
pad holdsr part in which & coffee pad can be placed.

fRy

76. Device according to claim 73, in which the device has operabls
displacement means which are adaptad to producs & movement relative
te each other of the common holdsr for the first package and the
second holdar and the lance working with the Ffirst package, so thatb
when the displacement means are operated the lance connects to ths
19 channel of the first package, for sxample by pilercing the reservolr
2eal or top sealing £ilm of the first packags in the proces

7. Pevice acoording to claim 75, in which the first package has a

bottom sealing £film slong the bottom of the outflow aperture, and a

portion of the bottam of the first package is flexible, such that the
1% lance presses the mixing element or ths column downwards when the
movement means are opsrated, with the result that the hotton sealing
film is broken.

ey

8. Device according to one or more of claims 71 ~ 77, in which the

s

iiguid feed means sre egulpped to feed in water as the liguid.

P

i
20 78. Device according to claim 76, in which the lance is disposszd so
28 to ks movable =znd 1s movable by means of corresponding figst
displacsment means of the device, and in which the holder for the
first package iz likewlse movable by means of corresponding second
displacement means of the device, in which during use of the systam

cperation of the sscond displacement means causss the holder and the

e
(45

]

vacksge accommodated and retained in it to move to the dispensing
poaition in the device, and in which when subsequently operated,
preferably on ths basis of a spenific opsration instruction from the
uzer, the first displacement means nove the lance in such a way that

30 the lance connecgts to the channsl.
80, Dsvice aecorﬁing to one or mors of claims 71 ~ 79, in which the
second packags is a coffee pad, and in which the device furthermore
comprises a coffee pad holder part to be held in the hangd, the device
having a corresponding part which forms & chamber with the coffes pad

35  holder part when contigulty has been achievsd, saild chambey having an

i

inlet for feeding holt water to it and an outlet for coffee, possibly
an outlet syuipped for providing coffes with a relabtively thin, fine-
frothed creamy layer.

81. ©System for preparsticon of a food product suitable for human
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consumption, for sxample a heverage or z component of a beversge, for

example milk froth, for example for cappuceine, which system

31

copprises 2 package filled or to he filled with a porticn of & liguid
ingredient which is intended for mixing with a base liguid for the
praparation of the food product,

which packsge has a body with a bottom and a cirvaomfsrential wall,

in which the body has a colunm which is connected te a portion of the
bottom which lg preferably situasted centrally, which column has a
portion thalt projects upwards from the bottom to an upper zids of the
aolumn,

in which a portion of the boltom may be flexibls, in such a way that
the column is movable, preferably elastically movable, downwards and
back up again if desired, through which column a channel extends from
an inlet on the upper side of the celumn to an oubflow aperiure on
the underaide of the column,
which device compriaass:

~ & heldex for accamm&dating and retaining the first package at a
dispensing position in the devics,

~ base liguid feed means with a lance disposed near the dispensing
position, which lance can be placed in the inlet of ths columm, so
that the base liguid can be fed through the channel by way of the
colunn, in which:

tha lance is provided with a venturi portion te which one or wmors

passages formed in the lance for the ingredient are connectsd, which

szages through one or more passages in the column come inte contact
with the ingredient, in such a way that when bhase liguid is fed
through the chamnel & venturl affect occurs and the ingredisnt passss
through the ohes or more passages inbo the venturi portion and mixes

there with the base liguid, which mixturs is dispensed at the outflow
aperture of the column

s

or in which:

b} & bottom portion of the lance interacting with an adizcent pogtion
of the column forms a venturi portion and one or more passages for
the ingredient connecting to it, In sueh a way that when base liguid

is fed through the channesl a venturi effect occurs and the ingredient

m-i

paszes through ths sne or more passages into the vanturi portion amd
mixes there with the base liguid, which mixture is dispensed at the
outflow aperture of the column. 4

82, ©Package specifically adapted for the system of claim 81.
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83. Devics specifically adapted for the system of claim 81.
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BEVERAGE PREPARATION MACHINES

The present invention relates to improvements in
beverage preparation machines and in parbticular to a
beverags preparation machine »f the type which usss pre-~

packaged contalners of beverage ingredients.:

Coffea houses have been 3 part of the "coffee culture®
since the 17" century. Throughout the years methods of
making coffes have been refinsd and skilled people trained

to produce the hest coffee

o3

everages. The first coffse
machines were developed in the early 180Us and an automatic
espresso machine was invented in the 1%30s. The automabion
of the coffee making process has, in turn, lead to a rapid
growth, particularly in the last ten vears, in thes number of
ceffes houges/shops with more specialist drinks, such as
egpresse and cappuccinoe, beding in high demand. These types
of beverages have historically been regarded as luxury items
bacause of the need for ewpensive, complex machines capable
of producing the high pressures necessary for making thém,
which had te be properly operated and maintained by a
trained barista to producs good gquality. Coffee aficionados
agree that an espresso can be spoiled by a badly trained
operator despite the use of a good guality machine and good
guality coifes. This trend, howsver, has not only lead to an
increased demand from consumers Yor luxury top quality
beverages, but also a desire for a greater wariety of
speciality beverages, and the ability to maks such beverages

inn the comfort of one’s own home.
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Although there is no agresd technical definition, it is
generally understood that, compared to drip coffee, barista

guality espresso has

jed]

thicker comsistency, due to a higher
amount of dissolved solids and fine oil droplets suspendsd
throughout the drink. It has a smooth, yst thick, dark
reddish brown crema making up 10 to 30% of the beverage. The
crema is a polyphasic emulsion of air and the oils, proteins
and sugars extracted from the coffse which is producsd at a
high pressure, traditionally in the reglon of & to 10 bar,
The higher pressures increase the rate of caffas watting ang
improve extraction as well as being responszible for ths
develcopment of the crema.

It is ackoowledged, by discerning espresso drinkers,
that espresso produced using watey which iz cooler than rhe
optimum tewperaturs tastes sour and that produced with water
which is hotter than this temperature tastes bitter. The
optimum temperature is claimed to be betwsen O

Qther factors which affect the guality of the sspressc
include the reasting and age of the coffee beans, the grind
size, the compaction of the grinds prior to brewing, and
brew time. The “best” 2epresso is achieved by nalaxc*qq

these keyv slements of the hrewing process.

Demestic coffee machines have also developed
significantly since the first Ffilter machines were invented
in the 1980z and coffee machines are now essential pieces of

kitchen equipmsnt in many households. Scme such machines
dispense individual servings of a beverage directly into a
ki

drinking receptacls, and derive the beverage from a bulk

supply of beverage ingredients or from individual packagas
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of beverage ingredients such as pods, pads or cartridges. In
the followlng specification such packages will be refersnced
by the general term cartridges. Machines which use such
cartridges eliminate the need for cleaning and can enabls
the user to make a selection of beverages. An ezample of cne
type of such cartridge is described in EP-2-1440803,. Ths
beverages are formed from brewing, mixing, disscolving ox
suspending the beverage ingredients in water. For example,
for coffee beversges, heated water is forced through the
cartridgss to form the szitracted scolution. The use of
cartridges in such machines has become increasingly populax
due to thelr convenience and the guality of the beverage

produced.

An example of z machine for preparing beverages using
this type of cartridge is described in EP-A-1440&844. This
type of machine provided, inter alia, sn inmprovemenit over
the prior art known at the time in that it operated at a
lower pressure than the previously known machines, which
were designed for the commercial or industrial markets
rather than ths domesstic markset. Hence it was more suitable
for the domestic market in terms of coszt, reliability and
performance. Howsver, the problem that faces zystems that
operate at a lower pressure is that they ars generally not
capable of preducing baristae quality sspressos, which

require a significantly higher pressure.

With the change in consumer trends, however, there is =
desire for domestic machines which are capable of producing

barista quality espresso and a rangs of other bevsrages, for
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which no training is necessary, which are affordable and

o)

which require little or no cleaniny.

Some machines avallable on the market claim to produce
higher guality beverages but for various reasons, they are
comparatively expsnsive machines. Examples of such machines
are the Gaggia I’Amante ®, the Gaggla Zvolution ¥, the

Nespresso Dslonghi Latissimma 660 ™, and the Krups XHN2101 ™,

Most of thease machines raguire specially designed
cartridges of increased complexity and a partionlary
specification of materials to cope with the high pressures
involvad in the brewing process for espresso. These
cartridges generally incorporate filters and the process
uses the geometry of the cartridge to enable the desired
guality of the beverags to be produced uader high pressure.
This constrains the use of the cartridges in the machine for

.

which it is designed.

It is, however, desirous to provide an ilmproved

beverage preparation machine capable of making a selection

i3

of beverages, including s premium gualilty espresso as well
as non~espresso beveragas, preferably using pra-packed
heverage cartridges. The machine may alsc be a bulk brewer

or othey non-cartridge machine

Ir is also desirous to provide a wmachine which is
baskwardly compatibls with existing cartridges, such as
14

40903, wh

3 .

& ar

fon

those described in EF-A-

2

gsed in exizting

low pressure beverage preparation machinssg.
¥ ge pret
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Accordingly, the present invention provides a mebthod of
preparing beverages unaing a beverage preparation machine for
preparing beverages from one or more beverage Lngredients,
characterised by controlling the volume of gas in at least =
part of a delivery system of the machine to produce

predetermined characteristics in a prepared beveragse.

The voluwme of gas iz preferably actively controlled by
increasing the volume to increase the gas:liguid ratio in
the beverags produced, decreasing the volume to decrsase the

gas:liguid ratio or maintaining the volums.

Preferably the volume of gas in the delivery system

)‘-l-
i

controlled by inducting additional gas ilato the delivery
systen, venting gas from the delivery system and/or purging

the delivery system.

The method preferably further comprises ths stsp of
rezsuring the actual volume of gas resident in the delivery

avatam.

An actual volume of gas resident in the delivery system
may be caloulated from stored parameters relating to a
volume of gas remaining in the delivery system after a last

operation of the machine.

Contrel of the volume of gas is preferably effected or
a bsverage by beverage basis and is preferably effected
avkomatically according to the type of beverage being

producad.
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P

Alternatively the control of the volume of gas is
11};

affected manually.
The volume of gas upstream and/or downstream cof the

beverage ingredients may bs controllsd.

Preferably the volume of gas is controlled by
selectively opening and/or clesing valve means in ihe

delivery system prior to and/or during beverage preparation.

Phe invention also provides a beverage preparation
achine for preparing a beverage from one or more beveragse
ingredients, characterissd by the provision of means for
controlling the volume of gas in at lsash a part of a
delivery system of the machinz fo produce predetarmined

.

characteristics in a preparved beverage.

The machine preferably comprises means for determining

the actual volume of gas resident in the delivery system.

The means for determining the achtual volume of gas
reasident in the delivery system may comprise means for
caleulating the actual volume from stored parameters
relating te a volume of gas remaining in the delivery system

after a last operation of the machine,

Preferably the stored parsmeters compriss a basic
vonlume parameber stored in tha control means, said basic
volume being the actual volume of gas which resides in the
delivery system of an unused machine or & machina after a

purging cycle has beesn run.
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The stored parameters may comprise paramsaters relating
to the actual velume of gas remaining in the delivery system
after sach type of beverage which the machine is programmed

Lo prepare.

The means for determining the actual volume of gas
resident in the delivery system preferably conprise means
for measuring the actual volume of gas in the delivery

system.

Parameters relating to predeterminsd velumes of gas
reguired Lo be present in the delivery system for preparing
s predetermmined range of baverages are preferably stored in
the control means, said control means being programmed to
calculate ths difference betwsen the predetermined volums
reguired for a beverage in preparation and the actual velume

pragsent.

The means for controlling the actual volume of gas may
comprise valve and/ox purges means for venting gas and/ox

ump meang for injecting additional gas into the dslivery
- 5 . X

Preferably the valve mesans comprise an outlet valve
downstrasm and/er a valve upstream of the beverags

ingredisnts.

Opsration of the valve means iz prefsrably contreollsad
relative to the beverags preparation cyocle teo vary the

actual volume of gas present in the delivery system.
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Preferred exbodiments of the present invention will now
be described, by way of example only, with refersnce to the

accompanying drawings in which:

Figurs 1 is a front pecrspective view of a prior art

baeverage preparation machine with the cartridge head

[l

n a
closed position;

Figure 2 is a front perspective view of the machine of
Figure 1 with the cartridge head in an open pogsition;

Figure 3 is a rear elevation of the machins of Figure 1
with some parts omitted for clarity;

Figure 4 iz a front perspective view of a cartridgs
head of the machine of Figure 1 with some parts omitted for
clarity;

Figure 5 is another front perspective view of the
cartridge head of Pigure 4, with some parts omitted for
clarity;

Figure & is a cross—-sectional view of the cartridgs
head of Figure 4 in a closed position accommodating a
version of a beverage cartridgs;

Flgure 7 is a cross-sectional side slevation of the
cartridge head of Figure 4 in an open position accommodating
the beverage cartridge;

Figure 7a is a plan view of a rubbsr seal for the
cartridge head of Pigure 4;

Figure 8 is a schematic showing the various component
parts of the machine of Figurs 1 incoxporating a new
variable outlet valve;

Figure 2 is a section of schematic of an outflow from
the cartridge head incorporating the variable outlet valve
of Figure B;
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Filgures 10~12 are cross-sectional front alevations of
one embodiment of the variable valve in the oubfliow of
Figure 2 showing it's closed, vpen and restricted positions
rezpactively;

Figures 13a and 13b are cross-secticnal end elevations
of an alternative variable outlet valve used in the outfliow
of Figure 9 in its open and closed position respectively;

Figures 14 and 15 are cross-sectional side alevations
of the valve of Figures 12a and 13b:

Figure 16a is a side elevation of a beverage receptacle
centaining a coffee heverage having a large volume of crema
produced using an improved gas management syshem;

Figure 16b is a chart showing the brew parametarsz used
in preducing the beverage illustrated in Filgure 16a;

is 2 side elevation of a beverage receptacle
containing a coffee beverage having a small volume of crema

produced using the improved gas management system;

o]

Figure 17b is a chart showing the brew parameters used
in producing the beverage illustrated in Figure 1%a:

Figure 18 is a plan view of a beverage cartridge
sultable for use in the beverage preparation machine of
Flgure 1;

Fligure 1% is cross-sectional side elevation of an outar
member of the cartridge of Figure 18;

Figuras 29 is a cross-sectional side elevation of &
detail of tha outer member of Figare 192 showing an inwardly
directad cylindrical sxtension;

Figure 21 is a cross~sectional sids elevation of a
detail of the outer member of Figure 19 showing a slot;

Figure 22 is a perspective view from above of the outer

member of Filgure 19;
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Pigure 23 1s a perspective view from above of the outer
member of Figure 19 in an inverted orientation:

Pigure 24 is a plan view from above of the outer member
of Pigure 19;

Pigure 25 is a cross—sectional drawing of an imner
member of the cartridge;

Figure 25a is = crOSSmsectiQﬁal drawing of a detail of
the inner member of Figure 25 showing an aperbure;

Figure 26 1s a perspective view from above of the inner
member of FTigure 25;

Figure @7 is a perspective wiew Ffrom sbove of the ianer
member of Filgure 25 in an inverted orientation;

Figure 28 is another oross-ssctional drawing of the
inner member of Figure 25;

Figure 28a is a cross~gectional drawing of another
detail of the inmer member of Figure 25 showing an air
inlet; |

Pigure 2% is a creoss-sectional side elevation of the
cartridge in an assembled condition; and

Figure 30 is a cross-sectional side elevation of

another version of cartridge.

In order to cater for the desired wide selecticn of
good quality beverage types, having different
characteristics, the present invention involves one Or mere
significant improvements to known beverage preparation
machines. These lmprovements enable sufficiently high
pressures to be generated and maintained for the production
of gocd guality espressog, and the pregsure to be varied in

a manner which is invisible to the user anpd ragquires no
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wanual intervention. Furthermore they enable the crema to be
improved in & way not previously possible.

These improvements, which will be described in more
detall below, include:~-

i, providing a variable geometry valve downstream of

the beverage cartridge to enable the beverage prepacation

machine to operate at a range of pressures; and
2. providing greater control over the end appearance

of the dispensed beverage, in particular bevsrages with
crema, by controlling the volume of gas passed through the

bevarage ingredients.

The aforementicned improvements will be described with
reference to a known bheverage preparation machine 10 which
ig illustrated in Figures 1 to 7 of the accompanying
drawings. It should be noted, however, that the improvemants
find application in a wide range of beverags preparation
machines capable of using a wide range of cartridges which,
as noted above, include pods, pads, rigid and semi-rigid

cartridges.

The beverage prsparation machine 10 of Figures 1 to 3
generally comprises a housing 11, a tank 12, a water heater
13, a control processor {not shown}, a user interfacs 16 and
a cartridgs head 17. The cartridge head 17 in turzn generally

comprises

§53

cartridge holder 18 for holding, in use, a
beverage cartridge 100 and cartridge rscognition means 20.

The cartridge head 17 further comprises inlet and outlet
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plercers 21,22 for forming in the beverage cartridge 100, in
use, an inlet 107 for liquid to enter the cartridge 100 and
an outlet 108 Zor the prepared beverage to exit the beverags

cartridge 10D.

Although water is likely to be the wmost common liquid
ugsed in preparing beverageas such as coffee, the machine 10
is also capable of handling other liguids, such as milk or
1

i
o

m vreparations, for mixing with the beverage ingredients

o]

200, Any references hereln to water should alsc be taken to

include any form of liquid used in preparing bsverages.
prey g :

i)

The houzing 11 iz preferasbly made in whols or in part
from a suitable plastics material or metal. The housing 11
preferably comprisas a clam-shell design having a front half
25

2% and a rear hali 26 which allow access during assembly for

fitting of the machins 10 components.

The front half 25 of the housing 11 defines a
dispensing station 27 whers dispensation of the beverage
takes place, which includes a cupstand 23 with a drip tray
located beneath. The machine user interface 16 is also
lovated on the fromt of the housing 11 and comprises a
plurality of control switches, for example, a start/stop
button 28, and a nummber of status indicators 25~32. The
status indicators 29-32 are preferably light emiitting dicdes
{LED) which, for example, indicates readinsss of the machine
10, whether an error has ocourred in the machine 10

ion, and the mode of operation of the machine 10. The
LEDs 29-3Z2 may be controlled te illuminate at a constant

intensity, to flash intermittently, or both depending on the
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status of the machine 10. The LEDz Z3-32 may have a variety
of colours including green, red and yellow. The start/stop
button 28 controls commencement of the dispense cgvele and is
preferably 2 manually operated push-~button, switch or

aimilar,

The tank 12 is located to the rear ¢of the housing 11
and ls prefesrably incorporated in, or connected to, the rear
half 20 of the housing 11. The tank 12 has an inlet for
£illing the tank 12 with water, ox other liguid, which is
closed off when the tank 12 is in position in the machine
18, An outlet is provided towards a lower and of the tank
12 which communicates with the pump 14. The tank 1Z may be
made from a transparent or transliucent material ko allow a
consumer to view the guantity of water remaining in the tank

=,

12, Alrernatively, the tank 12 may be made from an opague
material but have provided a viewing window therein. In
addition, or in place of the above, the tank 12 may be
provided with a low level senscr which prevents operation of
the punp 14 and optionally triggers a warning indicator,
auch as an LED, when the liguid level in the tank descends
to & preselectaed level. The tank 12 preferably has an

internal capacity of approximately 1.5 litres.

The pump 14 ie¢ operatively connected between the tank
12 and the water heater 13, as shown schematically in Figure
8, and is controlled by the control procezsor, & suitable
pump provides a flow rats of 300 ml/min of water at a
pressure of & bar, The flow rate of water through the
machins 10 can be controlled by the control procsssor to be

a percentage of the maximum flow rate of the pump 14 by
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cycle chopping the electrical supply to the pump. Preferably
the punp <an be driven at any of 10%, Z0%, 30%, 40%, 50%,
e0%, 70%, 80%, 20% or 100% of the maximum rated L[low rate.
The accuracy of the volums of water pumped is preferably

or -~ 5% leading to a + or — 5% accuracy in the final vcolume
of the dispsnsed beverage. A volumetric flow sensor {(net
shown} is preferably provided in the flow line either
upatream or downstresm of the pump 14. Preferably, the

volumetric flow sensor is a rotary sensox.

The heater 13 is located in the interior of the housing

Joed

1. One suitable heater 13 has a power rating of 1550 ®W and

g able to healt water received from the water pump 14 from a

!_-h.

starting temperature of approximately 20 °C to a nominal
operating temperature of around 85°C in under 1 mimute.
Preferably the dwell time betwaen the end of one dispense
oycle and the heater 13 being able to conmence a subseguent
dispense c¢ycle iz less than 10 seconds. The heater maintains
the selected teomperature to within + br « 2 °C during the
digpense cycle. The wabter for the dispense coycle is
delivered to the cartridge head 17 at a predetermined
temparature. The heater 13 1s able to guickly adiust the
delivery temperature to the reguired temperature, generally
between 80°C and 98°C and possibly higher from the incoming
water tempearature. Where dmgired, the machine 10 can
incorporate a steam purge. The preferred means of gensrating
the steam purge is to utilize a water hesater 13 in ths form
of a flash {also known as an it ntansous or £low) heater
Typically such flash heaters comprise a tube through which
the water passes whersin the tube is heated by one or more

resistive elemenits. The flash heater can be used not only
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for heating water for forming beverages but also, at higher
power settings, for generating a steam purge by bailing*mff
water remaining with the flash heater tube after the
bavarage has been formed. An advantage of flash heaters is
that there is no significant delay whilst water in a boiler
heate up. Flash heaters heat water on demand and switch off
immediately after each brewing cyole and are therefore very

ensrgy officient.
gy

Water output from the heater 13 is fed via a suitable
delivery system to the cartridge head 17 and cartridge 100
by means of a valve. If the pressurs of the water flow is
acceptable, the water is passed to the cartridge 100. If the
pressure is below or above predetermined limits then the
water is diverted by means of the valva to a waste recovery

rageptacle.

The delivery system comprises conduits which connect
the tank 12, the water pump 14, the water heater 13 and the
cartridge head 17 {as shown in Figure §) to transport the

wather from thes tank 12 toe the carxtridgs 103,

The caritridge helder 18 is designad to be capable of
handling the opening forces generated by the pressure inside
the cartridges 100, which is around 250kg for espresso
beverages. During operation of the machine 10 the cartridges
100 attempt to expand, bub the integrity of the cartridges
100 must be maintained. In addition the user must not be
able to open the holder 18 whilst the system is pressurised
and suitabls locking mechanisms are provided to achieve

this.

IPR2023-00502
Nespresso USA, Inc. Ex. 1002 Part 5
Page 272 of 387



WO 20107125326 PCT/GB210/000551

One suitable design of cartridge head 17, as described
in WO-R-Z006/014936, is shown in Figures 4 to 7. The
cartridge holder 18 of the cartridge head 17 comprises a
fixed lower part 43, a rotatable upper part 44 and a
pivotabls cartridge mount 45 positioned between the fixed
lower part 43 and the rotatable upper part 44. The upper
part 44, lower part 43 and cartridge mount 435 are rotated
about a common hinge azis 46. Figureg 4 to 7 show the holder
18 with some components of the machine 10 omitted for

clarity.

The rotatable upper part 44 and pivetable cartridgs
mount 45 ars moved relatlive to the fixed lower part 43 by
means of a clamping mechanism. The clamping mechanism
comprises a clamping lever having first and second members
or parts 47 and 48. The first part 47 of the clamping lever
comprises a U-sghaped arm which iz pivotably mounted to the
upper part 44 at two f£irst pivoet points 48, one on each side

of the holder 18.

The gecond part of the clamping lever comprises two
over-cantre arms 49, one on each zide of the holdey 18 which
are each pivotably mounted to the upper part 44 at a second
pivot point 50 located on the hinge axis 46 coupling the

upper part 44 to the fixed lower part 43. Each over-

e
]
=
s
¥
o

r

arm 49 is a recipreocal member conprising a cylinder 4%z, a
stem 4% and a resilient sleeve 4%9c. The coviinder 4%9a has
an internal borxe and iz rotatably mounted at one end at the
hinge axis 46, A first end of the stem 4% is slidingly
recelved in the bore of the cylinder 4%a. The opposite end

of the stem 4% is rotatably mcunted to the U-shaped arm 47
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at a third plvoet point 51, The third pivet points 51 are
uncennected to, and freely moveable relative to, the upper
part 44 and lower part 43. The resilient slesve 4% iz
mounted sxbternally on the stem 4%b and extends, in use,
between abutment surfaces on the c¢vliinder 4% and stem 48b.
The regilient sleeve 49c accommodates shortening of the
ovar-centre arm 49 but blases the over-centre arm 42 intoe an
extended configuration. Movement of the third pivol points
51 towards and away from the hinge axis 46 is thug possible
by relative movement of the stsms 4%k in the cylinders 49%a.
Ths resilient slesves 49c are preferably formsd from
sillicone. Whilst the illustrated embodiment uses two over-
oentre arms 49, it will be apparent that the closure
mechanism may be configured with only ong ovar-~gentre arm
4%,

The U-shaped arm 47 extends around the front of the
holder 18 and comprises two downwardly dependant hook
memkers 52, one on sach side of the holder 18, each

hinge

comprising a cam surface facing the hin azis 46. The fixed

lowasy part 43 of the holder 18 is provided with twe bosses
53, or detenkts, located ons on each side of the lower part
43 at or near a front edge 54 thersof aligned gansrally with

the hookl members 5Z.

Az shown in Pigure 4, the U-shaped arm 47 may be Formed
from a one piace plastics moulding comprising an ergoencomic

hand grip and the hook members %2 integral to the arm 47.

The cartridgs mount 45 is rotatably mounted bstween the

upper and lower parts 43, 44 of the holder 18. The mount 45
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is provided with a substantially circular recess 55 which
receives in use the beverage cartridge 100 {which is
described in greater details below)., The recess 55 includes
an irregularity 5& for accommodating the handle portion 24
of the beverage cartridge 100 which alseo acts to prevent
rotation of the beverags cartridgs 100 in the holdsr 1%. The
cartridge mount 45 iz sprung relative to the fixed lower
part 43 such that in the open position, as shown in Figure
7, the cartridge mount 4% is biased out of contact with the
fixed lower part 43 so that the cartridge meunt 45 is moved
sut of contact with the outlet and inlet piercer menmbers 21,
22. The cartridge mount 45 ig provided with an aperture 57
for rsceeiving there through the inlet and outlet piercers
21, 22 and a head of the cartridge recognition means 20 whan

the cartridge mount 45 is moved into the closed position.

The upper part 43 comprizes a generally circular body
58 housing a ciroular viewing window 52 through which a
consumer can view the bevarags cartridge 100 during a
dispense cycle and alsc visually confirm whether a cartridgs
100 is loaded in the pachine 10. The viewing window 59 is
cup-shaped having a downwardly directed zim. In addition,
the viewing window 5% is provided with a clamping member in
the form of an inwardly directed tubular extension 81 as
ghown in Figure 7. The exiensicon &1 is directed towards the

lewer part 44 and liss within the velume of the cartridge

bt3

head when in the closed po

17

ition as shown in Pilgure 6. The

¢

viewing window 39 iz able to move axially relative to ths
housing 58 of the upper part 43. One arrangement of
accomplishing the relative novement is to provide a wave

spring {(not shown}, or similar resilient means such a3 a
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runberised ring, positioned betwsen the viewing window 59
and the circular housing 58. In an alternative arrangement,
a series of helical compression springs (not shown) are
provided extending between the viewing window 59 and the
housing 58. In both cases the resilient means allows the
viewing window 59 fo move axially relative teo the circular

housing 58 by & small degrse.

When the holder 18 is in the closed position, a distal
of the tubular extension 51 of viswing window 59
bears against the clamping surface 18a of ths beverags
cartridge 100 biasing it against the lowey part 44 as shown
in Figure & {in which the arrangement is illustrated
containing a cartridge having 8 greatexr depth). The prassure

exerted by the tubular extension &1 on the ocuter member 102

et}

ensures a fluid tight seal between the cartridge 100 and the
holder 18. It should be noted that the height of the viewing

window 38, and hence also the cartridge head 17, is such

Fed

hat cartridges 100 of wvariocus depths can be inserted. In
Figure & the arrangement is shown with a relative dsep
cartridge. The same cartridge hsad 17 can also accommodate
shallowery cartridges. In this case there will ke a gap
batween the upper surface 11 of the cartridge 100 and the

window 38, However the cartridge 100 iz fully sealzad at

D,

inlat and outlet by the prsssure applisd by the tubular

extenszion 61.

The lower part 43 comprises the inlet and outlst
piercers 21, 22 and the head of the cartridge recagnition
means 20, The inlet plercer 21 comprises a heollow neadle-

like tube 63 having a sharpened snd 64 for perforating the
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i

laminate 108 of the beverage cartridge 100 in use. The inlst
piegrcer 21 is in fluid commuanication with a water conduit
65, as shown in Figure 7, which passes through the lower
part 43 and is connected o an cublel conduit 66 of the
water heater 13. The ountlet piercer 22 is similar in type to
the outlet pilercer described in the EP-A-0389141 and EP-A-D
334572 and comprises an open ended cylinder of circular or
D-shaped cross-zection having dimensions larger than the
bsverage discharge spout 108. 2n arcuate portion 67 of the
upper end of the cutlet pilercsr 22 is sarxratsed to plerce and
eventually cut the laminate of the beverage cartridgs 100.
The remainder of the upper end is cut back longitudinally of
the cylinder at least to the base of the heeth 68 of the
sgrrated portion to fold or pull the cut laninate 108 away
from the outlet apsrture befors the beverage is dispensed
-there through. The ouklet piercer 22 pierces the laminats
105 exzternally of the discharge spout 143 and when the
cartridge mount 45 is in the closed position, rests in the
annulus begbtwean the discharge spout 143 and the outer wall
42 of the discharge funnel 140. The cutlet pilercer 22 folds
back the cut laminate 105 inte the annuius, Thersby both the
outlet piercer 22 and the cut laminsts 105 are held out of

the way of the discharged beverage.
Y d g

The cutlet piercar 22 is surroundsd by a ledgs which is

raised relative to 1ts surrcundings by 0. 5mm.

Advantageously, the outlet plevcer 22 is removable from
the lower part 43 to enable it to be thoroughly cleansd, for

example, in a dishwasher. The rsmovable outlet pilercer 22 is
do
Ly

received in & recess in the lower part 43 where it is
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seated. The inlet piercer 21 and/or the outlet pilearcer 22
may be nade of a metal, such as stainless steel, or from a
plaztics material. Advantageously, the use of plastic
cutting elements is snabled by use of a laminate 105 which
is able to be punctured and cut by a non~metallic material.
Conseguently, the plercers 21, 22 can b2 made less sharp
which lowexrs the risk of injury to the consuner. In
addition, plastic pilercing elements are not prone to rust.
Preferably, the inleb pilercer 21 and the ocutlet pisrcer 24
are formed as & single, integral unit which is removable

from the lower part 43,

In use, the upper part 44 of the holder 18 is movable
from an open position in which it is orientated vertically
or towards the wvertical as shown in Figure 2, to a closed
position in which it is orientated substantially
horizontally and in interengagement with the fixed lower
part 43 and cartridge mount 45. The upper part 44 iz moved
from ths opsn to the closed positlons by operation of ths
clamping lever. To close the upper part 44 a ussr takes hold
of the clamping lever by the U-shaped arm 47 and pulls
downwards. Conseguently, ths wper part 44 yobtates which
first brings the tubular sxtension &1 of the viewing window
59 into contact with the clamping surface 112%a of the
bevarage cartridge 100. Continued rotation of the upper part
44 rotates the upper part 44 and cartridges mount 45 down
into contact with the lower part 43. Furthser rotation of

the U-shaped armm 47 causes the U-shapad arm 4

Ny

to roltate
relative to the uvpper part 44 and the lowsr part 43
resulting in ths hook mewmbsrs 32 of

.?.
engaging the bossss 53 of the lower part 43 with the cam
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surface riding over the bosses 53. During this last stage of
rotation the cagrbridge 100 is compressed betwesen the
cartridge mount 45 and the viewing window 58. As a result,
the viewing window 58 is moved azially slightly relative to
the cirvcular housing 58 of the upper part 44 against the
bias of the wave spring or helical springs. This movement
allowg for a take up of tolerances in the beverags carkridgs
100 and beverage prepavation machine 10 and ensures that the
_amount of compressive force applied to the cartridge 100 is
kept within an acceptable range. The clamping force of the
mechanism as moderated by the action of the wave spring or
helical springs engures a clamping preasure on the cartridge
180, It has been found that a force of betwsen 1508 and 400N
ig reguired to counter the pressure in the cartridge 100.
During closure of the cartridge head the laminate 105 of the

3

cartridge 100 is tensioned as it is brought into contact
with the ledge surrounding the outlet piszrcer 22 which
causes the laminate 105 to flex out of plane as the distal
end of the outer tube 42 of the cylindrical funnel is moved
upwazrdly by 0.5mm relative to the flange 147. This movement
also snsures that the great majority of the compressive
force applied to the cartridge 100 acts through the cenbral
region of the cartridge 100 through the leoad-bearing inner
member 103. These clamping forces help prevent failure of
the cartridge 100 during pressurisation and alzo ensurs that
the inner member 103 and outer member 102 are fully seated
relative to one another and thus that all internal
passagewavs and apsrtures remain at thelr intendsd

dimensions even during intarnal pressurisation.
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In the closed positicn, the separation of the distal
end 64 of the tupular extension 61 and the lower part 44 is
shown by reference D in Figure &. This distance is fixed by
the dimensions of the viewing window 5%, housging 58 and
lowar part 44, The distancs D is chosen to be the game ox
marginally smaller than ths distance d between the clamping

surface 118z and laminate 105 wunder surface of th

it

cartridges 120. In this way, on closure of the cartridgs
head 17 the cartridges 100 ars subijected to a fimed, known
degree of compression. In additiocon, both the first and
second subodiments of cartridge can be clampsd with the same
degree of compression since distance D is the same for both

cartridge types.

An imaginary datum line can be drawn betwesn the first
and second pivot points 48, 50 of the holder 18. As can be
seen in Flgure 7, in the open position the third pivoet
points 51 are located on the side of the datum lins nearest
the fixed lower part 43. As the upper part 44 reaches the
clossd position, ths third pivet peints 51 of the clamping
lever pass through the datum lins joining the first and
gecond pivot polints 48, 50 to the opposite side of the line,
furthest from the fixed lower part 43. Congeguently, the U~
ghapsd arm 47 ‘snaps through' from a first stabls position
te a second stable position. The snap through action is
accommodatad by shorteming of the over-centre arms 49 and
conssguential compression of the resilient sleevesz 49¢,
Once the third plwvot podnts 51 are past the imaglinary datum
ling, the recovery of the resilient slesves 4%¢ acts to

-

continue the movion of the third pivot points 31 awav from

Jent
ot

the imaginary datunm line. The clamping lever thus has a bi~
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gtable operation in that the lever is stable in the open or
closed positions but unstable at the point when the third
pivot points 31 lie on the imaginary datum line Joining the
flrst and second pivot points 48, 50. Thus, the snap-through
action of the clamping lever provides a positive closure
mechanism which leads to a definite closure action wherein
in the final stages of ths clamping lever’s rotation, the
snap~through action of ths U-shaped amm 47 and second arms
forces the hook membsrs 52 fimmly inte engagement with th
bosses 53. In addition, the resilient slesves 4%9¢c provide s
regsistance to re-copening of ths upper part 44 since a
minimunm force is required to compress the slesves 4%¢
sufficlently to move the third pivot points 51 back intoe
line with the datum line joining the first and second pivot
points 48, 50. Advantagesously, the interengagement of the
hook members 52 and the boases 33 prevents separation of the
upper and lowsy parts other thsen by rotation of the clamping
lsver. This is useful in preventing opening of the cartridgs
head 17 during operation when the carvtridge head 17 is

subject to internal pressurisation

The pressure exerted by the upper section 44 snsures a
fTull fluid tight seal beitween the cartridge 100 and ths
cartridge holder 18, The clamping forces help prevent
failure of the cartridge 100 during pressurisation and alszo
ensure that all of the internal passageways and aperhures
within the cartridge 100 remain at their intendad dimensions
even durxing internal pressurisation. To improve the ss=al
with the cartridges 100 the applicant has now found that
lining the ragess 55 of the cartridge mount 45 with a rubber

F oo e

{sse Figure 7a) lmproves the machine's ability te

£

seal 55
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withstand the significantly higher pressures generated

during the brewing cyele.

Control of the brew cyale is sffected by the control
processor of the beverage preparation machine 10, which
compriges a processing module and a memory. The control
processor is operatively connected to, and controls
operation ©of, the heater 13, pump 14, user interface 16, and

other components describad below,

The operational hehaviour of the machine 10 is
determined hy software embeddsd in the controel processor,
for example as described in EP-A~1440644. The memory of ths
control processor includes one oy more wvariables for one oy
more operational parameters for the beverage preparation
machine 10, In the prior art machines these are generally
the temperature of the liguid passed through the beverage
cartridge 100 during the operating stage, the speed of
charging the beverage cariridge 100, the presence or
otherwize of a soak step, the total dispensed volume of the
beverage, the flow rate of the liguid during the dischargs
stage, and the periocd of the purge stage.

One purpase of the cartridge recogniition means 20 is,
inter alia, to allow the machinsg 10 to recognize the type of
beverage cartridge 100 that has been inserted and to adjust
ong or more operabtional parameters accordingly. The
variables for the operational parameters are stored in the
memory. The cartridge 100 comprises a code 120 provided on
or in the cartridge 100 representing the operational

parameters reguired for optimal dispensation of the beverage
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in that cartridge 100. An example of the coda is described
in BEP-A-~1440644.

The control processor memory further storesz information

0D

% the type of beverage dispensed so that the operating
cycle of the machine 10 may be adjusted for the next
cartridgs 100. This is especially advantageous wheare two or
more beverages cartridges 100 are used sequentially to form =
beverage. For example a coffes cartridgs may be dispensed
followed by a milk cartridge to form a cappuccinoc beverags.

Alternatively a chocolate cartridge could be used followed
t

g

by a milk cartridge to produce a creamy hot chocolate
heverage. By using a memory that stores information on the
first beverage dispensed, the manner of dispensing the
second cartridge, say a milk cartridge, may be altered to
achieve an optimum beverage. In the abovs example the milk
dispenged for hot chocclate may, typically, be diluted less
than the milk added to the coffee. In addition, the milk
dispensed for chocolate may be dispensed at a slower flow
rate to lessen the degree of foaming of the beverage. Many
combinations of cartridges are possible and operating
L=

paramstaers a¢ will be obvicus to the skilled person. In

addition, the memory may be used to allow the machine 10 to
‘rradict’ the type of beverage that a usay will nest want to
dispensge,. Yor emample, if a user predominantly drinks one

beverage typs then the machine can instruect the water hsater

to remain at the optimum temperaturs for that beaverage type.
3 ¥

Opsration of the known prior art machines 10 comprises
inzertion ¢f a beverage cartridge 100 into the cartridge

head 17, carrying out a dispense cycle in which the beverage
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is dispensed and removal of the cartridge 100 from the

machinsa,

To insert the cartridge 100 the cartridge holder 18 is
opened as described above to sxpose the cartridge mount 45.
The cartridge 100 is then placed on the cartridge mount 45
recelived within the recess 46. The vartridge holder lS is
then closed by operation of the clewmping handle 51 as
described above. During closure the inlet and oublet
plercers pierce the cartridge 100 to form the cartridge

inlet 107 angd outlet 108.

To commence the operating cycle the user operates the
tart/stop button 28. The operating cycle comprises the
steps of cartridge recognition and the beverage preparation

cyclea.

Cartridge recognition is performed by the optical
cartridge rscognition means 20 as described sbove assuming
that the outputs from ths cartridge sensor and lock sensor
are satisfactory. Once the barceds 40 has been decoded the

operational parameters of ths machine 10 are adjusted by the

N

=]
@

control processor. The preparation avele is then
automatically commenced. The prepsration oycle has four main

o
stages, although not all of these are used for all beveracs

types:
i, Bra-wat
2. Pause
3. Braew stags
4, Purge
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In the pre~wet stage the cartyridge 100 is charged wiith
Yiguid from the storage tank 12 by means of the pump 14. The
charging with water causes the beverage ingredients 280 in
the chamber 160 to be wetted. The charging may take place at
a “fast” flow rate of &00 ml/min or a “slow” flow rate of
32% ml/min. The slow charging rate is particularly useful
for cartridges 100 containing viscous liguid beverage
ingredients wherse the ingraedients requirse some dilution
before they ars able to be punped at a higher volume flow
rate. The veolume of liguld injected into the cartridges 100
ig selectad teo ensure that ligquid or beverage does not drip

out of the cartridge outleb 108 during this stage.

The pause stage allows the beverzge ingredients 200 to
goak in the liguld iniected during the pre-wat stage for a
predetermined period of time. Both the pre-wetting and
soaking stages are known to increase the yield oi the
extractibles from the beverage ingredients 00 and to
improve the and flavour of the beverage. Fre-watting and
seaking are particularly used where the beverage ingredisabs

are roazt and ground coffee,

In the brew sbtage ligquid is passed through the
cartridge 100 in order to producs the beveragse from the
beverage ingredients 200, The temperature of ths liguid is
determined by the control processor which sends instructions
to the heater 13 to heat the lignid psssing from ths tank 12
to the cartridge head 17. Ligquid enters the cartridge holder
18 via an Iinlet valve and the inlet piercer and then passes

inte the inlet chawber 126 of the heverage cartridge 100.
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Brewing and/or mizming of the beverage in the beverage
cartridge 100 ocecurs, as described in BEP-A-14408644, before
the preparsd beverage exits the cartridge outlet 104, enters

the outlet valve 37 and is directed into a suitably placed

receptacle in the dispensing station 27.

During the purge cycls the temperature of the water
heater 13 1s raised sufficiently high to convert the water
remaining in the system to steam and blowing the pressurised
stean through the beverage preparation machine 10 and the
beverage cartridge 100. This ensures that all beverage is
disgpensed and that the flow path is cleared ready for
dispensing ancther beverage. The purge cvele may not
comuence immediately on cessgation of the brew/mizing stage
to allow for the majority of the fluid to clear the flow

path.

e the cperating cyels has beaen completed, the
machineg auntomatically steps and the consumer removes hhe
cartridge 100 by opening the cartridge holder 18 and
manually removing and disvosing of the carvtridge 100.
Alternatively, the machine 10 may be provided with an
auntomatic ejection mechanism for removing the cartridge

automatically on opening the cartridge holder 138.

The first of the significant improvements teo the known
beverage preparation machines 10 referred to above is the

v

provision of variable geometry valve 80 (see Figures 9 ko

2

z

15) provided adiacent the cartridgs outlet 108 to provide
post~cartridge prassurs control. This enables the machine 10

to produce a wide variety of beverages, as it allews the
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cartridges 100 to be selsctively brewed at elther high or
low pressure or a varying pressure during the brew cycle,
depending on thea type of brew cycle reguired for the
beverage ingredients in the cartridge as ldentified by the
cartridge recognition means 20, thus providing an automated
variable pressure system. The modified machine is capable of
producing beverages at a range of pressures, Lor example

from 0 to 2 bar, and more preferably from O to b bar

The variable geometry walve &0 is positioned
downstream of the cartridge 100, and preferably positioned
in the beverage outlet 37, which is partially housad in, ang
sxtends irom, the lower ssotion 43 of the carbridge head 17
{sepa Figures & and 7). Ths valve 60 has at least an open and
a restricted state, and more preferably all of the states

identified below:-

1. Cpen {Figurs 11)
2. Restricted (Figure 12)
3. Closed (Figure 10)

4, Cleaning/purging.

Various typces of wvalve may be ussd for the outlet wvalve
50, =uch as ball valves, pinch valvyes, slseve wvalves, seat
valves or disc wvalves. The embodiment illiustrated in Rigures
10 to 12 is s pall type valve which has a rotating element
6% located in a chamber 70 in the heverage outlet 37. The
rotating elemant 6% is rotatabls between preset positions to
provide the reguired states. The diamster of the boars of the

valve 60 in the unrestricted position is preferably at lsast
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Smm which is regquired, for sxample, for cartridgss 106

providing low pressure filter heverages.

An alternative sultable valve is a pinch valve
illuskrated in Figures 13 to 1% which comprises a flexible
tube 71, preferably made of silicon rubber or an slastomeric
material, and a clamping mechanism 72. In the unrsstricted
position {Figures 13a and 14} the beverage flows freely
through the tube 71. The clamping mechanism 72 is activated
to provide a restrictsd position {FPigures 13b and 15} and

alosed position.

The valve 60 is controlled auvtomatically by the control
processor of the machine 10, Once the type of cartridge 100
inserted inteo the machine 10 has bean identified, by th
deceoding the barcode 40, the control processor selects the
correct initial zetting and, 1f appropriate, any subssguent

operation of the wvalve 60 for the relevant beverage type.

The machine 10 can operate in a range of modes, with

the valve 60 in one or more positions, soms exawplss of

which are: -

1. Valve Open Throughout The Brewing Cyele

When the wvalve €0 is in its open position the operating
pressure is below & bar allowing a steady state through flow
rate of up to 400 mi/min. The beverage is dispensed under
similar conditions to those descrihed in BEF-A~1440844. This

mede is particularly aseful as it renders the machins 10

backwardly compabtible with existing cartridges for preparing
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low pressure beverages, such as tea, foamed milk or

chocolats.

2. Valwe Restricted Throughout The Brewing Cvele

When the valve 60 is in its vestricted position it
creates a relatively high back pressure within the cartridge
108, which results in an operaking pressure of up to 4, 6 or
aeven 9 bar and provides & steady state through flow rate of

80 to 300 ml/min. This is sufficient to cbtain the necessar

g

gsolids extraction and emulsification of oile in the bsvera

*.Q
i

ingredients 200 for an espresso beverags. The consegquential
restriction in the beverage outlet 37 provides a shearing
and mixing action in the beverage Flowing throuch the valve
60, giving rise to good air/liguid emulsification and

lting in an improved crema. This mode can adwvantageously

be used for preparing higher pressurs beverages, 3uch a3
aspress and cappuccinoes, from cartridges 100 which do net

have means for entraining air teo effect the mizing action,

]

2. zo valled non~eductor cartridges.

3. Valve Clozed Then Restricted

3

If the valve 50 iz clogsd immedis

l"i'

aly at the start of
the brewing cvcle {before the punp 14 commences and during
the prs-wet oycle), this enables a higher pressure to be
developed within the cartridge 100 than vhen the valve 60 is

in it's restricted posiition.
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Farther combinations may be appropriate, such as valve
closed then open or valve closed then restricted then open

according to the desired effect to be achieved.

If required, the valve 80 can be pulsed betwesn various
positions during the brewing cycle, or a part theveof. This
manner of valve operation during the delivery cycle enables
beverages with a crema having a graduated colour and/oxr

bubble sgize ko be produced.

During the purge cycle the valve 60 is controlled by
the control processor to divert the steam to a drain area
rather than to the dispenszing station 27 to preserve the

appearance of the beverage and prevent contamination.

The second of the significant improvements to the known
beverage preparation machinez 10 referred to above is the
additicn to the brew control system of gas managsment,
Surprisingly the applicant has now discovered that the
characteristics of beverages prepared in this typs of
beverage preparation machine 10 can be modified beyond
boundaries hereto sesn in prior art machines. The surprising
effect is enacted by controlling the volume of gas in the
delivery system during the preparaticn of the beverage to
prescribe the amount of high guality crema resulting in a
controlled amount of crema on a beverage varving from &
delicate layer up bto a surprisingly deep laver in the final
beverage. The applicant has found a way to successfully use
gases within the beverage preparation machine to modify the
gas:ligquid ratioc te produce a surprising volume of good

stable crema in prepared beverages never seen hefore in
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- 34 —

prior art machines. Maintaining a greater volume of gas
resident in the delivery system enables a much larger
gas:liguid ratioc to be achieved during brewing and
dispensing and this produces a correspondingly largsr volure
of orema. PDecreasing the volume of gas enables the ratio to
he decreased to raduce the crema volume. The bubble size is
alse influenced by the gas:liguid ratio, zo a lower ratio
can be used to provide a tight and cresamy crema and a higher
ratioc used to provide a mors loose and bubbly crema. This
improvement therefore provides the ability to optimise the
ocrema volume and bubble size for sach beverage dispensed, It
has been found that by manipulating the gas good guality
gspressos can be brewaed with a crema volume greater than 25%
of the beverage volume whilsh minimising the cccurrence of
bubbles having a diameter of more than 172 microns which is
not previously seen to be possible in known heverage

preparation machines of this type.

The improvement is achieved by adapting the control of

ot

the brew cycle to provide means Ffor managing the volume of
gas within the delivery system which conveys the water from
the tank 12 to the beverage ingredients 200 and to the

]

ispensing cublet. A1l furthexr references in this

3

speeification to the delivery system are intendsd to includs
any predetermined section thereof, for sxample the ssction
extending frowm the water heatsr 13 to the cartridgs 100 and
may also include, if relevank, some gas contained within a

headspace of the cariridgs 100.

The "basic volume® of gas which can reside within the

delivery system of any given machine 10 is dependant on its
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construction, The "actual wolume™ at any given time will
vary according to whether the machine 10 has just been used
to prepare a beverage, what type of beverage it was uvsad for
and whether a stesm purge cycls hasz been run. Thus the
improved brew cycle control incorporates means for varving
the volume of gas in the delivesry systen according to the
type of beverage Lo bs dispensed {i.e. one requiring a crems
with smaller and fewer bubbles or one which reguires a
greater froih of larger bubbles) taking into account the
actual volume of gas already present. The means for varving

the wolume of gas may Pe achieved by combinations of:i~

1. purging the delivery systen after a brewing cycle
is complete, and prior to a subseguent high

pressure brew, which will incoreass thas gas:liguid

ratia;

2. venting gasz from the delivery system prior to
high pressure brewing, which will decreass the
gas:liguid ratio; anc

3. inducting gas into the delivery system prior to

high pressure brewing, which will increase the

gas:liguid ratic.

Valve means are preferably provided to ensble the
velume of gas within the dellvery svstem to be reduced and
an alx puamp to enable gas (Cyplcally airy to be injected
into the svstem. A separate, dedicated air valve may be

incorporated in the delivery system, either upstream or

ok,

dovnetrsam of the cartridge 100. Preferably the variable
geometry valve 50 described above may be used as the valve

means.
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To enable this improved brew cycle control to be
effacted, additiconal parameters to those described in
connection with the basic machine 10 mav be stored in ths
memory ©f the control processor. These additional parameters
include the basic volume of gaz for the specific
construction of machine 10 (which will apply to the machine
10 which 1s unused or after it has been purged) and the
volume required during high pressure brewing for optimising
the crema for each spscific besverage. Preferably the
additional parameters also include the actual volume of gas
which will remain in the delivery system after cach type of
brew operation which the machine 10 is capable of. However
this is not wholly necessary if the machine 10 is programmed
o run & steam purge oyele afier evexry beverage is
dispensed, which effectively resets the actual volume to ths
basice voluma, because it flushes the dispensing system
downstream of the water heater 13 of any remaining liguid.

The brew cycls will therefore include an additional
atep, namely a gas adjustment cycle befors the pra-wet

cycle. The gas adijustment oycle thus includess:-~

1. An assessment of the required volume of gasz for
the type of beverage to be prepared. This will most
conveniently be the selection from the processor memory of
the regquired parameter associated with the cartridge code

28y

2. The determination of the actual volume of gas

currently resident in the delivery means according to the
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last cperation of the machine 10. This will be ths basic
volume for an unused machine or if a purge cycle has been
run. If the machine has Jjust bszen used t¢ prspare a beverags
and no purge cycle run, the processor ideally selects from
the memory the parameter for the remaining gas accoxnding to
the lagt beverage. Alternatively, means may also be provided
to specifically monitor the volume of gas within the

delivery system at any point in time;

3. A calculation of the volume of gas to be inducted
into or vented from the delivery system to achisve the

reguired volume;

4, The modification of the volume of gas, if
regquired, by the induction of additional gas {typically air)

or the venting of excess gas.

In one example the beverage preparation machine 10 has
a basic volume of gas of 36ml in the section of the delivery
means sxtending betwsen the water heater 13 and the beverags

ingredients 200,

There are a number of different modes of operation for
step 4 depending on the outcome of step I, depending on what
type of valve means are used. If the valve msane are
downstream of the cartridgs, i.e. an cutlet valwve, ons way
of controlling the volume of air upstream of the heverage
ingredients 200 prior to high pressure brewing is by olosing
the outlet valve at different points in the brew cyole as

Follows:~
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1. The Correct Volume of Gas is Present

If the processzor calculates that it reguires the £fuil
basic volume of gas (36ml} for the beverage to be dispensed,
as determined from the reading of the code 120, it closes
the outlelt valve at the start of the brew cycle, before any
water flows from the water heater 13. This mesans that the
compression of gas in the delivery system will commence
immediately and ths cartridge 100 will be subiject to higher
praessures during the pre~wet and scak cycles, with the valvs
only opening to dispeunse the resultant beverage. As the
outlet valve is closed before the pump 14 is started, all of
the 36ml of trapped gas is mixed in to the resulting
baverage and a larger volume of slightly coarser crema 1is
obtained {Figure 16a}. In the sxample shown the volume of

x

crema ¥ in a3 graduated glass, flat bottomed beaker was 20ml

compared Lo the wvoluws of liguid %, which was 30ml.

The chart shown in Figure 16b represents an exampls of
brew cyole parameters used to produce a beverage in this

mode with a large volume of crema undsr test conditions.

5

In this chart, a stop condition of {0 seconds {e.g.
against the remove gas step) indicates that the gtep iz not

carried out.

2. Too Much Gasg iz Presant

If, on the othexr hand, a beverags with a small volune
of crema is indicated by the cartridge 100 inserted and

there is an excsss of gas presant in the system, the cutlet
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valve 1s closed after the pump 14 has operated for a short
time until the excess gas in the delivery system has sscaped
&Y

through the open valve at low pressura. With the valve belng

0

logsed later in the brew cycle, the regulired wolume of gas
iz vented to atmosphere via the cartridge 100 and wvalve, 8o

Py

a smaller quantity of trapped gas is left to be compressed
and mixed in to the resulting beverage during high pressure
brewing and conseguently a smaller volume of finer crema is
obhtained {Figqure 17a). In the sxample shown the wvolume of
crema ¥ in a graduated glass, flat bottomed beaker was Smi

compared to the volume of liguid X, which was 50mi.

The chart shown in Figure 17b repressnts an sexample of
brew parameiers used to producs a heverage in this mode with
a small volume of crema under test conditions.

3. Insufficient ¢Gas Fressnt

£

If step 3 indicates that more gas nesds to be inducted,
the outlet valve iz closed immediately and the air pump
operated until the deficit has been mads up. Thereafter high

pressure brewing commences.

The fellowing graph is a digital image analysis showing
a comparisen of the crema characteristics produced by the
present beverage preparation machine 10 {machine A}

¢ ]

utilising the gas management aystew and two prior art
machines {machines B and ¢} without such gas managemant
systen. Comparing the profiles for each machine from the
peak {(~172wm diameter) rightwards {(increasing bubble sizel,

it can be seen that machine A exhibits a very tight
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distribution of small bubbles within the crema. Machine C
{the Nespresso Latissma {(tm)which is a high pressurs machine
which has a pressure rating of arcound 18 har and operates at
a presszure between 2 and 15 bar} producss a broader/coarser
distribution with a nunber of larger dismeter bubbles,
whilst machine B (the applicant’s own Tassimo/Bosch

Machine {tm} similar to that described in EP-A-1440644 which
iz a low pressure machine operating at pressures bslow 2
bar} ds coarser still, though without the larger bubbles

saen for machine C.

Bubble size histogram

B0 . e wegamBanhile 8
| {wandaching O

> NI . W A
E 85 240 40 E85 MO BES WS TAY 400 1554 (7L eS8t 2014 B

Burbbie Diameter fgwu}

The tail to ths left of the chart {(extremsly small
bukbles) is charactsristic ¢f the limits of the inmage
analysils systems used to preoduce the graph, though is

qualitatively similar.
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Some slemants of the controel of the gas in the b

164
<

verage

machine 10 may also be effected manually by the use

0
h

{

sultable buttons for the user to preas, to indicate t

ry
&

> Lype

of beverage being produced and the regquired crema

characteristics.

Whilst this improvement has been described with
reference to beverage machines 10 which use cartridges 100,
it may also be used in bulk brewvers and other non-~cartridge

machines.

Embodiments ¢f cartridges 100 which are suitable for
uge in the machine 10 having the improvements described

above ave shown in Figures 18 to 30.

The cartridge 100 generally comprizes an ocuter meauber
102, an inper member 103 and a laminate 10%. The outer
mamber 102, inner member 103 and laminate 105 are zsszembled
to form the cartridge 100 which has an interior 106 for
containing one or mors beverade ingredients, an inlet 107,
an outlet 108 and a beverage flow path linking the inlet 107
to the gutlet 108 and which passes through the intericxr 1086.
The inlst 107 and ocublet 108 are initially sealed by the
laminate 105 and are opened in use by pilercing or cutting of
the laminate 105. The beverage flow path is defined by
spatial inter-relationsghips between the outer member 102,
inner member 103 and laminate 10% as discussed below. Other
componsnts may optionally be included in the cartridge 100,

auch as a filter 104, as will be describad further below.
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be

i
described is shown in Figures 1% to 29. The first version of

ot

A first version of cartridge 100 which wil

the cartridge 100 is particunlarly desigunsd for uss in
dispensing espresso-styls products such as roast and ground
coffes where 1t is desirable to produce a crema. However,
this version of the cartridge 100 may be used with other
products such as chocolats, coffee, tea, swesteners,
cordials, flavourings, alcoholic beverages, flavoursd milk,

fruit duices, =zguashss, szauces and desserts.
g ‘

Ag can be geen from Figure 23, the overall shape of the
cartridge 100 is generally circular or disc-shaped with the
diamater of the cartridge 100 being significantly gresater
than its height. A major axis X passes through the centre of
the outer wember ag shown in Figure 19. Typically the
overall diameter of the outer member 102 is 74.5 mm +£86mm angd
the overall height 1s 14 wm +3mm. Typlcally the volume of

the cartridge 100 when assembled is 30.2 ml £20%,.

The culter member 102 generally comprises a bowl-shaped
shell 110 having a curved annular wall 113, & closed top 111
and an open bottom 112. The dismeter of the outer member 102
is smaller at the top 111 compared te the diameter at the
bottom 112, resulting from a flaring of the amnular wall 113

5 ona uvraverses from the closed top 111 to the open botitom
112. The annular wall 113 and closed bottom 112 together

define a rsceptacle having an interior 134.

A hollow inwardly directed cylindrical extension 118 is
provided in the clossad top 111 centred on the majdor axis X.

As more cleaxrly shown in Flgure 20, the cylindrical
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extension 18 comprises a stepped profile having first,
second and third portions 119, 120 and 121. The first
portion 119 is right circular cylindrical. The second
portion 120 is frusto-conical in shape and is inwazdly
tapered. The third portion 121 is anothsr right circular
cylindsr and is closed off by a lower face 131. The diameter
of the first, second and third portien 11%, 120 and 121
incrementally decreases such that the diameter of the
cylindrical extension 118 decrsases as one traverses from
the top 111 to the clesed lowsr face 131 of the cylindrical
extension 118. A gensrally horizontal shoulder 132 is
formed on the eylindrical extension 118 at the junction

betwean the gecond and third portions 120 ang 121,

An outwardly extending shoulder 133 is formed in the
vuber wembrer 102 towards the bottom 112. The ocutwardly
extending shoulder 133 forms a secondary wall 11% co-axial
with the annular wall 113 so as to define an annular track
forming a manifold 11€6 between the sscondary wall 115 and
the annular wall 113. The manifold 116 passes around ths
circumference of the outer member 102Z. A series of slots 117
arg provided in the annular wall 113 level with the manifold
114 fo provide gas and liguid communication hetwsen ths
manlifold 116 and the interior 134 of the outer member 102.
Az shown in Figurse 21, the slets 117 comprise vertical slits
in the annular wall 113, Betwesn twenty and forty slots are
providad. In the embodiment shown thirty-seven slots 117 are
provided generally equi-spaced around the circumfersnce of
the manifold 16, The slots 117 are prefersbly between 4
and 1.8 mm in length. Typically the length of sach slot 117
is 1.0 mm repressnting 10% of the overall height of the

= &
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outer member 102. The width of esach slot 117 is betwsen 0.25
and (.35 mm. Typically, the width of each slot 117 is 8.3
mm. The width of the slots 117 is sufficiently narrow to
pravent the beverage ingredients passing there through into

the manifocld 116 sither during storage or in use.

An inlet chamber 126 iz formed in the outer member 142
at the periphery of the outer member 102. A cylindrical
wall 127 is provided, as most clsarly shown in Figure 23,
which defines the inleb chamber 126 within, and partitions
the inlel chamber 126 from, the intericr 134 of the outer
wembay 102. The cylindrical wall 127 hags a closed upper facse
128 which is formed on a plane perpendicular to the major
axiz X and an open lower end 122 co-planar with ths bottom
12 of the outer member 102. The inlet chamber 26
communicates with the manifcld 116 via two slots 130 as
ghown in Figure 19. Alternatively, betwsen one and four
slots may be usad to communicate between the manifold 116

and the inlet chamber 126.

A lowsr end of the outwardly extending shoulder 133 is
provided with an outwardly extending flange 135 which
gxtends perpendicularly to the major axis X. Typically the
flange 135 has a width of betwesn 2 and 4 mm. A portion of
the flange 135 is enlavgad to form & handle 124 by which the
outer membsr 102 may be held. The handle 124 is provided

with an upbturned rim 125 to improve grip.

The outer member 102 is formed as a single integral

s

tece from high densivy polyethylene, polypropylens,

polystyrene, polyester, or a laminate of two or more of
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i
i
[aa}

i

these materials. A sultable polypropylene is the range of
polymers available from DSM UK Limited (Redditch, United
Kingdom}. The outer member way be opague, transparent or
translucent. The manufacturing process may be injsction

moulding.

The inner member 103 as shown in Plgures 25 to 28,
comprises an annular frane 141 and a downwardly extending
cylindrical funnel 140, A major awmis X passes through the

centre of the inner member 103 as shown in Pigure 25.

Ag best shown in Figurses 26 and 27, the annular frame
141 comprisss an ocubter vim 151 and an inner hub 15%2 joined
by ten sequi~gpaced radial spokes 133, The inner hub 152 is
integral with and extends from the cylindrical Ffunnel 140.
Filtrablion apertures 1535 are formed in the annular Fframe 141
batwegen the radial spokes 153, A filter 104 is disposed on
the annular frame 141 so as to cover the filtration
apertures 155. Ths filter is preferably made from a
material with a high wet strength, for example a non-woven
fibre material of polyester. OQther materials which may be
uzed includs a water-impermeable cellulosic material, such
as a cellinlosic material comprising woven papsr fibres. The
woven papey fibres may be adnixed with fibres of
polypropylene, polyvinyl chloride and/or peolyethvlens. The
incoyporation of these plastic materials into the cellulesic
material renders the cellulosic material heat-sealable. The
filter 104 may 2lzd be treated or coated with a materiasl
which is activeted by heat and/orx pressure so that it can be

sealed to the annular frame 141 in thisg way.
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Ag shown in the cross—sectional profile of Figure 25,
the inner hub 152 is located at a lower position than the
outer rim 151, resulting in the annular frame 141 having a

sloping lower profile.

The upper surface of each spoke 153 is provided with an
upstanding web 154 which divides a void space above th
annular frame 141 inte a plurality of passages 15%. BRach
passage 157 is bounded on either side by a wsb 154 and on a
lower face by the filter 104. The passages 157 extend Ffrom
the outer rim 131 downwardly towards, and open into, thea
cylindrical funnel 140 at openings 156 defined by the innex

arxtremities of the webs 154.

The cylindrical funnel 140 comprises an oubter tube 148
surrounding an inner discharge spout 143, The outer tube

142 forme the exterior of the cylindrical funnel 140. The

T

discharge spoul 143 is joined to the outer tube 142 at an

{l

upper end of the discharge spout 143 by means of an annular

flange 147. The discharge spout 143 comprises an inlest 145

at an upper end which communicates with the openings 15% of
14

the passages 157 and an outlet 4 at a lower end through

2]
o

i

T

which the prepared heverage is charged into a cup or

other receptaclie. The profile of the discharge spoub 43

3y

compriges a stepped profile with a distinct dog-leg 166 nsar

an upper end of the tube 143.

Ag shown in Figure 25, the discharge spout 143 is
provided with a partition 165 which extends part way up the

digcharge spout 143 from the cutlet 144. The partition 1685
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helps to prevent the beverage spraving and/or splashing as

it sxits the discharge spout 143.

A rim 167 is provided upstanding from the annular
flange 147 joining the outer tube 142 to the discharge spout
143, The rim 167 surrounds the inlet 145 to the discharge
spout 143 and defines an annular channel 16% bhetween the rim
167 and the upper portion of the ocuter tube 142. The rim
167 is provided with an inwardly directed shoulder 168. At

one point around the circumference of the rim 167 an

e

aperture 170 is provided in the form of & slot which extends
from an uppsr edge of rim 167 to a point marginally below
the level of the shoulder 168 as meost clearly shown in

Figures 25 and 23a. The slot hag a wigth of 0.64 mm.

An aly inlet 171 is provided in annular flange 147

circumferentially alignhed with the aperture 170 as shown in

e
$uis
19
w
ey
4
53]
k]
-‘u

nd 28a. The air inlet 171 comprises an apsarture
passing through the flange 147 so as to provide
communication bebtwsen a point shove the flange 147 and the
void space below the flangs 147 betwesn the outer tubs 142
and discharge spout 143, Preferably, and as shown, the air
inlet 171 comprizes an upper frusto-conical portisn 173 and
a lower cylindrical portion 172, The air inlet 171 is
typically formed by a mould tool such as a pin. The tapersd
profile of the air inlet 171 zllows ths mould tool te be
more 2agily removed from the moulded component. The wall of

the outer tube 142 in the vici 171 is

H‘
}J‘
rp;-
-
5]
231
ot
ju
i
4]
ot
[
f
pcd
Gk
[}
ot

by

shaped to form a chute leading from the air inlet 171 to ths
inlet 145 of the discharge spout 143. As shown in Pigure

288, a canted shoulder 174 is formed between the zir inlet
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171 and the chute to ensure that the jet of beverage i
from the slot 170 doss not immediately foul on the upper
surface of the flange 147 in the immediate vicinity of the

ir inlet 171.

]

The inner member 103 may be formed az a single integral
piece from polypropylene or a similiar material as described
ebhove and by injection moulding in the same manner as the

puter mamber 102.

Alternatively, the inner membsr 103 and/or the outer
member 102 msy be made from a biocdegradable polymer.
Framples of suitablg materials include degradable
polyethylene {for example, SPITEK supplied by Symphony
Environnental, Borehamwood, United Kingdom),. biodegradable
polyester amide (for example, BAR 10885 supplisd by Syaphony
Eunvirommentall, poly lactic acids (FLA supplied by Cargil,
Minnesota, USSR}, starch-based poelymers, csilulose

derivatives and polypeptides.

The laminate 105 is formed from twoe layers, a first
layer of aluminium and a second layer of cast polypropylens.
The aluminium layer is between 0.02 and 0.07 mm in
thickness. The cast polypropyvlene layer is between 0.025 and
$.085 mm in thicknsss. In one embodiment the alumindum layer
is 0.06 mm and the polypropylens laver is (.025 mm thick.
Thisz laminate 105 is particularly advantagsous as it has a
high resistance to curling during assembly. As a result the
laminate 105 mayv be pre-cut to the corract size and shape
and subseguently transferred to the assembly station on the

production iine without undergoing distortion. Consseguently,
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the laninate 108 is particularly well sulted to welding.
Gther laminate materials may be used including
PET/Alunintum/PP, PE/EVOH/PP, PET/metallised/PP and
Aluminiuwm/PP laminates. Rell laminats stock may be used

instead of die cut stock.

The cartridge 100 may be closed by a rigid or semi-

rigid lid instead of a flexible laminate 105.
Assenmbly of the cartridge 100 invelves the following

3} the inner member 103 is inssrted into the oubter
member 102;

b} the filker 104 is culb to shape and placed onto the
innsr member 103 so to be received over the
cylindrical funnel 140 and coms te rest against
the annular frame 131;

¢l the inner member 103, outer member 1072 and Ffilter
104 arxe jeinsd by ultrasonic welding;

i the cartridge 100 is fllilied with ome or more
hevarage ingredients;

&) the laminake 105 is affixed to the outer member
102,

These steps will he discuszed in greater detall below.

The cuter member 103 is orientated with the open bottom
112 directed upwards. The inner member 143 is then inserted
into the outer wmember 102 with ths outer rim 131 being
recaived a3 a loose Fit in an axial extension 114 at tep 111

»f the cartridge 100. The cyvlindrical extension 118 of the
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outer member 102 is at the sane time received in the upper
pertion of the cylindrical funnel 140 of the inner member
143,

The third portion 121 of the cylindrical extension 118
is seated inside the support rim 167. The shoulder 132 of
the cylindrical extension 118 between the second portion 1X0
and thirxd portion 121 bears against the upper edge of the
support rim 167 of the inner member 103. An interface zone
is thus formed beitween ths inner member 103 and the outex
menmbey 102 comprising a face seal between the coylindrical
extension 11% and the suppert rim 167 which extends around
nearly the whole cirvcunference of the cartridge 100. The
seal between the ¢ylindrical extension 118 and the support
rim 167 is not fluid-tight theough since the zlet 170 in the
suppert rim 167 extends through the support rim 187 and
downwardly to a point marginally below the shoulder 168,
Consegusntly the interface f£it between the cylindrical
extension 118 and the support rim 187 transforms the slot
170 into an aperture providing gas and liguid communicabtion
between the annular channel 169 and the discharge spout 143,

The aperture iz typically 0.64 mm wide by {.8% mm long.

The filter 104 is then placed over the inner member 103
such that the filter material contacts the annuwlar rim 151%.
An ultrasonic welding process is then used to join the
filter 104 te the innsr member 102 and at the sawme time, and
in the same process step, the inner member 103 te the outerx
membar 102. The inner member 103 and filter 104 are welded

around thae outsr rim 1531. The inner member 103 and osuter
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membder 102 ars joinad by means of weld lines around the
1

outer rim 151 and also the upper edges of the webs 154.

As shown wmost clearly in Figure 29, the cuter member
102 and inner member 103 when joined together dsfine a void
space in the interior 106 below the annular flangs 141 and
exterior the cylindrical funnel 140 which forms a Filtration
chambar. The filtration chamber 160 and passages 157 above

the annular frame 141 are separated by the filter paper 104.

The filtration chamber 160 contains the one or more
beverage ingredients 200. The one or mors beverage
ingredients 200 are packed into the filtration chamber 160.
For an espresso-style beverage the ingrsdient is typically
roast and ground coffee. The density of packing of the
baverage ingredients in the filtration chamber 130 can be
varied as desired. Typically, for a filtered coffea product
the filtratlion chamber contains between 5.0 and 10.72 grams
of roast and ground coffee in a filtration bed of thickness
of typically 5 to 14 mm. Optionally, the interior 106 may
contain one or more bodies, such as spheres, which are

reely movable within the intexior 106 to aid mixing by

inducing turbulsace and breaking down deposits of beverage

ingredients during discharge of the beverage.

The laminate 105 is then affized to the outer member
102 by forming a weld 161 around the periphery of the
laminate 105 to join the laminate 105 to the lower surface
of the cutwardly extending flange 135. The weld 161 is
extended to seal the laminate 105 against the lower edge of

the cylindrical wall 127 of the inlet chawber 126. Further,
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a weld 152 is formed betwean the laminate 105 and the lower
edge of the ocuter tube 142 of the cylindrical funnel 140.
The laminate 105 forms the lower wall of the filtration
chamber 160 and also seals the inlet chawber 126 and
cylindrical funnel 140. However, a small gap 163 exists
pricr to digpenzation betwsen the laminate 105 and the lower
edge of the discharge spout 43. A variety of welding methods
may be used, such as heat and ultrasonic welding, depending

on the material characteristiocs of the laminate 1.05.

Advantageously, the inner member 103 spans between the
outar member 182 and the laminate 1053. The inner member 1083
is formed from a material of relative rigidity, such as
polypropylene. As such, the inner member 103 forms a load-
bearing member that acts to keep the laminate 105 and outer
memizer 102 apaced apart when the cartridge 100 is
compressed, It is preferved that the cartridgs 100 is
subjected to a compreszive load of betwesn 130 and 2808 in
use. The compresgive force acts to prevent the cartridge
failing under internal pressurisation and also serves to
squaeze the inner member 103 and outer member 102 together.
Thiz ensures khat the internal dimensions of passageways and
aperturaes in the cartridge 100 avxe fired and upabls to

change during pressurisation of the cartridge 1060,

In use the water, under pressure, enters the cartridgs
100 through the inlet 107 into the inlet chamber 126. From
there the water is directed to flow through the slots 117
and round the manifold 116 and into the filtration chanmbery
160 of the cartridge 1 through the plurality of siots 117.

The water iz forced radially inwardly through the filtration

IPR2023-00502
Nespresso USA, Inc. Ex. 1002 Part 5
Page 309 of 387



WO 20107125326 PCT/GB210/000551

chamber 160 and mixes with the beverage ingredients 20
contained therein. The water is at tha same time forced
upwardly through the beverage ingredients 200. The beverags
Formed by passage of the water through the beverage
ingredients 200 passas through the filter 104 and £iltration
apervtures 185 into the passages 157 lyving above the amnular

frame 141.

Beverage in the radial passages 1537 fiows downwardly
along the passages 157 formed betwesn the webs 154 and
threugh the openings 156 and inte the annular channel 163 of
the cylindrical funnel 140. From the annular channel 1869 the
baverage is forcsd under pressure through the aperture 128
by the back pressure of beverage collscting in the
filtration chanmbsr 160 and passages 157. The beverage isz
thus forced threough aperture as a jet and into an sxpansion
chamber formed by the upper end of the dischargs spout 143.
As shown in Figure 22, the +dest of beverage passes directly
over thes air inlet 171. Passage of ths beverage through the
restriction of the aperture causes the pressure of the
beverage to be reduced. &s the beverage enters the discharge
spout 143 the pressurs ¢f the beverage is still relatively
low. As a result air is entrainsd inte the beverage stresm
in the form of a multituds of small air bubbles as ths ailr
is drawn up through ths air inlet 171, The jet of bheverzgs
issuing from the aperture is funnelled downwards to the
cutlet 144 wvhere the bsverage is dischargsd into =z
receptacle such as a cup where the air bubbles form the
desired crema. Thus, the aperture and the azir inlet 171
rogether form an eductor which acts to entrain ailr into the

beveraga. Flow of beverage into the eductor should be kept
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as smooth as possible to reduce pressure losses. It should
he neted thabt, in the high pressure state, the air eduction

mechanism is de-activaltad.

The sealing of the filter 104 onto the spokes 133 and
the welding of the rim 151 with the ocuter mewber 102 ensures

that there are no short~circuits and all the beverage has to

"3

ass through the filter 104.

Pigurse 30 shows a second embodiment of beverage
cartridge 100 which can be used in the beverage preparation
machina 10 of the present invention. Liks components batween
the first and second smbodiments have been referenced with
like numerals. Many of the components and functlions of the
second embodiment of cartridge 100 axe the same as for the
first embodiment. Howsver, it can be seen {rom Figure 30
that the cartridge 100 has a grsater overall height compared
to the cartridge 100 shown in Flgure 22. The outer membsy
102 is taller and thevreby defines a larger void space in
which a larger gquantity of beverage ingredients 200 can be
stored. The zecond smbodiment of cartridge 100 is therefore
suitable for dispensing larger volumes of beverage. The
diameter of the cuter membsr 102 and cartridge 100 axs the
same as in the Ffirst embodiment. Typically the storage
volume of the cartridge 100 when assembled is 30 to 58 mi
+20%. As with the Ffirst swbodiment, the upper surface of the
outer member 102 is provided with a recess having a clamping
surface 118 located at a bottom therecf. Accoxding to the
present invention, the separatlon D betwsen surface 118a and
the underside of tha laminate 1085 is the same as for the

First embodiment. As = result, the elongated racess extends
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approgimately 60% of the distance towards the laminate 185.
This advantageously allows for a simplified clamping

arvangement to bhe used as described below.

Also, the second smbodiment of cartridge 1006 lacks an

educter air inlet 171.

The first and second embodiments of cartridges 1 describad
above are given as examples of an “eductor® typs of
cartridge and a Ynon-eductor” type cartridges which may be
used with the improved beverage preparabtion machine
deseribed above.
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CLAIMS
1. A method of preparing beverages using a beverage
preparation machine for preparing beverages from one or more
beverage ingredients, characterised by controlling the
volume of air resident in at least a part of a delivery
system of the machine to produce predetermined

charactaeristics in a prepared beverage.

2. A method of preparing beverages as clalmed in cladm 1
in which the volume of air is actively controelled by
increasing the volume to increase the ajr:ligquid ratie in
the beverage produced, decreasing the volums hto decreass the

atr:liguid ratio or maintaining the velume.

3. A method of preparing beverages as claimed in any ona‘
of the preceding claims in which the volume of air in the
delivery system is controlled by inducting additional gas
inte the delivery system, venting alr from the delivery

system and/or purging the delivery system.

4. A mathod of preparing beverages as claimed in any one

of the preceding claims further comprising the step of

wmeasuring the actual volume of alr resident in the delivery

system.
5, A methaod of preparving beverages as clalmed in any one

of the preceding olaimz in which an actual volume of air
resident in the delivery system is calculated from stored
paraneters relating to & volume of air remaining in the

delivery system after a last operation of the mach
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&. A method ¢f preparing bsverages as claimed in any one
of the preceding claims in which the control of the volume

of air is sffected on a beverage by beverage basis.

7. A method of preparing beverages as claimed in any one
of the preceding olaims in which the control of the volume
of alr ig effected automatically according to the typs of

beverage being produced.

8. & method of preparing beveragss asg claimed in any one
of claims 1 to 5 in which the contrel of the volums of a is

effacted manually.

9. A method of preparing beverages as claimed in any one
of the preceding claims in which the volume of alr upstream

of the besverage ingredients is controlled,
18, A method of preparing beverages as clalwmed in any one
of the preceding claims in which the volume of air

downgtream of the beverage ingredients iz controlled.

11. A method of preparing beverages as colaimed in al

s

¥ one
of the preceding claims in which the volume of air is
controlled by selectively opening and/or closing valve means
in the delivery system prior to and/or during beverage

preparation,

12. A bsverage preparation machine for preparing & beverage
from ona or more heverage ingredients, characterised by the

provision of means for controlling the volume of air
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- 58 -

resident in at least a parh of a delivery system of the

[
foa]

fete

machine to produce predetermined characteristics a

preparsd bevaerage.

13. A beverage preparation machine as claimed in claim 12
further comprising means for determining the actual volume

of sir resident in the delivery system.

14, A beveéaga preparation machine as claimed in claim 13
in which the means for determining the actual volume of alr
resident in the delivery system comprise means for
calculating the actual volume from stored parameters

relating to a volume of air rsmalning in the delivery system

after a last operation of the machine.

5. A beverage preparation machine as claimead in claim 14
in which the stored paramsters comprise a basic volume
parameter stored in the control means, said basic volume
being the actual volums of air which resides in the delivery
system of an unused nmachine or a machine after a purging

cycle has been run.

|

16. A beverage preparation machine as clalmed in claim 14
or olaim 13 in which the stored parameters comprise

paraseters relating To the actual volume o

341

alyr remaining
in the delivery system after esach type of beverage which the

machine is programmed Lo prepare.

17. A beverage preparation machine as claimed in claim 13

in which the means for determining the actual volume of air
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raesident in the delivery system comprise means for measuring

the actual volume of air in the delivery system.

18. A beverage preparation machine as clalmed in any one of
claims 13 to 17 in which paramsters relating to
predeterminad volumes of aiyr reguired to be present in the
delivery svstem for preparing a predetermined range of
beverages ars stored in the control msans, said control
means being programmed o calculate the difference betwaen
the predetermined volume required for a heverags in

preparation and the actual volume present.

1%, A beverage preparation machine as claimed in any one of
claimz 13 teo 18 in which the meanz for controlling ths
actual volume of air comprise valve and/or purge means for

venting air and/or pump means for injecting additional air

into the delivery system.

20. A heverags praparation machine as claimed in claim 19
in which the valve means conprise an outlet valve downstresm

of the bsvsrage ingredients.

21. A heverage preparation maschine as claimsd in claim 19
or claim 20 in which the valve means comprise a valve

upstream of the beverags ingredients.

22. A bsverage preparation machine asz claimed in zny one of
olaims 18 to 22 in which the operation of the valve means iz
controlled relative to the heverage preparation cycle to
vary the actual volume of alr present in the deliverny

syatem,
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BEVERAGE PREPARATION MACHINES

The present invention relates to improvements in
baeverage preparvation machines and in particular to a
beverage preparation machine of the type which uses pre-

packaged containers of beverage ingredients.

Coffee houses have been a part of the “ceffee culture®
since the 17" century. Throughout the years methods of
making coffee have been refined and skilled people trained
to produce the best coffee heverages. The first coffee
machines were devalopsd in the eariy 1800s and an automatic
espresso machine was invented in the 1%30s. The automation
of the coffee making process has, in turn, lead to a rapid
growth, particularly in the last ten yearg, in the number of
coffee houses/shops with more specialist drinks, such as
espressoe and cappuccine, being in high demand. These types
of beverages have historically been regarded as luxury items
because ¢f the need for expensive, complex machines capable
of producing the high pressures necsssary for making them,
which had to be properly cperated and maintained by a
trained barista to produce good guality. Coffee aficionados
agree that an espresso can be spoiled by & badly trained
operator despite the use of a good guality machine and good
gquality coffee. This trend, however, has not only lead to an
increased demand from consumers for luxury top guality
beverages, bubt also a desire for a greater variety of
speciality beverages, and the ability teo make such beverages

in the comfort of one’'s own home.
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Although there is no agreed technical definition, it is
generally understood that, compared to drip coffee, barista
guallty espresso has a thicker consistency, due to a higher
amount of dissolwed solids‘and fine oil droplets suspended
throughout the drink. It has a smooth, yst thick, dark
reddish brown crema making up 10 to 30% of the beverage. The
crema is a polyphasic emulsion of alr and the oils, proteins
and sugars extracted from the coffee which is produced at a
high pressure, traditionally in the region of 9 to 10 bar.
The higher pressures increase the rate of coffee wetting and
improve extraction as well as being responsible for the

development of t{he crema.

It is acknowledged, by dizcerning espresso drinkers,
that espressc produced using water which is cocoler than the
optimum temperature tastes sour and that produced with water
which is hotter than this temperature tastes bitter. The
optimum temperature is claimed to be between 92 and 96°C.
Qther factors which affect the gquality of the sspresso
include the roasting and age of the coffes beans, the grind
size, the compaction cof the grinds prior to brewing, and the
brew time. The “best” espresso is achisved by balancing

these key slements of the brewing process.

Domestic coffee machines have also developed
significantly since the first filter machines were invented
in the 1%60s and coffee machines ars now essential pieces of
kitchen equipment in many households. Some such machines
dispense individual servings of a beverage directly into a
drinking receptacle, and derive the beverage from a bhulk

supply ©f besverage ingredients or from individual packages
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of beverage ingredients such as pods, pads or cartridges. In
the following speclfication such packages will be referenced
by the general term cartridges. Machines which use such
cartridges eliminate the need for cleaning and can enable
the user to make a zelection of beverages. An ezanple of ons
type of such cartridge is described in EP-A-1440903. The
beverages are formed from brewing, mixing, dissolving or
suspending the beverage ingredients in water. For example,
for coffes beverages, heated water is forcesd through the
cartridges to ferm the extracted scelution. The use of
cartridges in such machines has become increasingly popular
due to their convenience and the quality of the beverags

produced.

An example of a machine for preparing beverages using
this type of cartridge is described in EP~A-1440644. This
tyvpe of machine provided, inter alia, an improvement over
the prior art known at the time in that it operated at a
lower pressure than the previcusly known machines, which
were designed for the commercial or industrial maxkets
rather than the domestic market. Hence il was more sulitable
for the domestic market in terms of cost, reliability and
performance. However, the problem that faces systems that
operate at a lower pressure is that they are generally not
capable of producing barista guality espressos, which

reguire & significantly higher pressure.

With the change in consumer trends, however, there is a
desire for domestic machines which are capable of producing

barista quality espresse and a range of other bheverages, for
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which no training is necessaxy, which are affordable and

which reqguire little or no cleaning.

Some machines available on the market claim to produce
higher guality beverages but for various resasons they are
camparatively expensive machines. Examplss of such machines
are the CGaggila L"'Amante ™, the Gaggia Eveolution ™, the
Nespresso Delonghi Latissimma 660 ™, and the Krups XN21{1 =,

which also uses a capsule system.

Most of these machines reguire specially designed
cartridges of increased complexity and a particular
specification of materials to écpe with the high pressures
invelved in the brewing process for espresso. These
cartridges generally incorporate filters and the process
uses the geometry of the cartridge to enable the desired
quaiity of the beverage to bes produced under high pressure.
This constrains the use of the cartridges in the machine for

which it is designed.

It is, however, desirous to provide an impioved
heverage preparation machine capable of making a sslection
af beverages, inciuding a premium guality espresso as well
as non-espresso beverages, preferably using pre-packed
baverage cartridges. The machine may alss be a bulk breawer

cr other non~cartridge machine.

It is also desirocus to provide a machinsg which is
bhackwardly compatible with existing cartridges, such as
those described in EP-A-1440903, which are used in existing

low pressure beverage preparation machines.
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Accordingly, the present invention provides a beverage
preparation machine for preparing beverages from a cartridge
containing one or more beverage ingredients, said machine
comprising a cartridge recognition device for determining
the type of beverage to be prepared from a cartridge
inserted into the machine, characterised by the provision of
a variable geometry wvalve located downstream of a cartridge
when ingerted in the machine, saild valve enabling
preparation of beveragss at & range of pressures by having
at least an open position and at least one restricted flow
position, and a controllier for selecting an initial valve
pozition and contrelling the subssguent operation ¢f the
valve according to the determinatisn of the type of beverags

to be preparsed by the cartridge recognition device.

The variables geometry valve preferably additionally has
‘a2 closad position preventing flow and/or a purge position

for diverting purge waste away from a dispensing area.

Preferably the controller 1s programmed to change the
variable geometry valve position during the preparation of
the beverage according to pressure and/or flow requirements

of the beverage preparation cycle.

The wvariable geometry valve may be a rotating ball

valve or a pinch valvs.

The restricted position of the variable geometry valve
praferably creates a back pressure in the cartridge of 2 to

9 bar, and preferably 2 to 6 bar.
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The invention also provides a method of preparing
beverages using a beverage preparation machine for preparing
peverages from a cartridge containing one or more beverags
ingredients, said machine comprising a variable geometry
valve located downstream of a cartridge when inserted in the
machine, saild valve enabling preparation of bevarages at a
range of pressures and having at lsast an open position
providing no restriction to the flow of beverage and a
restricted flow position, and a cartridge recognition devics
for determining the type ¢of beverage to be prepared from a
cartridge inserted into the machine, the method comprising
the steps of determining the type of beverage to be preoduced
from a cartridge, selecting an initial valve position and
controlling subseqguent operation of the variable geometry
valve according to the determination of the type of hsverage

tc be prepared by the cartridge recognition device.

The wvariable geometry valve position may be changed
during a beverage preparation cycle and/or pulsed between

positions during a beverage preparation cycle.

Preferred embodiments of the present invention will now
be described, by way of example only, with reference to the

accompanying drawings in which:

Figure 1 is a front perspective view of a prior art
baverage preparation machine with the cartridge head in a
closed position:

Filgure 2 is a front perspective view of the machine of

Figure 1 with the cartridge head in an open position:
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Figure 3 is a rear elevation of the machine of Figure 1
with some parts omitted for clarity:

Figure 4 is a front perspective view of a cartridgs
head of the machine of Figure 1 with some parts omitted for
clarity:

Figure 5 is ancother front perspective view of the
cartridge head of Figure 4, with some parts omitted for
clarity;

Figure 6 is a creoss~sectional view of the cartridge
head of Figure 4 in a closed position accommodating a
version of a beverage cartridgs;

Fiqure 7 i3 a cross-sactional side elevation of the
cartridge head of Figure 4 in an open position accommodating
the beverags cartridge; '

Figure 7A is a plan view of a rubber seal for the
cartridge head of Figure 4;

Figure B ias a schematic showing the various component
parts of the machine of Figure 1 incorporating a new
variable outlet valve;

Figures 9 1s a section of schematic of an cutflow from
the cartridge head incorporating the variable outlet valwve
of Figurvre 8:

Figures 10~12 avre c¢ross~sectional front elevations of
orte enbodiment of the variable walve in the ocutflow of
Figure 9 showing it's closed, open and restricted positions
respectively: '

Figures 133 and 13b are cross-secticnal end elevations
of an alternative variable outlet valve used in the cutflow
of Figure % in its opsn and closed position respectively;

Figures 14 and 1% are cross-sectional side elsvations

of the valve of Figures 13a and 13b;
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Figure 16a is a side elevation of a beverage receptacle
containing a coffee beverage having a large veolume of crema
producad using an improved gas management system;

Figure 16b is a chart showing the brew parameters usad
in producing the beverage illustrated in Figure 16a;

Figure 17a is a side elevation of a beverage receptacls
containing a coffee beverage having a small volume of crema
preduced using the improved gas managenent system:

Figure 17b is a chart showing the brew parameters used in
producing the beverage illustrated in Figure 17a;

Figure 18 is a plan view of a bheverage cartridge
suitable for use in the beverage preparation machine of
Pigure 1;

Figure 12 is cross-sectional side elevation of an outer
member of the cartridge of Figure 18;

Figure 20 is a cross~gsectional side elevation of a
detail of the outer member of Figure 19 showing an inwardly
directed coylindrical extensgion:

Figure 21 is a cross-—zectional side elevation of a
detail of the outer member of Figure 13 showing a slot;

Figure 22 is a perspective view from above of the outer
member of Figures 19;

Figure 23 is a perspective view from above of the outer
mamber of Figurs 19 in an inverted orientation:

Figure 24 is a plan view from above of the cuber member
of Figure 19:

Figure 25 is a cross-secticonal drawing of an inner
member of the cartridge:

Figure 25%a is a cross-sectional drawing of a detail of

the inner member of Figure 2% showing an aperture;
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Figure 26 is a éerspectiva view from above of the inner
mepber of Figure 25;

Figure 27 is a perspechtive view from above of the inner
membey of Figure 25 in an inverted orientation;

Figure 28 is another cross-sectional drawing of the
inner member of Figure 25;

Figure 28a is a cross-sectional drawing of another
detail of the inner member of Figure 2% showing an air
inlet;

Figure 29 is a cress-sectional side elevation ¢f the
cartridge in an assembled condition:; and
FPigure 30 is a cross-sectional side elevation of

another version of cartridge.

In ordexr to cater for the desired wide selection of
gond guality beverage types, having different
characteristics, the present invention invelvas ona or mmte
significant improvements to known beverage preparation
machines., These improvements enable sufficiently high
pressures to be generated and maintained for the preduction
of good guality sspressos, and the pressure to be varied in
a manner which is invisible to the user and reguires no
manual intervention. Furthermore they enable the crema to be

improved in a way not previocusly possible.

These improvements, which will be dsscribed in more

detail below, include:-

1. providing a variable geometry valve downstream of
the beverage cartridgs to enable the beverage preparation

machine to operate at a range of pressures; and
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2. providing greater control over the end appearance
of the dispensed beverage, in particular beverages with
crema, by contrelling the volume of gas passed through the

beverage ingredients.

The aforementioned improvements will be described with
reference to a known beverage preparation machine 10 which
is iliustrated in Filgures 1 to 7 of the accompanying
drawings. It should be noted, however, that the improvemsnts
find application in a wide range of beverage preparation
machines capable of using a wide range of cartridgss which,
as noted above, include pods, pads, rigid and semi-rigid

cartridgss.

The beverage preparation machine 10 of Figures 1 to 3
generally comprises a housing 11, a tank 12, a water heater
13, a control processor {not shown), a user interface 16 and
a cartridge head 17. The cartridge head 17 in turn generally
comprises a cartridge holder 18 for holding, in use, a
beverage cartridge 100 and cartridge recognition means 20.
The cartfidge head 17 further comprises inlet and outlet
piercers 21,22 for forming in the beverage cartridge 104, in
use, an inlst 107 for liquid to enter the cartridge 100 and
an outlet 108 for the prepared beverage to exit ths beverage

cartridge 100.

Although water is likely tco be the most common liguid
used in preparing beverages such as coffes, the machine 10
is alsu capable of handling other liguids, such as milk or

milk preparations, for mixing with the beverage ingredients
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200. Any references herein to water should alsc be taken to

include any form of liguid used in preparing beverages.

The housing 11 is preferably made in whole or in part
from a suitable plastics material or metal. The housing 11
preferably comprisss a clam~shell design having a front half
25 and a ryear half 26 which allow access during assembly for

fitting of the machine 10 components.

The front half 25 of the housing 11 defines a
dispensing station 27 where dispensation of the beverage
takes place, which includes a cupstand 23 with a drip tray
located beneath. The machine user intexface 16 is also
lecated on the front of the housing 11 and comprises a
plurality of control switches, for example, a start/stop
button 28, and a number of status indicators 29-32. The
status indicators 29-32 are preferably light emitting diodes
(LED} which, for example, indicate readiness of the machine
10, whether an error has occurred in the machine 10
operation, and the mode of operation of the machine 186. The
LEDs 28-32 may be controlled to illuminate at a constant
intensity, to flash intermittently, or both depending on the
status of the machine 10. The LEDs 29-32 may have a variety
of colours including green, red and yellow. The start/stop
button 28 controls commencement of the dispense cycle and is
rreferably a manually operated push-button, switch or

similar.

The tank 12 is located to the rear of the housing 11
and is preferably incorporated in, or connected to, the rear

half 26 of the housing 11. The tank 12 has an inlst for
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filling the tank 12 with water, or other ligquid, which is
closed off when the tank 12 is in position in the machine
10, An outlet is provided towards a lower end of the tank
12 which communicates with the pump 14, The tank 12 may be
made from a transparent or translucent material to allow a
consumar to view the guantity of water remaining in the tank
12, Alternatively, the tank 12 may be made from an opague
material but have provided a viewing window therein. In
addition, or in place of the above, the tank 12 may be
provided with a low level szensor which prevents operation of
the punp 14 and coptionally triggers a warning indicator,
such as an LED, when the liguld level in the tank descends
to a preselected level. The tank 12 preferably has an

internal capacity of approximately 1.5 litres.

The pump 14 is operatively connected between the tank
12 and the water heater 13, as shown schematically in Figure
8, and is contreolled by the control proceasor. A suitable
pump provides a flow rate of %00 ml/min of water at a
pressure of 6 bar., The flow rate of water through the
maching 10 can bhe controlled by the control processcr te be
a percentage of the maxiwmum flow rate of the pump 14 by
cycle chopping the electrical supply to the pump. Preferably
the pump can be driven at any of 10%, 20%, 30%, 40%, 50%,
50%, T0%, 80%, 90% or 100% of the maximum ratsed flow rate.
The accuracy of the volume of water pumped is preferably +
or =~ 5% leading to a + or ~ 5% accuracy in the final volume
of the dispensed bsverage. A volumetric flow sensor (not
shown} i1s preferably provided in the flow line either
upstream or downstream of the pump 14, Preferably, the

volumetric flow sensor is a rotary sensor.
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The heater 13 is located in the interior of the housing
11. One suitable heater 13 has a power rating of 1530 W and
is abls to heat water recsived from the water pump 14 from a
starting temperature of approximately 20 °C to a nominal
operating temperature of around 85°C in under 1 minute.
Fraeferably the dwell time between the end of one dispense
cycle and the heater 13 being able to commence a subseqguent
dispense cycle is less than 10 seconds. The heater maintains
the selected temperature to within + or — 2 °C during the
dispense cycle. The water for the dispense cycle is
delivered to the cartridge head 17 at a predetermined
temperature. The heater 13 is able to guickly adiust the
delivery temperature to the reguired temperature, generally
between 80°C and 98°C, and possibly higher from the incoming
water temperature. The heater 13 comprises an over-
temperature cut-off which shuts off the heater 13 if the
temperature exceeds 98°C. Where desired, the machine 10 can
incorporate a steam purge. The prefercted means ©f generating
the steam purge is to utilise a water heater 13 in the form
of a flash {also known as an instantaneocus or flow) heater.
Typically such flash heaters conmprise a tube through which
the water passes wherelin the tube is heated by one or more
resistive elements. The flash heater can be used not only
for heating water for forming beverages but also, at highex
power settings, for gsnerating a steam purge by bolling off
waber remaining with the flash heater tube after the
beverage has been formed. An advantage of flash heaters is
that there is no significant delay whilst water in a boiler
heats up. Flash heaters heat water on demand and switch off
immediately after each brewing cycle and are therefore very

engrgy efficlient.
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Water output from the heater 13 is fed via a suitable
daelivery system to the cartridge head 17 and cartridge 100
by means of a valve. If the pressure of the water flow is
acceptable, the water is passed to the cartridge 100. If the
pressure is below or above predetermined limits then the
water is diverted by means of the valve to a waste recovery
receptaclie.

The delivery system comprises conduits which connect
the tank 12, the water pump 14, the water heater 13 and the
cartridge head 17 {as shéwn in Figure 8) to transport the

water from the tank 12 to the carxtridge 100.

The cartridge holder 18 is designed to be capable of
handling the opsning forces gsznerated by the pressure inside
the cartridges 108, which is around 250kg for espresso
beverages. During operation of the machine 10 the cartridges
100 attempt to expand, but the integrity of the cartridges
100 must be maintained. In addition the user must not be
able to open the holder 18 whilst the system is pressurised
and sultable locking mechanisms are provided to achieve

this.

One sultable design of cartridge head 17, as described
in WO~-A~20067/014936, is shown in Figures 4 to 7. The
cartridge holder 18 of the cartridge head 17 comprises a
fixed lower part 43, a rotatable upper part 44 and a
pivotable cartridge mount 45 positioned between the fixed
lower part 43 and the zrotatable upper part 44. The uppsr
part 44, lower part 43 and cartridge mount 4% are rotated

about a common hinge axis 46. Figures 4 to 7 show the helder
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18 with some components of the machine 10 omitted for

clarity.

The rotatable upper part 44 and pivotable cartridge
mount 45 are moved zxelative to the fixed lower part 43 by
means of a clamping meschanism. The clamping mechanism
comprises a clamping lever having first and second members
or parts 47 and 4B8B. The first part 47 of the <lamping lever
comprises a U~shaped arm which is pivotably mounted to the
upper part 44 at twoe first pivot points 48, one on sach side
of the heider 1.

The second part of the clamping lever comprisss two
over-centre arms 4%, one on each side of the holder 18 which
are each pivoetably mounted to the upper part 44 at a sscond
pivol point 30 located on the hinge axis 46 coupling the
upper part 44 to the fixed lower part 43. Each over-centre
arm 4% is a reciprocal member comprising a cylinder 4%z, a
stam 490 and a resilient sleseve 48¢. The cylinder 4%a has
an internal bhore and is rotatably mounted at one end at the
hinge axis 46, A first end of the stem 4%bh is slidingly
recelvad in the bore of the cvlinder 4%. The opposite end
of the stem 4% is rotatably mounted to the U~shaped arm 47
at a third pivot point 51. The third pivot points 51 are
unconnected te, and freely moveable relative to, the upper
part 44 and lower part 43. The resilient sleeve 4%c 1is
mounted externally on the stem 4% and extends, in use,
between abutment surfaces on the cvlinder 4% and stem 48b.
The resilient sleeve 43%¢ accommodates shortening of the
over-centre arm 49 but bilases the over~csntre arm 49 into an

extended configuration. Movement of the third pivot points
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51 towards and away from the hinge axis 46 is thus pcessibie
by relative movement ¢f the stems 49b in the cylinders 48a,
The resilient szleeves 49 are preferably formed from
silicone. Whilst the illustrated embodiment uses twoe over-
centre arms 498, it will be appavent that the closure
machanisi may be configured with only ons over-centre arm
49,

The U~shaped arm 47 sxtends around the front of the
holder 18 and conprises two downwardly dspendant hogk
members 52, one on each side of the holder 18, each
comprising a cam gurface facing the hinge axis 46. The f[ixed
lower part 43 of the holder 18 is provided with twoe bosses
53, or detents, located one on each side of the lower part
43 at or near a front edge 54 thereof aligned gensrally with
the hook members 52.

As shown in Figure 4, the U~shaped arm 47 may be formed
from a one piece plastics moulding comprising an srgonomic

hand grip and the hook members 52 integral to the arm 47.

The cartridge mount 45 is rotatably mounted between the
upper and lower parts 43, 44 of the holder 18. The mount 45
is provided with a substantvially circular recess 35 which
receives in use the beverage cartridge 100 {which 1is
described in greater details below). The recess 55 includes
an irregularity 56 for accommodating the handle portion 24
of the beverage cartridge 100 which also acts to prevent
rotation of the beverage cartridge 100 in the holder 18. The
cartridge mount 4% is sprung relative to the fized lower

part 43 such that in the open position, as shown in Figure
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7, the cartridge mount 45 is bilased out of contact with the
fixed lower part 43 so that the cartridge mount 45 is moved
cut of contact with the outlet and inlet piercer members 21,
22. The cartridge mount 45 is provided with an aperture 57
for recelving there through the inlet and outlet pilercers
21, 22 and a head of the cartridge recognition means 20 when

the cartridge mount 45 is moved into the closed position.

The upper part 43 comprises a generally clrcular body
5¢ housing a circular viewing window 59 through which a
congumer can view the beverage cartridge 100 during a
dispense cycle and also visually confirm whether a3 cartridge
100 is loaded in the machine 10. The viewing window 53 is
cup-shaped having a downwardly directed rim. In addition,
the viewing window 58 is provided with a clamping member in
the form of an inwardly dirscted tubular extension $1 as
shown in Figure 7. The sxtension €1 is directed towards the
lower part 44 and lies within the volume ©of the cartridge
head when in the closed position as shown in Figure &. The
viewing window 52 is able to move axially relative to the
housing 58 of the upper part 43. One arrangement of
accomplishing the relative movement is to provide a wave
spring {(not shown}), or similar resilient means such as a
rubberised ring, positioned between the viewing window 359
and the circular housing 58. In an alternative arrangsment,
a series of helical compression springs {(not shown} are
provided extending between the viewing window 5% and the
housing 58. In both cases the resilient means allows the
viewing windeow 5% to move axially relative to the circular

housing 58 by a small degree.

IPR2023-00502
Nespresso USA, Inc. Ex. 1002 Part 5
Page 358 of 387



WO 2010/125328 PCT/GBIO10/000784

-~ 18 -

When the holder 18 is in the closed position, a distal
end 62 of the tubular extension 81 of viswing window 58
kears against the clamping surface 18a of the beverage
cartridge 100 biasing it against the lowsr part 44 as shown
in Figure € {in which the arrangement is illustrated
containing a cartridge having a greater depth}. The ?ressure
exerted by the tubular extension 61 on the outer member 102
ensures a fluid tight seal between the cartridge 100 and the
holder 18. It should be noted that the height of the viewing
window 53, and hence also the cartridge head 17, is such
that cartridges 100 of various depths can be inserted. In
Figure § the arrangement is shown with a relative deep
cartridge. The same cartridge head 17 can also accommodate
shallower cartridges. In this case there will be a gap
between the upper surface 11 of the cartridge 100 and the
window 53. However the cartridge 100 is fully ssaled at
inlet and curtlet by the pressure applied by the tubular

extension 61.

The lower part 43 comprises the inlet and outlet
plercers 21, 22 and the head of the cartridges recognition
means Z0. The inlet pilercer 21 comprises a hollow needle-
like tube 63 having & sharpened end €4 for perforating the
laminate 108 of the bheverage cartridge IGO in use. The inlet
piercer 21 is in fluild communication with a water conduit
65, as shown in Figure 7, which passes through the lowsr
part 43 and ils connected to an outlet condult &6 of the
water heater 13. The outlet pilercer 22 is similar in tvpe to
the outlet piercer described in the EP-A-0389141 and EP-A-0
334572 and comprises an open ended covlinder of circular or

D-shaped cross—section having dimensions larger than the
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beverage discharge spout 108. An arcuate portion 67 of the
upper end of the outlet plercer 22 is serrated to pierce and
eventually cut the laminate of the beverage cartridge 100.
The remainder of the upper end is cut back longitudinally of
the cylinder at least to the base of the testh 68 of the
serrated portion to fold or pull the cut laminate 108 away
from the outlet aperture befors the beverage is dispensed
there through. The outlet pilercer 22 pilerces the laminate
105 externally of the discharge spout 143 and when the
cartridge mount 45 is in the closed position, rests in the
annulus between the discharge spout 143 and the outer wall
42 of the discharge funnel 140, The éutlet pilercer 22 folds
back the cut.laminate 105 into the annulus. Thereby both the
oublet piexcer 22 and the cut laminate 105 are held out of

the way of ths discharged beverage.

The ocutlet pilercer 22 iz surrounded by a ledge which is

raized relative to its surroundings by 0. 5mm.

Bdvantagecusly, the ocutlet plercer 22 is removable from
the lower part 43 to enable it to be thoroughly clsaned, for
example, in a dishwasher. The removable outlet piercer 22 is
raceived in a recess in the lower part 43 where it is
seated. The inlet pilercer 21 and/or the outlet piercer 22
may be made of a metal, such as stainless steel, or from a
plastics material. Advantageously, the use of plastic
cutting elements is enabled by use of a laminate 105 which
is able to be punctured and cut by a non-metallic material.
Consequently, the plercers 21, 22 can be wmade less sharp
which lowers the risk of injury to the consumer. In

addition, plastic piercing elements are not prone to rust.
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Preferably, the inlet pilercer 21 and the outlet plercer 24
are formed as a single, integral unit which is removable

from the lower part 43.

In use, the uppser part 44 of the holder 18 is movable
from an open position in which it is orientated vertically
or towards the vertical as shown in Figure 2, to a closed
position in which it is orientated substantially
horizontally and in interengagement with the Ffixed lower
part 43 and cartridge mount 45. The upper part 44 is moved
from the open to the closed positions by operation of the
clampdng lever. To close the uppsy pért 44 a user takes hold
of the clamping lever by the U-shaped arm 47 and pulls
downwards. Conseguently, the upper part 44 zotates which
first brings the tubular extension 61 of the viewing window
59 into contact with tﬁe clamping surface 118a of the
beverage cartridge 100. Continued rotation of the upper part
44 rotates the upper part 44 and cartridge mount 45 down
inte contact with the lower part 43, Further rotation of
the U-shaped arm 47 causes the U-shaped arm 47 to rotate
relative to the upper part 44 and the lower part 43
resulting in the hook members 52 of the upper part 44
engaging the bosses 53 of the lowsr part 43 with the cam
surface riding over the bosses 533. Buring this last stage of
rotation the cartridge 100 is compressed between the
cartridge mount 45 and the viewing window %9. As a result,
the viewing window 52 is wmoved axially slightly relative to
the circular housing 58 of the upper part 44 against the

biés of the wave spring or helical springs. This movement
allows for a take up of telerances in the beverage cartridge

100 and beverage preparation machine 10 and ensures that the
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amount of compressive force applied to the cartridge 100 isg
kept within an acceptable range. The clamping force of the
mechanism as nmoderated by the action of the wave spring or
helical springs ensures a clamping pressure on the cartridge
180, It has been found that a force of between 150N and 40GN
i3 reguired to counter the pressure in the cartridge 100.
During closure of the cartridge head ths laminate 103 of the
cartridge 100 is tensionad as it is brought inte contact
with the ledge surrounding the outlet piercer 22 which
causes the laminate 105 to flex out of plane as the distal
end of the ocuter tube 42 of the cvlindrical funnel iz moved
upwardly by 0.5mm relative to the flange 147. This movement
also ensures that the great majority of the compressive
force applied to the cartridgs 100 acts through the central
region of the cartridge 100 through the load-bearing inner
member 103. These clamping forces help prevent failure of
the cartridge 180 during pressurisation and also ensure that
the inner member 103 and outer member 102 are fully ssated
relative to one another and thus that all internal
passageways and apertures remain ab their intended

dimensions even during internal pressurisation.

In the closed position, the separation of the distal
end 62 of the tubular extension €1 and the lower part 44 is
shown by reference D in Figure 6. This distance is fixed by
the dimensions of the viewing window 58, housing 58 and
lower part 44. The distance D is chosen to bhe the same or
marginally smaller than the distance d bhetween the clamping
surface 11l8a and laminate 10% under surface of the
cartridges 100. In this way, on closure of the cartridge

head 17 the cartridges 100 are subjected to a fixed, known
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degree of compression. In addition, both the first and
second embodiments of cartridge can be clamped with the same
degree of compression since distance D is the same for both

cartridge types.

An imaginary datum line can be drawn between the first
and second pivoir points 48, 50 of the holder 18. As can be
sean in Figure 7, in the open position the third pivot
points 51 are located on the side of the datum line nearest
the fixed lower part 43. Az the uppsr part 44 reachses the
closed positieon, the third pivot points 51 of the clamping
‘levar pass through the datum line joining the first and
second pivolt points 48, 50 to the opposite side of the line,
furthest from the fixed lower part 43. Conssquently, the U~
shaped arm 47 ‘snaps through' from a first stable position
to a gsecond stable position. The snap through action is
accommodated by shartening of the over-centre arms 49 and
consequential compression of the resilient sleeves 4%c.

Once the third pivet points 51 are past the imaginary dabum
line, the recovery of the resilient sleeves 43¢ acts to
continue the motion of the third pivot peints 51 away from
the imaginary davtum line. The clawmping lever thus has a bi-
stable operation in that the lever is stable in the open or
closed positions but unstable at the point when the third
pivot peoints 51 lie on the imaginary datum line Joining the
first and second pivot points 48, 50. Thus, the snap~through
action ¢f the clamping lever provides & positive closure
mechanism which leads to a definite closure action wherein
fn the final stages of the clamping lever’'s rotation, the
snap~through action of the U-shaped arm 47 and second arms

forces the hook members 52 firmly into engagement with the
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bosses 533. In addition, the resilient sleeves 49%c provide a
resistance to re-opening of the upper part 44 since a
minimum force is regquired to ooupress the sleeves 49¢
sufficiently to move the third pivot points 51 back into
line with the datum line jeining the first and second pivot
points 48, 50. Advantagecusly, the interengagement of the
hook moembers 52 and the bosses 533 prevents separation of the
upper and lower parts other than by rcotation of the clamping
lever. This is useful in preventing opening of the cartridgs
head 17 during operation when the cartridge head 17 is

subidsct to internal pre&surisation.

The pressure exsrted by the upper ssction 44 ensures a
full fluid tight seal between the cartridge 100 and the
cartridge holder 18. The clamping forces help prevent
failure of the cartridge 100 during pressuriszation and also
ensure that all of the internal passageways and apertures
within the cartridge 100 remain at their intended dimensions
even during intsrnal pressurisation. To improve the sesal
with the cartridges 100 the applicant has now found that
lining the recess 55 of the cartridge mount 43 with a rubber
seal 55a (sse Figure Ta) improves the machine's ability to
withstand the significantliy higher pressures generated

during the brewing cycle.

Contrel of the brew cyele is effected by the control
processor of the beverage preparaticn machine 10, which
comprises a processing module and a memory. The control
processor 1s operatively connected to, and controls
operation of, the heater 13, pump 14, user interface 16, and

other components describsd below.
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The opazatioﬁal behaviour of the machine 10 is
determined Ly soffware embedded in the control procsssor,
for example as described in EP-A3-1440644. The memory of the
control processcor includes one or more variables for one or
more operational parameters for the beverage preparation
machine 10. In the prior art machines these are generally
the temperature of the liguid passed through the beverage
cartridge 100 during the operating stage, the speed of
charging the beverage cartridge 100, the presence or
otherwize of a socak step, the total dizpensed volume of the
beverage, the flow rate of the liquid during the discharge

stage, and the period of the purge stage.

One purpose of the cartridge recognition means 20 is,
inter alia, to aliow the machine 18 to recognise the type of
bavarage cartridge 100 that has been inserted and to adjust
one or more gperational paramebers accoordingly. The
variables for the operational parameters are stored in the
memory. The cartridge 100 comprises a code 120 provided on
or in the cartridgse 100 representing the operational
paramebters required for optimal dispensation of the beverage
in that cartridge 100. An example of the code is described

in BP-A-1440644.

The control processor memory further stores information
oen the type of beverage dispensed so that the operating
cycle of the machine 10 may be adjusted for the newxt
cartridgs 100. This is especially advantageous where two or
more bsverage cartridges 100 are used seguentially to form =

beverage. For example a coffee cartridge may be dispensed
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followed by a milk cartridge to form a cappuccino beverage.
Alternatively a chocolate cartridge could be used followed
by a milk cartridge to produce a creamy hot chocolate
beverage. B8y using & memory that stores information on the
first beverage dispensed, the manner of dispensing the
second cartridge, say a milk cartridge, may be altered to
achieve an optimum beverage. In the above example the milk
dispensed for hot chocolate may, typically, be diluted less
than the milk added to the coffee. In addition, the milk
dispensed for chocolate may be dispensed at a slower flow
rate to lessen the degree of foaming of the beverage. Many
combinations of cartridges are possible and operating
parameters as will be cbvious to the skilled person. In
addition, Lhe memory may be used to allow the machine 10 to
‘predict’ the type of beverage that a user will next want to
dispense. For example, if a user prsdominantly drinks one
baverage type then the machine can instruct the water heaterx

to remain at the optimum temperature for that beverage type.

Operaticon of the known pricr art machines 10 comprises
insertion of a bsverage cartridge 100 into the cartridge
head 17, carrying out a dispense cvole in which the beverage
is dispensed and removal of the cartridge 100 from the

machine.

To insert the cartridge 100 the cartridge holder 18 is
opened as described above to expose the cartridge mount 45,
The cartridge 100 is then placed on the cartridge mount 45
received within the recess 46. The cartridge holder 18 is
then clicsed by opsration of the clamping handle 51 as

described above. During closure the inlet and outlet
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plercers pierce the cartridge 100 to form the cartridge

inlet 107 and ocutlet 108.

To commence the operating cyele the user operates the
start/stop button 28. The operating cycle comprises the
steps of cartridge recognition and the beverage preparation

cycle.

Cartridge recognition is performed by the optical
cartridge recognition means 20 as described above assuming
that the outputs from the cartridge sensor and lock sensor
are satisfactory. Once the barcode 40 has been decoded the
operational parameters of the machine 10 are adjusted by the
control processor. The preparation cyele is then
automatically commenced. The preparation cycle has four main
stages, altheough not all of these are used for all beverage

types:

1. Pre-wel

2. Pause
3. Brew stage
4. Purge

In the pre-wet stage the cartridge 180 is charged with
Liguid from the storage tank 12 by means of the pump 14. The
charging with water causes the beverage ingredients 200 in
the chamber 160 to be watted. The charging may take place at
a “fast” flow rate of 800 ml/min or a “slow” flow rate of
325 ml/min. The slow charging rate is particularly useful
for cartridges 100 containing viscous liguid beverage

ingredients where the ingredients reguire some dilution
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befors they are able to be pumped at a higher volume flow
rate. The volume of liguid injected intoc the cartridge 100
is selected to ensure that liquid or beverage doss not drip

cut of the cartridge ocutlet 108 during this stage.

The pause stage allows the beverage ingredients 200 to
soak in the liguid injected during the pre-wet stage for a
predetermined period of time. Both the pre-wetting and
scaking stages are known to ingrease the vield of the
axtractibles from the beverage ingredients 200 and to
improve the end flavour of the beverage. Fre-wetting and
soaking are particularly used where the beverage inéxadients

are roast and ground coffea.

In the brew stage liguild is passed through the
cartridge 100 in order to produce the beverage from the
beverage ingredients 200. The temperature of the liquid is
determined by the control processor which sends instructions
to the heater 13 to heat the liguid passing from the tank 12
to the cartridge head 17, Liquid enters the cartridge holder
18 via an inlet valve and the inlet piercer and then passes
into the inlet chamber 126 of the beverage cartridge 106,
Brewing and/or mizxing of the beverage in the bevarage
cartridge . 100 éccurs, as described in EP-A~1440644, before
the prepared baverage exits the cartridge cutlet 104, enters
the outiet valve 37 and is directed into a suitably placed

receptacle in the dispensing stabion 27.

During the purge cycle the temperature of the water
heater 13 1s raised sufficiently high to convert the water

remaining in the system to steam and blowing the pressurised
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steam through the beverage prepavation machine 10 and the
beverage cartridge 100. This ensures that all beverage 1s
dispensed and that the flow path is cleared ready for
dispensing another beverage. The purge cycle may not
commence immediately on cessation of the brew/mixing stage
to allow for the majority of the fluid to clear the flow

path.

Once the gperating cycle has been completed, the
machine automatically stops and the consumer removes the
cartridge 100 by opening the cartridge holder 18 and
manually removing and disposing of the cartridge 140.
Alternatively, the machine 10 may be provided with an
antomatic ejection mechanism for removing the cartridge

automatically on opening the cartridge holder 18.

The first of the significant improvements to the known
beverage preparation machines 10 referred to zbove is the
provision of wvariable gesometry valve 60 {see Vigures ¢ to
1%} provided adjacent the cartridge cutlet 108 to provide
gastécartridge pressure control. This enables the machina 10
to produce a wide variety of beverages, as it allows the
cartridges 100 to be selectively brewed at either high or
low pressure or a varying pressure during the brew cycle,
depending on the typs of brew cycle reguired for the
beverage ingredients in the cartridge as identified by the
cartridge recognition means 20, thus providing an automated
variable pressure system. The modified machine is capable of
producing beverages at a range of pressures, for example

from § to % bar, and more preferably from & te & bar.
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The variable geometry valve 60 is positioned
downstream of the cartridge 100, and preferably positioned
in the beverage outlet 37, which is partially housed in, and
extends from, the lower section 43 of the cartridge head 17
{gee Figuresg 6 and 7). The valve &§0 has abt least an opsn and
a restricted operating position {(i.e. state or wmode}, and

more preferably all of the positions identified below:-

1. Cpen (Figure 11}

2, Restricted {(Figure 12)
3. losed (Figure 10}
4. Cleaning/purging.

Varicusg types of walve may be used for the ocutlst valve
§0, such as ball valves, pinch valves, sleeve valves, seat
valves or disc valves. The embodiment illustrated in Figuresg
10 to 12 is a ball type valve which has a rotating element
&9 located in a chamber 7¢ in the beverage outlet 37. The
rotating element 69 is rotatable between preset positions Lo
provide the reguired position. The diameter of the bore of
the valve 60 in the unrestricted position is preferably at
least Smm which is required, for example, for cartridges 100

providing low pressure f[ilter beverages.

An alternative suitable valve is a3 pinch valve
illustrated in Figuresz 13 to 1% which comprises s flexible
tube 71, preferably made of silicon rubber or an elastomeric
material, and a clamping mechanism 72. In the unrestricted
pasition {(Figures 13a and 14) the beverage flows freely

through the tubs 71. The clamping wechanism 72 is activated
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to provide a restricted position {(Figures 13b and 13} and

closed position.

The valve 60 is controlled automatically by the control
procegsor of the machine 10. Once the types of cartridge 100
inzerted into the machine 10 has been identifisd, by the
decoding the barcode 40, the control processor selects the
correct initial setting and, if appropriate, any subsequent

operation of the valve §0 for ths relevant beverage type.

The machine 10 can operate in & rvange of modes, with
the valve 60 in one or more operating positions, some

examples of which are:-
1. Valve Open Throughout The Brewing Cycle

Yhen the valve 60 is in its open position the operating
pressure is below 2 bar sllowing a steady state through flow
rate of up to 400 mlfmin. The beverage is dispensed under
similar conditions to those described in EP-A-1440644. This
mode is particularliy useful as it renders the machine 10
hackwardly compatible with existing cartridges for preparing
low pressure beverages, such as tea, foamed milk or

chocolate.
2. Valve Restricted Throughout The Brewing Cycle

When the valve 60 is in its restricted position it
creates a relatively high back pressure within the cartridge
100, which results in an operating pressure of up to 4, 6 or

even ¢ bar and provides a steady state through flow rate of
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60 to 300 mi/min. This is sufficient te obtain the necessary
sollids extraction and emulsification of cils in the beverage
ingredients 200 for an espresso beverage. The conssguential
restriction in the beverage outlet 37 provides a shearing
and mixing action in the beverage flowing through the valve
60, giving rise to good air/liguid emulsification and
rezulting in an improved crema. This mode can advantageously
be used for preparing higher pressure beverages, such &s
espreszsos and cappuccines, from cartridges 100 which do not
have wmeans for entraining air to effect the mixing action,

i.e. so called non-eductor cartridges.
3. Valve Closed Then Restricted

If the valve 60 is closed immediately at the start of
the brewing cycle (before the pump 14 commences and during
the pre-wet cycle), this enables a higher pressure to bs
developed within the cartridge 100 than when the valve 80 is

in its restricted position.

Further combinations may be appropriate, such as valve
closed then open or valve closed then restricted then open

according te the desired effect to be achieved,

If reguired, the valve &0 can be pulsed bhetween various
positions during the brewing cycele, or a part theresf. This
manner of valve operation during the delivery cycle enables
beverages with a crema having a graduated colour and/or

bubble size to be produced.
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During the purge cycle the valve 60 is controlled by
the control processor to divert the steam to a draln area
rather than to the dispensing station 27 to preserve the

- appearance of the heverage and prevent contamination.

The second of the significant improvements to the known
beverage preparation machines 10 referred to above is the
addition to the brew control system of gas management.
Surprisingly the appliicant has now discovered that the
characteristics of beverages prepared in this type of
beverage preparation machine can be modified bevond
boundaries hereto sesn in prior art machines. The surprising
effect is enacted by contrelling the volume of gas in the
delivery system during the preparation of the beverage to
prescribe the amcunt of high quality crema on a beverage,
varying from a delicate layer up to a surprisingly deep
layer in the final beverage. The applicant has found a way
to successfully use gases within the beverage machine to
modify the gas:iliguid ratio ko produce a surprising volume
of good stable crema in prepared beverages naver sesn befofe
in prior art machines., Maintaining a greater voelums of gas
in the delivery system enables 3 much larger gas:liquid
ratio to be achieved during brewing and dispensing and this
produces a correspondingly larger volume of crema.
Decreasing the volume of gas enables the ratio to be
decreased to reduce the crema volums. The bubble size is
also influenced by the gas:liguid ratio, so a lower ratio
can be used to provide a tight and creamy crema and a higher
ratic used to provide a more loose and bubbly crema. This
improvement therefore provides the ability to optimise the

crema volume and bubble size for each bheverage dispensed. It
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has besn found that by manipulating the gas, good guality
espressos can be brewed with a crema velume greater fhan 25%
of tbe'ﬁeverage volume whilst minimising the occurrencs of
bukbles having a diameter of more than 172 microns, which
has not previcuszly bhesn seen to be possible in known

A beverage preparation machines of this type. In the prior art
cartridge machines it has generally not been possible to
brew espressos with a ¢rema greater than 10% of the bsverage

volume,

The improvement is achieved by adapting the control of
the brew cycle to provide means for managing the velume of
gas within the delivery system which conveys the water from
the tank 12 to the beverage ingredients 200 and to the
dispensing outlet. All further references in this
spacification to the delivery system are intsnded to include
any predetermined section thereof, for example ths section
extending from the water heater 13 to the cartridge 160 and
may also include, if relevant, some gas contained within a

headspace of the cartridge 100.

The "basic volume"™ of gas which can reside within the
delivery system of any given machine 10 is dependant on its
censtruction. The Yactual wvolume® at any given time will
vary according to whether the machine 10 has just bheen used
to prepare a beverage, what type of beverage it was used for
and whether a steam purge cycle has been run. Thus the
improved brew cycle control incorporates means for varying
the volume of gas in the delivery system according to the
type of beverage to be dispensed (i.e. one reguiring a crema

with smaller and fewer bubbles or one which requires a
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grzater froth of larger bubbles) taking into account the
actual volume of gas already present. The means for varving

the volume of gas may be achleved by combinations ofi-~

1. purging the delivery system after a brewing cvcle
is complete, and prior to a subsequent high
pressure brew, which will increase ths gas:liguid
ratio;

2. venting gas from the delivery system prior o
high pressure brewing, which will decrease the
gas:liguid ratio; and

3. inducting gas into the delivery system prior to
high pressure brewing, which will increase the

gas:liguid ratio.

Valve means are preferably provided to enable the
volume of gas within the delivery system to be reduced and
an air pump to enable gas {(typically air) to be injected
into the system. A szeparate, dedicated air valve may be
incorporated in the delivery system, either upstream or
downstream of the cartridge 100. Preferably the variable
geometry valve 50 described above may be used as the valve

means.

To enable this improved brew cycle control to be
effected, additional parameters te those described in
connection with the basic machine 10 may be stored in the
memory of the contrel processor. These additional parameters
include the basic volume of gas for the specific
conztruction of machine 10 (which will apply to the machine

108 which is uvnused or after it has been purged) and the
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volume reguired during high pressure brewing for optimising
the crema for sach specific beverage. Preferably the
addivional parameters also include the actual volume of gas
cwhich will remain in the delivery system after each type of
brew operation which the marchine 10 is capable of. However
this is not wholly necessary if the machine 10 is programmed
to run a steam purge cycle after every beverage is
dispensed, which effectively resets the actual volume to thé
basic volume, because it flushes the dispensing system

downstream of the water heater 13 of any remaining liguid.

The brew cycle will therefore include an additional
step, namely & gas adjustment cycle before the pra-wet

cycle. The gas adjustment cycle thus includes:-

1. An assegssment of the reguired volume of gas for
the type of beverage to be prepared. Thisg will most
convenientliy be the selection from the procsssor memory of
the reguired parameter assocliated with the cartridge code

128;

2. The dstermination of the actual volume of gas
currently resident in the delivery msans according to the
last operation of the machine 10, This will be the basic
velume for an unused machine or if a purge cycle has been
run. If the machine has just been used o prepare a beverage
and no purgs cyocle run, the processor ideally selects from
the memory the parameter for the remaining gas according teo
the last beverage. Alternatively, means may also be provided
to specifically monitor the volume of gas within the

delivery system at any point in time;
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3. A calculaticon of the volume of gas to be inducted
into or vented from the delivery system to achieve the

reguired volume;

4. The modification of the volume of gas, if
required, by the induction of additional gas (typically ain)

or the venting of excess gas.

In one example the beverage preparation machine 10 has
a basic volume of gas of 36ml in the section of the delivery
means extending betwsen the water heater 13 and the beverage

ingredients 200.

There are a number of different modes of operation for
step 4 depending on the outcome of ste§ 3, depending on what
type of valve means are uzed. If the valve means are
dewnstream of the cartridge, i.e. an outlet valve, one way
of controlling the volume of air upstream of the bevsrage
ingredients 200 prior to high pressure brewing is by closing
the outlet wvalve at different points in the hrew cycle as

foliows:—
1. The Correct Volume of Gas is Present

If the processor calculates that it regoires the full
basic volume of gas (36ml) for the beverage to be dispensed,
as determined from the reading of the code 120, it closes
the outlet valve at the start of the brew cycle, before any
water flows from the waler heater 13. This means that the

compression of the gas in the delivery system will commencs
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immediately the cartridge 100 will he subject to higher
pressures during the pre~wet and svak cycles, with the valve
only opening to dispense the reszultant beverage. As the
valve is cleosed before the pump 14 1is started, all of the
36ml of trapped gas ls mixed in to the resulting beverage
and a larger volume of slightly coarser crema is cbtained
{Figureléa). In the example shown the volume of crema Y in a
graduated, flat bottomed beaker was 20ml compared ta the

volume of liquid X, which was S50ml.

The chart shown in Figure 1&b reprssents an example of
brew cycle parameters used to produce a bsverage in this

mode with a large volume of crema under test conditions.

In this chart, a stop condition of 0 seconds (e.qg.
against the remove gas step) indicates that the step is not

carried out.

2. Too Much Gas is Present

If, on the other hand, a beverage with a small volume
of crema is indicated by the cartridge 180 inzerted and
there iz an excess of gas present in the system, the outlet
valve is closed after the punmp 14 has operated for a short
time until the sxcess gas in the delivery system has escaped
through the opea valve at low pressure. With the valve being
closaed later in the brew cycle, the required volume of gas
i3 vented to atwosphere via the cartridge 106 and valve, so
a smaller guantity of trapped gas is left to be compressed
and mixed in to the resulting beverage during high pressurs

brewing and conseguently a smaller veolume of finsr crema is
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obtained {Figure 17a}. In the example shown the volume of
crema ¥ in a graduated, flat bottomed beakesr was Sml

compared to the volums of liguid ¥, which was 50mi.

The chart shown in Figure 17b represents an examplse of
brew parameters used {o produce a beverage in this mode with

a small volume of crema under test conditions.
3. Inzsufficient Gas Present

If step 3 indicates that wmore gas needs to be inducted,
“the outlet valve is closed immediately and the air pump
opaerated until the deficit has been wmade up. Thereafter high

pressure brewing commences,

The following graph is a digital image analysis showing
a comparison of the crema characteristics produced by the
present beverage preparation machine 10 {machine Aj
utilising the gas management system and two prior art
machines {machines B8 and €} without such gas management
system. Comparing the profiles for each machine from the
peak {~172um diameter) rightwards {(increasing bubble size),
it can be ssen that machine A exhibits a very tight
distripution of small bubbles within the crema. Machine C
{the Nespresso Latissma {(tm} which is a high pressure
machine which has a pressure rating of around 19 bar and
oparates at a pressure between 9 and 15 bar) produces a
broader/coarser distribution with a number of lavger
diameter bubbles, whilst machine B (the applicant's ocwn
Tassimo/Bosch Machine (tm} which is & low pressure machine

cperxating at pressures below 2 bar) similar to that
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described in EP-2~14402844}) is coarser still, though without

the larger bubbles seen for machine C.

Bubble size gtogram
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The tail to the left of the chart (extremely small
bubbles} is characteristic of the limits of the image
anazlysis systems used to produce the graph, though is

gualitatively similar.

Some elements of the control of the gas in the beverags
machine 10 may alsco be effected manually by the use of
suitable buttons for the user to press, to indicate the typs
of beverage being produced and the reguired crema

characteristic.

Whilst this improvement has been described with

raeference to beverage machines 10 which use cartridges 108,

IPR2023-00502
Nespresso USA, Inc. Ex. 1002 Part 5
Page 380 of 387



WO 2010/125328 PCT/GBIO10/000784

it may also be used in bulk brewsrs and other non~cartridge

machines,

Embodiments of cartridges 100 which are suitable for
use in the machine 10 having the improvements described

above are shown in Figures 18 to 30,

The cartridge 100 generally comprises an cuter member
102, an inner member 103 and a laminate 105. The outer
member 102, inner member 103 and laminate 10% are assembled
to form the cartridge 100 which has an interior 106 for
containing one or more beverage ingredients, an inlet 107,
an outlet 108 and a beverage flow path linking the inlet 107
to the outliet 108 and which passes through the interior 106.
The inlet 107 and outlet 108 are initially sealed by the
laminate 105 and are opened in use by piercing or cutting of
the laminate 105. The beverage flow path is defined hy
spatial inter-relationships betwsen the cuter member 102,
inner member 103 and laminate 105 as discussed below. Other
components may optionally be included in the cartridge 100,

- such as a filter 104, as will be describsd further below.

A first version of cartridge 100 which will be
described is shown in Filgures 1% to 2%. The first version of
the cartridge 100 is particularly designed for use in
dispensing espresso-style products such as roast and ground
coffee where it is desixable to produce a crema. However,
this wversion of the cartridge 100 may be used with other
products such as chocolate, coffee, tea, gweesieners,
cordials, flavourings, alcoholic beveragesz, flawoured milk,

fruit julces, squashes, sauces and desserts.
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As can be seen from Figure 23, the overall shape of the
cartridge 100 is generally circular or disc-shaped with the
diametar of the cartridge 100 being significantly greater
than its height. A major axis X passes through the centre of
the ocuter member as shown in Figure 192, Typically the
overall diameter of the outer member 102 iz 74.5 mm *émm and
the overall height is 16 mm +3mm. Typically the volume of

the cartridge 100 when assembled is 30.2 ml +20%.

The ocuter member 102 generally comprises a bowli-shaped
shell 110 having a curved annular wall 113, a clozed tmp 111
and an open bottom 112. The diameter of the cuter member 102
iz smaller at the top 111 compared to the diameter at the
bottom 112, resulting from a flaring of the annular wall 113
25 one traverses from the closed top 111 to the open hohtom
112. The annular wall 113 and closed bottom 112 ntogether

define a receptacle having an interior 134.
B g

A hollow inwardly directed cylindrical extenzion 118 is
provided in the closed top 111 centred on the major axis X.
Bs more clearly shown in Figure 20, the cylindrical
extension 18 comprises a stepped profile having first,
second and third portions 119, 120 and 121. The first
portion 119 is right circular cylindrical. The second
portion 120 is frusto-conical in shape and is inwardly
tapered. The third portion 121 is ancther right circular
cylinder and ig closed off by a lower face 131. The diameter
of the first, second and third portion 119, 120 and 121
incrementally decreases such that the diameter of the

cyiindrical extension 118 decrsases as one traverses from
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the top 111 to the closed lower face 131 of the cylindrical
extension 118. & generally horizontal szhoulder 132 is
formed on the cylindrical extension 118 at the junction

between the second and third portions 120 and 121.

An outwardly extending shoulder 133 is formed in the
cuter member 102 towards the bottom 112. The outwardly
extending shoulder 133 forms a secondary wall 115 co-axial
"with the annular wall 113 so as to define an annular track
forming a manifold 116 between the secondary wall 115 and
the annular wall 113. The manifold 116 passes arcund the
circumference of the outer member 102, A series of alots 117
are provided in the annular wall 113 level with the manifold
116 to provide gas and liguid communication between the
manifold 116 and the interior 134 of the outer mewber 102.
As shown in Figure 21, the slots 117 comprise vertical slits
in the annular wall 113, Betwesen bwenty and forty slots are
provided. In the embodiment shown thirty-seven slots 117 are
provided generally egui-spaced arocund the cirgcumiersnce of
the manifold 16. The slots 117 are preferably between 1.4
and 1.8 wm in length. Typically the length of each slet 117
is 1.6 mm representing 10% of the overall height of the
outer member 102. The width of sach sicot 117 is between §.25
and 0.35 mm. Typically, the width of each slot 117 is 0.3
mm. The width of the élots 117 is sufficiently narrow to
prevent the beverage ingredients passing there through inte

the manifold 116 sither during storage or in use,

&n inlet chamber 126 is formed in the cuter member 142
at the periphery of the outer member 10Z. & cylindrical

wall 127 isg provided, as most clearly shown in Figure 23,
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which defines the inlet chamber 126 within, and partitions
the inlet chamber 126 f{rom, the interior 134 of the outer
member 102. The cylindrical wall 127 has a closed upper face
128 which is formed on a plane perpendicular te the major
axis ¥ and an open lower end 12% co~planar with the bottom
12 of the outer member 102. The inlet chamber 26
communicates with the manifold 116 via two slots 130 as
ghown in FPigure 1%. Alternatively, betwesn one and four
glcts may be used to communicate between the manifold 116

and the inlet chamber 126.

A lower end of the outwardly ezxtending shoulder 133 is
provided with an outwardly extending flange 135% which
extends perpendicularly to the major axis X. Typically the
filange 135 has a width of between 2 and 4 mm. A portion of
the flange 135 is enlarged to form a handle 124 by which the
outer member 1032 may be held. The handle 124 is provided |

with an upturned rim 125 to improve grip.

The outer member 102 is formed as a single integral
piece from high density polyethylene, polypropylene,
polystyrene, polyester, or a laminate of two or more of
these materials. A sultable polypropylene is the range of
polymers available from DSM UK Limited {Redditch, United
Kingdom} . The outer member may be opague, transparent or
Lranslucent. The manufacturing process may be injection

moulding.

The inner member 103, as shown in Figurss 25 to 28,

comprises an annular frame 141 and & downwardly extending
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cylindrical funnel 140. A major axis X passes through the

centre of the inner member 103 as shown in Figure 235,

As best shown in Figures 26 and 27, the annular frame
141 comprises an outer rim 151 and an inner hub 132 joined
by ten equi-spacsed radial spokes 153, The inner hub 152 is
integral with and extends from the cylindrical funnel 140,
Filtration apertures 155 are formed in the annular frame 141
between the radial spokes 153. A filter 104 is disposed on
the annular frame 141 so as to cover the filtration
apartures 155. The filter is preferably made from a
material with a high wet strength, for example a non-woven
fibre material of polyester. Other materials which may be
usad include a water~impermeable celliulosic material, such
as a celluleosic material comprising woven paper fibres. The
woven paper fibres may be admixed with fibres of
polypropylene, polyvinyl chloride and/or polyethylene. The
incorporation of these plastic materials into the cellulosic
material renders the cellulosic material heat-sealable. The
filter 104 may alsoc be treated or coated with a material
which is activated by heat and/or pressure so that it can he

sgaled to the annular frame 141 in this way.

Az shown in the cross-sectional profile of Figure 25,
the inner hub 152 is located at a lower position than the
cuter rim 151, resulting in the annular frame 141 having a

sloping lower profile.

The upper surface of each spoke 153 i3 provided with an
upstanding web 154 which divides a void space above the

annular frame 141 into a plurality of passagss 15%7. Each
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passage 157 is bounded on either side by a web 154 and on a
lower face by the filter 104. The passages 157 extend from
the outer rim 151 downwardly towards, and open into, the

cylindrical funnel 140 at openings 156 defined by the inner

extremities of the webs 154.

The cylindrical funnel 140 comprises an outer tube 142
gsurrounding an inner discharge spout 143. The outer tube
142 forms the exterior of the cylindrical funnel 14{. The
discharge spout 143 is joined to the outer tube 142 at an
upper and of the discharge spout 143 by means of an annular
flange 147%. The diacharge spout 143 comprises an inlet 145
at an upper end which communicates with the openings 156 of
the passages 157 and an outlet 144 at a lower end through
which the prepared beverage is discharged intc a cup or
other receptacle. The profile of the discharge spout 43
comprisss a2 stepped profile with a distinct dog~leg 166 near

an upper end of the tube 143,

As shown in Flgure 25, the discharge spout 143 is
provided with a partition 185 which extends part way up the
discharge spout 143 from the outlet 144. The partition 185
helps to prevent the beverage spraying and/or splashing as

it exits the discharge spout 143,

A rim 167 is provided upstanding from the annular
flange 147 joining the outer tube 142 to the discharge spout
143, The rim 167 surrounds the inlet 14% to the discharge
spcﬁt 143 and defines an annular channel 169 between the rim
167 and the upper portion of the ocuter tubs 142. The rim

167 is provided with an inwardly directed shoulder 168. At
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ong point arcund the circumference of the rim 167 an
apgrture 170 is provided in the form of & slot which sxtends
from an upper edge of rim 167 to a polnt marginally below
the level of the shoulder 168 as most clearly shown in

Figures 25 and 28a. The slot has a width of Q.64 mm.

An air inlet 171 is provided in amnnular flange 147
circumferentially aligned with the aperture 170 as shown in
Figures 28 and 28a. The air inlet 171 comprises an aperture
passing through the flange 147 so as to provids
communication between a point sbove the flange 147 and the
void space below the flange 147 between the oubter tube 142
and discharge spout 143. Preferably, and as shown, the alr
inlet 171 comprises an upper frusto-conical portion 173 and
a lower cylindrical portion 172. The air inlet 171 is
typically formed by a mould tool such as a pin. The tapered
profile of the air inlet 171 allows the mould tonl tn be
movre easily removed from the moulded component. The wall of
the outer tubhe 142 in the vicinity of the air inlet 171 is
shaped to form a chute leading from the air inlet 171 to the
inlet 14% of the discharge spout 143, &s shown in Filgure
28a, a canted shoulder 174 is formed between the air inlst
171 and the chute to ensure that the jet of beverage issulng
from the slot 170 does not immediately foul on the upper
surface of the flange 147 in the immediate vicinity of the

air inlet 171.

The inner member 103 may be formed as a single integral
pigce from polypropylene or & similar material as described
above and by injection moulding in the same manner as the

outer member 102.
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