1 System, set of capsules and method for preparing a beverage by centrifugation 5 Field of the
invention The present invention relates to a system for preparing a beverage from a beverage
substance contained in the capsule by passing a liquid through the substance using centrifugal 10
forces. In particular, the present invention relates to capsules having varying rim members constituting
an engagement portion which is designed for being enaged by a dedicated 15 enclosing member of a
beverage production device, thereby forming valve means for the centrifuged liquid. Background of the
invention 20 It 8XRtePste SR Y0P EretAPRY IRY PR IUdICSL ESFe PRFRATIRS AqtiBRRSR
ingredients contained in the capsule using ggptekige-iorerRfm H¥En2008/148604 for example relates to
a capsule for 25 preparing a beverage or liquid food from a substance, in a

5 Field of the invention

The present invention relates to a system for preparing a
beverage from a beverage substance contained in the capsule
by passing a liquid through the substance using centrifugal

10 forces.

In particular, the present invention relates to capsules
having wvarying rim members constituting an engagement
portion which is designed for being engaged by a dedicated
15 enclosing member of a beverage production device, thereby

forming valve means for the centrifuged liquid.
Background of the invention

20 It exist systems for preparing beverages such as coffee by
forcing a 1liquid through ingredients contained in the

capsule using centrifugal forces.

WO 2008/148604 for example relates to a capsule for
25 preparing a beverage or liquid food from a substance, in a
centrifugal brewing unit, by passing water through the
substance contained in the —capsule by using Dbrewing
centrifugal forces comprising: an enclosure containing a
predetermined dose of substance; opening means which opens
30 under the centrifugal effect to allow the brewed liquid to
leave the capsule. The capsule may also comprise means for
engaging the capsule to external rotational driving means

of a centrifugal brewing device wherein the engaging means



centrifugal brewing unit, by passing water through the substance contained in the capsule by using
brewing centrifugal forces comprising: an enclosure containing a predetermined dose of substance;
opening means which opens 30 under the centrifugal effect to allow the brewed liquid to leave the
capsule. The capsule may also comprise means for engaging the capsule to external rotational driving
means of a centrifugal brewing device wherein the engaging means 2 are configured to offer a
resistance to torque during rotation of the capsule for maintaining the capsule in a referencial rotational
position. 5 ThereBy, e ericti b Eentrifugal f6ftes 1 breRPdstred sieprepare bfieti6od tibstfices

presents many-gdyantagessgompased-todhe normay breywing aethods using pressdreRUMRPS. Eor
example, in traditional espresso or lungo coffee type brewing methods using a pressure pump, it is
very 10 difficuft ¥ fidstér@ftthe Petarieters WineH infRiénce the quality of extraction of delivered
coffee extract. These parameters are typically the pressure, the flow rate which decreases with the
pressure, the compaction of the coffee powder which also influences the flow characteristics and 15

which depends BR1HRB Eoffe8 Gréundharticle 758! the tetiperalteChie watePREW digtfibGforand so

on. In particularr #s: pet easyntorvary shel extsastiorspressurepard fowd atesshgcausethercares
essentially determined l:gg the stati gressure diliviorable,b the rr[)utgp, the resistance 20 of the bed of
re 57 a Ta

coffee and the doWAtishm fiftering' Systeit Eor a CantHtiGal eXiraction’ the iotahg BASSUIE fused

pumps. For example, in traditional espresso or lungo coffee
type brewing methods using a pressure pump, it 1is very
10 difficult to master all the parameters which influence the
quality of extraction of delivered coffee extract. These
parameters are typically the pressure, the flow rate which
decreases with the pressure, the compaction of the coffee
powder which also influences the flow characteristics and
15 which depends on the coffee ground particle size, the
temperature, the water flow distribution and so on. 1In
particular, it is not easy to wvary the extraction pressure
and flow rates because there are essentially determined by
the static pressure deliverable by the pump, the resistance

20 of the bed of coffee and the downstream filtering system.

For a centrifugal extraction, the rotating capsule is used
as a centrifugal pump. The rotational speed thus determines
the flow rate of the centrifuged liquid coming out of the
25 capsule. The quality of the beverage to be prepared depends
on the control, in particular, of the flow rate. 1In
particular, the flow rate is influenced by two parameters:
the rotational speed of the capsule in the device and the
back-pressure exerted on the centrifuged liquid before it
30 is projected out of the capsule. For a given back-pressure,
the higher the rotational speed, the larger the flow rate.
Conversely, for a given rotational speed, the larger the

back-pressure, the smaller the flow.



as a centrifugal pump. The rotational speed thus determines the flow rate of the centrifuged liquid
coming out of the 25 capsule. The quality of the beverage to be prepared depends on the control, in
particular, of the flow rate. In particular, the flow rate is influenced by two parameters: the rotational
speed of the capsule in the device and the back-pressure exerted on the centrifuged liquid before it 30
is projected out of the capsule. For a given back-presstire, the higher the rotational speed, the larger
the flow rate. Conversely, for a given rotational speed, the larger the back-pressure, the smaller the
flow. 3 Whereas the rotational speed of the capsule is usually controlled by control means selectively

activating a rofgtiopalmoteref a centrifugal-beverage production, & devige; & predefinegddhackipressure
is preferably obtained bg a flow restriction of the centrifuged liquid at the outlet of the capsule or at the

outside of a cérftfifufalcaifcarRing thetapstie. 16 #0F exatfiple EP 0857 963 tédcis'thdt a Bressure

gradient is obtaineghya subberalastic element intespesadratthe intedase hgtween-thedicang the cup

of the centrifugal cell. Such an element deforms elastically to leave a filtering passage for the liquid

when a certair fresShire i€ 15 AfSREA A thelAfer ke SPHE Eoffet graing bré Pethihed e &t while

centrifuged liquid issallaweet to pass the filtering passeage. RusthermereystocumenticR 2487661 and

WO 2006/112691 [elate t(% centrifu%%%s'\%/giems wherein g fixed restrigtion i%placed downstream of the
ent.

filter to 20 cre&td'a resStre Gradi Sover- WO 20087148646 51dpdses a soitiioh i Which a flow

restriction is placed inor outside thescendpifsrgakcell. The flow restriction can comprise a regulating
spring 25 biased valve offering an effective back-pressure. The spring biased valve opens under the
effect of a sufficient pressure of liquid exerting on the valve. The higher the speed, the larger the
passage {lfroughithe xalve]l and thed highep the flove cates Thé xalve candsespretoagiesidiyeat is

obtained by a rubber-elastic element interposed at the
interface between the 1lid and the cup of the centrifugal
cell. Such an element deforms elastically to leave a
filtering passage for the liquid when a certain pressure is
15 attained at the interface. The coffee grains are retained
in the cell while centrifuged liquid is allowed to pass the
filtering passage. Furthermore, document FR 2 487 661 and
WO 2006/112691 relate to centrifugal systems wherein a
fixed restriction is placed downstream of the filter to

20 create a pressure gradient.

Moreover, WO 2008/148646 proposes a solution in which a
flow restriction is placed in or outside the centrifugal
cell. The flow restriction can comprise a regulating spring
25 biased wvalve offering an effective Dback-pressure. The
spring biased valve opens under the effect of a sufficient
pressure of liquid exerting on the wvalve. The higher the
speed, the larger the passage through the wvalve, and the
higher the flow rate. The valve can be preloaded by a

30 resilient element such as rubber or spring elements.

Therefore is a need for being able to provide beverages,

(e.qg. coffee) having different characteristics of



30 resilient element such as rubber or spring elements. 4 intensity, taste, aroma, foam/crema in a
system that is simple and versatile. For prior art systems without back-pressure regulation, the 5
problem is that the flow can be increased only by increasing the centrifugation speed. Therefore, this
creates limits to vary the flow rate of the beverage, thereby also limiting the possibility to deliver
beverages of different characteristics. Furthermore, to8 high 10 rotational speeds may create problems
such as noise, instability of the process, vibration and premature wearing of the mechanical pieces of
the device. The'Prir attbeverage roduetiei 3y sterg RoRETBRSUREBr 15 tiYdlawbadk that ahs
adaptation of the-hack-pregsue-atthe restriction valve to predefined values either requires an
adjustment mechanism of the spring preconstraint in the device that makes it complex to adjust to a
large variety of different predefined values of the back-pressure. 20

Inparticular,theusermustadjustthespring precenstraint defernining theuback-pressureivalyes-before
extraction, which is inconvenient in terms of usability of the device and increases the necessary

preparation i 235 - #Rereby, it is18 be Untferstddd that it BartibGiar with FESpst to Eo¥ee b&iérages,
the back-pressureapplied ®n theneentrifuged liuid 2atia givensfatatinnal speeck determinesthe
residence time of hot quuigl(water) in 30 contact w:fﬁh theﬁqc[oﬁ‘ee alQowder i th% capsELe and thereby
influencesdireCtyiReSotfeetalieafidatdma’ Ehithermore,the Brgarioreptic texturs suctr &8 1he S/

foam/crema formed<anytop Iof thelprepatedybevesagecalsability to deliver beverages
of different characteristics. Furthermore, too high

10 rotational speeds may create problems such as noise,
instability of the process, vibration and premature wearing

of the mechanical pieces of the device.

The prior art beverage production systems however suffer
15 the drawback that an adaptation of the back-pressure at the
restriction wvalve to predefined wvalues either requires an
adjustment mechanism of the spring preconstraint in the
device that makes it complex to adjust to a large variety

of different predefined values of the back-pressure.

20
In particular, the user must adjust the spring
preconstraint determining the back-pressure values before
extraction, which is inconvenient in terms of usability of
the device and increases the necessary preparation time.

25

Thereby, 1t 1s to be understood that in particular with
respect to coffee beverages, the back-pressure applied on
the centrifuged 1liquid, at a given rotational speed,
determines the residence time of hot 1liquid (water) in
30 contact with the coffee powder in the capsule and thereby
influences directly the coffee taste and aroma.
Furthermore, the organoleptic texture such as the

foam/crema formed on top of the prepared beverage also



5 depends on the applied back-pressure. Thus, with respect to the flow rate, as well as to the
foam/crema, of a coffee beverage to be prepared, it is desired to adjust the values of the
back-pressure imposed by the restriction valve, for 5 instance, as a function of the type of the
beverage ingredient provided in the capsule. For example, a higher flow rate may be desired for long-
volume coffee(e.g.,lungofilter coffeesuch as 10 Ameri€ano) in order to avoid extraction of certain
compounds that could cause bitterness to the coffee, and increase the preparation time. Vice versa, a
lower flow rate'fR§BE ISl T6r Shtterbifee 180 afststioor espressoy 1B ThERSe thete is a

need for a new gad simpler.capsule systgam prowding thecopporypity to-dispensera widerghaige of
beverages providing different (yality attributes, e,%. intensity, aroma level and/or crema, in particular,

by more 20 ek &hA%Rclifatél§ cBRRBITAG The back-preilire&sbrict GrdRE cERfiflGed Ruid.
The present inyvention:preyigiess-selutior toithg heferenyentioned preblemsiaswelk as offerso r
additional benefits to 25 the existing art. Object and Summary of the invention In a first aspect the

invention propb8&S Atapsule™systém 304r bréPhrirny bevetaged BY Centiifugdtith oS EapédE in a
centrifuging bremgng device comprisings aiset i diftereataapsules, each of the capsules for selectively

delivering a beverage, 6

For example, a higher flow rate may be desired for long-
volume coffee (e.g., lungo, filter coffee such as

10 Americano) in order to avoid extraction of certain
compounds that could cause bitterness to the coffee, and
increase the preparation time. Vice versa, a lower flow
rate may be desired for shorter coffee (e.g., ristretto or
espresso) .

15
Therefore, there is a need for a new and simpler capsule
system providing the opportunity to dispense a wider choice
of beverages providing different quality attributes, e.g.,
intensity, aroma level and/or crema, in particular, by more

20 easily and accurately controlling the back-pressure exerted

onto the centrifuged liquid.

The present invention provides a solution to the before-
mentioned problems as well as offers additional benefits to

25 the existing art.
Object and Summary of the invention

In a first aspect the invention proposes a capsule system
30 for preparing beverages by centrifugation of a capsule in a

centrifuging brewing device comprising:

a set of different capsules, each of the capsules for

selectively delivering a beverage,



each capsule containing at least one beverage substance, each capsule of the set comprising a body
having an enclosure containing the beverage substance, an upper wall for closing the body and a
flange-like rim, 5 wherein the capsule is designed to form, alone or in cooperation with the centrifuging
brewing device, a restriction or restriction valve for the centrifuged liquid, wherein the back pressure
of the restriction or restriction 10 valve differs for at ledst two different capsules of the set. Preferably,
the backpressure as obtained by the capsule alone or in cooperation with the device differs for at 15
least three difféfétit capBiilesor MRdrein e Sef tn hsteterfitPmbBBStRIfargeRide?iacof the capsule

forms in cooperatian withdbe centrifagingHarewing devieg g restricton yalvuefay the,gentrifugediquid
and the 20 geometry of the rim differs in the set of capsules to adapt the back-pressure of said

restriction valve¥or af k58t taordiffereri SapstieLEMREIRE preferdisiy ot leastthrEeGifferéat |
capsules. 25 Mest pretesably, the-geaygtry afithe rimdiffersiin the setf capsules to adapt the
back-pressure of said restriction valve for each type of capsule in the set.  The term "geometry"
means here tHe'$geeifit sidbe afidhr $0%petitic difiteh3itits) ofat B85 partstifie rinf. 717
characterisingdeyvesagesieapableiafidelivetiag difterentiattibputes (arora,intensity eiersa/foam,
flowtime, etc.), in any.one of the following parameters: size of the capsule, amount of the substance,
density of the BESANGE, & BpeccomBosTion(e.q bienthdifeeorahs), bnITEtY Ahd0°
combinations thesedfd The term "set of capsules” means a series of at least two, three, four, five, six
CapSMesorm%g%%%@ﬁe%g%ﬂ%g@k pressure of the restriction or restriction
10 valve differs for at least two different capsules of the

set.

Preferably, the backpressure as obtained by the capsule
alone or 1in cooperation with the device differs for at

15 1least three different capsules or more in the set.

In a preferred mode, the flange-like rim of the capsule
forms in cooperation with the centrifuging brewing device a
restriction wvalve for the centrifuged 1liquid and the
20 geometry of the rim differs in the set of capsules to adapt
the back-pressure of said restriction wvalve for at least
two different capsules of the set, preferably at least

three different capsules.

25 Most preferably, the geometry of the rim differs in the set
of capsules to adapt the back-pressure of said restriction

valve for each type of capsule in the set.

The term "geometry" means here the specific shape and/or

30 specific dimension(s) of at least a part of the rim.

The terms "different capsules", "sort of capsule" or "type

of capsule" mean capsules having at least one difference,



10 The term "size of capsule” means in particular, the storage volume of the capsule potentially
available for receiving the substance and/or the external volume of the capsule, e.g., of its body. 15
The term "back-pressure of the valve means" refers to the pressure loss created by the restriction or
restriction valve. As the restriction or restriction valve form a "bottleneck effect”, a pressure of liquid is
created 20 upstream of it by the effect of the centrifugdltion. Thanks to the restriction, the pressure
before the restriction is increased, and it is this pressure which has an effect on the interaction (e.qg.
extraction) proceas df fRFlidlid andipESHGrétionts 225 The preferabflamifiiardm chthéTapaile
having a predefined; geanastry formswith a,dedisated pressing suiface of the heverage preduction
device a restriction valve means for the flow of beverage. Thereby, the rim is particularly 30 configured

to selectively BiBck fH&flowpath 8fthe &ntrifuged ThREin SraeAIEdaay its rébase from tHe Eapsule.

More particulaglypwhen A priessure threshald ofthe eentifyged-liuid is reached atthesalve-means,
le. 8 5 specific composition  (e.g., blend, coffee origins),

granulometry and combinations thereof.

The term "set of capsules" means a series of at least two,

three, four, five, six capsules or more of different types.

10
The term "size of capsule" means in particular, the storage
volume of the capsule potentially available for receiving
the substance and/or the external volume of the capsule,
e.g., of its body.

15

The term "back-pressure of the wvalve means" refers to the
pressure loss created by the restriction or restriction
valve. As the restriction or restriction wvalve form a
“pbottleneck effect”, a pressure of 1liquid 1is created

20 upstream of it by the effect of the centrifugation. Thanks
to the restriction, the pressure before the restriction is
increased, and it is this pressure which has an effect on
the interaction (e.g. extraction) process of the liquid and
the ingredients.

25
The preferably annular rim of the <capsule having a
predefined geometry forms with a dedicated pressing surface
of the beverage production device a restriction valve means
for the flow of beverage. Thereby, the rim is particularly

30 configured to selectively Dblock the flow path of the
centrifuged liquid in order to delay its release from the
capsule. More particularly, when a pressure threshold of

the centrifuged liquid is reached at the wvalve means, i.e.,



the centrifuged liquid forcing against the rim of the capsule, the valve means opens, i.e., a restricted
flow gap is provided by a pressing surface of the device moving relatively away from the rim of the
capsule or vice versa, 5 the rim of the capsule moving relatively away from the pressing surface or
both. Before the threshold pressure of the centrifuged liquid is attained, the valve means remain
closed. Hence, the rim blocks the flow-path for the cerftrifuged liquid. 10 It should be noted that the
opening of the valve means depends on the rotational speed of the capsule, driven by drive means of
the beverage profiucli6h deliced Fherefdrél B8 thé Vafie eamdseletivelylock 16t atdéastis

significantly restrict, the flownpath for theycentrifuged iguid; apreliminayswettingstep: obthepgyerage
substance, e.g., ground coffee, is carried out as no liquid is yet discharged from the device and the

capsule fills witi? infeERSHRAY. B¥ a fesiF 6£8 préwettingraidt20telayea refsSt thBDeverage, a

thorough wetting 10f the, sulstance,is made passikleand the interagtion time betwaenthedigyid and the
beverage gubstance, e.g., coffee powder, substantially increases and the brewing characteristics, e.g.,

coffee solid contént and'beverade Sield2BAM bE 28'Sighitant ifproved DAY & a dpetitic jEGmetry
of the rim of thereapsule; apadaptation:of Hecbackepressure i éhectestrigtionvapreds obtained

Thereby, in patr%cular, the th%ckneés gf, the%o valve portion of rim glf the ca sule, dedicated for
engaging with 2 Vae Bortion 6t the dévite ds variethinthBE2t. MdlRovér tie thickAgss 6F1he Valve
portion can beclarieelhy a Bpecific desiga of thenrimoafdhe capsule. THe tim-pb®h for the

centrifuged liquid.

10
It should be noted that the opening of the wvalve means
depends on the rotational speed of the capsule, driven by
drive means of the beverage production device. Therefore,
as the wvalve means selectively Dblock, or at least

15 significantly restrict, the flow-path for the centrifuged
liquid, a preliminary wetting step of the beverage
substance, e.g., ground coffee, is carried out as no liquid
is yet discharged from the device and the capsule fills
with injected 1liquid. As a result of a prewetting and

20 delayed release of the beverage, a thorough wetting of the
substance is made possible and the interaction time between
the liquid and the beverage substance, e.g., coffee powder,
substantially increases and the Dbrewing characteristics,
e.g., coffee solid content and beverage yield, can be

25 significantly improved.

Due to a specific geometry of the rim of the capsule, an
adaptation of the back-pressure of the restriction wvalve is
obtained. Thereby, 1in particular, the thickness of the
30 valve portion of rim of the capsule, dedicated for engaging
with a valve portion of the device, 1is varied in the set.
Moreover, the thickness of the wvalve portion can be varied

by a specific design of the rim of the capsule. The rim of



the capsule may form a protrusion or a recession of variable thickness. For example, the rim of the
capsule may have a cross-section of rectangular, triangular or dome shape, forming different
thicknesses for at least two 5 capsules of the set, preferably at least three different capsules.
Preferably at least the back-pressure exerted by a dedicated valve portion of the device onto the valve
portion of the rim of the capsule can be adapted by means 10 of the geometry, i.e., thickness, of the
rim of the capsule. Accordingly, due to the adjustment of the back-pressure to different capsules, the
flow rate and/drY@tatiMaFSpéed Bar be VaFied atcoRHAGY S provide & wide rafi§e oF ditferentt

beverages. As;a rasult the 15 strgagth, taste and/onsrema,mespegtivelyrfoams of thesheverage can be
controlled as a function of the type of capsule. The rim of the capsules in the set can take various

shapes. 20 TheHR préferabRP mayCompiise 8hy cr6SE2BEbIARhich- S YorHEd Bber e wHJIE

circumferenceffdbe yim. fhencress seetiar maybe plain-enbeliavy It may besa squakss fectapgular,
triangular, circular, oval, etc. The rim of the capsule is preferably made of r%d material. 25

Accordingly, e Rmrentairislof Altelatifely cdrsEart diheNsich-antrgebmety diffing the 6&Gethge

preparation opesationseig the dedicated beverage preparation device in order for the rim to play its role
of restriction of the bev%roilge flow-path and to ensure %religple openin%. 30 Accordingly, resilience of
the rim which M=y 1644 to Variahces ofth& liquid Presstifs fieCassan’ to overdome tiie detied @
back-pressuredefihe pressing surface peingiexertedfontattke rideisipreventedo 10clnean akiérnative,
the rim can also b% m%deoog at%?empressmgjl% mthg%naclz sugh S rubber e.g.églllc%ne. Ir%thls case, the

resilience of tHe Valvé means can béjfgken, atleast n?%ar ey the valve means. E% aﬁ’ore S?rréé

embodimént, thée rimlis magledntegral, with: the. bodycbfithercapsule. Therefore, foressenfiallyhe
f’;;e”tﬁg‘r"\"la'ﬂ:eé‘%%%% the segling pertion and the valys pertion ghtherim Gap bg formed in,gne, piece

pressure to different capsules, the flow rate and/or

rotational speed can be wvaried accordingly to provide a

wide range of different Dbeverages. As a result, the

15 strength, taste and/or crema, respectively foam, of the

beverage can be controlled as a function of the type of

capsule.

The rim of the capsules in the set can take various shapes.
20 The rim preferably may comprise any cross-section which is
formed over the whole circumference of the rim. The cross
section may be plain or hollow. It may be a square,
rectangular, triangular, circular, oval, etc. The rim of
the capsule is preferably made of rigid material.
25 Accordingly, the rim remains of a relatively constant
dimension and geometry during the beverage preparation
operations in the dedicated beverage preparation device in
order for the rim to play its role of restriction of the
beverage flow-path and to ensure a reliable opening.
30 Accordingly, resilience of the rim which may lead to
variances of the ligquid pressure necessary to overcome the
defined back-pressure of the pressing surface being exerted

onto the rim is prevented.



10 the cup-shaped body. Moreover,the rim is preferably formed essentially perpendicular to the axis of
rotation of the capsule when operated in the centrifugation device. 15 In another mode of the
invention, the set of capsule comprises the valve means as a whole. In other words, the valve means
is not obtained by the conjunction of a valve portion of the capsule and a valve portion of the capsule
20 but it is obtained by portions of the capsule itself. A example of a capsule having the valve means,
is described in W02008/148604 which content is here included by reference. In the cited publication,
the valve meah8 is @ferrét 4§ ARBpehfig méafis whidh operd undiéfthe S cerdtffigal ffect B allow

the brewed liquighieleave the-capsuler The opening qryalvempeans cangompese adssilient yalve. For
instance, the opening means comprises
this case, the resilience of the wvalve means can be taken,

at least in part by the valve means.

In a preferred embodiment, the rim is made integral with
the body of the capsule. Therefore, for essentially
economical reasons, the sealing portion and the vwvalve
portion of the rim can be formed in one piece together with

10 the cup-shaped body.

Moreover, the rim is preferably formed essentially
perpendicular to the axis of rotation of the capsule when
operated in the centrifugation device.
15
In another mode of the invention, the set of capsule
comprises the wvalve means as a whole. In other words, the
valve means 1is not obtained by the conjunction of a wvalve
portion of the capsule and a valve portion of the capsule
20 but it is obtained by portions of the capsule itself. An
example of a capsule having the valve means, 1s described
in WO02008/148604 which content is here included by
reference. In the cited publication, the wvalve means 1is
referred as an opening means which opens under the
25 centrifugal effect to allow the brewed liquid to leave the
capsule. The opening or valve means can comprise a
resilient valve. For instance, the opening means comprises
at least one radial deflecting lip integral to a wall of
the capsule. For instance, a 1lid of the capsule 1is
30 connected to a body and the deflectable lip is part of the
lid. In the context of the present invention, the opening
or valve means 1is configured to provide a closing pressure

of the valve for the centrifuged liquid which wvaries for at



at least one radial deflecting lip integral to a wall of the capsule. For instance, a lid of the capsule is 30
connected to a body and the deflectable lip is part of the lid. In the context of the present invention, the
opening or valve means is configured to provide a closing pressure of the valve for the centrifuged
liquid which varies for at 11 least two capsules of the set, preferably at least three different capsules,
and/or is configured to open to form a restriction areain the open configuration of the valve that differs
for at least two capsules of the set. As a 5 result the pressure loss created by the valve means differs
for at least two-E&FsuleSandFpieteradfy three EFsufttor niia it tRE SEt. Mtanofifet imoder ffe set of

capsule are configheed with a ks fixedsflovy restrictionfor-the centrifuged Hquid vherein tha-area of the
flow restriction differs for at least two capsules of the set, preferably for each capsule of the set. As

"fixed flow resticiibh™ Gl PReaft & How PestritfonBHtRinddP By bHE of Mdte radfally-BRentéd 16 orifices
of the capsulenwhieh ereatesra pressure toss sagder the Bemauliequatior. Theeeforerthe gentrfuged
liquid is forced to traverse such restriction path of the capsule thereby creating a certain backpressure
in the capsule Brétéfably theéficed Festrictions ohfied by 4 setfies YolofFeltfichich Srifidestwhich
overall surfacerateadiffersfor atleastdwestapss)es=efdhe set dhegesgtriction orifieess maydesprovided
a peripheral portion of%zval of the capsule such as in the lid or sidewall of the capsule. 25 The different
. of € set . . . .
capsules in thé $et may contprise Bodies of different storage volumes obtained by a variable depth of
the body in the set but the same insertion diameter (D) for all capsules of the set. Thereby, the term
insertion diampter tefers 1o a diaetet pf reference measuredl.on the 39 external suifages of the hody
of the capsule.
10 fixed flow restriction for the centrifuged liquid wherein
the area of the flow restriction differs for at least two
capsules of the set, preferably for each capsule of the
set. As "fixed flow restriction", it is meant a flow
restriction obtained by one or more radially oriented
15 orifices of the capsule which creates a pressure loss under
the Bernoulli equation. Therefore, the centrifuged 1liquid
is forced to traverse such restriction path of the capsule
thereby creating a certain backpressure in the capsule.
Preferably, the fixed restriction is obtained by a series
20 of restriction orifices which overall surface area differs
for at least two capsules of the set. The restriction

orifices may be provided a peripheral portion of wall of

the capsule such as in the 1id or sidewall of the capsule.

25 The different capsules in the set may comprise bodies of
different storage volumes obtained by a variable depth of
the body in the set but the same insertion diameter (D) for
all capsules of the set. Thereby, the term ‘insertion
diameter’ refers to a diameter of reference measured on the

30 external surfaces of the body of the capsule.



12 Furthermore, the capsules in the set may as well be designed to contain different sorts of beverage
substances whereby the size of the capsule body remains the same. 5 In a preferred embodiment, the
capsules according to the system contain coffee powder of different sorts to produce coffee beverages
having characteristics (strength, aroma, taste, crema,...) and different volumes, e.g., 25, 40, 110, 250,

400 mL (e.g., ristretto, espresso, lungo, doppio, 10 Américano, Long black coffee, etc) with preferably

variable crema characteristics (volume and/or texture). By "different sorts" of a beverage substance or
coffee it is medRTamPdffeféhce redardifgRigigRein the capatle, 18 gridtPsize Aap d&nsity, asting

levels, origins Jalends,naturg of ingredignts {¢offae tea, £ocea, additives<elsdand gombinations
thereof. Thereby, the thickness of the valve portion of the rim, as 20 obtained by its particular design or
otherwise, varlbaTor AY Iea8Ewo- EepSies BRhEaRT it Brdt 48 sEEBffEReht atkssressures of the
valve means when the capsule is engaged in the device, i.e., its valve portion being engaged by a
valve portign or dedicated %Eeebssin surface of 25 the device. As a result, the back-pressure on the

centrifuged liqiild i€varied depbERding BRIAE EapSules hSerftPRthE HeicE BéeIting on the

rotational speed;etthe capsuleiin therdevee, theflew rate of tiie beverage is-set asa finetiarof the
inserted capsule. 30 It can therefore b understoo%that the extraction 13

numberofdiffefehtéXiraction-depeidentguantye characteristics  (strength, aroma,

taste, crema,..) and different wvolumes, e.g., 25, 40, 110,
250, 400 mL (e.g., ristretto, espresso, lungo, doppio,
10 Americano, Long black coffee, etc) with preferably variable

crema characteristics (volume and/or texture).

By "different sorts" of a beverage substance or coffee it
is meant any difference regarding: weight in the capsule,
15 grind size, tap density, roasting levels, origins, blends,
nature of ingredients (coffee, tea, cocoa, additives, etc.)

and combinations thereof.

Thereby, the thickness of the valve portion of the rim, as
20 obtained by its particular design or otherwise, varies for
at least two capsules of the set in order to set different
back-pressures of the valve means when the capsule 1is
engaged 1in the device, 1i.e., 1ts wvalve portion being
engaged by a valve portion or dedicated pressing surface of
25 the device. As a result, the Dback-pressure on the
centrifuged 1liquid is wvaried depending on the capsules
inserted in the device. Depending on the rotational speed
of the capsule in the device, the flow rate of the beverage
is set as a function of the inserted capsule.
30
It <can therefore Dbe understood that the extraction

conditions can thereby be controlled to induce a large



characteristics (taste, aroma, colour, crema, etc.). As a result, each capsule in the set can deliver
beverages 5 of different volumes and with different characteristics, whereby the back-pressure during
the brewing process can be adapted to the specific beverage to be prepared by a particular capsule.
Accordingly, a wide range of beverages can be prepared without the need of adapting the back- 10
pressure by a force-set adjustment mechanism of theldevice itself since this is the capsule that sets
such parameter when proper:éinserted in the device. In a preferred embodiment, the valve portion of

the rim of 15 tR&"8RBSule is Preferatify 6f Garfdble thickidssAwitHiA AT e BW6 thpsuleS bt tHe get,

more preferabpnatlgastthres ormore sapsules phhe, setoTherebycthepartieylar thickness of the
valve portion of the rim is preferably designed to be higher for capsules containing a smaller 20

amount of coffee powder than for capsules containing a higher amount of coffee powder. A the same

time, the rotatipgalspeed forgapsautes containing aismalier ageaunt ohceffee; pawdersasn e set higher
than for CS{SUI% containing a higher amount of coffee powder. 25 For example, for smaller capsules

and/or capsul® EontHifinGa ShalléP AHTStHt Gt edfes Powdar Stich Hite. o PREEfs Of £8presto type
capsules, a thicket-ang densernciemads desited whichi ean be obtaired by agelative higher baek- 30
pressure compared to larger capsules and/qr c.anSL%I)es which contain a larger amount of ;offee powder
ind from whicRISger Sof68 bevafaget & tb e pRpATad Sich 58 e BElungd B RTErcATo tybe
coffee beverages:ti4 i an attemative,.the cotatidnalspeed €amw béseteonstant foratleastdwe
capsules, preferably.three capsules or more in the set. In this case, the beverage flgw rate is set by
the backpressu‘raencrebaﬁedpﬁ:ye%aercea%su"felg %RIV.:S Ij-:s(f)lreexgr%%%, iﬁ%ord%(rjiﬁfgD 8651 izeltqelﬁtra%ﬁgr]f_a
relative |dWer flow saterfer & gmallerogoffees ely. adsirettorcoffeemightibesdesiréd tiren foeadarger

coffee, e-g., lungo.Americano, lang,black, eig, Acgardingly. for, 1Q capsules containing a igher
amount of beverage substance, t & bac -pressure cfn be adjusted to a relative ov\}per vame in order to
increase the flolerateocompared tons eapsule tontdisingevredative lower volume of beverage

substance.

In a preferred embodiment, the valve portion of the rim of
15 the capsule is preferably of variable thickness within at
least two capsules of the set, more preferably at least
three or more capsules of the set. Thereby, the particular
thickness of the wvalve portion of the rim is preferably
designed to be higher for capsules containing a smaller
20 amount of coffee powder than for capsules containing a
higher amount of coffee powder. A the same time, the
rotational speed for capsules containing a smaller amount
of coffee powder <can be set higher than for capsules
containing a higher amount of coffee powder.
25
For example, for smaller capsules and/or capsule containing
a smaller amount of coffee powder, such as e.g. ristretto
or espresso type capsules, a thicker and denser crema is
desired which can be obtained by a relative higher back-
30 pressure compared to larger capsules and/or capsules which
contain a larger amount of coffee powder and from which
larger coffee beverages are to be prepared such as e.qg.

lungo or Americano type coffee beverages.



15 Accordingly, in a preferred embodiment, the thickness of the valve portion of the rim varies as a
function of the sort of capsule in the set in order to adjust the backpressure at the restriction valve. 20
In a preferred, but non exclusive, mode, the thickness of the valve portion of the rim increases when
the amount of coffee powder decreases in the capsules and/or the size of the capsules decreases. 25
In another mode, the capsules have flow restriction orffces (i.e., replacing the valve means as

aforementioned) which overall surface area increases in the set as a function of the increase of the
amount of powder&ndfor sf286fdafisule-inthe Sbe thidtefore RRE farger 36 thesapstfd) thé Mrger the

flow area for the, engrifuged iguid iR, the capsuieand copsaquenty Jhedawer the bgsknressure
exerted by the restriction orifices. Furthermore, the rotational speed is also set in the device 15 to

increase wher'eSamdunt 6fcoffek powderdediedsesSn thie CapSGies tiifor tHE ¥izé dF fhe tapsules

decreases. In astaltegnative, Mecigtational speed an alshe sBES €apstant as afargmentioned when
the amount of the amount of coffee powder decreases in the capsules and/or the size of the capsules
decreases: Furthermore, for all previously described modes, the 10 rotational speed can also be set in
the device to desreaseahienethe amountdefcoffee pawderidecreases drthecegpsules-and/or the size
of the capsules decreases. Conversely%or all revious{ described_modes,the 15 rotational speed can
also be set in %Wﬁervicée fc? fheré&s€wh %rthegamgﬁ“ﬁt éec%ﬁe%oéfﬁfér décrdages inthe'capstles
and/or the size of the=capsiles detreastéss Thecapsudes aceording 1e the system ofdhe pregent 20
invention may further co rise.ca{g)ggle id(intiféing eans assggigted to z&ré':% gi}gférent capsul§s in the

set for adjustinlgugtglgést on%eﬁjrlegvlng paramoerf r other thah the back-pressure i e gig PrefePalny,the

parametelladjostablellpysthewapsiuleing a higher amount of beverage substance,
the back-pressure can be adjusted to a relative lower value
in order to increase the flow rate compared to a capsule

containing a relative lower volume of beverage substance.

15 Accordingly, 1in a preferred embodiment, the thickness of
the valve portion of the rim wvaries as a function of the
sort of capsule in the set in order to adjust the

backpressure at the restriction valve.

20 In a preferred, but non exclusive, mode, the thickness of
the wvalve portion of the rim increases when the amount of
coffee powder decreases in the capsules and/or the size of

the capsules decreases.

25 In another mode, the capsules have flow restriction
orifices (i.e., replacing the valve means as
aforementioned) which overall surface area increases in the
set as a function of the increase of the amount of powder
and/or size of capsule in the set. Therefore, the larger

30 the capsule, the larger the flow area for the centrifuged
liguid in the capsule and consequently the lower the
backpressure exerted by the restriction orifices.

Furthermore, the rotational speed is also set in the device



identifying means can be the rotational speed, the volume of liquid fed into the capsule, the injected
liquid temperature, the pressure and/or flow rate of the liquid supply pump and any combinations
thereof, the prewetting 30 time at which a slow rotational or no speed is provided and combinations
thereof. 16 Hence, the capsule identifying means also participate to deliver a wider range of
beverages having differentiated characteristics (volume taste, strength, crema, colour, etc.). 5
Moreover, these means enable to reduce the useful range of rotational speeds while maintaining a

large range of How rafesc@IbtHIfEd By the HERRIPresstire~sdtiifgs) BRaTeBy corerfingSa Simler,
cheaper, more reliableand less 1Qenergy cansumingsystena. At the device;sideofdhe system,

sensing means may be provided to identify the identifying means provided at the capsules. Thereby,
the sensing means are associated to 15 control means placed in the centrifugal brewing device for

controlling theadjustineat etthe-saie brewing:parameter(s)aThesgamtol meanscagber:coptrel unit of
the device which 20 controls parameters selected amongst: the rotational speed of the motor driving
the capsul@ inTofATibA theWatdF IS arid/oF {aterHow fite AWSIBE bredsurd ss ABREIEd BY the
water pump indbe cestrifugeikeapsute-and éembinatiors thereafl 25 Inadede, thesidentifyingfmeans

comprise the gC%oem%tt_E1 g{l fim - %gétrhgatglecskpess - that differs in the set of capsules.

Furthermore, for all ©previously described modes, the
10 rotational speed can also be set in the device to decrease
when the amount of coffee powder decreases in the capsules

and/or the size of the capsules decreases.

Conversely, for all ©previously described modes, the
15 rotational speed can also be set in the device to increase
when the amount of coffee powder decreases in the capsules

and/or the size of the capsules decreases.

The capsules according to the system of the present
20 invention may further comprise capsule identifying means
associated to the different capsules in the set for
adjusting at least one brewing parameter other than the

back-pressure itself.

25 Preferably, the parameter adjustable Dby the capsule
identifying means can be the rotational speed, the volume
of liquid fed into the capsule, the injected 1liquid
temperature, the pressure and/or flow rate of the liquid
supply pump and any combinations thereof, the prewetting

30 time at which a slow rotational or no speed is provided and

combinations thereof.



30 In other words, the system identifies the capsule of the set by identifying the geometry, e.g., by
sensing the thickness of the valve portion, and adjusting the brewing parameter(s), e.g. the rotational
speed and/or volume 17 accordingly. The adjustment of these parameters can be controlled
automatically at predetermined values or be set accordingly within fixed ranges. When the adjustment
is set at fixed ranges of parameters, the user is given e 5 possibility to select the preferred values for
these parameters within these ranges in order to customize the beverage according to his/her
preferences. FEPRAIS; thé BBviceEspfises Eelectibl Mganscsuch ad kFobPand el it o det

precisely the valuesefithese parameters 1Qwithin the fixed rangentherefore; the seasing means of
the device comprises means for sensing the back-pressure of the valve means as generated by the
specific thickn85€ bf-theFahie poion SPLE e capdiies insettedFiRhe devideThe advaritide is that
no other identifying means are necessary at the capsule (e.g. barcode, RFID, etc.). The sensing
means of the device can be chosen amongst a 20 pressure sensor and/or distance sensor. The
pressure sensor can sense the pressure or force (e.g., pre-constraint) exerted by the capsule on the
valve portion ofdhe dexice ot Niceversanideddistanee sensesansense awvagation ebdistanee in the
spring biasing valve means brought by tiﬁ,%ﬁ caﬁsulet. The.distancelsensor can be an suétible
sensor such ag%ﬁﬁgél?ﬂwaeihgﬁggldfndw sléctficht (.9 Capacitive). OtHer i&gﬁ}ﬁﬁngg feans Bf the
capsule can be optieal 884e.ghtld) oe2D barcade), iadio:frequencyre.gscREID tag), magneticye.q.,

Hall Effect, inductiye), capsule colou recognition or mechanical recogniion means. o 1o

10 energy consuming system.

At the device side of the system, sensing means may be
provided to identify the identifying means provided at the
capsules. Thereby, the sensing means are associated to
15 control means placed in the centrifugal brewing device for
controlling the adjustment of the said brewing

parameter (s) .

The control means can be a control unit of the device which
20 controls parameters selected amongst: the rotational speed
of the motor driving the capsule in rotation, the water
volume and/or water flow rate, water pressure as delivered
by the water pump in the centrifuged capsule and

combinations thereof.

25
In a mode, the identifying means comprise the geometry of
rim - e.g. the thickness - that differs in the set of
capsules.

30 In other words, the system identifies the capsule of the
set by identifying the geometry, e.g., Dby sensing the
thickness of the wvalve portion, and adjusting the brewing

parameter(s), e.g. the rotational speed and/or volume



18 Other identifying means of the capsule can be the depth of the capsule which differs in the set and
is sensed by mechanical, optical or electromechanical sensors such as described in co-pending patent
application EP 10170042.5. 5 For this, the device for sensing the capsule the device is characterized
in that it comprises at least one means for sensing the relative position of an external surface of the
capsule in the receptacle; said relative position being tépresentative of the size of the receptacle when
the 10 capsule is arranged in the receptacle and means for providing a code which is related to the
sensed relativé posiioh s Said stiffsce AATHE EBftExt of the vRRBonPiES&P-SHaped BBdy B8n

comprise aluminiym-and/ox plasticsadihecliprshaped bedycan o alsq besmade ofplastics galy. The
rim is preferably an integral part of the body. The capsule further comprises a lid membrane for closing

the cup-shapedWBsthAThe 1 Membrane s ieferaply etalclitito B rimat S8R potticitof the
rim. 20 The tegm "closing] in the,gertext of thesinyertion-encormpassessa eonfigurajionamhergireorifices
(e.g., flow restriction orifices or pores) are present in the lid. Therefore, clasing does not necessarily

limit to a liquids% fightordas tight cofifiguration P Elosiredifie fid withtthEbody FPfie cAp&iie
according to the: peasendt inventionncan befervedrairgassbatrier malerial and caosedhy tke upper wall

30 respectively membrane of the %apsule inagasi gervious anner so that the freshness qf the
beverage subégxgéf,aéq.ﬁ., basPARd §founid ¢ fese)garﬁcléjsr, T aiitaied for A proibhged petfod of
time. 19 The membraneqareferablycompiises ableastazperipheratperforablenariea neighibouniag a
sealing portior, of the membrane which is; sealed oryo the fiangerlike tim of the body Hence, the
perforable area can’be perforzﬁed

10 within the fixed range.

Therefore, the sensing means of the device comprises means
for sensing the back-pressure of the wvalve means as
generated by the specific thickness of the wvalve portion of
15 the capsules inserted in the device. The advantage is that
no other identifying means are necessary at the capsule

(e.g. barcode, RFID, etc.).

The sensing means of the device can be chosen amongst a
20 pressure sensor and/or distance sensor. The pressure sensor
can sense the pressure or force (e.g., pre-constraint)
exerted by the capsule on the valve portion of the device
or vice versa. The distance sensor can sense a variation of
distance in the spring biasing wvalve means brought by the
25 capsule. The distance sensor can be any suitable sensor
such as optical, mechanical and/or electrical (e.qg.

capacitive).

Other identifying means of the capsule can be optical
30 (e.g., 1D or 2D barcode), radio-frequency (e.g., RFID tag),
magnetic (e.g., Hall Effect, inductive), capsule colour

recognition or mechanical recognition means.



5 perforating means of the beverage production device for providing a series of liquid outlets in the
capsule. Therefore, liquid being centrifuged in the capsule can leave the capsule via the series of
outlets, then, it can exert pressure onto the rim of the capsule. The series of 10 outlets, such as
perforated orifices may be small enough to filter the liquid, e.g., coffee extract. When the opening
pressure is reached, the valve means open forming a'ffow restriction gap and the liquid can be
centrifuged outside of the capsule and be collected for being dispensed. 15 In a possible alternative,
the capsule ofth8fivehfi6R eomptizes AptrsusLid idfeadst Bgérorable MenibraneSPhé pbrous lid

may be formed! of papgp.lastic andior aluminium big-baseddmaterialssarany comkinations 9§ these
materials. The cup-shaped body may also be formed of 20 paper, cardboard, bio-based material or

any combinatiBfé§ iEsE R ateridls MEfdoveétT thE tapsHIeT Ay a8 Wetlloe 3R Sffable €4pSule*Faving a

lid member attasbed to the bedy-ef-thercapsyleby 25 teaisiafe g1 a joink Accondingly 2the user may
provide angeverage ingredient to the capsule according. to his or her taste preferences. In anather

possible modé, e Edpsine EOMpASES-4F intehatse fitdi%el&MenCREEHES inthe cdpshaped Hody.

Moreover, a lid membraneicoyering theraternat filtesnpay slose the capsule. the licheembrane can be
perforable or peelable. For instancg, the internal filter elemept can be a plastichzo piece with f%tering

holes or slots for fiftafidg the centfifuged fiquid 20k 28 Hestribéd'in WO Dot81148546. e capsule

according to thenpreseptinvention carecamprgeacle; said relative position being
representative of the size of the receptacle when the

10 capsule 1is arranged in the receptacle and means for
providing a code which is related to the sensed relative

position of said surface.

In the context of the invention, the cup-shaped body can
comprise aluminium and/or plastics. The cup-shaped body can

15 also be made of plastics only. The rim is preferably an
integral part of the body. The capsule further comprises a
lid membrane for closing the cup-shaped body. The 1id
membrane 1is preferably sealed onto the rim at a sealing
portion of the rim.

20
The term "closing™ 1in the context of the invention
encompasses a configuration wherein orifices (e.g., flow
restriction orifices or pores) are present 1in the 1id.
Therefore, closing does not necessarily limit to a liquid

25 tight or gas tight configuration of closure of the 1lid with
the body.

The capsule according to the present invention can be
formed of gas barrier material and closed by the upper wall
30 respectively membrane of the capsule in a gas impervious
manner so that the freshness of the beverage substance,
e.g., roast and ground coffee particles, is maintained for

a prolonged period of time.



5 a substance which is extractable, such as ground coffee or a soluble or dispersible substance in
liquid, such as milk or soup powder. In particular the substance can be chosen amongst ground coffee,
instant coffee, chocolate, cocoa powder, leaf tea, instant tea, herbal tea, a 10 creamer/whitener, a
nutritional composition (e.g., infant formula, growing-up milk powder, gums), dehydrated fruit or plant,
culinary powder and combinations thereof. ~ The capstile may include a gas with the food ingredients
15 such as nitrogen and/or carbon dioxide. Preferably, the capsule comprises gas barrier materials
enveloping the igreBRIARE 2BfMpatiRéRE HoeverCTPdastthe Sapsuigds hot ash§htBerse Lan

outer packagezan-be ysed to pack the,capsule individually ordagroug of 29 several cgpsulegeln this
case, the package is removed before the capsule is inserted in the device. In a preferred embodiment,

the pressing sUAFREE Bffhe Vale pottion T € dedicdted béverdgepotuttcst dévife S5to beSused in

conjunction witih the. capsite agcoreling tytherprespntinventien forms agelatiyely ftat apaularsyrface
onto which the valve portion of the rim of the capsule can press. Hence, a ¢losing action is promoted

by an engagemisht 8t theViive RéEHS uRder tHEforRESFAR dRnuRr $Afiig 20 M Sr Sifade”
Preferably, theopressingnsurface issubstantialty paradiel to thewaleportion of the flange-dlikesim. Of

cowse,ﬂm;w%%%q %ggggecggggﬁgprgg55521centrifuged in the capsule can
leave the capsule via the series of outlets, then, it can
exert pressure onto the rim of the capsule. The series of

10 outlets, such as perforated orifices may be small enough to
filter the 1liquid, e.g., coffee extract. When the opening
pressure 1is reached, the wvalve means open forming a flow
restriction gap and the liquid can be centrifuged outside
of the capsule and be collected for being dispensed.

15 In a possible alternative, the capsule of the invention
comprises a porous 1lid instead of a perforable membrane.
The porous 1lid may be formed of paper, plastic and/or
aluminium, bio-based materials, or any combinations of
these materials. The cup-shaped body may also be formed of

20 paper, cardboard, Dbio-based material or any combinations

these materials.

Moreover, the capsule may as well be a re-fillable capsule
having a 1lid member attached to the body of the capsule by
25 means of e.g. a joint. Accordingly, the user may provide a
beverage ingredient to the capsule according to his or her

taste preferences.

In another possible mode, the capsule comprises an internal
30 filter element inserted in the cup-shaped body. Moreover, a
lid membrane covering the internal filter may close the
capsule. The 1lid membrane can be perforable or peelable.

For instance, the internal filter element can be a plastic



slightly concave or convex line of curvature in radial direction relative to the axis of centrifugation. It
should be noted that the valve portion of the dedicated 5 beverage production device is preferably
associated to spring-loading means for enabling the opening of a flow restriction gap for the
centrifuged liquid by the pressing surface moving relatively away from the rim of the capsule. It should
be noted that the flow restriction gap can be 10 opened’between the pressing surface and the capsule
by a relative movement between each other. This relative movement can be obtained by either the
pressing surfaé $r6ving aiway frémtRe apsultcdthe Gipsufe ffovindg away fioht e pressitFsurface

such as by the-eapsule-hglder 15heing the-mobile glements Athird aption i to/havesbeth the pressing
surface of the injection head and the surface supporting the capsule holder to move against the force
of a spring-biasing means. 20 The invention also relates to a set of different capsules, each of the

capsules for selgstively delivering-a baverage in aeverageprodueing device yseentifugatier of the
capsule, each capsule containing at least one beverage substance, 25 each capsule of the set
comprisiné?l a Body Havif & efitioStre coniiing té BeGerage Sib&tands: AH hper WalFordosing
the body and a flargeriike: rimnyr whergie thel papsuteseomprisesia rimiwith af, leastcenesportian of it
having a thickness which differs for at least 30 two §apsuleBs of the set, ‘?referab‘lél agleas three

iasl

capsules of th8 set> 'BraBP S &djust the BAGKprE&sttE or BickS Yores Bt Sprirg biasing MEARSbf the
device onto them22 gettioryebiedcapsuteaben the capstle isehtgaged intibe beserage produation
device. powder, leaf tea, instant tea, herbal tea, a
10 creamer/whitener, a nutritional composition (e.g., infant
formula, growing-up milk powder, gums), dehydrated fruit or

plant, culinary powder and combinations thereof.

The capsule may include a gas with the food ingredients
15 such as nitrogen and/or carbon dioxide.

Preferably, the capsule comprises gas barrier materials

enveloping the ingredients' compartment. However, 1in case

the capsule is not gastight 'per se', an outer package can

be used to pack the capsule individually or in group of
20 several capsules. In this case, the package 1is removed

before the capsule is inserted in the device.

In a preferred embodiment, the pressing surface of the
valve portion of the dedicated beverage production device
25 to be used in conjunction with the capsule according to the
present invention forms a relatively flat annular surface
onto which the wvalve portion of the rim of the capsule can
press. Hence, a closing action is promoted by an engagement
at the wvalve means under the form of an annular sealing
30 line or surface. Preferably, the pressing surface 1is
substantially parallel to the wvalve portion of the flange-

like rim. Of course, the pressing surface could also have a



The set of different capsules comprises all the possible 5 characteristics of capsules described before
and after in the description. In a further aspect, the present invention proposes a method for preparing
a beverage by a beverage production 10 system comprising a set of different capsules designed for
being inserted in a dedicated beverage production device of the system for forming alone or in
combination with the device a restriction and/or restriction valve for the centrifuged liquid, the method
comprising the following 15 steps: - inserting a capsule of the set in the beverage production device
and centrifugirfg tH&¢dpsulé DYTRE Yevite, FPRFEIH dutingtoreiingCa baekpredsutéis 6ppdsed to the

centrifuged liquiddy-thegiestrictign of destyction valye 20owhich differs fgnatileast two capsules of the
set, preferably at least three capsules of the set. In a preferred mode, the method comprises: -
engaging the valve portion of said capsule with a valve 25 portion of the beverage production device

for exerting a predefined pressure-theeshold at thewvalva meaps feri blacking and/or fimitingtheflow of
the centrifuged liquid until the pressure is overcome by the centrifuged liquid, and 30 - setting the

back-pressure st iRé F85trichd? FHVE B R fifloRBf the typRistcaplbieYinséiéd mtheSdevice by
varying the thiskiiessoefitbe vatwg padionsof thercapside in the sehef capsules.g23di a preferred
embodiment, the method further com riseség)rovidin% different values af the thickness of the valve

portion of rim Bbétieeh 0.2 hd A mi’ih the' Set“foré ]pFeélf%?acbly bEtEen 05 GAG 3RS A Practical
example, 5 thes setfefccapsulesrcpmprisesiatdéast dhwee typesnoftdapsulas havingkmdhicknésses of

dovioe at a rotahoraf 46 dRerf g e o 131ot beRGHLBEA Tatie tSugH the Saio means
function dfithedyaokeptesstre setibytthe capsule engagedrifahe devide. the capsule by a
relative movement between each other. This relative
movement can be obtained by either the pressing surface
moving away from the capsule or the capsule moving away
from the pressing surface such as by the capsule holder
15 being the mobile element. A third option is to have both
the pressing surface of the injection head and the surface

supporting the capsule holder to move against the force of

a spring-biasing means.

20 The invention also relates to a set of different capsules,
each of the capsules for selectively delivering a beverage
in a beverage producing device by centrifugation of the
capsule,
each capsule containing at least one beverage substance,

25 each capsule of the set comprising a Dbody having an
enclosure containing the beverage substance, an upper wall
for closing the body and a flange-like rim,
wherein the capsules comprises a rim with at least one
portion of it having a thickness which differs for at least

30 two capsules of the set, preferably at least three capsules
of the set, in order to adjust the backpressure or back-

force of spring biasing means of the device onto the



15 Preferably, the back-pressure (i.e. the pressure above the atmospheric pressure) exerted by the
restriction or valve means can range between 5 N/cm2 (0.5 bar) and 180 N/cm2 (18 bar), more
preferably between 15 N/cm2 (1.5 bar) and 134 N/cm2 (13.4 bar), most preferably between 27 N/cm2
(2.7 bar) 20 and 87 N/cm2 (8.7 bar) depending on the type of capsule. The restriction created by the
valve in the open configuration or by orifice(s) is prefetably controlled by design of the capsule and/or
device to be comprised between 25 0.5 and 4.0 mm2, more preferably between 0.75 and 3.0 mm2,
most preferabRBetwedn 20 drith2.538%121 for Ekamplelat Aot AL ? mhs2. Theadtdiondl speéd is

preferably conrolled between ararge Af fram: 2000 and 16500 rpm, most preferably between 30 4000
and 10000 rpm. For at least two capsules of the set, preferably for at least three capsules of the set, at

least one rotational speed is different during centrifugation of the liquid in the capsule, within the

controlled range.e 24s Ehe flow raterisarefarahiy gentrelled so rngesbetween 0.¢rend 404Bl{seconds,
more preferably between 0.5 and 3.5 ml/seconds. Again for at least two capsules of the set, 5

preferablytor PRAEEHTEd CapSifiesdf PSS AERastTHE R Pat® R iffereAl Gurng Cehtritdyation

of the liquid inthe capsule i bhe smethod according to the invention enables to adjust the 10 beverage
characteristics, in particular, the aroma intensity and crema quality and quantity of a specific beverage.
Thereby, for example, the back-pressure for ristretto and espresso type coffee beverages can be set
higher than forrlunge-type orAenericanctype beveragesckExrkurthérmete; farrunge dypesecffee, a flow
rate higher than fof ristreto and espresso tyne coffee beverages may alsg be desired quction
10 system comprising a set of different capsules designed for
being inserted in a dedicated beverage production device of
the system for forming alone or in combination with the
device a restriction and/or restriction wvalve for the
centrifuged 1ligquid, the method comprising the following
15 steps:
- inserting a capsule of the set in the beverage production
device and centrifuging the capsule by the device,
wherein during brewing, a backpressure is opposed to the
centrifuged ligquid by the restriction or restriction wvalve

20 which differs for at 1least two capsules of the set,
preferably at least three capsules of the set.

In a preferred mode, the method comprises:
- engaging the wvalve portion of said capsule with a wvalve
25 portion of the beverage production device for exerting a
predefined pressure threshold at the wvalve means for
blocking and/or limiting the flow of the centrifuged liquid
until the pressure is overcome by the centrifuged liquid,
and
30 - setting the back-pressure of the restriction wvalve as a
function of the type of capsule inserted in the device Dby
varying the thickness of the valve portion of the capsule

in the set of capsules.



The setting of the back-pressure by adaptation of a 20 differentiated capsule's design of the system
constitutes a built-in solution by contrast to a solution where a spring load of a dedicated enclosing
member enclosing the capsule in a device has to be externally manipulated for each beverage
preparation in which a beverage of different 25 nature is to be prepared. Hence, a more convenient
and reliable adjustment of the back-pressure during béverage brewing is enabled. In a further aspect,
the present invention relates to the 30 use of a variation of the geometry of the valve portion of a rim of

a capsule in ofder B aB@4ptiat 1eas o brRWiRG paramelét of's beverage'prepared FPaRehiffdgal

beverage 25 preparationdeviceduringithe,heveragepreparationproegss dependentoon the fye of
capsule. Brief description of the drawings 5 Further features, advantages and objects of the present

invention will BECo& Appafentfof a SKilldE BBrsdir whethfeadifg the follBwing Betdifde de&rtion of

embodiments ptthespresent inentioanwherstakeriin conjrnction with 30 dhe figures ok theperglosed
drawings. Fig. la - Ic are cross sectional side views of different embodiments of a cagsule having

different sizes @ttordifi§ tote indartOhSBarPANAlSfSh of heigfidt theit ifge  types of

capsules having rim thicknesses of respectively: 1.0, 1.4

and 1.8 mm.

Furthermore, the method comprises rotating the capsule in
10 the device at a rotational speed determining the flow rate
of centrifuged liquid through the wvalve means in function
of the Dback-pressure set by the capsule engaged in the

device.

15 Preferably, the back-pressure (i.e. the pressure above the
atmospheric pressure) exerted by the restriction or wvalve
means can range between 5 N/ cm? (0.5 bar) and 180 N/ cm? (18
bar), more preferably between 15 N/ cm? (1.5 bar) and 134
N/Cm2(13.4 bar), most preferably between 27 N/cm? (2.7 bar)

20 and 87 N/cm’ (8.7 bar) depending on the type of capsule.

The restriction created by the wvalve in the open
configuration or by orifice(s) is preferably controlled by
design of the capsule and/or device to be comprised between
25 0.5 and 4.0 mm®’, more preferably between 0.75 and 3.0 mm2,
most preferably between 1.0 and 2.5 mm?, for example, at
about 1.7 mm?.
The rotational speed 1is preferably controlled between a
range of from 2000 and 16500 rpm, most preferably between
30 4000 and 10000 rpm. For at least two capsules of the set,
preferably for at least three capsules of the set, at least
one rotational speed 1is different during centrifugation of

the liquid in the capsule, within the controlled range.



Fig. 2a and 2b are cross sectional side views of further embodiments of a capsule of the system
having a rim portion of different 20configuration. Fig. 3 is a schematic representation of the centrifugal
device into which is inserted a capsule according to the invention, wherein 25the back-pressure is
exerted by spring loading means. Fig. 4 is a sectional side view of the centrifugal device into which is
inserted a capsule 30according to the invention, wheréfh the back- pressure is exerted by magnetic
means. 26 Fig. 5 is a graphical representation of the coffee flow rates obtainable with two different
capsules providing different back-pressures as a function of the rotational speed of the 5capsule in the

centrifugation gguiceBetailed descriptionsef the figureskiguresda, lpandds gelate-to.a preferred
embodiment of a 10 set of capsules 1A, 1B, 10 according to the invention. The capsules preferably

comprise a bodl)®, afim B-anBSHPasser wAR FemBER féspRkiively2 pdR6mRabIE membRihe #: Thereby

the membranen4 apddbabeody 2 gacloserar enclosueasrespeastively: kigsedients ggmpariment 6, As
shown in the 15 figéures the membrane 4 is preferably connected onto an inner annular portion R of

the rim 3 tRat RS %?39%736em§er?’i td 8%ifn. ThESTiemBPHE & % Ednnedttedfolthe Fim 3%t e body

by a seal suchvasa Featwr uiirasonicweld fiférent during centrifugation of the

liquid in the capsule.

The method according to the invention enables to adjust the
10 beverage characteristics, in particular, the aroma
intensity and crema quality and quantity of a specific
beverage. Thereby, for example, the back-pressure for
ristretto and espresso type coffee beverages can be set
higher than for lungo-type or Americano-type beverages.
15 Furthermore, for lungo type coffee, a flow rate higher than
for ristretto and espresso type coffee beverages may also

be desired.

The setting of the Dback-pressure by adaptation of a
20 differentiated capsule's design of the system constitutes a
built-in solution by contrast to a solution where a spring
load of a dedicated enclosing member enclosing the capsule
in a device has to be externally manipulated for each
beverage preparation 1in which a beverage of different
25 nature 1is to be prepared. Hence, a more convenient and
reliable adjustment of the back-pressure during beverage

brewing is enabled.

In a further aspect, the present invention relates to the
30 use of a variation of the geometry of the valve portion of
a rim of a capsule in order to adapt at least one brewing

parameter of a beverage prepared in a centrifugal beverage



20 The rim is not necessarily horizontal as illustrated. It can be slightly bended in order to increase the
resistance of the seal to the increasing pressure pushing on the membrane with time, due to
degassing of the capsule 25 ingredient with time. The rim 3 of the capsules preferably extends
outwardly in a direction essentially perpendicular (as illustrated) or slightly inclined (if bended as
aforementioned) relative to 30 the axis of rotation Z ofthe capsule 1 (see figure 3). Thereby, the axis
of rotation Z represents the axis of rotation during centrifugation of the capsule in the brewing device.
27 It should b& GRBESEIOPthaf e sHowR EmMBEdifeAt i8 FIt BhExeRIpTRT EhBCAIMBRO&STE that the

capsule 1 in padisuladhe capsule bodyZaccordingdq the invention can take various different
embodiments. 5 The capsules 1A, 1B, 10 are preferably single-use capsules. However, it should be

noticed that the capsules can deliver more than one beverage at a time, for example, a volume of

coffee extract Buffigieraéydilinorisncys &ha sarewlithti@e. The body 2 of the respective capsule
has a single convex portion 5a, 5b, 5c of variable depth, respectively, dl, d2, d3. Thereby, the portion
5a, 5b, 5¢ ?nay as well be a 15 continuously truncated or a partially cylindrical portion. Hence, the
capsules 1A,1BukQ peeferally campsise ditferant yohunes hat acsaae tnserdion diameter ©5cbhe

invention will become apparent for a skilled person when
reading the following detailed description of embodiments
of the present invention, when taken in conjunction with

10 the figures of the enclosed drawings.

Fig. la - 1c are <cross sectional side views of
different embodiments of a capsule having
different sizes according to the invention

15 and a variation of height of their rim.

Fig. 2a and 2b are cross sectional side views of
further embodiments of a capsule of the
system having a rim portion of different

20 configuration.

Fig. 3 1s a schematic representation of the
centrifugal device into which is inserted a
capsule according to the invention, wherein

25 the Dback-pressure 1s exerted Dby spring

loading means.

Fig. 4 is a sectional side wview of the centrifugal
device into which is inserted a capsule
30 according to the invention, wherein the back-

pressure is exerted by magnetic means.



capsule of figure la shows a small volume capsule 1A 20 whereas the capsule of figure 1B and 10
show a larger volume capsule 1B respectively 10. The insertion diameter 'D' is hereby determined at
the line of intersection between the lower surface of the rim 3 and the upper portion of the body 2.
However, it could be another 25 referencing diameter of the capsule in the device. The body 2 of the
capsules is preferably rigid or semirigid. It can be forméd of a food grade plastic, e.g., polypropylene,
with a gas barrier layer such as EVOH and the like or aluminium alloy or a laminate of plastic and 30
aluminium alloy. TheflemBrané 4 zarvbeRRade of & fififetnateriaPsuchas dflastrHifralso

including a barrier layer or algminjum alley or ageomhbination.of plastic and,aluminigmeallgy: The
membrane 4 is usually of a thickness 28 between 10 and 250 microns, for example. The membrane is

perforated for creating the watePiietss withe’ desctbeddater §F e deSG ptioR: FRE M&ifbrane also

further comprises a perforablgpesipheratares 5drsteact ofitbemembraneshdbg capsuies1A, 1B, 10
may as well comprise a rigid or semi-rigid lid member which preferably has the form of a disk of plastic

comprising a central portion FARRY 4R infet pBR fGEedbtihg3AE 18Nnf6dd&ton of a water injection

member and/or a peripheral portion having circumferentially arranged outlet openings. The volume
difference bet\gg%n the small and.largie capgylg?%g is.obtained particularly by varying the depth (dlI,

d2,d3) of the bodyazlo e éeasb%ﬁféps i the 26t. T par fc%?arr?fehe depth of the body of the smaller

capsule 1A is lower than the depth of the body of the larger capsules 1B, 10. 20 Of course, an

equivalent (no%iillulsltl[gtsec.ji gnodrgﬁoaor%aig Cdiffreer?gtc\éolll%rges vvpoul b% }% (\j{arFymﬁg CBontlteor% sh%pe of the
capsule or other dimensiont of the capsule, e.g., Its diameter 25 The smalfVolurmie capsuPe 1
preferablyontains an anwemt bf extidctiohBngrédient; ecg.dgroundcoffee, smalter tham theTdmount

forme'mgeV%@BE%?%?%@%&%%%%E?”S%Hﬁﬁise a body 2, a rim 3 and an upper
wall member respectively a perforable membrane 4. Thereby
the membrane 4 and the Dbody 2 enclose an enclosure
respectively ingredients compartment 6. As shown in the
15 figures, the membrane 4 is preferably connected onto an
inner annular portion R of the rim 3 that is preferably
between 1 to 5 mm. The membrane 4 is connected to the rim 3
of the body by a seal such as a heat or ultrasonic weld
line.
20
The rim 1is not necessarily horizontal as illustrated. It
can be slightly bended in order to increase the resistance
of the seal to the increasing pressure pushing on the
membrane with time, due to degassing of the capsule

25 ingredient with time.

The rim 3 of the capsules preferably extends outwardly in a
direction essentially perpendicular (as illustrated) or
slightly inclined (if bended as aforementioned) relative to
30 the axis of rotation Z of the capsule 1 (see figure 3).
Thereby, the axis of rotation Z represents the axis of
rotation during centrifugation of the capsule 1in the

brewing device.



small capsule 1A is intended for delivery of a short coffee of between 10 mL and 60 mL with an
amount of ground coffee 30 comprised between 4 and 8 grams. The larger capsules 1B is intended for
delivery of a medium-size coffee, e.g., between 60 and 120 mL and the largest capsule is intended for
delivery of a long-size coffee, e.g., between 120 and 29 500 mL. Furthermore, the medium-size coffee
capsule 1B can contain an amount of ground coffee cémprised between 6 and 15 grams and the
long-size coffee capsule 10 can contain an amount of ground coffee between 8 and 30 grams. 5 In

addition, the capsutéSinltfe 38t ateofding ¥ theihdentibh tnay COftaif Bt ACBIENdsSof 194t and

ground coffee g, coffsespfdifferenteariging aad/or having different reasting apdior geinding i n
characteristics. 10 As indicated in figures la to Ic, the geometry of the rim 3 m% be adapted to

comprise, for EHMPIEYa3EshaPBd GrRRS SettioRdaNing af SRt dUtefr BrotriSion B¥6me?ih a

direction perpendicyakto & plans.is whieh dhe menbiang 4015 issarranged. Thereby, the thickness hl,
h2, h3 of the rim 3 is preferably adapted to the amount and/or characteristics of the beverage

substance-contained by the shown capsules 1A, 1B, 10 in order to enable an adjustment of the
back-pressuremexeriegonio die capsuleywheo being enclasadiby a 29idedieated enclosing member 15
of a beverage production device. Ine;E rticular, for capsules contginincg a small amounté)f Peverage

g o d e Ca e

substance - e g EaPsUI 1A% it drderto preparet ¢ that © pstses can Tver
more than one beverage at a time, for example, a volume of

coffee extract sufficient for filling two cups at a same

10 time.

The body 2 of the respective capsule has a single convex
portion 5a, b5b, 5c of wvariable depth, respectively, dl, d2,
d3. Thereby, the portion 5a, 5b, 5c may as well be a

15 continuously truncated or a partially cylindrical portion.

Hence, the capsules 14, 1B, 1C preferably comprise
different volumes but a same insertion diameter ’'D'. The
capsule of figure 1la shows a small volume capsule 1A
20 whereas the capsule of figure 1B and 1C show a larger
volume capsule 1B respectively 1C. The insertion diameter
"D’ 1s hereby determined at the 1line of intersection
between the lower surface of the rim 3 and the wupper
portion of the body 2. However, 1t «could be another
25 referencing diameter of the capsule in the device.
The body 2 of the capsules is preferably rigid or semi-
rigid. It can be formed of a food grade plastic, e.g.,
polypropylene, with a gas barrier layer such as EVOH and
the like or aluminium alloy or a laminate of plastic and
30 aluminium alloy. The membrane 4 can be made of a thinner
material such as a plastic film also including a barrier
layer or aluminium alloy or a combination of plastic and

aluminium alloy. The membrane 4 is usually of a thickness



25 e.g. aristretto or espresso coffee beverage, a slow extraction might be desired for providing the
coffee with a high intensity (i.e., a large amount of total coffee solids transferred in the coffee extract)
and a thick crema. These characteristics can be compared to a faster extraction 30 which might be
desired for the beverage coming out of capsules 1B or 10 containing a larger amount of coffee
powder. Therefore, for a given rotational speed during the beverage extraction, the back-pressure of a
capsule 1A of a 30 smaller volume containing a smaller amount of substance is to be adapted to be
higher than th& BaERSesstife 818rgéP EapBlife P8 or 16 86nt&MHE a RiighdPamERTIf Stibstarice.

Accordingly, the indicated thickness hiefthe valve 5 partion 8rafithe tip for capsule JAjis chegen to be
higher than the indicated thickness h2 respectively h3 for capsules 1B respectively 10. Hence, the

thickness h of 7€ féspettive tapSdles 1A, 18290 i§adaptedtbincreasBas AfIMHBR Df tRe-vGlume of
capsules and/erthenamount@flidsbeveragesustancecoptaings withintheregpective capsules. For

example, fg)r smaller-size capsules as indicated by figure la, the thickness hl is preferably chosen to be
Instead of the membrane 4, the capsules 1A, 1B, 1C may as
well comprise a rigid or semi-rigid 1lid member which
preferably has the form of a disk of plastic comprising a
central portion having an inlet port for enabling the
10 introduction of a water injection member and/or a
peripheral portion having circumferentially arranged outlet

openings.

The volume difference between the small and large capsules
15 1is obtained particularly by wvarying the depth (dl, d2,d3)
of the body 2 of the capsules in the set. In particular,
the depth of the body of the smaller capsule 1A is lower
than the depth of the body of the larger capsules 1B, 1C.

20 Of course, an equivalent (not illustrated) mode to obtain
different volumes would be to wvary the bottom shape of the
capsule or other dimensions of the capsule, e.g., 1its

diameter.

25 The small volume capsule 1A preferably contains an amount
of extraction ingredient, e.g., ground coffee, smaller than
the amount for the large volume capsules 1B,1C. Hence, the
small capsule 1A is intended for delivery of a short coffee
of between 10 mL and 60 mL with an amount of ground coffee

30 comprised between 4 and 8 grams. The larger capsules 1B is
intended for delivery of a medium-size coffee, e.g.,
between 60 and 120 mL and the largest capsule 1is intended

for delivery of a long-size coffee, e.g., between 120 and



15 between 1.0 and 2.5 mm. For bigger-size capsules as indicated by figures Ib and Ic, thickness h2
respectively h3 is preferably chosen to be between respectively 0.8 and 1.8 mm and between 0.5 and
1.5. Of course such values can differ greatly depending on the configuration of the valve 20 means, in
particular, on the device side. However, as will be later explained with reference to figure 4 below, it is
to be noted that the thickness may as well decrease a&”a function of the volume of beverage 25
substance contained within the capsule, dependent on the force loading means exerting a predefined

force on the rim°3 ré&pectiiel - tHRIBIOEEsion BofisE tHpsIHe 2SwWheH fHecaplrRtis@ncsédih a

beverage produgtien devise (clnfigwres 3rangh4). 39 Fustheroree itis-toshe neted,fhatforce-generating
means are provided in the device can be made non-adjustable in order to not change the applied force

onto an enclosing 31 HemBBFexdtting AHCKIFBsSIHEGifto HRPAMLST the caPSuUIE ORES tHe B8psule is
engaged in the device. Aecerdinghy ar-adaptation etthe applied backgaressure is preferably solely
done by means of the variation of the geometry of 5 the rim of the capsule. As shown in figures la to Ic,
the width b of protrusion 8 delimits radially the valve portion of the rim. It is preferably of equal value

for the differentrembadimentspf the capsules in the set according to the
invention may contain different blends of roast and ground
coffee or coffees of different origins and/or having
different roasting and/or grinding characteristics.
10
As indicated in figures la to 1lc, the geometry of the rim 3
may be adapted to comprise, for example, a L-shaped cross
section having an annular outer protrusion 8 formed in a
direction perpendicular to a plane in which the membrane 4
15 1is arranged. Thereby, the thickness hl, h2, h3 of the rim 3
is preferably adapted to the amount and/or characteristics
of the beverage substance contained by the shown capsules
1A, 1B, 1C in order to enable an adjustment of the back-
pressure exerted onto the capsule when being enclosed by a
20 dedicated enclosing member 15 of a beverage production

device.

In particular, for capsules containing a small amount of
beverage substance - e.g. capsule 1A - in order to prepare
25 e.g. a ristretto or espresso coffee beverage, a slow
extraction might be desired for providing the coffee with a
high intensity (i.e., a large amount of total coffee solids
transferred in the coffee extract) and a thick crema. These
characteristics can Dbe compared to a faster extraction
30 which might be desired for the beverage coming out of
capsules 1B or 1C containing a larger amount of coffee
powder. Therefore, for a given rotational speed during the

beverage extraction, the back-pressure of a capsule 1A of a



10 the capsules 1A, 1B, 10 of the set. It is to be understood that the thickness (hl, h2, h3) of the rim 3
respectively the annular protrusion 8 of a specific capsule may not only be adapted with regard to the
15 volume, but also with regard to the nature of the beverage substance (e.g., amount, density,
composition, etc.) contained within the capsule such that the back-pressure resulting when the rim 3 of
the capsule is engaged with a portion of valve of the d&8tlicated device, is adjusted to a 20 desired

value. Figures 2a and 2b relate to further preferred embodiments of the capsules according to the
present inventfte ThefebyP theshovii émbbditAerts 6fthe @bsas U af 1652555 rafetably S

comprise the same diamelerRasicapsules 14ndB, 18.As shewmifigire Za, the eapsule-3Rqis of
frusto-conical form comprising a b(d)-.(‘j'ay 2 having a preferably constant wall 30 thickness t. Thereby, the

rim 3 of the cap&BRYs forifed Sitedral With tie-Body? 2. AsTindiiated I figurd, ri359F2RE Rapsule
is preferably ofiessantially reGtangular cross segtien; of thickaess handwidthyb. Therebyv32ve

5 portion 8 of the rim for capsule 1A is chosen to be higher
than the indicated thickness h2 respectively h3 for
capsules 1B respectively 1C. Hence, the thickness h of the
respective capsules 1A, 1B, 1C is adapted to increase as a
function of the volume of capsules and/or the amount of

10 beverage substance contained within the respective

capsules.

For example, for smaller-size capsules as indicated by
figure 1la, the thickness hl 1is preferably chosen to be
15 between 1.0 and 2.5 mm. For Dbigger-size capsules as
indicated by figures 1b and 1lc, thickness h2 respectively
h3 is preferably chosen to be between respectively 0.8 and
1.8 mm and between 0.5 and 1.5. Of course such values can
differ greatly depending on the configuration of the wvalve

20 means, in particular, on the device side.

However, as will be later explained with reference to
figure 4 below, it is to be noted that the thickness may as
well decrease as a function of the wvolume of beverage
25 substance contained within the capsule, dependent on the
force loading means exerting a predefined force on the rim
3 respectively the protrusion 8 of the capsule 1 when the
capsule 1is enclosed in a beverage production device (cf.
figures 3 and 4).
30
Furthermore, it is to be noted that force generating means
are provided in the device can be made non-adjustable in

order to not change the applied force onto an enclosing



thickness h and/or width b are preferably adapted to the type of capsule. Thickness h may be different
of the preferably constant wall thickness t of the capsule. 5 In the shown embodiment, the membrane
4 is sealed to an annular portion R on the upper surface of rim 3 of the capsule. However, the
membrane 4 may as well be sealed to the complete upper surface of rim 3 such that portion R equals
width b. 10 Figure 2b shows a further capsule 1E of a¥set of capsules according to the present
invention. In this embodiment the geometry of the rim 3 is adapted to have a central essentially

embossed profieRIAS Brotruiding aboverthe 15 sealihgpland of thecupper wall 4°61¢ tHeeRRt irethe

context of the yeatiomdhe thiekness 18" @h gatie ch2'n"h3heetad isi easuredfrom the lpwes surface
of the rim 3 to the highest point of the rim, i.e., when an 20 extension is provided from the highest point

of the extensiG8RF fim- S Thé thicknBSs iLamAS the EHetTive TRstarice whith i®4845tea10 Adjust
the back-pressiediuying e baverage2iextractioneprocessby insersion ehthe gapsule iy therdevice
as will be further explained. As illustrated with regard to figures la to Ic and 2a and 2b, the capsule rim
portion 3 may t&ke varibus'gdHietritBE30 Gesigns in order to influence and adapt at least one brewing
parameter during the beverage extraction process.

As shown in figures la to 1lc, the width b of protrusion 8
delimits radially the wvalve portion of the rim. It is
preferably of equal value for the different embodiments of

10 the capsules 1A, 1B, 1C of the set.

It is to be understood that the thickness (hl, h2, h3) of
the rim 3 respectively the annular protrusion 8 of a
specific capsule may not only be adapted with regard to the
15 wvolume, but also with regard to the nature of the beverage
substance (e.qg., amount, density, composition, etc.)
contained within the capsule such that the back-pressure
resulting when the rim 3 of the capsule is engaged with a
portion of valve of the dedicated device, is adjusted to a

20 desired wvalue.

Figures 2a and 2b relate to further preferred embodiments
of the capsules according to the ©present invention.
Thereby, the shown embodiments of the capsules 1D and 1E
25 preferably comprise the same diameter D as capsules 1A, 1B,

1C.

As shown in figure 2a, the capsule 1D is of frusto-conical
form comprising a body 2 having a preferably constant wall
30 thickness t. Thereby, the rim 3 of the capsule is formed
integral with the body 2. As indicated in the figure, rim 3
of the capsule is preferably of essentially rectangular

cross section of thickness h and width b. Thereby,



33 Figure 3 shows a sectional side view of a device according to the system of the invention in a
closed state thereof. Thereby, the device comprises a rotating capsule holder 10, a driving means 27,
and a collector 11 onto which the 5 centrifuged liquid impacts and drained through a beverage outlet
12. The driving means 27 can be a rotary motor which is linked to the capsule holder 10 at the bottom
side (as illustrated) or top side (not illustrated). 10 Furéifermore, the device comprises water injection
means 18 having an injection member 13 being arranged to pierce the membrane 4 of the capsule 1 in
a central portiéi tHEf86E Thé inietidR nedhs 18 pheferaBly RIVIEHAPrse R8emi<6f otflet iefforators

24 as described indV020084148604. 15 Agcerdingly, outlets, are praducedripanannulaiportion of the
membrane 4 which enable an extracted beverage to leave the capsule 1 during the rotational

movement thePé6t- §haiiEctio means 18%dre ddhhetRePd liguitf cikdifit £2BSMpfising a liquid supply
21, a pump 20 and heating means 20 19 for providing a predefined volume of heated pressurized
liquid to the capsule 1 during the beverage extraction process. The device further comprises a valve

portion 15 WwhicH is Z5°arihgBa cif@iRfEretaty to-the WatEFRR Eon units 3Rd WhichRasd lower

annular pressiagrsurface toa:tihenvalve poartiend5 apgdie injeetiorgnitk8 arepreferajdy ropvable
with respect to the capsule holder 10 in 30 order to enable an insertion anlfaej ction of ngdca}ﬁgule 1to
S. 3

and from the CapRils foldér T BErbre respedtivERF AEr the BEverdde &Xtractisiv proce
Moreover, the twaterdnjeptien means a3, the valvesporion thand thewapsule holdewold arenroratable
about axis Z. Q&% \a/&l\s/e ‘P%t{%n %5 is also made moveable independently
10
Figure 2b shows a further capsule 1E of a set of capsules
according to the present invention. In this embodiment the
geometry of the rim 3 1is adapted to have a central

essentially embossed protrusion 8 protruding above the

15 sealing plane of the upper wall 4 on the rim.

In the context of the invention, the thickness "h" (or
"h1l", "h2", "h3", etc.) is measured from the lower surface
of the rim 3 to the highest point of the rim, i.e., when an

20 extension is provided from the highest point of the

extension 8 of rim 3.

The thickness is anyway the effective distance which is
adapted to adjust the back-pressure during the beverage
25 extraction process Dby insertion of the capsule 1in the

device as will be further explained.

As illustrated with regard to figures la to 1c and 2a and
2b, the capsule rim portion 3 may take various geometrical
30 designs in order to influence and adapt at least one

brewing parameter during the beverage extraction process.



5 from the injection unit 18 to take into account the different possible thicknesses of the capsules
without affecting the relative position of the injection portion when engaged against the capsule. For
this, portion 15 can be slidably mounted about injection unit 18. 10 In open configuration of the valve, a
relatively small flow restriction is created, between the surface 15a and the valve portion 8 of the rim,
that enables to force the flow of centrifuged liquid into%narrow jet of liquid projected 15 onto the
impact surface 11 of the device. The restriction forms an annular opening of surface area preferably
comprised bethWeEATED and 10'F min 2 The Rk ifake 26 of thelowtredtriddh €8n 4R dEPeHding on

the set backpregsurg yalyedn the valvecrby the capsulesandithe fotational speed, 2@ ot thecapsule
wherein in general the higher the speed, the larger the surface area. The capsule holder 10 has an

inner circumferéiitia? Slrfadd 20! that 6L AR eferéitciny didhftérSustariiay egaarss o diameter

'D' of the capsule d:spastp ensuresa tight fit gf the gapsulelia the eapsule Belder Ipnwithout-pessible
radial play, The capsule holder 10 is preferably hollow or deep enough 30 at its centre to be able to

accommodate SP¢pSUIELSt tHeh S5t Accdtmgly® a tue capBaf hbife? Euffidht 15 Fetdive all
the capsules 1A 1B;t10,12D, 1E ohthe set.Thegshewarcellector ddderminates by ashevergesutiet 12

35 such as fored g atlegst e, 9en ! difgcied 1 918 aLmoff cups g olest s presarse
(as illustrated) or top side (not illustrated).

10 Furthermore, the device comprises water injection means 18
having an injection member 13 being arranged to pierce the
membrane 4 of the capsule 1 in a central portion thereof.
The injection means 18 preferably also comprise a series of
outlet perforators 24 as described 1in W02008/148604.

15 Accordingly, outlets are produced in an annular portion of
the membrane 4 which enable an extracted beverage to leave
the capsule 1 during the rotational movement thereof. The
injection means 18 are connected to ligquid circuit 22
comprising a liquid supply 21, a pump 20 and heating means

20 19 for providing a predefined volume of heated pressurized
liguid to the <capsule 1 during the beverage extraction

process.

The device further comprises a valve portion 15 which is
25 arranged circumferentially to the water injection unit 18

and which has a lower annular pressing surface 15a.

The wvalve portion 15 and the injection wunit 18 are
preferably movable with respect to the capsule holder 10 in
30 order to enable an insertion and ejection of the capsule 1
to and from the capsule holder 10 before respectively after

the beverage extraction process.



It should be noted that the capsule holder can take various 5 shapes and may also be formed of a
simple annular hollow ring. Of course, the capsule holder may be replaceable by a different capsule
holder such as to better adjust to the different sizes or shapes of capsules or to adjust to a wider range
of size and/or shapes. 10 The capsule 1 also lies solidly on its rim 3 onto an upper flange 10a of the
capsule holder 10 without the body 2 substantially defofming radially. In this configuration, the water
injection unit 18 and the valve portion 15 are 15 engaged against the membrane 4 and rim,

respectively. THI§RTEH therBBy foRhsa vilEe23 byen§&gerient of thehrmivedorfiorP 25 bi fe

device and valve pottion 80f the sapsule 2@ dhe valve 23 isdesignad toglose undesthe force of a
resilient closure load obtained by a load generating system 16, 17 comprising a preferably

spring-biasing element 16. The spring-biasing element 16 applies a predefined resilient load onto the
enclosing member 152 The logd:25i primardy distributes itseiflongdhe sisessingsiufacedtsa ofthe
valve portion 15 acting in closure against the annular surface of the valve portion of rim 3. Such
surface may also™Be a Sifiple aniifar &htadfline. Therefbfe, thé Saive 38 Romislfytbdes ot the flow
path for the 3Gicatefuged liquidwntd lsesuffitieakpeassyee isexertegeon thepypsteeam aiea ofithe valve
by the centrifuf%? Iigr]ui,d exitig%%hrouq? tth,e orifices crteated bg/fthet erforating elements 24. |t should
be noted that the Valve BPthe 36 deVice caf bededignedas A single rubBei=alasi& mBmbet Which
combines the spring-biagmngdanctipn ard theheressipg stacerdbra. thshguldbbe hoted that asmall
liquid Ieakageghrogghég%ﬁalvg me%ré%Zg rré%;éb% re%ui eidowaltnq% S Vé—:'nt 5 the gas or air contained
in the capsule deuring]t efl i¥|g ot the capSlkﬂe with ﬁlq—Jwg%not shown). '}hié leakage may be obtained by
small radidl grooves or orifices provided in any of the valve portions (portion 15 of the device and/or

rim 3 of the capsule), The leakage mavialso pe qhfained by 10 smallempossments,an the mebrane
4 to create a leak. The small embossments could be on the surface o the va veyportlon 15. The liquid
flows thus betweef the miembrarie 4carktiedvalveiortiem 15taed forcesakhe valver23a0dbpar by

pushing the whgle.enclosing membey, 15 upwards,againstithe 15 ferce of the-spring-higsing element
16. The centrifuged liquid can thus transverse the restriction created between the surface 15a of the
portion 15 and;the Gfpper shraes ok e ofithenira eorprstrading Portioh 18.arhedliquie isthtis @jected

at a high yglocity.against the.colleetor 11 as 20 indicated by arrgw.A in.Fig.3 or another vertically
oriented annular wall of the device placed between the collector and the valve 23 (not shown).
Thereby, extractibfof thitlbeverage-ait of e Bapsule ¢§s surface area preferably

comprised between 1.0 and 10.0 mm?. The surface area of the
flow restriction can vary depending on the set backpressure
value in the wvalve by the capsule and the rotational speed
20 of the capsule wherein in general the higher the speed, the

larger the surface area.

The capsule holder 10 has an inner circumferential surface
10b that forms a referencing diameter substantially equal

25 to diameter ‘D’ of the capsule 1 so as to ensure a tight
fit of the capsule 1in the capsule holder 10 without
possible radial play.

The capsule holder 10 1is preferably hollow or deep enough
30 at its centre to be able to accommodate all capsules of the
set. Accordingly, a unique capsule holder is sufficient to
receive all the capsules 1A, 1B, 1C, 1D, 1E of the set.

The shown collector 11 terminates by a beverage outlet 12



25 obtained by driving the injection unit 18, the valve portion 15 and the capsule holder 10 together
with the capsule, in rotation (Y) about axis Z, at an extraction speed, e.g., between 500 and 16500
rpm. The rotation is driven by a rotational motor 28 connected to at least the 30 capsule holder 10 or
injection unit 18. Hence, during operation of the capsule 1 placed into the system according to the
invention, the capsule 1 is rotated about its axis Z. Théreby, liquid which is centrally injected into the
37 capsule 1 would tend to be guided along the inner surface of the side wall of the body 2, up to the
inner side of tf!ffendrahe nafd WertthrédGgtF thep&fsiafid Shitlet fikémRy 6FEniRGs ersatésin the
membrane 4 hythe S-perforating members:24 Rueinthecentrifugatian of the liquid in the capsule 1,
the liquid and the ingredients or substance provided within the capsule are made to interact in order to
form a liquid comestible (e.g., liquid extract). 10 It is to be understood that the force acting on the rim 3
of the capsulekby prassingosuraseskbarean-be ndjustaskhy thengeometry-ghthegim 3istchasse.g. the
thickness h of the rim 3. Hence, in particular the exerted back-pressure 15 acting on the rim_3 can be
adjusted by addtRGIhETHickRass i offhe Pim 3 R Pfedeftled ValtitBRl&re S FRe by FE highar
back-pressurercatghe obtained-by a langer thigkness m singerthisdgadstora pighes sompressien of the
spring biasing element 16 which then exerts a higher 20 force onto the pressing.surface 15a.
Correspondingly, ?oWélrtvafﬁ%%P?h?ck)%gésdﬁlfea?ig? a fower Comipression %?9 (% Spring biafhg
element 16 andithtisrterecrelative sower fostenaeting oh the prassitg surfaceclSagdsaadower a
back-pressure, Henge, the hickness his preforably designed to

10
The capsule 1 also lies solidly on its rim 3 onto an upper
flange 10a of the capsule holder 10 without the body 2
substantially deforming radially. In this configuration,
the water injection unit 18 and the wvalve portion 15 are
15 engaged against the membrane 4 and rim, respectively. The

system thereby forms a valve 23 by engagement of the wvalve
portion 15 of the device and wvalve portion 8 of the

capsule.

20 The valve 23 1s designed to close under the force of a
resilient closure load obtained by a load generating system
16, 17 comprising a preferably spring-biasing element 16.
The spring-biasing element 16 applies a predefined
resilient load onto the enclosing member 15. The load
25 primarily distributes itself along the pressing surface 15a
of the wvalve portion 15 acting in closure against the
annular surface of the valve portion of rim 3. Such surface
may also be a simple annular contact line. Therefore, the
valve 23 normally closes off the flow path for the
30 centrifuged ligquid until a sufficient pressure is exerted
on the upstream area of the valve by the centrifuged liquid
exiting through the orifices created by the perforating

elements 24. It should be noted that the wvalve of the



25 increase for obtaining a resulting higher back-pressure. Accordingly, in a simple mode of the
invention, due to a particular adjustment of the back-pressure, as described, the resulting flow rate is
set e.g. dependent on the type 30 of capsules (e.g., 1A, 1B or 10) inserted in the device. 38 enclosing
member 15 enclosing the capsule 1 in a device does not have to be externally manipulated for each
beverage preparation procedure in which a beverage f different nature is to be prepared. Instead, the
spring 5 load is preferably held at a constant predefined value in order to enable an accurate
adjustment of 7 b&ck-presSsuRebyReaAs 8fthé Varfatién BF e gebhRstr Gr4AE tht 3 BEHedapsule.

Hence, a morg;gepvenientiancreliable adiustmentottheRackiresswe onteithencapsulesl dygng 10

beverage brewing in a system according to the present invention is enabled. In a more sophisticated

mode of the inVBAiGIT &he capsdi& 15hay =S sl iREILae ideitifyifg Afahs th cantrdl Brewiig €5

parameters angi@iointaractithythe-heveeagesproduction devicee dherehy, theddentifying means

preferably enable to provide information about the type of capsule engaged in the 20 beverage

productior’deviBé. Adrding!d, BrewHyparartbters thd GolameSadorhe rotatibhal st Et Wvhich

the beverage isfpreparedapay be autamatically iagjusted by therdevicewiependenizorethesprovided

information of the capsuC!Le. Customiﬁrtion options may also beoprovided to the 25 user fordgn?gling the
X

modification by & US& of &rtaif extraction paranTetersiithin Give fangess InREprététrs

embodiment, thepostiontofevalvel oferinp3rafions (portion 15 of the device and/or
rim 3 of the capsule). The leakage may also be obtained by

10 small embossments on the membrane 4 to create a leak. The
small embossments could be on the surface of the wvalve
portion 15. The 1liquid flows thus between the membrane 4
and the wvalve portion 15 and forces the wvalve 23 to open by
pushing the whole enclosing member 15 upwards against the

15 force of the spring-biasing element 16. The centrifuged
liquid can thus transverse the restriction created between
the surface 15a of the portion 15 and the upper surface or
line of the rim 3 or protruding portion 18. The liquid is
thus ejected at a high velocity against the collector 11 as

20 indicated by arrow A in Fig. 3 or another vertically
oriented annular wall of the device placed between the

collector and the wvalve 23 (not shown).

Thereby, extraction of the beverage out of the capsule 1 is
25 obtained by driving the injection wunit 18, the valve
portion 15 and the capsule holder 10 together with the
capsule, 1in rotation (Y) about axis 72, at an extraction
speed, e.g., between 500 and 16500 rpm. The rotation is
driven by a rotational motor 28 connected to at least the
30 capsule holder 10 or injection wunit 18. Hence, during
operation of the capsule 1 placed into the system according
to the invention, the capsule 1 is rotated about its axis

Z. Thereby, liquid which 1s centrally injected into the



the capsule 1 may be designed to form an identifying means 30 that provides a discriminable
information to the device as a function of its geometry, e.g., its particular thickness. Thereby, the
device preferably comprises sensing means 26 39 designed to interact with the identifying means of
the capsule. As illustrated in Fig. 3, the sensing means 26 of the device can be a pressure sensor
connected to the load 5 generating means 16, 17 of tke device. The sensing means 26 are preferably

connected to a control means 25 of the device in order to provide information related to the present
back-pressurecadting chtd theGimh 3 of thelergaged capsuied.e2 sredsureor foteé valiB L fR&@by, the

10 control means 25 arespreferablyi connectad toatjeast the dive meansdie thespump20 and the
heating means 19. Thus, the brewing parameters such as the rotational speed of the motor 27, the

temperature, & résstite aftd/or HEYVoluhiEdf thé igGidBrovidéFto thE EAPS@E Hiring tHe Béverage
15 production pracessimay bepgijusted deperdarton the previded infensiation of she sensing aneans
26. In particular, the thickness h of the rim 3 is designed to vary the resulting back-pressure of valve

23 in orderto REAHthe breWing paPShEters of tHe FarticUlat Bever&ge to-20 $o'préParéd. the

Furthermore, inifgnctionief the sersaskinformation by thei pressurensenshes 26, dhe tatatieral speed is
adjusted at the desired value that ,cgrréfs onc@to atfgesired rovxi rate. As are ulttdifferent s%eeds or
speed ranges ¢AR be SKiectEd 38 HiiTctiol of tHe' sénted T8 iRtbrmation b e sensing means 26.
Selection of therspeedds: provided i thencondrol Uni2bdavhichvoenttdld ireretura .the rotatyi motar 26
and if necessary thre fclg rate of the pump 20 to ensure sufficient supply of liquid in the capsule as a
function of the setfeéate speed. 30 In a different mode (not illustrated), the pressure sensing means
can be reflaced by one or more distance sensors. For example, the thickness h of the rim can be

SenseddHECﬂ¥t is to be understood that the force acting on the rim 3
of the capsule 1 by pressing surface 15a can be adjusted by
the geometry of the rim 3 such as e.g. the thickness h of
the rim 3. Hence, 1in particular the exerted back-pressure

15 acting on the rim 3 can be adjusted by adapting the
thickness h of the rim 3 to predefined wvalues thereof.
Thereby, a higher back-pressure can be obtained by a larger
thickness h, since this leads to a higher compression of
the spring biasing element 16 which then exerts a higher

20 force onto the pressing surface 15a. Correspondingly, a
lower value for thickness h leads to a lower compression of
the spring biasing element 16 and thus, to a relative lower
force acting on the pressing surface 15a, so a lower back-
pressure. Hence, the thickness h is preferably designed to

25 increase for obtaining a resulting higher back-pressure.

Accordingly, in a simple mode of the invention, due to a
particular adjustment of the back-pressure, as described,
the resulting flow rate is set e.g. dependent on the type

30 of capsules (e.g., 1A, 1B or 1C) inserted in the device.

Thereby, the present invention constitutes a Dbuilt-in

solution according to which the spring 1load of the



40 or indirectly. For example, the length variation of the load generating means 16, 17 (e.g. spring
length) can be sensed by distance sensor and provided as information to the control unit 25 for
adjusting the brewing parameters, 5 e.g., the rotation speed and/or volume of injected liquid. The flow
control principle of the invention is illustrated in Fig. 5. The graphic illustrates the evolution of the
beverage flow rate, e.g., coffee flow rate, (in mL/sec) 4§ 10 a function of the rotation speed of the
motor (in rpm) for two different capsules (i.e. backforces). The backforce is here the force exerted by
the annular pré&sing StifdceTESH e toth€ LepPéssion dtthecsiritigiBading thenfoe 88 b the

device, onto the,eapsulgs rimeentactsurfage of d3portien 8. congsidering thatdhe pressing-surface in
contact with the contact surface of portion 8 represents about 186 MM2. The lower curve represents a

capsule setting 3 5AckES ce F 240 Newton (oPAtRRPressutd'of ¥29Mpadr Peverage of

different nature is to be prepared. Instead, the spring
5 load is preferably held at a constant predefined value in
order to enable an accurate adjustment of the back-pressure
by means of the variation of the geometry of the rim 3 of
the capsule. Hence, a more convenient and reliable
adjustment of the back-pressure onto the capsule 1 during
10 beverage brewing 1in a system according to the present

invention is enabled.

In a more sophisticated mode of the invention, the capsule
1 may as well include identifying means to control brewing
15 parameters and/or interact with the beverage production

device.

Thereby, the identifying means preferably enable to provide
information about the type of capsule engaged 1in the
20 beverage production device. Accordingly, brewing parameters
the wvolume and/or the rotational speed at which the
beverage 1is prepared may be automatically adjusted by the
device dependent on the provided information of the
capsule. Customization options may also be provided to the
25 wuser for enabling the modification by the user of certain

extraction parameters within given ranges.

In a preferred embodiment, the portion of valve of rim 3 of
the capsule 1 may be designed to form an identifying means
30 that provides a discriminable information to the device as
a function of its geometry, e.g., its particular thickness.

Thereby, the device preferably comprises sensing means 26



12.9 bar). The upper curve represents another capsule with 20 a smaller thickness of its portion 8
setting consequently a lower backforce of only 150 Newton (or a backpressure of 0.819 Mpa or 8.19
bar). It is apparent that the flow rate can be set within a large range, e.g., 0.5 to 3.5 mL/sec for both
capsules while maintaining a relatively narrow 25 range of rotational speed, i.e., 9000 to 12000 rpm. If
only a single capsule would be utilized providing a singfe backforce of 150 Newton, the same flow
range would be covered only with a much larger range of speeds, i.e., between 9000 and more than
16500 rpm. ThErefste e 3@ invehtivArovidestargertpporitffitestoritaforifg beveraje the
characteristics-withh @imauch larger range of flow rate. In particular, one advantage can also be to

reduce 41 , . _ _
As illustrated in Fig. 3, the sensing means 26 of the

device can be a pressure sensor connected to the load
5 generating means 16, 17 of the device. The sensing means 26
are preferably connected to a control means 25 of the
device 1n order to provide information related to the
present back-pressure acting onto the rim 3 of the engaged
capsule, i.e., ©pressure or force wvalue. Thereby, the
10 control means 25 are preferably connected to at least the
drive means 27, the pump 20 and the heating means 19. Thus,
the brewing parameters such as the rotational speed of the
motor 27, the temperature, the pressure and/or the volume
of the liquid provided to the capsule during the beverage
15 production process may be adjusted dependent on the
provided information of the sensing means 26. In
particular, the thickness h of the rim 3 1is designed to
vary the resulting back-pressure of wvalve 23 in order to
adapt the brewing parameters of the particular beverage to
20 be prepared. Furthermore, 1in function of the sensed
information by the pressure sensors 26, the rotational
speed is adjusted at the desired wvalue that corresponds to
a desired flow rate. As a result, different speeds or speed
ranges can be selected as function of the sensed
25 information by the sensing means 26. Selection of the speed
is provided in the control unit 25 which controls in return
the rotary motor 26 and if necessary the flow rate of the
pump 20 to ensure sufficient supply of 1ligquid in the
capsule as a function of the selected speed.
30
In a different mode (not illustrated), the pressure sensing
means can be replaced by one or more distance sensors. For

example, the thickness h of the rim can be sensed directly



the useful speed range while maintaining the opportunity to deliver beverages within a larger range of
flow rate. Figure 4 relates to another preferred embodiment of a 5 device according to the present
invention showing a sectional side view of the valve means 23 constituted by the rim portion 3
enclosed by the capsule holder 10 and the valve portion 15 of the device. Thereby however, the
obtained back-pressure is obtained due to load generafing 10 means 16 which in this embodiment
comprise two magnets M arranged in the valve portion 15 and the capsule holder 10 respectively.
Thereby, the RagnéfIMERaY bé cirdiffiferehtBR&rangB8 adGit s Z76Fthe evite Ree fifitre 3) in

order to enable gunifgem dorge distributionsl5hetween the egclosipg member 1orand the capsule
holder 10 enclosing the rim 3 of the capsule. By contrast to the shown embodiment according to figure

3, it is to be notBE T4 tHeYre SIFHG BECK-pYRRSGre 28T crRAsES ficandricrédshing Bidkres hdf the
rim 3, since theraitracting ferceshetween thestwopppesedipagnets Mdegieasedbiherdistaneg
between the magnets is increased. This has to be considered for the design of the height h of the rim.

Hence, in Suck aR embdFinent thé Heigi RS B GdGEaded HGrdRf to- BBt & highertéSulting

back-pressure acting between the enclosing member 15 and the capsule holder 10 respectively the
rim 3 of the ca ﬁ,ule . In other ﬁgs ible mode of the iégvet tion (non iIIlthtrated), 30 tl?ae vglve as
obtained by the tooperafiort OF tHe caplitds it Gevide calbe Feptaced by & valve A Partofthe
capsule only. hrthig tgse, the vahe isygeametricallyldesigrecdcetor atHeasttved typesrof ecapstiles,
preferably 42 %%c\:fhe'&)/%%o ;Bsul%% gfe the set, to p(r;%\g(%ee Q'ffﬁ%fe} bgglé%r,ess(ulrgs rfn% }rsuea é:)engguged

f
liquid. Inanotherposs mog egfthelnvehtigrf(%()h

10 a function of the rotation speed of the motor (in rpm) for
two different capsules (i.e. backforces). The backforce is
here the force exerted by the annular pressing surface 15a,
due to the compression of the spring loading member 16 of
the device, onto the capsule's rim contact surface of

15 portion 8 considering that the pressing surface in contact
with the contact surface of portion 8 represents about 186
mm’. The lower curve represents a capsule setting a
backforce of 240 Newton (or a backpressure of 1.29 Mpa or
12.9 bar). The upper curve represents another capsule with

20 a smaller thickness of its portion 8 setting consequently a
lower backforce of only 150 Newton (or a backpressure of
0.819 Mpa or 8.19 bar). It is apparent that the flow rate
can be set within a large range, e.g., 0.5 to 3.5 mL/sec
for both capsules while maintaining a relatively narrow

25 range of rotational speed, i.e., 9000 to 12000 rpm. If only
a single capsule would be wutilized providing a single
backforce of 150 Newton, the same flow range would be
covered only with a much larger range of speeds, i.e.,
between 9000 and more than 16500 rpm. Therefore, the

30 invention provides larger opportunities of tailoring
beverage characteristics with a much larger range of flow

rate. In particular, one advantage can also be to reduce



5 illustrated), the backpressure is obtained by a fixed restriction such as by at least one, but preferably
a plurality of radially positioned outlet orifices provided through the capsule, whose total opening
surface area varies in function of the type of capsule in the set. The 10 restriction orifices provide a
backpressure which is function of the number of outlet orifices and the individual opening section of
each orifice. For instance, orifices can be provided aldrg a circular path through the upper wall of the
capsule or an annular path through the 15 sidewall of the capsule. The total surface area of the flow
restriction canTépreseRf BéwEeRTS BREE0 Wirh2 Smbre- pleterablPbéthReARNPS ARA B nirfi2, most

preferably between 10 and Z=2 myn2, fpr example, & about L7mm2, F heinyymber.ef outlet orifices for
creating the flow restriction 20 in the periphery of the capsule can range of from 1 to 300,
Figure 4 relates to another preferred embodiment of a
5 device according to the ©present invention showing a
sectional side view of the wvalve means 23 constituted by
the rim portion 3 enclosed by the capsule holder 10 and the
valve portion 15 of the device. Thereby however, the
obtained back-pressure is obtained due to load generating
10 means 16 which in this embodiment comprise two magnets M
arranged in the valve portion 15 and the capsule holder 10
respectively. Thereby, the magnets M may be
circumferentially arranged about axis Z of the device (see
figure 3) 1in order to enable a uniform force distribution
15 between the enclosing member 15 and the capsule holder 10

enclosing the rim 3 of the capsule.

By contrast to the shown embodiment according to figure 3,
it 1s to be noted that the resulting back-pressure
20 decreases for an increasing thickness h of the rim 3, since
the attracting forces between the two opposed magnets M
decrease 1if the distance between the magnets is increased.
This has to be considered for the design of the height h of
the rim. Hence, in such an embodiment, the height h is
25 decreased in order to obtain a higher resulting back-
pressure acting between the enclosing member 15 and the

capsule holder 10 respectively the rim 3 of the capsule 1.

In other possible mode of the invention (non illustrated),
30 the wvalve as obtained by the cooperation of the capsules
and device can be replaced by a wvalve as part of the
capsule only. In this case, the wvalve 1is geometrically

designed for at least two types of capsules, preferably



more preferably between 3 and 150. For example, a first capsule comprises a flow restriction formed
of 10 orifices of each 0.2 mm2 and a second capsule with a flow restriction of 15 orifices of each 0.2
mm2. In another mode, a first 25 capsule comprises a flow restriction formed of 10 orifices of each 0.2
mm2 and a second capsule with a restriction of 10 orifices of each 0.25 mm2. The first capsules
provide a function of flow rate to pressure which differ§4rom the second capsules. In particular, due to

a lower total 30 surface area of their restriction, the first capsules provide a higher backpressure for
the centrifuged fi6ithid thaRthedecsiitPéapstites OFhe rBfatiotfat spebdl cdit BY £Bfitrofied &t Spedific

values to ensuse aflovs kate fasthes 43fikst and,secongeapsulesthat corresponds to the
characteristics of the beverage to be produced. Of course other capsule types can be designed in the

set of capsules to ensure other different backpressure characteristics.
In another possible mode of the invention (non

5 illustrated), the Dbackpressure 1is obtained by a fixed
restriction such as by at 1least one, but preferably a
plurality of radially positioned outlet orifices provided
through the capsule, whose total opening surface area
varies in function of the type of capsule in the set. The

10 restriction orifices provide a Dbackpressure which 1is
function of the number of outlet orifices and the
individual opening section of each orifice. For instance,
orifices can be provided along a circular path through the
upper wall of the capsule or an annular path through the

15 sidewall of the capsule. The total surface area of the flow
restriction can represent between 0.5 and 5.0 mm?, more
preferably between 0.75 and 3.0 mm2, most preferably
between 1.0 and 2.5 mmz, for example, at about 1.7 mm?. The
number of outlet orifices for creating the flow restriction

20 in the periphery of the capsule can range of from 1 to 300,
more preferably between 3 and 150. For example, a first
capsule comprises a flow restriction formed of 10 orifices
of each 0.2 mm’ and a second capsule with a flow restriction
of 15 orifices of each 0.2 mm?’. In another mode, a first

25 capsule comprises a flow restriction formed of 10 orifices
of each 0.2 mm’ and a second capsule with a restriction of
10 orifices of each 0.25 mm?. The first capsules provide a
function of flow rate to pressure which differs from the
second capsules. In particular, due to a lower total

30 surface area of their restriction, the first capsules
provide a higher backpressure for the centrifuged liquid
than the second capsules. The rotational speed can Dbe

controlled at specific values to ensure a flow rate for the



5 Although the present invention has been described with reference to preferred embodiments thereof,
many modifications and alternations may be made by a person having ordinary skill in the art without
departing from the scope of this invention which is defined by the appended 10 claims. 44 Claims 1.
Acapsulesystemforpreparingbeveragesby centrifugation of a capsule in a centrifuging brewing 5device
comprising: a set of different capsules (1A, 1B, 10, 10}3LE), each of the capsules for selectively
delivering a beverage, each capsule (1A, 1B, 10, 1D 1E) containing at least one beverage substance,
10each capsuletdfthe séttdbmpfisingdbodyIRFHaFRg art @Atlosure Y6 Eataifihg thé bevebage
substance, andppes wall (4} for closing the bogh (2 angoptignally aflangedike rimy(3).herein the

capsule is desi%?ed to form, alone orin 15 coo%eration with the centrifuging brewing device, a

restriction or résthefor FAIve 16t the/ RERtrifiRfedIRquite s 1 IMTeteiithé BAcK BresShre GiRRE tetriction

or restriction valyecdiffersfor ahleastitver eapsies 20preiersahly at least three €apsules of the set. 2.
The capsule system according to claim 1, wherein the flange-like rim is designed to form, in.

cooperation with 1R EERtrifidiRg Brefiy devicd Vs Pastfidtion@s  Pesn  described " with

reference to preferred embodiments thereof, many
modifications and alternations may be made Dby a person
having ordinary skill in the art without departing from the
scope of this invention which is defined by the appended

10 claims.



25valve for the centrifuged liquid coming out of the capsule, wherein the geometry of the rim (3) differs
in the set of capsules to adapt the back-pressure of the restriction valve for at least two capsules of the
set. 30 3. The capsule system according to claim 2, wherein the thickness (h) of the valve portion of
the rim (3) varies in the set of capsules to adapt the 45 back-pressure of the valve means when it is
engaged with a valve portion (15) of the beverage protitiction. 4. The capsule system according to
claims 2 or 3, Swherein the rim (3) is formed integral with the body (2) of the capsules in a direction
essentially perpendicular or slightly inclined relativ€f@aM3ixis of rotation (2) of the capsule. 10 5. The
capsule system according to any of the preceding claims, wherein the capsules (1A,1B,1C,1D,1E) are

designed to contain different sorts of beverage substances. 15 6. The capsule system according to
anyofﬂm’Ne&emnéchmﬁgpsule system for preparing beverages by

centrifugation of a capsule in a centrifuging brewing

5 device comprising:

a set of different capsules (1A, 1B, 1C, 1D, 1E), each
of the capsules for selectively delivering a beverage,
each capsule (1A, 1B, 1C, 1D 1E) containing at least
one beverage substance,

10 each capsule of the set comprising a body (2) having an
enclosure (6) containing the Dbeverage substance, an
upper wall (4) for closing the body (2) and optionally
a flange-like rim (3),
wherein the capsule 1is designed to form, alone or in

15 cooperation with the centrifuging brewing device, a
restriction or restriction wvalve for the centrifuged
liquid,
wherein the Dback pressure of the restriction or
restriction valve differs for at least two capsules,

20 preferably at least three capsules of the set.

2. The capsule system according to claim 1, wherein the
flange-like rim 1is designed to form, 1in cooperation
with the centrifuging brewing device, a restriction

25 valve for the centrifuged 1liquid coming out of the
capsule,
wherein the geometry of the rim (3) differs in the set
of capsules to adapt the back-pressure of the
restriction valve for at least two capsules of the set.
30

3. The capsule system according to claim 2,

wherein the thickness (h) of the wvalve portion of the

rim (3) varies 1in the set of capsules to adapt the



wherein the rim (3,8) of the capsules (1A,1B,1C,1D,1E) is preferably of non-compressible material or
compressible material, e.g., rubber. 20 7. The capsule system according to claim 1, wherein the
capsule is designed to form a fixed flow restriction for the centrifuged liquid wherein the area of the
flow restriction differs for at least two 25capsules of the set, 8. The capsule system according to any of
the preceding claims, wherein the capsules furttfer comprise identifying means 30(3) to interact
with a beverage production device. 9. The capsule system according to claim 8, 46 wherein the
identifying means (DPeriaBies fFEdiftrolardméters 3elettetieiRcng¥t tie rétatiohal speeadtthe

motor driving the capsuie i rotation, therwater velume andiorwvater flow gate, wateljpressure as
5delivered by the water pump in the centrifuged capsule and combinations thereof.
4. The capsule system according to claims 2 or 3,
5 wherein the rim (3) 1is formed integral with the body
(2) of the —capsules 1in a direction essentially
perpendicular or slightly inclined relative to an axis

of rotation (Z) of the capsule.

10 5. The capsule system according to any of the preceding
claims,
wherein the capsules (1A,1B,1C,1D,1E) are designed to

contain different sorts of beverage substances.

15 6. The capsule system according to any of the preceding
claims,
wherein the rim (3,8) of the capsules (1A,1B,1C,1D,1E)
is preferably of non-compressible material or

compressible material, e.g., rubber.

20
7. The capsule system according to claim 1,
wherein the capsule 1is designed to form a fixed flow
restriction for the centrifuged liquid wherein the area
of the flow restriction differs for at 1least two
25 capsules of the set,
8. The capsule system according to any of the preceding
claims,
wherein the capsules further comprise identifying means
30 (3) to interact with a beverage production device.

9. The capsule system according to claim 8§,



10. The capsule system according to claims 8 or 9, wherein the identifying means comprises the
geometry of 10the rim that differs in the set of capsules. 11 A set of different capsules (1A, 1B, 10; 1D,
1E), each of the capsules for selectively delivering a beverage in a beverage producing device by
centrifugation of the 15capsule, each capsule (1A, 1B, 10, 1D 1E) containing at least one beverage
substance, each capsule of the set comprising a body*@) having an enclosure (6) containing the
beverage substance, an 20upper wall (4) for closing the body (2) and a flange- like rim (3), wherein the
capsules comprises"&#RT{3) with@t 184506t oion [8)F | hdving & Biekifess 1Y) whithtdifférs for at

least two capsules @f:thersetc 25 preferably-at leastthees capsules ofthgset i ordgptaadjust the

backpressure or backforce of spring biasing means (15, 16, 17) of the device onto the portion (8) of

the capsule when tHe'€apBaleds eAFaded tHa Beverii dddudtiort 8EFiEa 30 1578 méthbeor

preparing a beverage byadeverage produstien systemwcomprising aset et-diffgrent eapsules s
designedr%)r being inserted in a dedicated 47 beverage production device of the system for forming

alone or ircombination With 2 deVickEredfiction BHlr festriction YaRETOF HECentBgEd fiquid,
the method comprisingithestolowingisiepSithereof.

10. The capsule system according to claims 8 or 9,
wherein the identifying means comprises the geometry of

10 the rim that differs in the set of capsules.

11. A set of different capsules (1A, 1B, 1C; 1D, 1lE), each
of the capsules for selectively delivering a beverage
in a beverage producing device by centrifugation of the

15 capsule,
each capsule (1A, 1B, 1C, 1D 1E) containing at least
one beverage substance,
each capsule of the set comprising a body (2) having an
enclosure (6) containing the beverage substance, an
20 upper wall (4) for closing the body (2) and a flange-
like rim (3),
wherein the capsules comprises a rim (3) with at least
one portion (8) of it having a thickness (h) which
differs for at least two capsules of the set,
25 preferably at least three capsules of the set, in order
to adjust the Dbackpressure or Dbackforce of spring
biasing means (15, 16, 17) of the device onto the
portion (8) of the capsule when the capsule is engaged
in the beverage production device.
30

12. A method for preparing a beverage by a Dbeverage

production system comprising a set of different

capsules designed for being inserted in a dedicated



5- engaging a capsule of the set in the beverage production device and centrifuging the capsule by the
device, wherein during brewing, a backpressure is opposed to thecentrifugedliquidbytherestrictionor
10 restriction valve which differs for at least two capsules, preferably at least three capsules of the set.
13. Method according to claim 12 wherein it comprises: 15 - engaging the valve portion of said
capsule with a valve portion of the beverage productidrY device for exerting a predefined pressure
threshold at the valve means for blocking and/or limiting the flow of the centrifuged liquid until the
pressure is overconeBY P the REARRGJSPAquUIE BhES setingtthe bacleprdssureof theiBsfiétion

valve as a function ofithgdyperof capsulginsesteddn theidevicerky vatyingdhesthickness efithevalve
portion of the capsule in the set of capsules. 25 14. The method according to claim 13, further

comprising the step it &H8BtinGAE THickreds (MoftRe rirf'of theTafiile depeidsht dr Sort of
capsule. 30 15. Thetnethedacsardingpe claimg 13er 1 whereidt gerpyses providing different

values of the thickness of the valve portion of rim between 0.2 mm ,

h) - engaging a capsule of the set in the Dbeverage
production device and centrifuging the capsule by the
device,
wherein during brewing, a backpressure 1is opposed to
the centrifuged liquid by the restriction or

10 restriction wvalve which differs for at least two

capsules, preferably at least three capsules of the

set.

13. Method according to claim 12 wherein it comprises:

15 - engaging the wvalve portion of said capsule with a
valve portion of the beverage production device for
exerting a predefined pressure threshold at the wvalve
means for blocking and/or 1limiting the flow of the
centrifuged liquid until the pressure is overcome by

20 the centrifuged liquid, and
- setting the back-pressure of the restriction wvalve as
a function of the type of capsule inserted in the
device by varying the thickness of the wvalve portion of

the capsule in the set of capsules.

25
14. The method according to claim 13,
further comprising the step of adapting the thickness
(h) of the rim of the capsule dependent on sort of
capsule.
30

15. The method according to claims 13 or 14,
wherein 1t comprises providing different values of the

thickness of the wvalve portion of rim between 0.2 mm



48 and 10 mm in the set, more preferably between 0.5 mm and 3 mm. 16. The method according to
any of claims 12 to 15, wherein it comprises rotating the capsule in the device at, at 5 least one
rotational speed determining at least one flow rate of centrifuged liquid through the valve means in
function of the back-pressure set by the capsule engaged in the device. 10 17. Use of a variation of
the geometry of the valve portion of a rim of a capsulé!fh order to adapt at least one brewing
parameter of a beverage prepared in a centrifugal beverage preparation device during the beverage
preparation process@&pehtieftonihe fype of 5capiGec2@psferably between 0.5 mm

and 3 mm.
16. The method according to any of claims 12 to 15, wherein
it comprises rotating the capsule in the device at, at
5 least one rotational speed determining at least one
flow rate of centrifuged liquid through the valve means
in function of the back-pressure set by the capsule

engaged in the device.

10 17. Use of a variation of the geometry of the valve portion
of a rim of a capsule in order to adapt at least one
brewing parameter of a beverage prepared in a
centrifugal Dbeverage preparation device during the
beverage preparation process dependent on the type of

15 capsule.

20

25

30



