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I NVENTION Q'ive oil production is a traditional industry originating in the
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the olive oil market has been grow ng dramatically. The increasing interest
inolive oil stems fromboth its unique rich taste and its health benefits
and coincides with the growi ng public awareness to health food, as well as
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FIELD OF THE INVENTION
5 The present invention generally relates to olive oil production and more

specifically to a device and method for preparing olive paste from whole olives.

BACKGROUND OF THE INVENTION

Olive oil production is a traditional industry originating in the

10 Mediterranean and known since as early as 3,000 B.C. In recent years, the olive oil
market has been growing dramatically. The increasing interest in olive oil stems
from both its unique rich taste and its health benefits and coincides with the
growing public awareness to health food, as well as with the general increasing
interest in gourmet food. Indeed, olive oil is considered by many to be superior to

15 other vegetable oils. However, olive oil is also one of the most adulterated
agricultural products. Customers are therefore becoming increasingly aware of the
possibility that oil distributed as high quality olive oil is actually adulterated oil
mixed with, or even consists almost entirely of, inferior oils of lower cost. The
awareness to health food products, as well as to their freshness and authenticity,

20  has brought with it a new trend of small scale production of basic food products
(e.g. bread) for self consumption at home or in small food establishments such as
restaurants, delicatessen and specialized boutiques. In accordance with this trend,
small scale appliances, sized to be placed on a kitchen counter, such as bread
machine, home-use coffee roasting device, etc., are now gaining popularity. With

25  respect to olive oil, recent years show an increasing number of olive oil boutiques
which specialize in production of high quality oil by careful selection of olives and

a close control over production. A household countertop cold press machine for
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designed by the inventors of the present inventiopn is described i
i nt er nat i oveguolsaisn daeisorellpp swteot Gofklefmoplasm-nfhe first

stage in the perocesg of
5  olive oil extraction from whole olives is to crush or grind the olives into an olive
paste (mash), which contains both broken olive pits (stones) and mashed flesh.
Typically, crushing or grinding is followed by malaxation (slow mixing) of the
paste to facilitate breaking of the oil-containing cells to release the oil and to allow
coalescence of the oil droplets and separation of the liquids from the solids. The
10  sharp stone particles present in the paste facilitate the breaking of the cellular
material. The liquid, which contains both oil and vegetation water, is then
extracted from the paste by applying pressure or centrifugation. Depending on the
specific method and equipment, the separation of the paste into liquid and solid
and the separation of the liquid into oil and water may be performed sequentially
15  (two-phase separation) or concurrently (three-phase-separation)
The present invention focuses on the first step of the olive oil
production, namely the preparation of the olive paste from whole olives.
The olive stone (pit) has an exceptionally rigid structure. Invoking the
initial collapse/breakage of the stone requires a certain critical force, while further
20 breakage of the initial fragments into smaller ones requires forces of an order of
magnitude smaller. The critical force may be of up to, or even more than, about
40kg, depending on the stone's size.
Traditionally, olive paste was prepared by millstones. Nowadays,
modern olive oil plants commonly use a hammer mill which operates at high
25 rotational speeds to impact the olives, tear their flesh and break their stones.
Although, the use of hammer mills is advantageous over traditional millstones
with respect to capacity, efficiency and costs, it does affect the quality of the olive

oil. Because of the high rotational speed of the hammers, the impact results in
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2013/ 018089PCT/ | L2G{ 3/ ArB&Sobject of the invention to provide a method and device for

crushing/grinding aggregate material, such as olives, which are low speed and low
torque, therefore preventing overheating and maintaining low temperatures

15  throughout the olive oil processing.

Other advantages of the present invention will become apparent from

the following description.

20
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WO 2013/ 018089PCT/ 1L2012/ 050268 4 SUMVARY OF THE_INVENThCN ] .
5 riving shaft provided with an

aving an inlet for receiving aggregate material, a
eccentric segment, a crushing drum mounted on the eccentric segment within the
housing and a final grinder located downstream from the crushing drum. The
rotational axis of the driving shaft coincides with the central longitudinal axis of
the housing. The crushing drum has a peripheral wall dimensioned to leave a free

10  volume between the drum and the inner wall of the housing. The final grinder
comprises a perforated plate having at least one opening and at least one blade or
wing rigidly connected to the driving shaft upstream of the perforated plate. The
crushing drum is nonrigidly mounted on the eccentric segment and is free to rotate
about the drum's central axis. An anti-friction bearing may be provided between

15  the drum and the eccentric segment. The central longitudinal axis of the housing
and the central drum axis are preferably parallel to each other. The housing is

provided with at least one lateral opening located downstream the perforated plate

for diverting processed material outside said housing.

In accordance with certain embodiments of the invention, the mill device

20 may further comprise a feeding auger concentrically and rigidly mounted on
driving shaft upstream of the crushing drum and/or a lower auger concentrically

and rigidly mounted on the driving shaft between the crushing drum and the final

grinder.

In accordance with certain embodiments of the invention, the peripheral
25  wall of the crushing drum comprises at least two vertical sections of increasing

diameters in the downstream direction.



One aspect of the present invention is a mll|l device for processing
aggregate material. The device is particularly suitable for preparing olive
past e frowowh/Esesbi ves for the extraction of olive oil PCThR20d2030263
conprises a housing 5 having an inlet5for receiving aggregate material, a
driving shaft provided with an eccentric segnment, a crushing drum nounted
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drum has a peripheral wall dinmensioned to | eave a free 10 vol une between
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In the context of the present invention the terms "olive mash" and "olive

paste" are used interchangeably to describe a "tapenade-like", paste of ground

25  whole olives which contains mashed olive flesh and broken pieces of olive stones,
preferably of a diameter in the range of 1 to 3 mm. In such a paste, the broken

pieces of the stones facilitate releasing of the oil in the next malaxation step.



20 bl ade or teeth through said pressurized olive nmass in a second direction
traversing the first direction. The nmethod may further conprise a step of
ext ract i nyoanis/fismm sai d ol i ve paste. I n the comceAL200t/030bes present
invention the terns "olive nmash" and "elive paste"” are used interchangeably
to describe a "tapenade-like", paste of ground 25 whole olives which
contai ns mashed olive flesh and broken pieces of olive stones, preferably
of a dianeter in the range of 1 to 3 mm In such a paste, the broken pieces
of the stones facilitate releasing of the oil in the next mal axation step.
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invention will be better understood and appreciated fromthe follow ng
det ai | ed dekernogsiblen Acgrustingly, inoth foldowing detailed: descriptami, g termis i'wgipeshoul d
be consi deged as, n limtatjve, and/ or non binding with respect to the 15

inventive 28W8%p19310_t-"v\fﬂﬁ'?h g gmi'an‘_?}%ntair‘bl‘?of dingj efft 2 vertical onjation but 5
schematic lshélﬂath%hu&@td%‘afgéir}gfsa'ﬁﬁ%x&gqneéi}gg&g%q@%ﬁ&p of the eccentric crusher

of the invention; are TWo cut away isonmetric views
of a cidbsher/grinder assenbly in accordance with an enbodi nent of the
iﬂ\e/enti on; B%{%E%%EéBCARilgTI%]NiOSﬁ)%Er})%A/\;V?I\GVGOS]( t he assenbl ed inner parts of
The present invention will be better understood and appreciated from
the following detailed description taken in conjunction with the drawings, which
should be considered as non-limitative and/or non binding with respect to the
15  inventive concept on which the invention is based:
Fig. 1 is a schematic illustration demonstrating the operation of the
eccentric crusher of the invention;
Figs. 2A and 2B are two cut away isometric views of a crusher/grinder
assembly in accordance with an embodiment of the invention;
20 Fig. 3A is an isometric view of the assembled inner parts of the
crusher/grinder assembly of Fig. 2;
Fig. 3B is an exploded isometric view of the disassembled inner parts
of Fig. 3A;
Fig. 4A is an exploded isometric view of the disassembled housing;
25 Fig. 4B is a cut away isometric view of the assembled housing;
Fig. 4C is a cut away isometric view of the assembled housing, shaft

and the driving shaft housing;



crusher/grinder assenbly of Fig. 2; Fig. 3B is an expl oded
isonmetric view of the disassenbled inner parts of Fig. 3A;, Fig. 4Ais an
expl oded weanstrsmovi ew of the di sassenbl ed housi ng; 25PCcyaLzbB2/0®2& cut
away isonetric view of the assenbl ed housing; Fig. 4Cis a cut away
isometric view of the assenbl ed housing, shaft and the driving shaft

housi ng; WD 2013/ 018089PCT/ 1L2012/ 050268 7 Fig. 5 is an expl oded
i sonetric view of an enbodi nent of a driving shaft housing for the
crusher/ grinder assenbly; Fig. 6 is an isonetric view of an
enbodi ment of a liquid/solid separation nmesh sleeve; 5Fig. 7 is pl an si de

Separati on mosh ot Eive: S SRBRARY HoBREieeIEWCo! hamERRERGRER GIRE | i ne
A-A of Fi gshdf hbiuing for the erishEPfifdetdsipitagat i ¢ 111 ustrat) on Rl
enmbodi nrent of an

Fig. 6 is an isometric view of an embodiment of a liquid/solid
separation mesh sleeve;
5 Fig. 7 is plan side view of the crusher/grinder assembly positioned
inside the liquid/solid separation mesh sleeve;
Fig. 7A is a cross sectional view taken along line A-A of Fig. 7;
Fig. 8 is a simplified schematic illustration of an embodiment of an
olive oil extractor device comprising a crusher/grinder assembly of the invention.

10



olive oil extractor device conprising a crusher/grinder assenbly of the
invention, 10 W) 2013/ 018089PCT/ 1L2012/ 050268 8 DETAI LED DESCRI P

ON OF
THE | NVENYPER3/018089 The present invention provides a HS@@FZ‘)&%{%%@ and

met hod for the preparation of olive pa8te fromwhole olives for subsequent
processing of the paste to extract olive oil. The device and nethod of the
invention are particularly 5 directed to a device for preparing olive paste
whi ch can be used in conjunction with, or as part of, a snall-scale
countertop hone appliance, such as the olive oil extraction device
described in Vw2010/007610 However, the novel device and nethod of the

i nvention are not rrPtEeldAlt q;{ﬁm_l% “RE ION TRA/ENTIENG specific

configuration of an ol ive 0l on apparatus but can be exploited for

nmedi um 10 and | ar gEhé GreRnPlifviionOprovideseh Inovel kiRwiceeandhéthodhfot hthe
invention is described in the context of olive oil production, the device
and net hod mcparweon ofeline mt@frenmwholehV?%ﬁm*fS@bSqqﬁi@@t PrOPgRsing ofithe pasie be

used for crushing/ gr.i ndi t t | udij | ant
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force o bout or r sto pen i ng upon the nechani cal

appr oach/ sowitt |cﬁrasqfarbbéal<smgl-s¢&e gbwitestop homefapphencrmlsude as touclece @Y:  a.
| npact of a high speed rotating inertial nmass, such as th 6§a romill

whi ch is tgstregtion, dggieg described m%@%&%‘b@%@ H@&@Wﬁradhwgv eYifRigedry; or

b. Monent, FQta nal t t he
20 motor | heed gF i ReBlof A pEPAENshRe R E PoRBS: PSR,

pl ace wher Q:o‘hﬁgﬁl%tlbﬁ dfraﬁt&ﬁfé oxp@aﬁcﬁgnlap?@faﬁgr&ﬁ ahn IBB fefk FEﬁﬂeﬂGfo medivigat

m ncer; or . "Partial" nmonents, where the speed is relatively |low and the
ar mat uri@ orantil‘lergm{cale miodhictiors as wetlr Likeavise, rdthaughighe tiventiow és described e t he
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not limited for this purpose but may be used for crushing/grinding other particulate
substances, including plants and seeds such as coffee beans, chickpeas, nuts, etc.
As discussed above, the initial collapse/breakage of the olive stone requires
15  a critical force of about 40kg for larger stones. Depending upon the mechanical
approach/solution of breaking the stone, this force can be induced by:
a. Impact of a high speed rotating inertial mass, such as the hammer mill
which is typically used in the first stage of modern olive oil industry; or
b. Moment, where the rotational speed is relatively low and torque on the
20  motor is the product of the force multiplied by the armature to the place where
force is induced, such as in a conical burr grinder or meat mincer; or
c. "Partial” moments, where the speed is relatively low and the armature on
the motor shaft is lower than the actual distance to where the force is being
induced.
25 The present invention is based on the third option, as will be explained in
detail in the following.
As mentioned above applying the force by high speed rotating inertial

mass, as in the hammer mill, involves overheating which has adverse effects on



detail in the follow ng. As nentioned above applying the force by high
speed rotating inertial mass, as in the hamrer mll, involves overheating
whi ch haswedvevmEeosef f ects on WO 2013/ 018089PCT/ 1L2012/ @E®A6819030bes Oi |
quality. It will be also realized tha? speed and torque are related to the
not or power and size. A high power large notor is not suitable for a
countertop hone appliance device where space is limted. The present
invention is aimed at providing a | ow speed, |ow torque process 5 for

breaki ng the olive stone. The | ow speed process prevents overheating during
ol ive processing. Maintaining | ow tenperatures throughout the olive oil

processing,is.crittcak f t he gqual,it nd heal t enefits qgf t roduced
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al so 10 reduces noi ses and enabl'es sharing the same rotational speed of

di f f er ent lpmasegspliance Hevipe whessspace is limit¥the devi ce and net hod of the

i nvention are sed on a first stage of cr.yshi t he ole olives by an
eccentric crus E@W.Pr???é‘t B EBHeR F%ale}geés‘H’iQFOVdiﬁ qg@ssl’ﬁe rlQW RFIYCPTPESS

eccentrd c t 4N f g i i ing 9ap
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housi ng' s dIRRYigroglissiak. aNasntaiding efow t feaijRestuiket eachbe dheimolne bdile
housing, are gradually squeezed and defornmed until_the force applied
reaches t Hwoesssingcisl critital efcanthet greality sandnbealty bensfits afdthsy pradaiced Wil agai nst

the h [ L. . I d ' .the i L d '
mount od orSNBEEY fov: (RS SPRC SISl i L B vatonal B Gk
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itself is not grdly fixed to the eccentric sleeve but is free to rotate
about it s reduices @wises andFiegablés slarmgshb eame irctatibhal speat oHdifidesnd phaseatinng t he
operation of the eccentric crusher of the invention. A crushing drumD is
eccentri cathﬁyf(?ﬁ@@ﬁat ed 25 about a rotating shaft S which rotates about the

central axis of hﬂijés Idggicg ’an%ymethod of the invention are based on a first stage of

crushing the whole olives by an eccentric crusher. The eccentric crusher comprises

a drum which is eccentrically mounted within a cylindrical housing, such that the
15 gap between the drum and the housing wall varies with rotation about the
housing's longitudinal axis. Olives, trapped between the drum and the housing, are
gradually squeezed and deformed until the force applied reaches the critical value
and their stones are crushed by the drum against the housing inner wall. In
accordance with the invention, the drum is mounted on an eccentric means, such
20 as an eccentric sleeve, which is rigidly attached to the main shaft and rotates
therewith. However, the drum itself is not rigidly fixed to the eccentric sleeve but

is free to rotate about its own center.
Fig. 1 is a schematic illustration demonstrating the operation of the
eccentric crusher of the invention. A crushing drum D is eccentrically mounted
25 about a rotating shaft S which rotates about the central axis of housing H, by
means of an eccentric segment E, which is rigidly connected to shaft S. The
central longitudinal axes of the housing H and the drum D are parallel to each

other. The gap between the drum and the housing, at any point along the



means of an eccentric segnment E, which is rigidly connected to shaft S. The
central |ongitudinal axes of the housing H and the drumD are parallel to
each ot hewo 20tsa1gmp bet ween the drum and the housi ng, atrcanmyopzisuesal ong
the WD 2013/ 018089PCT/1L2012/050268 10 circunference of the housing,
changes while the shaft rotates, varying froma mninmum"Gp" to a maxi num
"Gapt2.e", e being the anount of eccentricity, i.e., the distance between
the centers of the housing and the drum (designated by the left and right

bl ackened circles, respectively). As shaft S rotates, olives of 5 different
stone's sizes, e.g., 01, 02, 03, are trapped between drum D and housing H

di ff d i I Al ph i f .n i
petween  naeBRRET ol Th&Musher BAGesohnle ebe wReE PR nanPe €0 et 1o
f orces wheminfiRuSATGHSt WLE MbHfneS *6) m‘z&@&tﬂ&@% E&ﬁo{ﬁ?tu?f Qgﬁ?ﬂﬁ% ses.

Once the gap is snaller than the obstacle (the Ive stone e rotating
shaft is suigjdbe distansesbetweemtheatenterd Of teeyhotsinte and thcdrung (dssignakdd by i ed by
t he eccentrfée;:it e.an e*cosfi) being the

f3),, 1 a- 90 (wth
equi val ent &Pé)f!glfﬁ‘?@é%%ﬁo%\@%%lrmﬁgmﬂy)- gz‘éwbaﬁﬁ fofatesp glivess of

required fr Vi ystema~ Beca th Lumis, fr t Q.rot.at e, about
its owngcer(1ift?fg%rlj,e srtgl(li:% %’%129% %fg@e@’é??e ﬁb%%jﬁrragﬁgé g?% nj[d(guxinﬁg agﬁéxpysmg?{w- |
al so be reat diféstentt zkp}irowﬂimﬁ@nﬁleb@ﬂﬁﬁz_{ (6 WithQefeRerk@MoCBk atid B&tfeen the! €
crushing is 15 achieved through friction and/or cutting/abrasion forces,

accordi ng fefatip cpntes apd thergegentrinity eanterhdndgare isebject tefatemwhes tlac papeved by
pressure rather than by friction. Ln this context jt shquld be noted
t hat depen%F eBnth’? HF&© UﬁlcfrHﬁl B’é‘”@eh%ﬁ“@ﬁn‘jﬁrﬁwseb@@ﬁt&‘? &g 1s spllgs | ong
as the dr umdnSthEYbstab@! : e ' [ g rotate
about its own cent (Séra , O héé?ﬁgggrsrlgé)bﬁl eé@aéstﬁgr@%@gg%ﬁ@%@ﬂ&@%@g&l%t%i ch

t he drdfh deegnitode bbitheorchantitiplied ibycihleagccomyielrgd and cb¥(@).epeent -igy E. For
exanpl e, the coupling between the drumand the eccentric can be designed
such as t o(WithyetgosBhbeing the ganivalent exmatiisngThis|appeyach cillosvsaliop reducing

nmount i ng tte drumito the (g?cen ri ¢c.hy neans %}‘e a rectangul.ar, slit.
Sinilarly, HHEOESTE CAYTEL (0L Hie drivige sxstamd Beranss the drumds fiegdo setatiesi gned

e 35 o BN 08 A o S DS nd O 1
conpri se seatived, that tintike &dginmes mill o 4 eoaithl Qirder, ewhereotriBhERS is
15 achieved through friction and/or cutting/abrasion forces, according to the present
invention, crushing the olive stone is achieved by pressure rather than by friction.
In this context it should be noted that depending on the coupling between
drum D and eccentric E, and as long as the drum is not rigidly connected to the
eccentric but is free to rotate about its own center, other forms of crushers can be
20  designed in which the drum does not follow the full circular movement of the
eccentric E. For example, the coupling between the drum and the eccentric can be
designed such as to only allow the drum to move along a line, for example, by
mounting the drum to the eccentric by means of a rectangular slit. Similarly, the
coupling between the drum and the eccentrics can be designed such as to allow the
25  drum to follow any polygonal route.

In accordance with certain embodiments of the invention, the crushing

drum may comprise several vertical sections of different diameters, or steps,



WO 2013/ 018089PCT/ 1L2012/ 050268 11 increasing in size in the direction of
the flow, for generating snmaller gaps and to all ow crushing the processed
mat eri al wotoirsdsber segments. A drum of stepped profi lpeTalzo2/e3okesns f or
"trapping' olives of different sizes.11lEach olive cultivar has different
overal |l typical/mean size and different typical/nean stone size. A S5
crushing drumwi th several stages will crack an olive stone only when the
stone is trapped between the drumand the housing at an intermttent gap
| arger than the m ni mm gap. The olive stone shows no flexibility and
breaks just above its "critical pressure/stress point. At this stage the

stone breaks into.several ar ary that ave s fLp ed whi ch
are benef |18|cr§f151flgrm tifE 1§1utt})1§ éﬁ‘[?&ﬁ %%ﬁ%ﬁ{s rl%%’r?ﬁ e sma A@E}pég‘lﬁlattf)vel Y,
the crushejligR¥nEAMY i thégurac&@éa %t&‘ial'lﬂ%eﬁﬁé‘lqj&@efgﬁr%ﬁ%@% QeurA of Seeded

i ncreasing dianeters. Additionally, the drum surTace nay be constructed
with a roughfitr alserallawsdos Urdppieg’ todives eddifirent dred Hachiadiveguiltivasiliah t he

processed erial . Ref er g nowto Figs. 2 to 5 and 7, there is, shown a
crusher / grfHGE! 24 typlceféws%mlyc dedi @g%r@éi typisal/Mean cHeRei&ice Wikt h an

enbodi nent 0 C usin
10, an r’ggc c%rﬁ%hlhg 8cr us (Eaﬁr ga}é@%??a%%m geigcg(na;q gig\;éségﬁ ﬁ%&y&#%ge sgér}eng °
general l'y e RtweeBthe dinPaR@tRAR6EsING bh ah hfteRTRAL BBP UargbPHAnhBEE,

assenbly 100 further conprises an 20 upper (feeding) agg@ 0 positioned

upst r eam ohindgwanigepc The uaiver S@Oe aﬁhdwa noWlsxitilieand breaksi jusbabevdhésween
eccentric gcrusher nd fj, nal accord e wth

oot her  enSERGESreT ARt Aoty AS IS oHgS the S8t Pisakndup SELeBfBFidtbes nor
| ncl ude andypiagts (AR ARMAdeRs LN R YRRERCIA R kid dibsSiiRlt nisbaxafiBHPl €d to
a notor (no exten ong 25 central Tongit axi s of

housi n 10phas¢.at | ng t her eabout . Assenbl y 100 has a general rotor st at or
configuration where shaft 15 and the parts nounted thereon consists the

rotor while houdlteigatily.dhsicsesher mayseamprise Herigsnef inde meahcaﬁs@@ngomm ng

12 thr Othdr\ﬁ\Ar}llqu’lgcl:rleXs%slg {a?neters }\%dﬁlonaﬁ\o t17’10 ]dsrl/mqls%(r) ageP rCn-Ie-llyI bLezc(:)o]th tg868 12

with a rough or serrated surface to create better friction/grip with the processed
material.

15 Referring now to Figs. 2 to 5 and 7, there is shown a crusher/grinder
assembly, generally designated 100, in accordance with an embodiment of the
invention. Assembly 100 comprises a cylindrical housing 10, an eccentric crusher,
generally designated 50, and a final grinder, generally designated 80. In
accordance with the embodiment shown here, assembly 100 further comprises an

20 upper (feeding) auger 30 positioned upstream of eccentric crusher 50 and a lower
auger 70 positioned between eccentric crusher 50 and final grinder 80. However,
in accordance with another embodiment of the invention, the crusher/grinder
assembly does not include an upper auger and/or a lower auger.

A driving shaft 15, coupled to a motor (not shown), extends along the

25  central longitudinal axis of housing 10 rotating thereabout. Assembly 100 has a
general rotor-stator configuration where shaft 15 and the parts mounted thereon
consists the rotor while housing 10 consists the stator.

Housing 10 has an upper opening 12 through which olives are fed to be



processed. As best shown in Fig. 4b and 4c, housing 10 is distinguished by
five different sections wherein each section inherits features that conply
wi t h t he woaoszasdsaken at that section, as will be expl acmad2oimozbedsai |

bel ow. Housing 10 nay be constructed fizom several parts that can be nerged
into a single segnent or be 5 further segnmented. Figs. 4a and 4b depi ct
housi ng 10 made of two cylindrical parts 13 and 14 configured to be
connected by snap fit or any other suitable nmeans. An upper end ring 16 is
pl aced onto-housing 10 for securing the assenbly and supporting shaft 15 by
means of central ring 17. The | ower portion of bottom part 14 is

provi ded w i .Which the.olive ste exit. tgg, 0
crusher/ gr iﬁrﬁgceérgpée\lds)_s'grg}gqeg%@&{;fﬁﬁgemlbp@&%% s}1°H§1:r1g Hﬂs ‘ﬁﬁfmfé"rla?g rﬁ’éf),

| ocat ed beldifferepeRedtibnk2whefiy &ach Qeb@sH ifkgito feMbies! P cBHﬁ)If QR thé ©
crusher at a specific volunetric rate and at a specific predeterm ned

rel ative ar§peess (dkenahthat ection, as wilk bargplaines inidetail ledleweHoasing 10haay
eccentricity of thei%%rfrusher. The auger is a formof a wormor thread punp.

Fur t her mor &¢ QagEhcted trpm seyarpl parfsehat gambe sargsd Bito @rungeiseamentoonte r eam
. o f : ;  ort ol di o
P ackager ) TuhiiSenion, PltPad A 20 Uite, adlse 10 i Bt fvo By (R Bl
def or med wHBlandcleinurdipneed sobé baindch@l B kot fil @Sdhy &ﬁ&ﬁﬁaitﬂbﬁ Richid Al ement .

Optionally, the auger may conprise a sharp edge at the auger root (not
shown) to MRESN PR iTangs (1Pt isi plgced conto | housinge 4. foT tsecuninge the aspemelslyeand he 20

olive till n rges partially ar ful romthe oliye flesh, Upper
auger 30 i§ @ﬁogﬁé@gﬁﬁ r%rg&g, e?‘?‘?eo e‘?ﬁ’?éln’aﬁg Ageh\’/%ﬁ(ﬁ”grp%% of Qofprpart he
nunber of hegispréxdded tWRLT i X | ivbNS. ikt Shalpng its
| ongi t udi nal ax:ibg, t?\e egi tggépnéﬁ%sﬂré&es g@%ggét?g%ﬂg?@%éﬁg ?ﬁ&gé n%n Selrtﬁ)é;f

begi nnilfigs causbier/grinder psseinbly fof furthbspd2essing. he i nner housing wal | . An auger

with a specifi cUset 25 o% parameters inherits specific volunetric
char act eri sti csUPRE; 3ger 88, fogated bslayy ppening 12, serves to feed the olives into the

eccentric crusher at a specific volumetric rate and at a specific predetermined
relative angle, whereas the relative angle is with reference to the eccentricity of the
crusher. The auger is a form of a worm or thread pump. Furthermore, auger 30
15 facilitates compression of the olives downstream. Optionally, auger 30 deforms
the olives into a "certain" dimensional "package"; whereas "package" refers to the
fact that an olive can be deformed while compressed so that the olive flesh is the
distorted element. Optionally, the auger may comprise a sharp edge at the auger
root (not shown) to facilitate slitting the olive flesh. The auger compresses the
20 olive till the stone emerges partially or fully from the olive flesh.

Upper auger 30 is characterized by the entrance aperture or section area, the
number of beginnings, the root and external diameters, the pitch along its
longitudinal axis, the exit aperture or section area and the number of beginnings
and tooth profile of ribs 22 on the inner housing wall. An auger with a specific set

25  of parameters inherits specific volumetric characteristics subject to its geometry,
its rotational speed and flow regime around it. The auger volumetric throughput is
subject to its geometric characteristics and the method of its attachment to the

shaft. In accordance with different embodiments of the invention, auger 30 may be



its rotational speed and flow regine around it. The auger volunetric

t hroughput is subject to its geonetric characteristics and the nethod of
its attachoentstigosbhe shaft. In accordance with differercTanboziosmwss s of
the invention, auger 30 may be WD 203/ 018089PCT/ 1L2012/ 050268 13 coupl ed
to shaft 15 either continuously or intermttently. By intermttently
coupling and decoupling the auger to the notor, it is possible to control
the flowrate of the feed. Intermttent coupling can be achi eved by neans
of a clutch nounted between the shaft and the auger. For exanple, the auger
may be nounted 5 on the shaft and | oaded by a spring, wwth a groove on the

auger that_ is,coupled.tqg.a tch on the shaft. Th er, 1s_coupled once
the spri ngcolugleglt ltl(g\os??ﬂl gRgFﬁH%fnﬁoﬁ%%]ﬁ}yed’rmﬂgﬂnPﬁgﬁbgr Hg! tgmc‘,@l‘?ﬂﬁ%ssed,
enabling t i inBUGE' V@, ef ts Sfdr e that
is i nduced&cl)lghl?%gﬁ gglgg(?&]gkit guaru glgg) glgelﬁtg%h'l?)\?seﬁ Q%Eegelawgkggﬂ%g{hgsed for
act uat i ng rateeof dhuplferd. Intermittentt caiplinggeanhbe aachigved My hitaps aifes odatchl | ves

in the auger eg‘gbl ing to control the mass rate of the auger.
Eccent ri c TBPWedpetssendhe shafbandstheraugps. hgr examplstheamgee may besnapnted 5 py

means Qf [ I 52 . Which.is eccentric to the.rotati xi s of
chart o5, P EFERMEhE BN Lok, Mig! T eRRRE RIS el bt 2T i
bearing 54otch phaBedhdR! TRE AuBEC RNEdpled bB&Y thedsprafpdisCatus BN tendi ahd4 (see
Fig. 3b) to facilitate 15 free rotation of drum55 around its own axis

pr ot ect ed degotled whgnghe spring tvenmpessedeenabliog do diseggage tecuger grmobodi nent
of the invention, .the centric ans . be an, eccentri.c segnment

i ntegrall qlﬁrtﬁﬁéhﬁﬁ ft‘ﬁ@’-?ﬂfgﬁwe Iqﬁata’éc‘B gn the ﬁugﬂc??“éﬁ“gﬁ%ap‘?ré?lt , the
housi ng na el f I I j : chesint greach
ot her aft ei%v?tﬁfeeglanﬁg l?)‘J'tair{\ét%s(,1 %?gbégggfé%g}eeﬁﬂgz&tsh@gﬁgﬁ%ﬁl%ﬁh% accotrt ggnce

wi th tife grbadsekoliveslinthe hgee engblinghto tgndoLibic hass @4 of siksadgedr verti cal
sections, 55a to 55d, of increasing dianeters fromtop to bottom_ However,
it will be easilyEfesntiic sgrshpm$0 compeises aiemshing dramol heoupled tuishasihls of the

i nvention, t dr may. ¢ rnise | y.one secti.on ar .conpri se y
nunber of b}YelB? i a('ffﬂasne%%/clegﬁg@slg%v& %ﬁél%’slé efgergga fo gh"c’%’?%tﬁﬁ‘r g(@f 8? ?ligﬂ 25 by
both its disanplegéraBRd thebaehtridiyisCANGE thfidd of 0.50R€3 heA bb&HidB 59 ié
different gap with he housi ng. "Preferably, drum 55 has a serrated surface
t o enhancelapeid pebfecnnescpntricadssd S2endraradhingdruma 54 i(see Figadle) toFatititdtocat ed
at the _bottom of, th%decce%ri c ¢rusher 50 ) )
15"~ free rotation of drum 55 around its own axis protected by bearing shield cover 56.
Yet, according to another embodiment of the invention, the eccentric means may
be an eccentric segment integrally formed on the shaft. In accordance with such an
embodiment, the housing may be made of two longitudinal halves that are attached
to each other after the inner parts are assembled on the shaft.
20 In accordance with the embodiment shown here, crushing drum 55
comprises four vertical sections, 55a to 55d, of increasing diameters from top to
bottom. However, it will be easily realized that in accordance with other
embodiments of the invention, the drum may comprise only one section or may
comprise any number of vertical sections. Sections 55a to 55d, each characterized
25 by both its diameter and height, are concentric to one other, forming a different
gap with the housing. Preferably, drum 55 has a serrated surface to enhance grip

of the processed material.

An orifice plate 59 is located at the bottom of the eccentric crusher 50



WO 2013/ 018089PCT/ 1 L2012/ 050268 14 ai med at governing the maxi num si ze of
particl esygxbizdisogbhe eccentric crusher into the next pheggr2ibdobse Pl ate
59 is dinensioned to forman orifice of a predeterm ned size between the
housing and the plate and rotates in p‘ﬁase wi th crushing drum 55. 5A | ower
auger 70 for controlling the feeding of the crushed olives and stones into
the final grinder 80 is |ocated bel ow eccentric crusher 50. The design
considerations for auger 70 are simlar to those described above in
association with upper auger 30 with respect to desired volunmetric and fl ow
rate. It will be noted that | ower auger 70 m ght be unnecessary in cases
wher e upperaiaidde sehiing $he hekanumubizé Gfnttidles dkitigPhe sedericaerigieh t he
mat erial through to the shear chanber of final grinder 80. Fi nal

gri nder 80 intnthe sest phasee Buifice pthte HVais dimetsionctoth fowe an grifice)off ar
further processing the,oljve flesh and olive peel in.order to ke them
mor e sui t aditedsterniped sizengtagen it%hﬁmnwxithglﬁ’faée POALR e%%aﬂ%&wgg t he
broken 15 s gﬁﬁ%ﬁn{?ﬁﬁhe olive stones. Preferably, the stone segnents in
the final olrve paste are of dinensions in the range of 1 to 3 mm The
pressuriszed sheg jewaraggerl 00 fof cdafrohing thet edingl ofvire atnghed dlivesidnd
perforated plate 90 and conprises a rotating set of teeth ar bLa es 85
whi ch are ctensisdato therfinaheringes Bs loratedrralo s egeentrip caysheng0; $he dgsign) | ¢

| at i ded. with 2 f slit hol 1k |7 di
Toves | nt o PRECETNBS dof Anger T B sl toalngd? Berfed ARRCHERRYEnASHE M °
teet h/ bl ade@itﬁ%ghw hies NG Q5pdd 16 RsisQIPoRsRAd ahll fRwaskeelt Wilkbe 90

exerts further ear effect on the ground olives
noted that lower auger 70 might be unnecessary in cases where upper auger 30

10  generates sufficient feeding pressure to push the material through to the shear
chamber of final grinder 80.

Final grinder 80 comprises a pressurized shear chamber 10d (see Fig.
4C) for further processing the olive flesh and olive peel in order to make them
more suitable/ready for malaxation and may induce further breakage of the broken

15 segments of the olive stones. Preferably, the stone segments in the final olive paste
are of dimensions in the range of 1 to 3 mm.

The pressurized shear chamber 10d is defined between lower auger 70
and perforated plate 90 and comprises a rotating set of teeth or blades 85 which are
coupled to rotating shaft 15. Perforated plate 90 is a metallic plate provided with

20  an array of slits or holes 92. The pressurized media moves into the chamber and is
pressed by auger 70 whilst rotating teeth/blades 85 further shear/grind the
compressed olive paste. Plate 90 exerts further shear effect on the ground olives
which exit through slits 92. Shear rotating teeth/blades 85 are characterized by
their number, the blade's cross section, the ratio between the volume they occupy

25 to the pressurized chamber volume and by their distance above plate 90.
Preferably, teeth/blades 85 are positioned at a predetermined distance 94 (see in
Fig. 7) above plate 90 in order to reduce the operating noise. However, blades 85

may be positioned in direct contact with plate 90. In such a "mincer”



which exit through slits 92. Shear rotating teeth/blades 85 are
characterized by their nunber, the blade's cross section, the rati o between
t he vol unsotzhsyismseupy 25 to the pressurized chanber volpowaLznziodeyest hei r

di stance above plate 90. Preferably, teeth/bl ades 85 are positioned at a
predeterm ned di stance 94 (see in Fig. 7) above plate 90 in order to reduce
t he operating noi se. However, blades 85 may be positioned in direct contact
with plate 90. In such a "mncer” W) 2013/018089PCT/1L2012/ 050268 15
configuration, shear is induced on the nedia between slits 92 and the
rotating teeth 85. Plate 90 is characterized by the open areal/cl ose area

rati o (nmesh),. the, openi ngs. .shape, .its t.hickness,. |t~w b l.Lzed that
a | over neinfighgption; ﬁ?eéﬁ_gsrmﬁ_}lﬁe?dgo’é/ﬂel m?(ﬁia L?SE"‘TeHCSF%Sa%%a?#}FI r%\?étﬁl ¢ Fét ivity
through thes phat 9otibeh r%t%ﬁzéd‘ﬁgﬁﬁ:s e Re DEIBSS e riti edHie dpehings! ow
rate and vice versa. Tahe characteristics of plate 90 as wel | as those of
t eet h/ bl adgap@5tathickarbsdt edllibe matizedithat e lowehnickle add si thicker latevalland

desired production rate of the final product, suﬂb' eci_to t he geomat rical
and power Bgnes insresse ibflopheesigtiity Huqugh theplatepthabwil) increase the REFSSYS 60,

| ocat ed. bel ow pl at g 9, nd. _havi n A€ j ig. 7),
recei vgs t rﬁﬁggeeg?e@o‘&éggrq% Vl&ﬁ ?gﬁgﬁzﬁ% é@ar? #rg;l%t?(gssépr ?%e%ﬁgﬂggp ac%hanber
through pl@bge 8P 1l blides Bi5Sark RGBS 8@ Drdace With thd dedifed asthat aadr ection
to exit housing 10 through openi ngs 65. I n accordance with certain
enbodi ment desired tpedictive mateort, thalfinal peodustrsawbjest ta thegzesmsidealandmaydraci ng
with the shaft maﬁ gg grouge{f I nto one bul k 15 nodul e or a "conpound"
shaft, whi KnsrARf e Jfsieped deifs-h upper auger 30, the eccentric segment

>4 (but not cr URNYaAM Hivehing) eur 60! 10CRIE bEMY pRAETOPUAE HRing! Rbficd@ et urn

results in a nore rigi y  mass pro product and Tacilitates
di sasseThl gurfack qbedtn@enrid Figl Mergebes the processabniaterial whighweyvdsothessenbl e

the crushing drumis by splitting it into two symetrical el enents that
pressurized shear chamber through plate 90 and diverts the processed material in
the radial direction to exit housing 10 through openings 65.

In accordance with certain embodiments of the invention, all the

round/rotating elements interfacing with the shaft may be grouped into one bulk
15  module or a "compound" shaft, which includes shaft 15 with upper auger 30, the

eccentric segment 54 (but not crushing drum 55), slit plate and lower auger70.

This in return results in a more rigid and easily mass produced product and

facilitates disassembly, cleaning and maintenance. In this context, one way to

assemble the crushing drum is by splitting it into two symmetrical elements that
20  can be assembled onto the "compound" shaft.

As mentioned above, housing 10 comprises five different sections, each of
which includes features that comply with the process taken at that section.
Referring back to Figs. 4b and 4c, the uppermost section 10a, below ring 16, is
where upper auger 30 is accommodated. In this section, the inner wall of housing

25 10 is provided with a set of helically curved ribs 22 compatible with the helical
shape of upper auger 30 and evenly distributed around the inner circumference.

Below this is the eccentric crusher chamber 10b, where the crusher drum 55 is

mounted to shaft 15. In this section, the inner surface of the housing is engraved



20 can be assenbl ed onto the "conpound" shaft. As mentioned above,
housing 10 conprises five different sections, each of which includes

f eat ures wbavias@by with the process taken at that sectconL20Rwbmeés ng back
to Figs. 4b and 4c, the uppernost secti on 10a, below ring 16, is where
upper auger 30 is accommpdated. In this section, the inner wall of housing
25 10 is provided with a set of helically curved ribs 22 conpatible with

t he helical shape of upper auger 30 and evenly distributed around the inner
circunference. Below this is the eccentric crusher chanber 10b, where the
crusher drum55 is nmounted to shaft 15. In this section, the inner surface

e )

| ongi t udi section to enhance e su e roughness/friction
to form a;s@t Jf varfichl 6Bk 74.b¥eR4in ¥&orddnke awithr sthee embodimertest the

enbodi nents of the invention, the vertical ribs can be replaced by a set of
hel i cal ridvenBorenthe desical lriisedamrirumepladnd byugisey of heliedleribhyenlyext
bel ow the eccentric crusher 5, chanber_.is the housing.section. t
houses. | odimtLAcpd the Howine cErmierene NEePela froriiis Bshi

provi ded hidhd i$ e AbudiEl LSRN ICUEMARbUSLO Tovid ABUENYY. Tl dcBtibp thear ound
the i nner "circunference d conpatible wth the helical shape of |ower
auger 70. idRebsvallbofigoustent 0 iiprovidddhwith cosenwé helicaityocuried pibe 26uevieabd shear
chanmber 10d of fi nal i nder 80 | ocated next bel Qw. Theﬁﬁegijtomo t he 10

r .
pressuri zdistritsed a@lﬂ@%ﬁb? inmpy Gigcugdeieneel apg cpBppiblg: wih glicsd shppch i s

attached tgo,the housi-ng ans of i 1.4 Ei
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whi ch the processed material exits assenbly 100. 15Preferably, all the

partslof prassireredghiaderanstss d0dliy defitedbye prefdetest platm9Q whidsiswastacheshd

tibl terial, f bl v. | . [l teel,. . Th
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For a hone appliance device the rofational speed 1's preferably in the range

of 50- 250 of RBusifi®N 02dnEpriged iopehiags [63r heoupbakRichrthel peodessed mbteriabexits may be
up to 1000 rpmor even higher, but will still be significantly |ower than
t he speedagfemblhdf®er nill of the sane capacity. Fig. 5 depicts the parts

of a driving shaf ousi ng,,110 on i ch .crusher/grinder 0..i d,
whi ch lénabl gs cou};g)‘ie?‘?{éﬁ r%Ui t%f@ I?ﬁtﬁ%}l Grishye }Jgémggr %%ste %?%#é)ﬁt?r%@%uﬁgeshaft
housi ng 11,0, CORBEIVECR0A ddOATALBR Matthial, prOREAHIY A @SethDsuch as stainless steel.

The rotational speed of shaft 15 depends on the desired capacity and processing

rate. The rotational speed is preferably in the range of 50 to 1000 rpm. For a home

appliance device the rotational speed is preferably in the range of 50-250 rpm. For

20 a medium or large-scale production, the speed may be up to 1000 rpm or even

higher, but will still be significantly lower than the speed of a hammer mill of the
same capacity.

Fig. 5 depicts the parts of a driving shaft housing 110 on which

crusher/grinder 100 is mounted, which enables coupling driving shaft 15 to a

25 motor shaft. Driving shaft housing 110 comprises a base part 112, configured to

receive coupler 114, a cover 116 having an opening 115 through which the upper

part of coupler 114 extends upwardly, and a reinforcing fastening ring 118. The

upper end 114a of coupler 114 receives end 15a of shaft 15 while its lower end



recei ve coupler 114, a cover 116 having an opening 115 through which the
upper part of coupler 114 extends upwardly, and a reinforcing fastening
ring 118.woheippwy end 114a of coupler 114 receives en@#CIAn20f/oxbesft 15
while its lower end WD 2013/018089PAT/1L2012/ 050268 17 114b connects to a
nmot or shaft. Cover 116 seals the |ower end of housing 10 defining the
bottom of radial diverting cup 60. In operation, an olive enters the
upper port of the upper ring 12 facing the rotating inlet of upper auger 30
that is characterized with a section area size that 5 will allow a whol e
olive to enter. Auger 30 forces the olive to nove dowmward. Due to the

auger spogl i CoRRAITES S Apid il YRl (18Rl AneichlorlrgobRofigheTPd vhen

exiting t stan olTvé 0o y not necessar| e olive

def or matig@ﬁﬁiﬁgWﬂﬁﬂbf@gﬂﬁhﬁvéﬁ\%\lﬁt@p@obet ween the type of olive to the
exit port or auger cross section, ereas 'type' refers only to the olive's

geonetric 10 phopmeraiiensan dlive egprsrtheugper gxtpfpl@;ruppg rings 12 fasiegithe o
o her eunGBRtE MIHGOL Ve et 20 A s sbaekpzed FE R proit BRIl oy o
ver i cal o B D R, A R B RN oo the
hei ght of Dubaodhée Bug@aplcific pdrambterss afedliveest fype 4 A'ewiibalso \be dedprnagdd i s
further characterized by its height. The different gaps al] ow a cascade of
def or mat | Bhenrrxiting she agegravhilst an oliyg of HinsglR' @Phélﬁ%@ssmbfm%?h%h‘éﬂ ive is
deformation is dependent on the relation between the type of olive to the exit port
or auger cross section, whereas 'type' refers only to the olive's geometric
10  proportions. The upper auger exit port is positioned at a specific angular position
with respect to the eccentric crusher, referred to hereunder as the "introduction
phase".
Next the olive is introduced to the eccentric crusher chamber 10b. Crusher
drum 55 is characterized by four vertical sections 61 to 64 of increasing diameters
15  distributed along the height of the drum, each of which is defined by a respective
gap and is further characterized by its height. The different gaps allow a cascade of
deformation and crushing parameters on a single crusher drum. The olive is
introduced to the eccentric crusher chamber 10b at an introduction phase whereas
dimensions at the auger exit port correspond to a gap which is slightly larger than
20 the mean stone size of the largest olive cultivar. The olive flesh and stone are
pushed or fall at the introduction phase in between the rotating crusher drum 55
and the housing 10. As shaft 15 rotates, the gap becomes smaller and consequently
the olive is further deformed. Once the olive is deformed it has a lower dimension
and therefore proceeds to the next crusher vertical section. The olive proceeds in
25  downward movement with relation to the crusher drum up to the point where the
stone is wedged at a "crushing" gap. A 40kg to 10kg force (depending on olive

stone size that is related to different olive cultivars) force is exerted onto the stone

up to the point where the stone cracks. The oily and wet media is also clogged



introduced to the eccentric crusher chanber 10b at an introduction phase
whereas di mensions at the auger exit port correspond to a gap which is
slightly wengewoigisan 20 the mean stone size of the |argest/intoiyesoess tivar.
The olive flesh and stone are pushed a8 fall at the introduction phase in
between the rotating crusher drum 55 and the housing 10. As shaft 15
rotates, the gap becones smaller and consequently the olive is further
deformed. Once the olive is deformed it has a |ower dimension and therefore
proceeds to the next crusher vertical section. The olive proceeds in 25
downward nmovenent with relation to the crusher drumup to the point where

t he stone 10 ep I ng on
ol vo. of ono SIS efbrafing i R s GRBee SLCRNrt Gkt sF ndahe g R <
exerted onbbhéusing1®asd umshedt(bﬂﬁ@é)gl%te afiews b8lySd eeif sBeMT prdtt@sed | Y and
wet nediais also clggged WO 2013/ 018089PCT/ 1 L2012/ 050268 18 betmeen t he

engr avi ng Bigdianto pasihrenghf e thusfpreventingr olivesnfr&is slimlbly lgeingntizouginite ?f
housi ng 10 d.. Ori.fice Ia 9 allqws only a certain size o
pr ocesged n@cﬂngtdg&%a ithatt bs crﬁ_ *W@ €¥enting ol ives from sinply
goi ng through  tige Gswehhiger HORAUIAME RBEATeE HHRE ol ThETESSHifice
plate 59. Coupled to the main shaft, the lower auger acts like a thread pump,

m

pressurizing the processed olives against shear plate 90. The auger incorporated

with a helix tooth or set teeth (more than one start), together with the

corresponding housing set of ribs, transforms the processed olives through the
10 rotating shear teeth/blades 85.

The shear teeth are coupled to the shaft and cut through the compressed
olive paste placed within the pressurized chamber. Preferably, shear teeth 85 are
positioned between lower auger 70 and shear plate 90 without touching either,
hovering therebetween. As the pressure rises and while shear takes place

15 processed media at a size lower than the slits 92 exit the compressed chamber
towards radial diverting cup 60 which diverts the processed media in the redial
direction through openings 65. Shear and pressure crack the large stone segments

to smaller ones so that they finally exit the shear plate.

20 It will be realized that the crusher/grinder assembly of the invention can
be a stand-alone device for preparing olive paste from whole olives. The olive
paste disposed through openings 65 can then be further processed for extracting
the oil by any known technique and/or apparatus. Yet, in accordance with some
embodiments of the invention, the crusher/grinder assembly can be incorporated

25  into a countertop olive oil extractor device, such as for example the oil extractor
device described in W02010/007610.

Another embodiment of a countertop olive oil extractor device will now

be described with reference to Figs. 6 to 8, according to which -crusher/grinder



5The | ower auger 70 receives the processed nedia comng out of orifice

pl ate 59.wGeop/iasospo the main shaft, the | ower auger acPSTIILia2/650268 ead
punp, pressurizing the processed olives @gai nst shear plate 90. The auger
incorporated with a helix tooth or set tleeth (more than one start),
together with the correspondi ng housing set of ribs, transforns the
processed olives through the 10 rotating shear teeth/blades 85. The
shear teeth are coupled to the shaft and cut through the conpressed olive
paste placed within the pressurized chanber. Preferably, shear teeth 85 are
posi tioned bet ?n é(gwer auger 70 and shear plate 90 without touching
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a count ertgkgq}a.live oi | .extractor ce, such as tor exanple t
extract or 108 baek splide d herfitmyanapboovelerom stainless stéelppoigmee mustiorent of

a countert j i | tractor deyice will now | be described with
ref erence ?zgl)ﬁdéés/r.efoga-tcgﬁg’,ahggec'}}?@flﬁ to which -crusher/grinder WO

2013/ 0LBO89PCT/ | L2R4. PPl ASSR 1.5 .C i ad 0sisthiyoned, wi t hi n
a mal axation bow such that the oli vgﬁp%%({me&é%(e?ta’l g gggé%?’f}%llgg ‘gﬁcgctly

flows into framesnaprex andoowsollter andsh eotivmel 2Pang 499 teshetivry. B&icRE t he
nbodi ment, both the crushing/grindi ng phase

il i th [
glnd thg ?r;fr%?gt ﬁa Hlféf‘ 3:22 g@%ﬂ%wm@wmﬁ@w@@mm&mm with
d \ ' ' Y100 i entrically housed
i n o cypehites 25 PPORHE IR mrf SESPLYINSY metset Sioinat aipERIES made
al nost ent i6Salfihoaking 10i dridedre @@ﬁ%ﬁ&ﬂcﬁsﬁnu@cﬁt daltd Qﬁé\éerﬂiggé 65WndR HbsiRBgp i N ough

whi | e hol di ng, back solids. The filter nmay be ma om st al nl ess®steel ,
pol yrmer > ne PRSIGPNethyvitkim sleeve da0 dormplawi theeolivet mastealeavib@Rafuirg 1Mt entek g 6,

sl eeve 120 MR350 %O\%}{.l élgg\yel ffd isfsré%gl%tejazf%or\élm l{o(lzlrs]ing 10 by a predetermined

distance (see Fig. 7) forming an annular space 128 around housing 10, into which

liquids extracted from olive paste in the malaxation bowl enter through filter
meshes 123 and 124. Annular space 128 is interrupted around openings 65, 125,

20 which are sealed to each other, to separate between the olive paste exiting through
the openings and the liquids that fill space 128.

Fig. 8 is a schematic drawing of an embodiment of an olive oil extraction
device comprising the novel crusher/grinder assembly of the invention. The oil
extracting device, generally designated 200, comprises a chassis 210, which

25  includes a motor 212, gearbox 214 and a liquid container 216, and an upper part
220, which includes the crusher/grinder assembly 100 (the details of which are not
shown in Fig. 8) and liquid/solid separator mesh sleeve 120 positioned concentric

with malaxation bowl 230. Qil extractor device 200 further includes an open-top



frames upper and lower filter nmesh sections 123 and 124, respectively.

Bet ween nesh 123 and nesh 124, franme 122 conprises a solid section 126
provi ded wot2h13operspngs 125. Openings 125 are subst anti alPcy/mnio1t/kd26ame

di mensi ons as openi ngs 65 of housing 200 and are designed to snug fit onto
openi ngs 65 when housing 10 is 15 positioned within sleeve 120 to allow the
olive paste |l eaving housing 10 to enter the mal axati on bow. Sleeve 120 is
separated from housing 10 by a predeterm ned di stance (see Fig. 7) formng
an annul ar space 128 around housing 10, into which liquids extracted from
olive paste in the nal axati on bowl enter through filter nmeshes 123 and 124.

Annul ar Sﬁ{g’%%ﬁ é%@ rf}‘%:fpé@%f‘%{é%%ﬁfgs ﬂgtB Ypd cﬁ@?ﬂ"éé}gﬂe@ Assehtbly 240 tMfdugh aar €

sealed to arate between ve paste exiting through
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drawi ng of an enbodi nent of an olive oil extraction device caonprising the
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Toror 21710 BEaRBo Beiptae & Rieas ot kit shah Borgineb I B il SOPUHEEY 5,0
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concent ri 235vatchmoahtedadn the bppér @RDof chdft 85 langing dewviwardby thdreiromer

i ncl udes an open-top WD 2013/ 018089PCT/ 1L2(f];1 050%16')8.20 ho&ger 240 for
pouri ng t o dnakgxaion hewl ha3 & Ins Repordandsq d¥ithy dag emBpdiment, shown HheISy ower

cocent r1 cmpPreiE Palided 2 (i tRRhed S s At A0, B U ffiborgme HPASTE L o
l'i nes) copphded @ Wil b daSilP kedlRt@ that bZhdtyshapéesnsf ?éddlési sienghssivdd. tTHeousi ng

110 of Fig. 5 extends 5 through and above crusher/grinder assenbly 100. Two
or not@® npastekaving pasghirigrimizh assesnblp Uf0eanters malexatinpebowhd3@iwhemiit 215

e embodiHERROSHBMRER. s ol ot eades g FoRnEs oAl ooeq
052, SRl S RISE sy BSupk R 125 e toSali ek o (e
between housing 10 (shown in broken line) and sleeve 120 and are drained
downward toward liquid draining channel 150, situated at the base of driving shaft
15 housing 110, to be collected at oil container 216. In the embodiment shown here,
the crushing/grinding and the malaxation mechanisms are both driven by shaft
215. Typically, malaxation is performed at a rotational speed lower than that of the
crushing/grinding process. Accordingly, malaxation paddles 235 are preferably

coupled to shaft 215 by means of a speed reducing gear (not shown) that reduces

20 the rotational speed of the paddles to preferably about 10 to 150 rpm.

It will be appreciated by persons skilled in the art that the present
invention is not limited to what has been particularly shown and described
hereinabove. Rather the scope of the present invention is defined only by the

25 claims which follow.



10 paste | eaving crusher/grinder assenbly 100 enters nmal axati on bowl 230
where it undergoes mal axati on by neans of nal axation paddl es 235. Liquids
separ at edwbnomvtiB@past e pass/ seep through filters 123 aou/mad2/H3ees annul ar
space 128 between housing 10 (shown i21 broken line) and sl eeve 120 and are
dr ai ned downward toward |iquid draining channel 150, situated at the base
of driving shaft 15 housing 110, to be collected at oil container 216. In

t he enbodi nent shown here, the crushing/grinding and the mal axation
mechani sns are both driven by shaftcghgmgypically, nmal axation is perforned
at a rotational speed |lower than that of the crushing/grinding process.
Accordi ngly, mal axation paddles 235 are preferably coupled to shaft 215 by

means of speed reducin ear (.ot shown) that reduces 20 the rotational
speed of ? he pgdmlg‘gevtlf)e %ﬁg’%‘?e& g aggrrgptemategaheamprising: It will be

appr eci at : e 1.3 p | tion is not
b fed & hePinB AR of thict £t dedoiviify Bidreb mAGal BRI HE0NEAL

Rat her the scegmrabforigitadipabsativtand aMemidravali;s defined only by the 25 clains
which follow. WD 2013/ 018089PCT/ 1L2012/ 056268 21 CLAIMS 1. A mill device

for proce8drivipgadgfidring areatatiomnxis eninciding yithsafbessitrag ldngttudinabaxisnl et f or

recei ving aggregat e terial, .t.he housing having a central [|ongitudinal
axi s and an igt%lﬁgl?w n?%’a cod’?ﬁ"\ﬁlﬂ%a’%ﬁﬁ‘fefltrﬁ%ﬁw > rotation axis coincidi ng

Wi th sai da canhim duesidutidah st Rcerdthe s8Em¥hWitRiNAaid G8HRAS SWRG e

i ; Cith i .
eccentric segnent; a crushing drum nounted on sald eccentric segnent within
sai d housi ng, theldeumi mstahgeriphenal heall dinparsiquedrtalleaveld frdé Rehsnotedvtéan | eave a
free volunme betyeen said peripheral wall_ and said. inner wall of said
housi ng; and ¥ P?Féﬂ’he@‘i‘li‘ﬁ%ig?n said daner yeplhel saidhhousing aadushi ng drum the

final gripd cQnnrLsi p t L at e ving at l|eas ne_.openi ng and
at | east %ngﬁ%ll %gigﬁglf I%Qaggdr%‘P"g{t&aggnsﬁé@t%aﬁggngu&n’dlﬂi??/! ﬁléacis ﬁgflﬁerupst ream
of said perf aontysébing atgorforated PPlatedmiige apieast ahéfbiaeﬂfﬂgra@idnatsl%hﬂ sifeum has a
central drum axis and wherein the drumis free to rotate about said central
drum axi s. blade or wing rigidly connected to said driving shaft upstream of said

perforated plate.

2. The device of claim 1 wherein said drum has a central drum axis and

wherein the drum is free to rotate about said central drum axis.

3. The device of claim 1 further comprising an anti-friction bearing between

said drum and said eccentric segment.

4. The device according to claim 2 wherein the central longitudinal axis of

said housing and said central drum axis are parallel to each other.

5. The device of claim 1 further comprising a feeding auger concentrically

and rigidly mounted on said driving shaft upstream of said crushing drum.

6. The device of claim 1 further comprising a lower auger concentrically and

rigidly mounted on said driving shaft downstream of said crushing drum.

7. The device of claim 1 wherein said peripheral wall of the crushing drum

comprises at least two vertical sections of different diameters.



3. The device of claim1 further conprising an anti-friction bearing

bet ween said drum and said eccentric segnent. 4. The device according to
cl aim 2 wheneinisise central |ongitudinal axis of said hegsinpiandeai d
central drumaxis are parallel to eazh other. 5. The device of claim1l
further conprising a feeding auger concentrically and rigidly nounted on
said driving shaft upstream of said crushing drum 6. The device of claim
1 further conprising a |l ower auger concentrically and rigidly nounted on

sai d dri N9 gl doQNBPLIAAT Ahafhsd UPTLAY b Wiicd: scHliBndald 6F Of

claim 1 wherein said peripheral wa e crushing drum conprises at
| east twdnvrending dianssteiisiinnise dbwastfdaar ginéctibnanet ers. WO
2013/ 018089PCT/ 1L2012/ 050268 22 8. The device of claim7 wherein said at

| east twg ver tiipgalevR@Chf ORfna WHRfeih e 8854iRY BhRPIRESHE Idabt A |AGMNSt r eam
direction. 9. The device of claim1l wherein the housing conprises at |east

one | at eragpendygdocatgd dowastear sandgierfoanted plade fardiverting prodeasesl meteridl verti ng
processed material outside said housing. 10. An oil extractor apparatus
for ext raf&lt‘?lﬂ‘bsﬁgi}\?lés@gi from whol e olives conprising the nill device of
claim1l. 11. The oil extractor apparatus of claim 10 further conprising a
mal axat i df. bowin oill 2xtradter cipparsus fiort oktragip alive ol feomi whole whizeei n t he
mll device is.np nteq i t.hin.the | axation bow . 13. The oil extractor
appar at usCOPIEIE He ! L\%\Fn‘é'r‘%‘?ﬂf‘flﬁ’énggpar atus further conprises two or nore
mal axati on paddl es coupled to said spinning shaft. 14. The ojl extractor
appar at ud lef dihgj ol eztracior spparabispel eleig W Surthey comnrising @i WalakAohousi ng
of said \r)‘jill device at a distance apart therefrom defining a space between
the sl ee eovgnd t he housi ng, wherein said sleeve conprises a nesh confi gured
tsg| ?LI Igow 1|2|. q“lr?é otiloexqraasé%orta%%;reattg]sr gfu cqgirrll %%vl?e%igt %%ﬁ c?er\lzgcet ics) l’tliloolln ecP ack

within the malaxation bowl.

13. The oil extractor apparatus of claim 12 wherein the apparatus further

comprises two or more malaxation paddles coupled to said spinning shaft.

14. The oil extractor apparatus of claim 12 further comprising a sleeve
surrounding the housing of said mill device at a distance apart therefrom, defining
a space between the sleeve and the housing, wherein said sleeve comprises a mesh
configured to allow liquids to pass therethrough into said space and to hold back

solids.

15. A method for preparing olive paste from whole olives, the method
comprising:

feeding whole olives into an eccentric crusher configured for breaking the
olives' stones, to obtain an olive mass containing broken stones segments; and

grinding the obtained olive mass.

16. The method of claim 15 wherein said eccentric crusher comprises a
crushing drum mounted on an eccentric segment of a driving shaft within a

housing, the drum having a central drum axis and a peripheral wall, and wherein



15. A nethod for preparing olive paste fromwhole olives, the nethod
conpri si ng: feeding whole olives into an eccentric crusher configured for
br eaki ng wbeoldises' stones, to obtain an olive mass comrCcaimmimyolveeken
stones segnents; and grinding the ob3ined olive nmass. 16. The method of
claim15 wherein said eccentric crusher conprises a crushing drum nount ed
on an eccentric segnent of a driving shaft within a housing, the drum
having a central drum axis and a peripheral wall, and wherein WO

2013/ 018QR9RGT) HROLH ARARGBORR: Al EclHtBrid diShd R AALAlEnaPRMEasA O
central drumaxis and 1s dinensioned to [eave a free vol une between said
per i pher a freavéluarepaech suid peripherallwall ahé saidthbasingf cl ai m 16 wherein said
grinding conprises pressurizing said olive mass through a perforated plate

inafirgy di 'Iﬁetrﬁaﬂodieg cladhatd G«ﬁa@iﬂpLﬁé%rfﬁaiﬁge&]gxﬁpﬁwsgﬁ%uﬁ,@ing flEssuri zed

olive mass in a second direction traversing the first direction. 18. The
met hod ofoliveanassitbrdught & @erforatgd phitaiin a fasegiredtionxandaodtatmmg aiblader om sai d

olive paste . . . oy .
P teeth through said pressurized olive mass in a second direction traversing the first

direction.
18.  The method of claim 16 further comprising a step of extracting oil from

said olive paste.



