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EXTRUDER ANID B¥/89926SEMBLY FOR EXTRUDI NG SHAPEBCT/OSBS/432HCES
The present invention relates to an extruder and die assenbly for
extrudi ng shaped food pieces, and nore particularly to sugh extruder
and die assenbly where the shaped food pieces sinulate thé shape of a

natural food 5 piece, e.g. a shrinp or chicken part
BACKGROUND OF THE | NVENTI ON

i ndi vi dual pi ece of thg UOER A} : *Part of a natural
food or the entire natural O i H i eCl itself. For

exanpl e, deep-fried shrinp, the entire natural food, are eaten as a '
singl e piece, while deep- fried chicken is eaten as a piece of that
nat ural food, Eheg. pregentsiirpientior onelabods tot v wxteudey bed die

constituted t%?] es ed t he pnat ural food, such _as
cut strips o%yspo o.’gf o#ggr e%%#?%g&éﬁenc%]hape&f r#]o%élpo?ﬁ?88§ |PPéspEt?tlﬁeve
of the origi paftidelarkgeto susheeherudes @tﬁdraleahtysanﬁlquwﬁéré &
of the natural food it is expected by the consumer that the

char act eri st ighapedefopd Riegrecsigplateschhei shagre febd 2 naterat food
consuned, sang,dues, eépgctgt \Lﬁﬁgﬁh&’ W%Hi@?éﬁaﬁﬂrﬁo the satisfaction of

t he consuner For ‘exanpl e, ot at'o. may be cut into shapes
significantly different fromthe tradltlonal_ strips of French fried

St i ps. the consumer woul d |1 kePOCROROIAT ok, Fim SppBgkeR |1 thonal =
Many foods are customarily eaten as an individual
piece of that food. The piece may be a part of a natural
food or the entire natural food may constitute the piece
10 itself. For example, deep-fried shrimp, the entire
natural £food, are eaten as a single piece, while deep-
fried chicken is eaten as a piece of that natural food,
e.g. a drumstick. In some foods, the piece may be
-constituted by some designed subdivision of the natural
15 food, such as cut strips of potato for preparing French
fried potatoes. Irrespective of the origin of the piece,
whether the entire natural food or a part of the natural
food, it is expected by the consumer that the
characteristic shape of that piece be present in the food
20 to be consumed, and this expectation is very important to
the satisfaction of the consumer. For example, while a
potato may be cut into shapes significantly different
from thg traditional étrips of French fried potatoes, if
.those shapes differ substantially from the traditional
25 strips, the consumer would likely not consider that food

French fried potatoes and would object to such shapes.



French fried potatoes and woul d object to such shapes. In

many prepagrslodsposs, especially for institutional ser vi nggrrdsysiosfiaod
servings, and prepackaged servings, &ge natural variation in the size
of the natural food pi ece cause consi derabl e problens. For, exanpl e,

natural 5 shrinp can vary considerably in size and, hence, calses

variations in thergr %%?Siﬁ}%ﬁré@efQSQQ;f@s%ci@ﬂl@ f&F institutional
institutional, fast food and prepackaged purposes. In addition, this
causes diffisetvyngs,t Heastni 9@ gerskings, and Prepadaaed sexvdngs

natural variagtion in size_10Q.caus qdiff nc | n_the i nit] ui nts .
of pr oces ?nd’ab 1f":?)al’ft g a%é‘c%;igoﬁggqh n@%disﬁ';z% rggzi%llé g{r?‘ﬁ:lt#nﬁ f'%%n'ﬁé‘ !
time requiregiéee rediasdi redsiddrablsh bipblemse. OFor extdinglel Chewameloven
or deep-fat frying. Accordjngly,_ it is a comon practice in the art
that 15 SuchehBEiUPalCaHoVIrYe IPNSIFSAPLYr d0grHisR PRfe NFRCH CAUHRF t he

mash extrud ' . h ' j S teh 1 h : t
shrinp. Si ngga#ﬁé?lg?%r éggﬂ%%géb%g%?ﬁgeogf Q:gx n% g%einsﬂ%%hté}% hat
extruded forimstitutibmalshr ifestcafood pandesperdp@ickalged ngpunpesrisg) Iand
then 20 subsequeptly reheated_or coaq W th insurance that th uni form
Si'z6 and wer GHEIRRPP: pddtis nPRBERS: Ao Bh Uetler ngt The (AThePRy 6o
with unifornmnpeestghbsel r e8bBsgCestifce tRe€CHatural variRitSdiet Ref ize
processing food into an extruded 25 shape is al so used for conveni ence

purposed0 espaupapl y differenagsk figddstheor inbhbpré, cngwrementse wf
b OCESeS PERERHIhe B S R S EORUEED) s 47,
ti ssue and ttRel iddeneandegairederfdor eeheating for finish frying, e.q.
in a microwave oven or deep-fat frying.
Accordingly, it is a common practice in the art that
15 such natural foods, e.g. shrimp, are ground into a mash
and the mash extruded into a shape which simulates the
natural shape of the shrimp. Since that extruded shape
will be of a known size and weight, that extruded form of
the shrimp can be processed (including freezing) and then
20 ' subsequently reheated or cooked with insurance that the
| uniform size and weight will pass through the processing,
reheating or frying with uniform results from piece to
piece.
This method of processing food into an extruded
25 . shape is also used for convenience purposes, especially
in snack foods. For example, chicken can be so processed
through the mash and extruding steps to produce a
miniature ‘chicken drumstick, which, of course, has no
bohe, connective tissue and the like and is, therefore,
30 quite useful as a finger food, such as hors d’oeuvres,

light meals and the like.



30 quite useful as a finger food, such as hors d' oeuvres, i ght meal s

and t he | i/Ré&O 9839975 3 PCT/UBSR/Q32 LY

by preparing a mash of the food and ext3uding to the appropriate shape,
quality control over the processed f ood S much easi er, )
essenti al pasteurization can be assured, and portion size$ can be 5

controll ed, whi cti“ti:stlmt i cbiyar prepmudmicantai nmasht aioff  the nsfoddt | andl

food and for N fat f ood oses fast.food resta ants,

hospi tal s an&"? 64 €o the apy BT LACE cs&?é?geder%?%l YdiGtcnt i ever
have  been tne exngfbeaeeéa N tfgodrt B Proglueihng au@h et rudedsénedaio
pi eces, in that the art has not been able to faithfully reproduce the

expect ed shapestieutiiezakiond sar d@%l |§|S§¢Jé-§d ang@agiariiion shaegriean abe
extrudi ng pr 8%?&%%1&% ol Wr:iuch ga.%gl agcﬂggcﬁgng?%g ;g@.rﬁ'oact:_eﬁtaln

particle size, t o pass t

screen, 15 &wsnmttfmanrcﬁmafmd | fbe a:émsiunuMﬂ YfWlo %dﬂ@éses,
wat er and gel l'i ngaéagengf and optionally fornul ated w er
i ngredi ents Su&h efd res §P§anﬂsavé?%spltal§)r%§‘ér9§?| &él’re -etc., and

placi ng that ”aShI-icﬂné'v@fessu'E:%n ideteded m&&ff&@ﬁﬁ%l%smmﬁﬂg UpBQFR

whi ch one or nore die 20 and cutter assenblies are nou
the nore nodempesriremepderdn the dixt add gptéducing amminbley:t:bmd:alfbbd is

conpris of an i nner . sl eev (also referred.to in e art s a nozzle)
in flui gl'do PA&Hfit P %ﬁ‘% tﬁh?hgrrs\:ar}??%l gothRaRfh ##Eh ttche abEhensly
passes and amrePHRIucd CEME Whipelktied rfd s 0sat eHel @bdiidrd fodd dﬁhékebnner
sl eeve for cutting extrudate |nto shape pi eces as the extrudate passes

through a di Basd-aeky, thﬁneprépé‘evértThﬁQCtba%iJélSpr @ECehaeshetnvolve
practiced fOgrinding the food to an appropriate particle size, e.g.

to pass through a U. S. Screen Series No. 10 screen,
15 forming that ground food into a mash, usually with added

water and gelling agents, and optionally formulated with

other ingredients such as starch, cereals, flavors,

preservatives, etc., and placing that mash in a pressure

vessel which feeds a manifold upon which one or more die
20 and cutter assemblies are mounted.

In the more modern arrangement, the die and cutter
assembly, basically, is comprised of an inner sleeve
(also referred to in the art as a nozzle) in fluid
communication with the manifold through which the mash

25 passes and an outer sleeve which is reciprocated relative
to that inner sleeve for cutting extrudate into shaped
pieces as the extrudate passes through a die in that
inner sleeve. This basic process has been practiced for
some time. In an earlier form thereof, the die was at the

30 end of the inner sleeve and a cutter cooperated with that

die for cutting extrudate into pieces as the mash passed



some tinme. In an earlier formthereof, the die was at the 30 end of the

i nner sl eeyg ggRgde7d cutter cooperated w th that di e for cutirnusgso3211
extrudate I nto pieces as the nmash passed t hrough t he die.
However, this earlier arrangenent has li'ttle ability to form shapes
whi ch accurately simulate t he shape of a natural food piecé, and, as a
result, the qp &idn MevRA Bowar dibhevar! e vpier Ra318 andagdbi@ferent has
arrangenent . In this latter regard, U_ S Patent 2,676,552,

i ssued on AFrittR¥, abdd4tyshbes fidym gehapeel ywhisder accuragglsngehmni age

such die an C%Jt%ﬁgggssé:afl:ol irrclas?‘ggg%i'fs_gp% pii@é’é pOQﬁEEda@eraEiﬁ%g%lEEf ghgnce.

In that pat a condurt for the ahd “an t-
out er slayave fmoked t heowattder ther oubiéeng mdtieaxt r ddat e {rdshputted Nto

i ndi vidual pieces, but at the end of the inner sleeve, a disk is

di sposedSso arwangemedtre so forned is circular in configuration and

can, therefore, efﬁrugﬁigndléét gut e ifp the fo%ﬁ&fltdog?gqgt ghhe
outer sleeve is r éCi procat &§ on the i Hner sl eeve y contac vvit’i? !

shoul ders onigdneednrear Hpeeile @Y ,ch10Gdm behiowsy shef ageserallfyor modern
reci procal notion of the outer sleeye. VWile thi Aa roacé; JS
quite appr GFTaRESTeRF 2%}:] ﬁ‘h‘?ﬁ"at‘i]’r?g Ane s ekE <t gsls&'@?lp‘r%%u&n id® in
the form jAdoRPoRABEHAr hEkBIn €bg Pefawahiel. Shabernb S 8Cch an
I's not capabl e of produci ng nore conplicated shapes and he art

f

proposedOnodinnesnt isdesust tArMBas ccpraudss fom the dnashnandutaer outer
oo, oAbk FoRa o i S PR YRS ERTRLE" GIORSS,
1978, whi ch intodiBtdieifieals pHeeepor abat het eithdy emd erehcehelhiisiner .
gleeve, a disk is disposed so that the die so formed is
circular in configuratién and can, therefore, extrude and
15 cut a shape in the form of doughnut. The outer sleeve is
reciprocated on the inner sleeve by contact with
shoulders on the inner sleeve which form bearing surfaces
for the reciprocal motion of the outer sleeve.
While this approach is quite appropriate for
20 simulating the shape of a food product piece in the form
of an annular ring, e.g. a doughnut shape, this approach
is not capable of producing wmore complicated shapes and
the art proposed modifications of the basic process and
die and cutter assembly, as briefly described above, to
25 achieve more complex shapes. A notable example thereof is
U. S. Patent 4,080,137, issued on March 21, 1978, which
disclosure is incorporated herein by reference. This
patent describes in more detail the basic overall process
of the extruder, as briefly described above, and more
30 particularly shows such a die and cutter assembly where

the die is not formed at the end of the inner sleeve but



patent describes in nore detail the basic overall process of the
extruder, o syisehdy descri bed above, and nore 30 parti cul arlBCHUses3zlich a

die and cutter assenbly where the die ig not fornmed at the end of the
i nner sl eeve but in a side wall of the inner sleeve near the -
end of the I nner sleeve. By so formng the die in that side wall,

and by coopgraigide tall hef rewd piffalr Ndfe RE&EVE&he endl i  thée
arrangenment i s capabl e of produci ngfa shape 5 with an arcuate top and a

substanti al | ynfieat sbeever wRXhso Tomaming ntihgt Aif nidt hakhpdlen Watls.
This technol g h b | Js Lhe Lor : for g

shapes, and 6g .%S(at gﬁbﬁ%%%z,ﬂl{:ﬁ igééedrgﬁaﬁg)?cfl 19cggé,%€ho%g§{ﬁe
adapt ati on ofuthair,10ther eresmdementkilsg capdtbe sfmpradwugingf rd eshape
shri np. This patent al so describes in nore detajl rtain aspects,

of the prS or Wath FpRESUateckel frd 1R if\é‘????’@téﬁziy %Sr&t b°"'gré$’?i“€1§}c‘ep,
and this patent, IS i %ﬁfﬁtﬁgéehﬁil&y{en padrdigrence. In the process of

&
that patent, again, a 15 discharge of the extrudate froma side wall is
used, but i n thelsli bechaod ogy ahésr ieennhf ehlawedws.nt hehex paida eart

to assune a curved _shape,-simlar.to the curved shape of a, fried
shrimm PO Rk PR SBPBS S S ihotever - & EERbn Lol55 102,
difficulty i seidipld @ t henextrudaterexi téhde dire aithpationCUbtbythhe

cutter assenbly, that cutter_ assenbly nakes a relatively flat cut of
t he ext rifiat Progass héoaxt makiang a shapeefdmilarimat aedfEied  ghrimp.

oot RGBSR oot teiiion1a ESSLRIT CRICIIE Gyplets
Patent 4, 15200 hegpeiozal bytatpdeare=, 9in€budbngl theagelling agent and
gelling step, and this patent is incorporated herein by
referenée. In the process of that patent, again, a
15 discharge of the extrudate from a side wall is used, bﬁt
in the die there is a former which allows the extrudate
to assume a curved shape, similar to the curved shape of
a fried shrimp.
In all of these processes, however, a common
20 difficulty is that, as the extrudate exits the die and is
cut by the cutter assembly, that cutter assembly makes a
relatively flat cut of the extrudate, and the extrudate
has geqerally flat edges, i.e. resulting from a present
cut and'. from a preceding cut of the cutter assembly. This
25 difficulty is clearly shown in the drawings of U. S.
Patent 4,152,102, especially at Figure 9. Obviously, a
French fried shrimp does not have opposed flat surfaces,
but, instead, is rounded, and that approach for extruding
the food piece leaves an undesirable appearance to the

30 food piecé, which appearance is not that which would be



French fried shrinp does not have opposed f1 at surfaces, but, instead,

I S rounded,weng39dr8t approach for extruding the food pi eceCTAS8984B32HN

undesi rabl e
whi ch woul d
fried shr

appearance to the 30 food piecg which appearance is not that

be expected by a consuner in regard to a French

I np. The above state of the prior art has“existed until

the present tipectand byheref ebfsumerCORRECHeGaM t kD ext IrigaltDi efered

havi ng conpl
duplicate th
Accordi ngly,
shrinp, it i

pi ece and nothat pkeksenti| gimeq thad,

a negative e
hopef ul | Y

15 apparatu
of the food.

e.g. ove
e.g. a pisto

the pressure

ex or rounded shapes, the art sinply has not been able to

shxhmpe of the natural piece with any degree of accuracy.
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theaedf anfe 4 niat urcadnmEecion Thstas

ffect on . the consuner and one which éhg aét woul d nost
exsyyogd pieces Ravipge CERPHEX AT (FRUBAED, S

cutter 10 apiems it8 & emphdefdyiriermamccafPbn aki t Alinesiehliap| o othe

such that th
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I'n cutter
the consumer and one which the art would most hopefully

avoid. _

In more detail of the prior art extruder, that
apparatus entails a pressure vessel for containing  the
ground mash of the £food. Pressure is exerted in the
pressure vessel by a pressure exerting device which can
be any device to exert pressure on the mash, e.qg.
overhead gaseous pressure, pump pressure, mechanical
pressure, e.g. a piston, and the like, and no particular
form of pressure exerting device is required. A manifold
is in fluid communication with the pressure wvessel and at
least one, but usually a number of, die and cutter
assemblies are in fluid communication with the manifold,
such that the pressurized mash in the pressure vessel
flows through the manifold and into the die and cutter
assemblies.

Each die and cutter assembly has an elongated,
annular tubular member with a tubular extrusion wall
(essentially the inner sleeve of the prior art, as noted

above), a closed extrusion end, an opened feed end

: 2 APeSt riferark hat
é%r b3y 828 PIRSSHEENV IR £8" ARt &IthBe shapd! S¥ndp@ash

sSure i1s exerted in the pressure vessel by a pressure
exerting devhetumailchptene wite any dieguweet ofexaccupreysudsanrdirghysh,

rrhead gaseoqus .pr.essure, pu ressur mechani cal _20. pressure,
R R SR RIS SR =hartid 2P CHat PR ot - Bresely creied

exerting devigheiimp, equi r €. quidi fdlvious ito i Rhld Ubensomeni €RREONCHE h
vessel and at | east one, but usually_a nunber of, die and

%h&h;%s f‘ﬂfé | éfgl t 1 ”PRQEeF?r O Ch¥ES el negat L AWR AFUAQUIGn he

1.



assenbl i es. Each die and cutter assenbly has an el ongat ed,

annul ar t wing ggizeerber with a tubul ar extrusion wall 30 (ess@rmyusssiog21ihe
i nner sleeve of the prior art, as noted » above), a closed extrusion end,
an opened feed end attachable in fluid communication to the -
mani f ol d, at | east one extrusion die fornmed in the tubular extrusion

wal | near thgrexbhaplen end frasantéamiinibatsose val t9é manihsidnNnest
sl eeve of the prior art), a tubular cutter 5 having an opened driveabl e

end, and an tE8Rfatee certausion \@ie foxmesh bhe cugbat agn Xt rws bon

| east one c h g ' LUt Ling e, {.atq.the e_.as

t he ext E‘&‘é%?en&fﬁ ?}E%}S&%F%ﬁé%ﬁgt Ee(&:lu t(tar |e§¥édi|: ésl:g eahgt glltéiaést“?ahff of
partial |y oveheanthneri psbealrby of i ddsbl praext hartyhul ar thibukxtr usivperal |
(essentially the sanme as the jnper sleeve of the prior art) and

oper abl y conR@¥iBg ATt RPeREd Ipi¥eables gnd o angdr jafe giongatesy cutter

reci procal | yyghh diy3%n hgn CHpkfled c%{@éﬁoeénavwit 4 @B a S OB it €1nd N

drive device can be any“device for reciprocably noving the cutter
menber, 15 suyfagechfor cauttdngttheakxtaudatali inbpertiieedsbapeces the
Thi s arrangene IS . particul a hown_jn U _S. Patent .. 4,080, 137, noted
above, and tﬁ%ﬁ%}}ﬁ%ﬁ% o%lta%duﬂéraﬁﬁt’egg‘at c"ﬁkft%:'ﬂpﬁsaﬂbﬁpgtsﬁé &% teppt
known in thepagtiandyesdenotand ré&ﬁﬁi@&i?ﬁf BMRIdab1 on the tryidebe,
of course, a decided advantage in the art to inprove upon such

appar at 48 suektrrgdamevall Jpsseatdally chipabame atthel Agnesnpskeeve
S1hS thaciof oo BARSE AHe) CABRe ey MotaBlBeeS ol 2l gL
surfaces of ehd po @@ drive dsvieet forcedreciprdeatly! Blwdihdy aHairdeter
advant age tomg&re%deogeo{_rp L%)é away from the dié. The drive device can
be any device for reciprocably moving the cutter member,

15 e.qg. mechanilcal, electrical, and fluid-operated devices.
This arrangement is particularly shown in U. S. Patent
4,080,137, noted above, and the conditions and parameters
of such apparatus are well known in the art and need not
be repeated herein.

20 It would be, of course, a decided advantage in the
art to improve wupon such apparatus such that the
apparé.tus is capable of extruding complex shapes which
simulate the shape of natural food pieces in all aspects
of the shape and which do not have, for example, the

25 opposed flat surfaces of the prior art, as mentioned
above. It would a further advantage to extrude complex
shapes where the shapes are rounded in any or all desired

directions, e.g. such as the rounded shape of a curved

fried shrimp or the rounded shape of a simulated chicken
30 drumstick.



shapes where the shapes are rounded in any or all desired di rections,

€. g. such @{gp égMefsounded shape of a curved fried shrinp eprhkiwshsinded
shape of a sinulated chicken 30 drunstick

SUMVARY OF THE | NVENTI ON It has ndw been found that t he

above-descri bed prior art apparatus can be nodified to proévide such
r ounded shapes so as to accug vS o lrise faRAnerede of a 5 natural
food piece. The invention is based on three primary di scoveries and
several subsidi ar ftdihssowssw eseen found Ahax fihiestalpoverdgsdribedepxriort

“was found that the extrusi on_di e of,.the prior art st have a shape
general |y coRFFguiRRATRCUS: TRR. Rt F'f)’ﬁd‘lthlﬁﬁgpﬁc’ofp’f‘ﬁ%ﬁ% S afF d

pi ece to be gxhpddedgobuhghhiteh dicRkufatiely sAMRdt® CHHd JWHPSO 8 1P
provi de a substantially constant transverse flow rate of the nmash
t hrough Bhe Batural afoeodhspdmaenl | The | igvientden ofig hdbafiesd on threg a

hape of i ncPPARHEY SHBNSHIERc M by lERy Buraldla Y Bl aRidRT o

when that die shape a fiestl primaryesdidédovenysulist arld afdyndofhkanithe
transverse flow rate of the mash through the die at substantially
al | portions®¥ETUgdod ¢ Ak®) of BRey prdcFer aXibsi®eFy BA¥EovéEr y,SHap&as

found t hat Y-a@1Rer LARRL AlLrdeVi abl APS B sENe Hits cHiAPe the t
nat ur al shap%egf taheg‘eood p:igkéle, t he extrﬁggg pi ecet%' COSF& @noﬁgt hEe ess,
cl osel y 19 nuhaturelie fbage piecde to beatextatudedd fmecewhikhl edihe tduestsane

e oV 3068, ZRes BERILAAY SR o RRNEnEe OV Ll "
constant transverse flow rate of the mash through the die
at substantially all portions of the die.

As a subsidiary discovery in this regard, it was

15 found that the natural shape of the food piece cannot be
slavishly copied in forming the die when that die shape
results in less than a substantially constant transverse
flow rate of the mash through the die at substantially
all portions of the die.

20 ~ As a further subsidiary discovery, it was found that
by experimental deviations in the die shape from the true
natural shape of the food piece, the extruded piece
could, nonetheless, closely simulate. the shape of the
natural food piece, while at the same time providing a

25 substantially constant transverse flow rate of the mash
through the die at substantially all portions of the die.
By shaping the die in such a manner, the extruded piece
simulates the shape'of a natural food piece, while at the
same time provides that the extruded piece has the

30 rounded shape of the natural piece and not the prior art
distorted shape.



By shaping the die in such a manner, the extruded piece simul ates the

shape of awwowsp®ys food piece, while at the same tine prRCTESISAIZNL t he
extruded piece has the 30 rounded shape of ¢he natural piece and not the
prior art di storted shape. As a second primry

di scovery, it was found that the cutter nmenber nust be reéiprocated at

speeds sufficient As atdétohliepaitiaaty reidssvesy i spowag doind hehatether a
time period that the pressure of the mash in the tubular 5 extrusion, wall

i s not subst §WHTAT yMERRRZedRY i RF X SCIPFRERRPBC AT oAPERISheSREEL LNt
menber. Thi s ¢hgachhaved,bye méi‘ﬁﬂeﬂf‘%@g dfgpdibye cﬁﬁ‘é%]cﬁh%”défé the die
reci proc Tt

and cutter assenbly so that suc tion o e cutter nmenber
is provided. tlifhe perisdathalisittherpredssureeof ithe hingshedar dshe i tubmiar

found th if the cutter ey dwells over. the,die for ti eri ods
such t hatt  h& 7" 3o Taston betantinh iy, “Sepaefononiips sa
substanti al | ¥ tid8NoE theSERITEUEILNhehBELD! Agatd ONsOfadHiFal t B

menber and the 15 extrusion of a further cut food piece results in the food
pi ece not hadm@ndiadgedined duige. device amd/ox hithe pdiigar gndi seutsey,

It was found_t [ uct f e cufte st _b
general ly aécg(a)e&]ﬁi;ﬁr%a ttgllgaés a%% ; i%c r%scatsél}bosr% aéﬂ&'i épg‘;%té;%aégmgﬁrzo
at | east the ifs povai@edquarter of the die first encount ered by the
cutting surface when cutting .,a food _, piece. (Xher shapes, such as the

general 139flat cuth¥ng sSubsddiazy oflierevistivor 1Br tthiheragriesiint difi nyashe
ot o hOSEOBRLCEphES S D B epbedC AR bl 20 B RE b
time periods such that the pressure of the mash in the
tubular extrusion wall is substantially changed, then a
subsequent reciprocation of the cutter member and the
15 extrusion of a further cut food piece results in the food
piece not having the desired shape.

As a third primary discovery, it was found that the
cutting surface of the cutter member must be generally
configured to a shape which is substantially the shape of

20 at least the first one-quarter of the die first
encountered by the cutting surface when cutting a food
piece. Other shapes, such as the generally flat cutting
surface of the prior art, when encountering the first
portion of the die in a reciprocal action, cut too much

25 of the extrudate near that first encountered portion
before remaining portions of the extrudate are cut. This

~caused a distortion in the shape of the extrudate.
However, by configuring the cutting surface to a shape
which is substantially the shape of at least the first

30 one-quarter of the die first countered by the cutting

surface, a significantly greater amount of extrudate is



before remaining portions of the extrudate are cut. This caused a

di st orti ongigogdversshape of the extrudate. However, by cormpiCT#us980321t he
cutting surface to a shape which is sup tantially the shape of at Ieast
the first 30 one-quarter of the die first countered by the cuttlng

surface, a significantly greater anount of extrudate is

10 cut ahethe sane shfe, tare,t hirkd avRigs akbaldditias t 82BtbRt iont hin
extruded and cut shape. hus briefly stated, the present invention
is an i nbhev ersruded and,qutudehaPer produci ng an extruded food 5 pi ece

n a shape which iy atga;LBeShapgegh 2 ¢l Upllecent [ 98UeREAES SUCiLy

conventi onal extruders conpri pfessure“vessel for confaining a nmash *
of the food umngebvementy elysuam, eat:pudexuIf@xexm'ddu@mgvaneeMmudetfaddsﬂ ng
a pressure in the gressure vessel, ,a mani f ol

|
communi c& i oR1&FEN ¥the2pPReRR VRiCRepimylatas | gﬁ‘ge °€df“e &ttt er
assenbly in %Pﬁd &5;{3%%“ cakhh ‘Mécf}(x) é'ﬁtlonaﬂan'efz&lﬁdegé"e cgl'nﬁr:.%'éd

cutter asse a) an ngat ed annul ar extrusi on nenber W|th a
t ubul ar pxesasizen va$$el( Kora comisainirgr mumshnd»ﬁ (the afioogenetid’
feed end attached in fluid communi catlor{:.to t he rranif ‘(' %ﬁat Iegtst

one extrusi oR*GPEW S med iBFTRR T BoARGF Y9 e Vd‘§1'e0n ﬁﬁl | iRt Rang

extrusi on engregithree) i t vhel apressuctt t fessaBNDes mayi fgldanin OPENELG
driveable end, an el ongated cutter -wall and an opened cutter end with

at 20 |1é)astcsn@ua;¢qamg=%uw‘abeth@r RERSSWEL eXEFG8Are 3N oathd east pr@e
as the extruggge tSkpad! %ssémﬁlg én %ﬁfﬁer mm d%af%f&?s%it% Last
y & on The T ub

partially over and recl procal on 1 extrusi on
wal | and opemahliffold. cohect ailieat ahel drewtetedat € @stheimblay dr hee defa)eahor
elongated annular extrusion member ‘with a tubular
extrusion wall, (b) a closed extrusion end, "(c) an opened
15 feed end attached in fluid communication to the manifold,
(d) at least one extrusion die formed in the tubular
extrusion wall near the extrusion end, and (e) a tubular
cutter member having aﬁ opened driveable end, an
elongated cutter wall and an opened cutter end with at
20 1least one cutting surface for cutting extrudate into the
shape as the extrudate exits the die. The cutter member
is disposed at least partially over and reciprocally
slideable on the tubular extrusion  wall and operably
connected at the driveable end to a drive device for
25 reciprocally sliding the cutter member over and away from
the die. | :

The present improvement in that known extruder is
where the extrusion die has a shape generally configured
to a cross-sectional shape of the natﬁral food piece but

30 which die is also configured so as to provide a

substantially constant transverse flow rate of the mash



25 reciprocally sliding the cutter nenber over and away from ‘the die.
The presenwoogizgeyenent in that known extruder is wher e tHFET/BS987032110N
di e has a shape generally configured tp, a cross-sectional shape of the
natural food piece but 30 which die is also configured so as to
provide a substantially constant transverse flow rate of “the nash

t hrough the dheotigls s adieahty sablstpeitiadisy aill hpodteons ofThehdlrdve.
device is arranged to reciprocate the cutter menber at speeds
sufficient tBBE tREL¥G t]VHERDES | arranggs fR edeGddroaad-al Eheoroytter e
period such highed SaBf CSUEAsO el fes SRSt ! HEAL Y| BLefLl UnbfiBeta! 45! S
not subst-antially chahged during a reciprocation of the cutter
menber. The duspompduciete thepaie femeral | ytime quefigdr etidlo &hsaftapa

whi ch i bst anti al | he, shape, of, the .at.least first one-quarter of
the die i rsPTEFSURR tE’P%d"‘%?ht e S [ PLAT aeRtRHER OB Ma LYy 1F 1Rek

pi ece. substantially BBhEhgBBSCRUFHIHIN & THECPBAWENESon of the
an

Figure 1 is a diagranmatic illustration of extruder useful in the

present i nvefut&er welmbsshe @helscutkéngar syrbaceg shape oist lgemerallyrt

o angeTent A il I8 OF° sk SRR S 20k BRREEL;0) pole senle

assenbl y usethle i nat he lersasent fipgent idte-qddicspne ol 2Athet h@irart ip8tng

those of the prior art arrangenent and, sone of the parts being aspects
of the &%seﬁ?‘%ﬁ?#; by "the cutting surface when cutting a food

piece.

1.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagrammatic illustration of an
extruder useful in the ‘present invention, with some of

15 the parts being those of the prior art arrangement and
with some of the parts being aspects of the present
invention; '

Figure 2 is a side elevation of a die and cutter
assembly useful in the present invention, with some of

20 the parts being those of the prior art arrangement and
some of the parts being aspects of the present invention;

Figure 3 is a side elevation of a die and cutter
agssembly according to an embodiment of the present
invention;

25 Figure 4 is a side elevation of an extrusion member
removed from the tubular cutter member for clarity
purposes; |

Figure 5 is a side elevation of a cutter member

removed from the extrusion member for clarity purposes;



Figure 3 is a side elevation of a die and cutter assenbly according to

an enbodi ngigiogBbeishe present i nvention; 25 Fi gur e #crasesmes’Nne
el evation of an extrusi on nenber renov, fromthe tubular cutter nenber

for clarity pur poses; Flguregls a side elevation of a cutter -
menber renoved fromthe extrusion nenber for clarity purposes;

Figure 6 is a rpidhgaramgetiges i&l usqiggranmatlic 11mh%ft§rrattil@lﬂy of
constant transverse flow rate through a di e; Figure 7 is a

partial si desubsvantdaldonrrgstantcytrangvansacdlams Kakeed theough east
the first on f e quarter of the die first encountered by the cutting
surface when cifting the extrudate; Figure 8 is a side elevation

of a further enboﬂilgaﬁré 7 a4k aadipaﬁﬂdla(tut bedeased ey iascostiong i tahe
present 10 invention gures _9 through_ 12 show t he shapes of

extrudat & cuﬁEEBﬁdlﬁ‘l‘gr?%cﬁhé-’?ﬁ%%ﬁ%‘{e‘iim}%ht|at’5-n aRaskccorai i us « mee-
prior art; quarter FbsurEﬁe13da§| 2rgEags- SAebuardr w epyyof th%e %latttt%fngw

menber having a plastic bearing posed on an I nsi her eo
DESCRI PTI ON $krPREEERRED Euﬁﬂﬂnﬁﬁﬂhb extrudaté&he overall extruder of the

present invention_is shown_in, gu e 1. .Sinc the ¢ Qnents of
that 20 extruderf APETRnSWES P tﬁ% rFﬁiFngtlonFlo&J %_(uT"éhSﬁl ? gdiment

of a die and cutter assembly according to the present
10 invention;

Figures 9 through 12 show the shapes of extrudate
according to the present invention and according to the
prioxr art;

Figures 13 1is a cross-sectional view of the cutter

15 member having a plastic bearing disposed on an inside
wall thereof.

DESCRIPTION OF PREFERRED EMBODIMENTS

The overall extruder of the present invention is

shown in Figure 1. Since many of the components of that

20 extruder are known in the prior .art, Figure 1 is only in
diagrammatic form, for conciseness.

As shown in Figure 1, the extruder, generally 1, has

a pressure vessel 2, a pressure exerting device 3 for

maintaining a pressure on the pressure vessel 2, a

25 manifold 4 in £luid communication (conduit 5) with the

pressure vessel 2. There is at least one die and cutter

assembly 6 (seven being shown in Figure 1). It will be

noted that the die and cutter assembly 6 is in fluid

communication with the manifold 4 by way of an attachment

30 7 to a nipple 8 of the manifold.



di agranmatic form for conciseness. As shown in Figure 1, the
extruder, .O¥Q®RAI97§ 1, has a pressure vessel 2, a pressurRCEVSII3AY
device 3 for mai ntai ning a pressure on,ighe pressure vessel 2, a 25 _
mani fold 4 in fluid communication (conduit 5) with the pr.essure vessel ~
2. There is at least one die and cutter assenbly 6 (seven”’bei ng shown
in Figure 1). It WHe kde andotedttdnt ddmemblyad tsettlzestssenieysBoodd in
fluid co nication_ with the manifold_4 hy way.of ap attach t 30 7
Lo 5 ni ppl o STOM (et hmRioures T and 8. ‘2" dbe " "opEleR, SRR Lu ke
6 is best undgyséPBflgated rAMMBPAR f:@ithesidn aRkmber” §i il aUli@bular
assenbl y has an el ongated annul ar extrusion nmenber 9 with a tubular

extrusi on walextiusionr|wabl 82tr @asicdsedtl extresionnengedls fagull amdopen
attached in fduid ¢ Lecatipn,,e..g..by -,...Ripple 8 .to nmanifold 4. There
is also at | aese[éio g‘ram%exf‘#ggpgﬁddi én13f}'6?'ﬁeag?‘ﬁm‘fﬂ§c?ﬁﬁﬁpar 8xBrusP8n
wal | 10 REPpldie ggXt EuSi @AneHE1EL. 4 A tTHhet@r Wit BAlsdeaRer 1é4sBasone

an opened driveable end_15, an elongated cutter wall 16 10 and an opened

cutter end 1PXERYSEAN| dast IdndLmed ngn thes iykikay sgexbrusdon mpll 10
extrudate intQ 4. ?ﬁé’eeﬁgrﬁpgf)n en < u‘da}f S tii St Egtgk% %%mb-r%%e THTLSE
| sposed a partia y

menber 14 is east | y over and reci proca
sl i deabl e on arheopehafadmintealsionend! 115,0 and edjesicailed 16uttemnesi¥dl at a

Sl di ng. ts i caPectRpRed ST SB0 (He BiiTeratediast dcBrer CuRaday
device, e.g. Barive arm 59T acdraorg | SRAIREROCR. X RS nap vebe
found in U SxtRmdate 4 @8ia3thahidile 13.di Sbeosonbtes | membear alldd is
herein by rEfﬂgg;ed at least partially over and reciprocally
slideable on the tubular extrusion wall 10 and operably
15 connected at a drive end 19 to a drive device 20 (see
Figure 1) for reciprocally 'sliding, as indicated by
arrows 21, the cutter member 14 over and away from die
13. The cutter wall 16 is so reciprocated by a drive
device, e.g. a drive arm 22, and details of such a drive
20 arm may be found in U. S. Patent 4,080,137, which
disclosure is incorporated herein by reference.

As extrudate passes through die 13 and is cut by
cutter wall 16 having a cutting surface 18, the cut
extrudate falls onto a moving conveyor 23 (see Figure 1)

25 for collection and for further processing.

Usually, the mash will have a gelling material
theré‘a-’i'i. Thus, as shown in Figure 1, a gelling agent may
be sprayed onto the cut extrudate as it drops to conveyor
23 by passing through a spray of liquid gelling agent

30 produced by a series of sprayers 24 intermediate the die



As extrudate passes through die 13 and is cut by cutter wall 16 having

a cutting ewodgpe7sl8, the cut extrudate falls onto a noWwaTgUSY8MN321YOr
23 (see Figure 1) 25 for collection and for further processing. _
Usual |y, the nmash will have a gelling naterifal therein. Thus, as shown -
in Figure 1, a gelling agent may be sprayed onto the cut éxtrudate as

it drops to rdn¥ag@orthe cddvieyodiassld NgEkbeew sprapiny agentquisl gaubhrg
agent 30 produced by a_ series of sprayers 24 internediate the die
13 and the danivadye¥ough BRcess spraying agent is caught by a trough 25.

The present i nven&hgnggégﬁg Z%Rgglg%gﬁi UhEntdfls arSithd eSSyt Vabg

al t hough not exclusrv ment of the invention is shown in
Fi gures 3 thrutigér asSembliyhowgh siltiHarglpamot ofexdbusiivedwd canter an

The. presdnt SHOSHPERCRAE FRA DveRiiol 7 CORMPALY 10ueg § Entdugn

cross-secti opal a3hapegl fimblstapakead dr agge a7d Hhd odtee£MhedirBAYL,
illustrated in Figure 3, the shape is that of a natural fried shrinp.

However, in adei else tshown AaviRigures génend ZhaBbeofextrusion udide fdod
pi ece, e.g. he fried. shyi h Le nust _al so _be ¢ gured.so_a

to provide ao‘gugig?aﬁ’tr iezﬁﬁ%f c%%g%)%%{’oﬁrgﬁgvgr gglaﬁeov??%?%gz{liyo?of‘%égﬁﬁ

t hrough the €beaatcrsodst sattabhrlaldhdisy tb6Ns nat@fal hEod®e. piléés, i and -
diagranmatically illustrated in Figure_ 6, where a portion of extrusion

wal I 101Ras in The rebefiness idluratedadni Figuprdd) i kbey shapg is
Fate of the AR Chr chohoTRE Tert T hanaoare - MORETRE, Jar g tEEn 38
subst anti al | jawihgpbhei general shape of that natural food piece, e.qg.
the fried shrimp, the die must also be configured so as
to provide a substantially constant transverse flow rate
15 of the mash through the die at substantially all portions
of ‘the die. This _is diagrammatically illustrated in
Figure 6, whe_re a porfion of extrusion wall 10 has
extrusion dies 13 therxein, agé.in shaped like a fried
shrimp natural piece,. and the solid arrows illustrate
20 that the flow rate of the mash through the left-hand die
is substantially constant at substantially all portions
of the die.
As can be appreciated, if the mash is not provided
with a substantially constant flow rate through the die
25 at substantially all portions of the die, the extrudate
would tend to curve and deviate from the natural shape,
as shown by the dashed arrows issuing from the right-hand
die in Figure 6.
Determining the exact cross-sectional shape of the
30 die requires some experimentation, and, generally, the

cross-sectional shape of the die will not vary greatly



of the die. As can be appreciated, if the mash is not provided

with a subwoasisesdsl y constant flow rate through the die 25 aPCIIs98/@3dlal |y
all portions of the die, the extrudate woul d tend to curve and devi ate

fromthe natural shape, as shown by t hédashed arrows i ssying fromthe -
ri ght - hand die in Figure 6. Determi ni ng the exact

cross-sect i opgbms tdie Bfosdesdbtilonal eghiapes cﬁbnﬂh@xn&thﬁamt Fioicah pjaemb
general ly, the cross sectional shape_of the die not var r eat
15 frorrFPh‘e ¥R 8 ect3HNnEROWRapE off iV Shattur F ?08€F°ﬁse ction

exanpl e, %y ; | O Flgiar ednf%etfggrqusélég icro'&g?roxmm ehe “’l’?ré’éé-

fairly cl ose pr oxi mat es Cros shape of the natural
food pi ece bseengieraludstapé dferha heitetrahriopd pibeceebeinoextosided,

nat ural food pi ece .to, desired ngtural foo | ece, deviations fro

true cross-sécfi-orfal % F&% SRFi™Be %&ﬁvl‘e&f tg gﬁ‘sdfées"t"??eé % ﬁ‘}?‘gl ly
const ant floylre@ee&; a@ébréar pugrbhe i piedd, 8EPEhERbhal |ﬁﬁ:'on@|1£hat
portions of di e. This 10 experinmentation is easy to achieve,

since, by obte‘m myoss-sectionpd shape e»satlrlud@@l pquéraddt@orqmmr@ theh

h h b
obser ved andoRERTPHRGA b of CPRESALC THOY HEREs oF JRRL: FhRGueh, H e

When the cut agxtrpdbetartidlllp @ldst apbirdlilond he ofamethbapedsea . theThJ.S
natural food piece, then the transverse flow rate of the mash through

the diel0 pxPaNiRenkabiery déhseady &O sueBisieralsinggi By (9RFRIrVIngof
eocet, (ne S8 pHAPLILES'S0 Besetheee ety 4ial Lalpiaima yhte Z0numen

extrusi on wahlatiral n shape, t deyptassomse from the natural shape can

easily be observed and modification of the die at those

deviations can be made. When the cut extrudate is in

15 esubstantially the same shape as the natural food piece,

then the transverse flow rate of the mash through the die

is substantially constant at substantially all portions

of the die.

As will also be appreciated, the flow rate of the

20 mash through the die will depend on the pressure of the

mash in tubular extrusion wall 10. In turn, the pressure

of the mash in tubular extrusion wall 10 will depend upon

the pressure of the mash in pressure vessel 2, the

pressure of the mash in manifold 4, and the flow rate

25 through all of these. As can best be appreciated from-

Figure 1, if all of the dies 13 are open at the same

time, a considerable amount of mash would extrude

therethrough and the pressure in each tubular extrusion

wall 10 would quickly drop. Further, as the mash exits

30 die 13 (seé‘ Figures 2 and 6), there will be a 1local

pressure drop at the die 13. To minimize that 1local



of the mash in tubular extrusion wall 10 will depend upon the pressure
of the masRKydBg/myeessure vessel 2, the pressure of the nagcvusssasiiiol d
4, and the flowrate 25 through all of th, e. As can best be appreciated
from Figure 1, if all of the dies 13 are open at the same, time, a

consi der abl e anount of mash woul d extrude t her et hrough and the pressure

in each tubupgesexirdisiesp at Wehe iewubd gt ckhrtdridie bubshemntiasl Ipe
mash exits 30 die 13 (see Figures 2 and 6), there will be a | ocal

pressure droponstamnt diflom. natei nefi s82eRat theeush the die cqﬁemre
d h f b .
hoh Chr oug g%:%éf&?eéo ul% bRgva g éa %fye d(rsl(-"vecogﬁ??1 ce 2% (see ﬁl gure 1

mash t hrough e ‘can provi ded,
1) nust be arrangedetot crempm@a'aeeuﬁm cutter nmxhiwrl44atatspes;&tsedﬁs

suff|C|ent t hat_ t he cutt 14 is di sposed over die for a
period of® ti FEfHAIeHe %P%Esggﬁ GRtERE % 14 1gp 1?383?& oxes Jhen

wal I 10 is na&étﬁ&t HipeLida of t1IhAYEHY GréSELPEOSE! L8R HadH'Cin

cutter nmenber. By so reciprocating the cutter nenber 14, excess
pressure 10 téees twbdubar| dekbrusionar V@aﬂr usi®n aal | nq:o arscb,bsa;tantrually
same time, b

rocatin the.cutte i S open
For ant rosi o rBRda (LREAY 19 FABiEUERLTRTSE e dlftcer Gofpl POSY
mash at thego diecifiee®at/i®ly theSuhsttodti aldmberectn, Abkc@st Hrederdt es
a substantially 15 constant flow rate of the rrash through the die

at sln)stQ%Sam«;tahula&tmn‘éubulﬁﬁe extrusipn hwpllhl 0 andyr afgi w@ea
O e naor “c gty B e ' cfElelfns, i LU naRSEItY O chle
of the mash. A& is opﬁmtﬁer exipurstiant féeatswrch aotieeskleatt hatloddk
pressure drop of the mash at the die does not
substantially'occur..All of this promotes a substantially
15 constant flow rate of the mash through the die at
substantially all portions of the die. Further, by
arranging a drive device 20, e.g. arm 22, for each die
and cutter assembly 6, the opening of each die may be
staggered to prevent' a sudden pressure drop of the mash.
20 Another important feature to ensure that the
extruded piece is in the substantial shape of the natural
food piece, is that the cutting surface 18 (see Figures 2
and 5) is generally configured to _ a shape which is
substantially the shape of the at least first one-quarter
25 of the die 13 first encountered by the cutting surface 18
when cutting the extrudate into a food piece. Figure 7
illustrates this feature where the die 13 in extrusion
wall 10 has indicated thereon a dashed line 70 which
approximates the first one-quarter of the die Ffirst

30 encountered by the cutting surface 18 of cutter wall 16.

It will be seen that the cutter surface 18 is generally



extruded piece is in the substantial shape of the natural food piece,

is that th&w@es399m% surface 18 (see Figures 2 and 5) | PCFAIRBEBILY
configured to a shape which is subst-antial ly the shape of the at _

| east first one-quarter 25 of the die 13 first encountered by the cutting -
surface 18 when cutting the extrudate into a food piece. Figure 7

Il lustrates tbnfibwmated ecaveer shape dihd.ch3 iien sa:sbsumttm:ally vhkl shadgeasof

i ndi cated t hereon shed Line 70 which r XI tes he first
one- quarter 8 at"h@tdqéeﬁﬁfr s%’%ﬁt BREG FPETEF tﬁié) SRR eme

cutter vall B9 the dbrtell sRereReN idaynbAe titliol Sdﬂé aéﬁt%ﬁdb.%eg%.r}ﬁfd"' ly =

7 configured to a shape which is substantially the shape of
at |east firstfoed @imasr of the die 13 encountered by the cutter
surface 358 when c rudate into a foad ece.

configuri'ng the cﬁ § ts%h‘%?giéufan?ha?h%\t cutt]trgastsutx%l © oﬁg qﬁlﬁ?t:er

the die shapgeaist CEirk® onectfiar@dr hIf abet h@icutshagepf ibe @esﬁrt&ﬂte
comences, the cutting takes place over a |large portion of the

| oner nost paPBRsprest &hat di asatde h%\tltt:hégcgﬁt |'~ﬂ'§ 1@¢€’é@ﬁ’éﬁcé§>ﬂmc%s,

w der area o ha t e‘?ﬁ h ongsq

t hereof. Thi g'h{es %Bkgsegrm Egkt%%r ap]l Fg?e cOvter 2ur %é %c\%{f nvvagef us |n
the prior loaetrmaistev @art SONEWhat stheght Hyecuandd ehati ngheur fans iy
(see Figure %)P whi ch has al so been known is preferable that

nore th BRENCGSTH PYPEr @ Wi ﬁﬁ%‘?‘t@% &F‘atthel%’%r‘r‘ StoRE&&ed - t he

configured at Cl’éééﬁ‘gtﬁ@fﬁ?fséson‘ae st NEherebr eV athie; Bald &élé%
this is not al vvaysﬁgaactlcal for all apes that may be de5| ép(?vmt

extrusi on di &o13 er tchléﬁlt@;s,surfacel d&stwizicht was fusest innthguarisor of

the die eNgoNt S ee%éy atggmewhat slightly curved cutting surface 18
(see Figure 2) which has also been known.
15 It is preferable that more than at least the first

one-quarter of the die is contacted by the configured -
cutting surface 18, e.g. one-third or even one-half, but
this is not always pract:ical for all shapes that may be
desired with extrusion die 13. Nevertheless, if at least
20 the first one-quarter of the die encountered by the
cutting surface 18 is generally configured to that shape,
this will be sufficient to produce a cut extrudate
closely simulating the shape of a natural food piece,
especially when practiced with the substantially constant
25 flow rate of the mash through the die at substantially
all portions of the die, and the reciprocation of the
cutter member, as explained above.
All of the above help in maintaining a substantially
constant flow rate of the mash through the die at
30 substantially all portions of the die and prevent

distortions of the cut piece so as to produce a rounded



cutting surface 18 is generally configured to that shape, this will be
suf fici ent weogizgousice a cut extrudate cl osely sinul ati ng RATAUSRGPHE1of a
natural food piece, especially when pnatticed with the substantially
constant 25 flow rate of the mash through the die at substantially all”
portions of the die, and the reciprocation of the cutter frenber, as

expl ai ned ahpiece. The substahtihdlybovenkekpti nfiwwnt atiengwall, in

substanti al | cqnstant flow rat o.f the mash_throu ht die at 30
subst ant i al I¥2T%t | d58rAdonen omalitelndnE fha B 208y SoBrEABve o
the cut piecgrs@sdpel OiRr OEE ﬁkéé&ﬁ!@@d vessel 2, whild¥feprEi@ure is

substantiall'y constant flow rate will, in art, depend on mai ntai ning a t
subst anti al Igr@vmdednﬂoy a pressure ﬁxetnté-r;g evieeydssi@ee Figura 1) .

A

pressure SUCQ @s &orga§8peés@ulreorsﬁéle thQ:ompres§edSanefcﬁ:F rt€1deth.a.ket he
pressure exerting device 3 is in recircul ating conduit 26 (see
Figure 1) fott i8 (Ri?ﬁﬁ?ﬁﬁﬁél\]hFEcF%I%¢W¥%eem§ﬁlpgoﬁ%w&%u3 e1§e%el

10 2 throug &g‘?p e es a a
const ant pr%s e ?ﬂ%gﬁrrgé ?Br’;'q'f)l es?é#eqﬁl\e \?glssgsg% ﬁﬁ?ﬁ“’ﬁe purrp |s
di sposed in caon'ezi:huoubé.tyl rngec:.rcubat:iuhg ftdre teshr €sour ormessete wvealsel

pressure _can_be careful consistently control]ed. This is 15
especi aﬁloy t‘?‘uﬁhﬁﬁgﬁ gs?’f‘F?eP&‘le?ﬁ‘é?eﬁé?ﬁse pliftp 28w h

is the pref %afﬂtamodaw?é&ngéahee pRYESLLEN.of the wmadi | ard hgrbaeRgq ng
will maintain a substantially constant pressure on the extruder system

i.e. the vesgsiurd- vibea thet pumpanlisolddspaged t b ¢ ergndreulesinzn
assenbl i es 6coﬁd{19%al fgfes&&gequéésq{x@t ngss'g&y OLHHE pressure can be

very carefully and consistently controlled. This is

15 especially true where the pump is a positive displacement
pump, which is the preferred embodiment of the invention.

- While the foregoing will maintain a substantially
constant pressure on the extruder system, i.e. the
pressure vessel 2, the manifold 4 and the die and cutter

20 assemblies 6, a local pressure differential may occur
during a reciprocation of cutter wall 16. For example, if
that cutter wall 16 remains dver die 13 for a
sufficiently long time, the pressure of the mash in
extrusion wall 10 will, of course, increase. On the other

25 hand, if the cutter wall 16 remains over the extrusion
die 13 for only a short period of time, the extrusion die

is substantially open most of ﬁhe time and there can be a
pressure-decrease of the mash in extrusion wall 10. There

is, therefore, an intermediate situation where the cutter

30 member 14 is reciprocated fast enough but not so fast

over the die that the pressure of the mash in tubular



during a reciprocation of cutter wall 16. For exanple, if that cutter

wal | 16 .veowsme97sover die 13 for a sufficiently | onRCT/DEB/O32He
pressure of the nmash in extrusion wal 1?20 will, of course, increase. On
the other 25 hand, if the cutter wall 16 remains over the extrusion die-
13 for only a short period of tinme, the extrusion die is Substantially
open nost of etxterusiom awdlfihek® ﬁ:anrin:e: asubstpntisliy demmged durtimg mash
in extrusion wall 10. There %erefo an inter dJatg sj tuation
where the cufrte&lpﬁ?%%%? 9% Fger &t EFECH‘F s 3% T nBPO¥G - f ast

over the die that Wil Or easHr 101 tVPRryaGRth! tHdUhash, the temperature
extrusion wall 10 is not substantially changed during a reciprocation

of the cuttepﬁr@hﬁrmasb @t&atmdpagesgre. for magt| situptians Marhasith

t he rrash npe the sur.e

Si tuatlons |?’eﬁ%’s 5E§een foﬁlﬂagt hatt ?heégﬁt@?g n%%@%g 41754;10UF&O§2'% be
reci procat ed re¢filprdatie@ b¥eat tthe aggeofllzdbeiwean iditof betedi! $868ut
cycles per mnute, _.and nore preferable at a rate between about 150 and

700 cycles p&0 nahdt 80Qi eHCles ReNcBANEESUt TD meacmr%@%mblperaun Aut e
being the 10 aIEETJR&_lé%' f O dREt 18 hesqanfhdo8 %cisgpféea} “Fﬁig\é!' itk

nost di e shapes 'S W ensure such const ant pressu

of reci procaﬁ:!amee,ezespemﬁm | gooONn drnd lslog)hecyclesmpﬂaermmfuug/cbeingerthe
m nute, ¢ ncau suba;ﬁnklal difficulties,with bearings between {

ext r usi Ot t BPEhiaIT28RES 4 ARF oMOBf SCPBREHAREULFSC| ‘él’-th

bear i ngs rr{@t bhéegnab@@ ath il S@iwe@ngﬁféwsuch constart r%ﬁéégui'@.t he

pressure at the die, as expl ained above, the viscosity of t
shoul d be reISaxqfvenymber c@ﬁstrmlpmqwn@epespgcmaidasuw thet heighelr 20

relatively copshalis (e t&PRELA uﬁSrOf_ mifGe®sh @evldyse substantial

difficulties with bearings between the extrusion wall 10
15 and cutter wall 16, and for this reason, special bearings
may be required, as disclosed below.

In regard to the pressure at the die, as explained
above, the viscosity of the mash should be relatively
constant, and to keep the viscosity of the mash

20 relatively constant, the temperature of the mash should
also be kept relatively constant. To this end, the
extruder may be provided with a temperature control
device, e.g. a heating device and/or cooling device 30
(see Figure 1) for maintaining the temperature of the

25 mash in the pressure vessel at a relatively constant
temperature. While control device 30 has been shown in
pressuré vessel 2 for illustrative purposes only, that
control - device 30 could be outside of the pressure
vessel. For example, a control device may be disposed in

30 the manifold or outside the manifold or in the pressure

vessel. The control device may be a heating device, such



al so be kept relatively constant. To this end, the extruder may be
provi ded wwgwsmebmper at ure control devi ce, e.g. a heati pgTAIS9$/03211
and/ or cooling device 30 (see Figure 1lxé& or maintaining the tenperature
of the 25 mash in the pressure vessel at a relatively constant -
tenperature. Wiile control device 30 has been shown in préssure vessel

2 for illustgatiate PLeposeealdnheatdiimt devi€onbrola gidntecoBD ofow thotbe
outside of _the  pressure . vessel ., For exanple, a control, device may be
di sposed in 3dquikk farlf PE dnfgaredichepberaedf dosr FhRet Hd ks esslr &

vessel . The capiry gddﬁéirﬁ‘ée”ays@&aégeaéi BHi99UCRra i Ncoil, so0 as &5 2N
el ectrical heating device of a steamcoll of ~a hot lrquid coil or ‘
i nfrared heaessuredstlmit t bhel tlemperataire isoodntgolitedcandsuchirrsained.

chilled water coil, so as.to ensure that the tenperature is controlled
and mai ntai nd®  She { ReSfosPTREREFFRd SREGHIMERL WREES pas| HamLtive

di spl acenent QW atdmeSefund & I 861 EdAliNgal M A%ulatihde1ReR 348
di spl acement puiip, by the mechanical action thereof, will™add energy
(heat) to th&he@ositivengisplansment Thusp,t by Heke i mgchanicaln@cthion at

| east in par 10 he . positl di spl acgnment ump ... disposed Jn . the
recircul ati o:]fr‘%ecfne & &ﬁl‘ﬁe %criss?ﬂeer%éss calg) ng:eot H:zhe I%cp"brscfl{]i%/\-elng _
di spl acenent wasm. CRuSs eher etk i) alleveby may GWiatoushyt i pLew,

supply the energy fo, the_, recircul ating mash for use in
mai nt ai Mthg Fhfesi RPUGLVe enpligPIRECMENS| s PR pe 1ARERS ue 3h viEhe of

passed ¢ hroggh s TRt e UauiE] S KReT BrgSidt tesbBEL IRLNER enar ¢
former unit 2®sddivenr cliggphagemesti pamp camcibeulepemtadndelat2brelVi s
will allow ”ég%rftefrguo”@s Yup 20itt o] éar‘rgedig‘tlgrlﬁ/ybe tg*.kfufaecteercilell;)gyt hetgeatthe
ener gy i nput
recirculating mash for use in maintaining a desired
15 -temperature. This is especially true in view of makeup
feed to the extruder. In a typical extruder, makeup feed
is - passed through feed pipe 27 (see Figure 1) into
grinder or mash former unit 28 and through pipe 29 into
recirculation conduit 26. This will ’allow the feed makeup
20 to immediately be effected by the heat energy input of
the positive displacement pump and help to maintain a
desired temperature of the mash. On the other hand, for
the same reason, too much energy (heat) may be added to
the mash, and to maintain a desired temperature, the
25 temperature control device may be, at least in part, a
cooling device.
As shown in Figure 1, there may be multiple die and
cutter assemblies 6 (seven being shown in Figure 1).

However, that number can vary widely from only one die

30 and cutter assembly to fifty die and cutter assemblies,



the positive displacenent punp and help to maintain a desired

a -

t enper at ur.VOP8BIN5 rash. On the ot her hand, for t he same RPCHYSI/032Ho
much energy (heat) may be added to theamash and to maintain a desired
tenperature, the 25 tenperature control device may be, at least in part,
cool i ng devi ce. As shown in Figure 1, there may be nultiple die
and cut t drufas gems iesu@l@yev@amehngbemvml beEwgere dbout fiHomeaamd
Lhat number Chnedfl) SbeChbre 3By Bl Shodf e suL! S R e )

but nore usually tRat shelerid Fipivees, abpat ekkt¥@satth wall VEOt MayaBdvEdre |
usual |y between about five and fourteen.

extrusion walmulpipde hdies 13mthereind itk theraen. ovoas-gegsional
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will be not nore than f our
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er Ccross-sectional
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decrease the phegier ofcd havarah Idc&Xt pragdumdl Brdp as Wsted hapdve |

open.

of extrusi onoBAY| onE) Gheewidd beaincluded PHaurthg extrmgiimewa

As seen in Figure 4, the_outside surfaces, generallilZO 40

1o

which the C#&éﬁ&e %ET%i sgfgtég the same where there is only one die

13 in extrusion wall 10, since that die 13 simulates a

15

20

25

30

small chicken drumstick and is so large that multiple
dies 13 in extrusion wall 10 would véry substantially
decrease the pressure of the mash in extrusion wall 10
when the die is open.

As seen in Figure 4, the outside surfaces, generally
40, of extrusion wall 10 have at 1least one bearing
surface 41 upon which the cutter member 14 is
reciprocally slid. Figure 4 shows two such bearing
surfaces, but one or up to about ten such bearing
surfaces, or more, may be used. These bearing surfaces 41
snugly f£it the ihside surface 50 (see Figure 5) of cutter
member 14 so as to have a precise slide and cutting
action when reciprocated over die 13.

While these bearing surfaces may be simply machined

portions on extrusion wall 10 or on the inside surface of

tubular cutter member 14, they may also be separate

bearings made of special bearing material to increase the

As shown in Figure 4, the

n

e



reciprocally slid. Figure 4 shows two such bearing surfaces, but one or

up to abouwo e8i3®aEh beari ng surfaces, or nore, nmay be uPEI/USPRE3IA1
bearing surfaces 41 25 snugly fit the instgle surface 50 (see Figure 5) of
cutter menber 14 so as to have a precise slide and cutting action
when reciprocated over die 13. Wi | e t hese bearing sdrfaces nmay be

sinply machi bé¢fle ofpotheoriseanings| use om. Wa:iéar’lﬁmgor g.radehe s'tnﬂeild,e odf-ace
of 30 tubular cutter nper so. be

at e
beari ngs nadidMBFegRas %%%F?F@éné’ﬁélrlé% 9810 "?“?ér Ehee Lk - * However, afjfe
of the bearipgg, rﬁ@lepe%mrgr@éerab&ymc@dmg cybi‘@éegﬂﬁzt efi fhpkersd

bearings, and the I7ke. However, at he hi gher nunber reci procating !
cycl es per ndnstussed abQ}rscusspdcabMU a@sp&ma:l |abexre aIBJSQut cybdes 3&&‘
cycles p avearelfgj:vel;[(llmt

5
Y bl o mamRt s, EHEY BS855PE FRLERIAIY Hha fh (R TRt YRy AT Ee

extrusi on wahk £&0 Betoret WAarETBeEehs ithdObearingRIein®0SSi Hheg Blls.sie
especially for the higher nunber - of cycles per mnute, it is nost

preferred thh?tt'\'ﬁ@nloexﬁé‘&ﬁi% wald Onand uCHEUer amBEREINglA| ab%i o
| fecut
SuE" S cove EREES LL8oLRTS, AR, UERBRTAE 0T eS)! bR TRIDEL: e

cutter merrbeof14cﬁra§es r pees sminuted |th ist ostnsipdefarfede that hatrof .
After pl@m ng the sl eeve 15 intao . that cess, the inside_dianeter of the

sl eeve i SAREE &Y FORAFi tr‘FEﬂ':hl ed @ t §ERTIME | Bdaftichsisdeeve
whi ch is, fofno%%@a em@al ¥hd/ EQ00 4 n&'ﬂrﬁééét 8b Hfarbuttef haeﬁ\%% 4% .

di aneter of extrusion wall 10. This provid an extrenely close
tol erance foBuche steeveag, caemdbw =5 anplgmteéngnn@ernugbpras:tﬁ cwaysne hatti ch

has abr asi ONL BHeYedSF the @l REARED N Ba@h L NEQUUESSELEEY )in

e.g. materia
the inside surface 50 thereof. After placing the sleeve

15 into that recess, the inside diameter of the sleeve is
formed, e.g. bored or machined, to' a precise dimension
which is, for example, only 1/10,000 inch greater than
the outside diameter of extrusion wall 10. This provides
an extremely close tolerance for the bearing, and with an

20 engineering plastic (one which has abrasion resistance,
high strength and high incompressibility), e.g. materials
such as HYDEX, reciprocations of 500 to 800 cycles per
minute can be sustained for many days without the
bearings loosening. The bearing sleeve may be held in the

25 1recess by any conventional means such as a shoulder or
retention ring.

Figure 13 shows an example of ‘such a bearing plastic
sleeve 130 disposed in a recess 131 on the inside wall 50
of cutter member 14. The plastic sleeve may  be held

30 wit_hin recess 131 by a shoulder or retention ring 132.



such as HYDEX, reciprocations of 500 to 800 cycl es per m nute can be
sust ai ned .0 9889995 days wi t hout t he bearings | ooseni ng. TRE/B80321
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e held in the 25 recess by am3conventional neans such as a

retention ring. Fi gure 13 shows an exanpl e of such”

astic sl eeve 130 disposed in a recess 131 on the inside

of cut[heroMetol@romqolmatt ctheemhapal dethihd BWnfiade n

¥ a houlder or tention rin

r P-S“ﬁPov'-? elehémtﬁe3§%§§€d wikh i hgesfhere of die

guttlen médber 1AUt4ed WAl ludscdading @ﬁo&]u]:ﬁﬁnzfé agdgt.hey
wal I 10 has an_ upstandi ng protuberance 42 t he stud

stiachi £3 hdfes digures cAt &y Jur #§c@ttacr%%1mgﬁs S HURAR er
fH§hony gi ey tﬁa’hﬁpféf@é@&t throddt Meilo é“‘v‘%R' “g;ﬁﬂﬁéc%ﬁ%ﬂ IER g

egi ster wi extrusiomrdieis t
Buttegagedlilnts t hasexanuderiadal 8146, 3t andbviloeslextrmsion

Ie ni cal devices_could be ed to chi eve the a
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42)  dispodedDsiyiBheher k@t ordid, t henknvedtieng S seF£oéd n

ed extru5|on end 11 has an at least partially coni cal

) r%téflskggp%gj the cutting surface in register with the
extrusion die is that of the stud 42 being threadedly
engaged into the extruder we.ll 10, but, obviously, many
other equivalent wmechanical devices could be used to
achieve the same result, e.g. a key and slot arrangement,
a guide and pin arrangement, and the like.

A most preferred form of the invention is where in
the closed extrusion end 11 has an at least partially
conical extrudate divertor 45 (see Figures 4 and 2)
projecting into the annulus of the tubular extrusion wall
10 and extending at least to a diameter 46 (see Figures 4
and 2) of the extrusion wall 10 1lying within the
extrusion die 13. Most preferably, that divertor 45 is in
a truncated conical shape.

The purpose of the divertor is to encounter the mash
flowing through extrusion wall 10 and diverting that main
flow from an essentially axial flow to a substantial
transverse flow whereby the mash encounters the die 13 in

a transverse direction so as to decrease turbulence of

¢



10 and extending at least to a dianmeter 46 (see Figures 4 and 2) of the
extrusi on wid$8/%078 ying within the 25 extrusion die 13. MsPCHUSHYRIWL Y,

that divertor 45 is in a truncated ce¥cal shape. The purpose
of the divertor-is to encounter the mash fl owi ng through extrusion wall"
10 and diverting that main flow froman essentially axial “flowto a

substanti al tRe rthasls tei=eiid owhaerciby thee dbsh ancchuntdis tﬂecd'besb'ﬂi in
a transverse direction so as to decrease t ur bul epnce of

mash passi nfREFRHSEFSS helditde WWaghe hid BEEEeJaRHEOrm ﬁi’rdouP’e'ﬁéécﬁiab(lr?e
mash, a ”DrShHBEfBFmHHEjéHE%U&éé@”f§ 23 ovidpg . of the extrudate is
0

provi ded. reci procation e cutter member 14 over 5 extrusion *
wal | 10, wher eby Inhe medimtatatiencudf i thes cuttremormaubeforlﬂhatovaﬁ to

be conplete spo as.to avoi st s between, cut, pieces of, the
extrudate. FECFHEIOR w%#ug %ﬁ/ i ¥hep i’ qﬁ?%rﬁﬁ%é“ﬁﬁ&? t’n% rer+hald® 16
has a |§ﬁ?bﬁ't&¥1ftf Iﬁlenthéeceur;h%to ebé eagipygpst sedca% oéotaeoia aif ting
surface 18 extends beyond the cl osed extrusion -~ end 11 when the cutter

wal | is slid@trangeps thetveen @y epdesesofof tdE pezs‘éz;:udngermv“é@remhlsey
such extensigh, ¢ Ufs'ABSEURHLANNIAGHIE PRLOMAG dlblogl hatl Id be

ensured tha re are no stringers § wekh- sticceSsive cut—ex
However, toleagmhetetffénient thuehl afkat a Oleadiinamess, éfilges obStithe
preferred that g trarhéggnnst e, of the cuttrng surface 18 al so

ext endsheyGHEERG S 8§ed1%xﬁx&"§ eRgyend the” closgd gtaatsigmen
there are Tubiy Phg dufisn Cetie Alutler €381 10 §11d NELe LXETIULR |

there nust be a correspondi ng nunber of cutting surfaces, e.g. two, on
the cutter extenstiosy cofrust desipmaatiing sworementor Byacsuch extension
of the cutting surface 18 beyond the die 13, it will be
ensured that there are no stringers between successive
15 cut extrudates. However, to completely ensure this lack
of stringers, it is most preferred that a trailingmost
edge' of the cutting surface 18 also extends beyond the
closed extrusion end 11.
Of course, when there are multiple dies, e.g. at
20 least two dies, in the extrusion wall, there must be a
corresponding number of cutting surfaces, e.g. two, on
the cutter wall. There must be a cutting surface for each
extrusion die, and those cutting surfaces must be kept in
register with the die, e.g. with the stud, pin or the
25 1like, as explained above. Also, in order to avoid any
stringers and the like, it is preferable that one of the
bearing surfaces 41 (see Figure 4), when used, is also
the portion of the extrusion wall 10 where the dies 13
are configured. Since the.bearing surfaces will have the

30 at least one die disposed therein, and since the bearing

‘surfaces most snugly fit within the inside surface 50 of



extrusion die, and those cutting surfaces nmust be kept in register with
the die, eWOPINSthe stud, pin or the 25 _like, as expl ai nI/HB¥a211

Al so, in order to avoid any stri nger? and the like, it is preferable
that one of the bearing surfaces 41 (see Figure 4), when ysed, is also -
the portion of the extrusion wall 10 where the dies 13 aré confi gured.
Si nce the b&amukpsurtssesr Membanryd4vhetlzbs awildaalamehelp ®wLpotedte

t herei n, and_singe illggeggari ng surfaces nost snugly fit within the

i nsi de surf &% 50-% : tubul ar cutter nenber 14, this will also

help elimnate Th&fy e gEES. a number dbeibthere Meéansaocfundesupingt her
means of ensuri n‘g the desired flow of the mash through the die so, that

the 5 extruddie f@eaipeacdliow iof theapashnitdrauigh thesdife so thalpbhsf a
nat ural £oo | T hegdisver L or 4 n ' e

annul us %f &%ﬁ%ﬁ?a%ﬁr glé?)r?t wg?l it Elosl-éah%% ?Iﬁlg';&lteh??{r%gl%l%gg t(-érnlﬁ of
t he divertorsHams off tshenaturdlanmmt mbecki clThus,apphexenithel ydegertdost ant

bet 10 i t i, al 47, A8 i f the dj
et o ar v AL reRt eRad et 1R dudiPe (SEPcheduB Tt el Rialtn Bona
flow, as di saysseehabpye, thd |srkfl Bedt eved, of thandilBirtoM |1ioptbRi gRet he

accuracy of duplicating the natural shape. In addition, the cutting
surface 18 rddametes 44 Msth | Aspaapprapimately teguisiarantr cbetwaenas

shown by e [ | qur 5,an . R , e.the ..
extrusi%cr)l m?égﬁﬁig%dgﬁélc&{ée%’mg f ﬁg ﬁas%ee a#i rc%l%rhglf télreosdsj-'%éc?i on,
this will fasatimahedinverziessw® thepmash Exesecclyy akoHalofflidwe tBSBhe

t her et hr ough and rove_the 20 acgcuracy Qf the extrudate, shape, However,
i f desired, 'i‘ﬁ%ns"g}?%?t rP%n R4 | iﬁc&ﬁﬁeghealb%‘{?er 4 bs naghhavedet her

shapes, suchyg$ WU ewilGCiPWithPle ¥R 2BuPRLYh&S¥ ahuplicating the

natural shape. in addition,.the cutting surface 18 may be

15 at least in part tapered in the axial direction, as shown

by the taper 53 in Figures 5 and 8. Further, where the

extrusion wall 10 and the cutter wall 16 have a circular

cross-section, this will facilitate any pressure drop

caused by flow of the mash therethrough and improve the

20 accuracy of the extrudate shape. However, if desired, the

extrusion wall 10 and the cutter wall 16 may have other

shapes, such as square, rectangular, oval and polyhedral

shapes. Any shape other than a circular shape, i.e.

circular cross-section, will not require the protuberance

25 42, since such shapes will be self-aligning and, in that

sense, are an advantage. However, other than a circular

cross-section can cause non-uniform flow of the mash andg,
therefore, is not preferred.

: The benefits of the present invention are

30 diagrammatically illustrated in Figures 9 through 12.

Figure 9 shows a simulated fried shrimp produced



shapes. Any shape other than a circul ar shape, i.e. circul ar
Cross-sect W 988895 not require the protuberance 25 42, sin®CEEF03IHIpes
will be self-aligning and, in that serR&, are an advantage. However,
other than a circular cross-section can cause non-uniform.fl ow of the
mash and, therefore, is not preferred. The benefits of

the presentaccbrddng o the 3fAvedtagnanemtd dal will |beisnobeddthatFitdhe es
9 through 12. ., Figure 9 shows a S.Ijrmlgl:[:ed fried sﬁri.r‘rg proqd)ucid .
accordi ng t oCPREIFHFETI, i8ngEeTAlY LERAb: &F (haf rAEP 3RDRLF8r 45 on
i s general | yiﬁhﬁt Rhurfasd ¢SRE8GHrat 86ni 8s a irbsuTOUSEeeh80prhatiaid AJE as
a result of the practice of he i nvention. Figure 10, on the other hand,
shows a 5 sithearinxentdoon, Bigurei n0io athetiys opther, hand, shewai rfed
above, a it.w.Ll _be noted that the sh | S hstor, ro hat of a
usual Frgchsﬁ'Wéarshr?)ﬁ%]fuﬁﬁa?' a%r‘r:[?sr{%i?lr#)or%%nt %1% i résltelcei%% og}%éi ngasf
rounded, theesipapdretl abovenewint Heueilihbevmsobedotharuriite bhapet iad
all like a 10 natural fried piece. The _same resulfs_are, shown _in
connecti on wAEEtPF@bstaamatiaty ofyd cusSuphuFFeRchiried sBRippen and,

drunsticks ( Fi re ;aQaidyg t i rwﬁ%déﬁ t PRe PEES i

I nventi on, a@ggﬁom%ﬁré%gﬁﬁ'lf&éaq sgfoﬁﬁégg, while the p‘reoguc oflst he
prior art issbtmewdatevemiadishor whdchndofagaiursealoess moot hateaflAe kidkended
shape but. sonething of_a sguarish sh : Wil e the foregoing .
descri b«g's0 t hEa%'b‘dfggat Lfsr]cﬁé]t Rece- | %@ﬁﬁt i BA™Fn Egﬁél!lllt,s t RES olFBWhg Hte
general condicbn@idTtion Olvidsl NEideasPRAr 3née 19, NRIHIRNS &fhubheduGmn 1 he
food 20 piece. These conditions can, however, vary widely from mash to

mash and ar echiickeskargressthgkgui deeeof Figyre 8). Here again, the
product of the present invention, as shown in Figure 11,

is rounded, while the product of the prior art is
15 somewhat distorted and, again, does not have the rounded
shape but something of a squarish shape. .
While the foregoing describes the apparatus of the
invention in detail, the following are general conditions
of using the apparatus in methods for producing the food
20 piece. These conditions can, however, vary widely from
mash to mash and are only examples and guides of such
conditions.
The mash may be prepared from any food, e.g. meats,
poultry, seafood, cereal grains, vegetables, fruits and
25 solid dairy products. As specific examples, the mash may
be prepared from beef, chicken, shrimp, wheat, corn,
rice, potatoes, apples and cheese. The food is ground to
a particle size consistent with forming a fluid mash,
e.g. particle sizes that will pass through a U. S. Screen
30 Series No. 5 screen, more usually a No. 10 screen and

often a No. 20 screen up to about a No. 100 screen.

A



condi tions. The mash may be prepared from any food, e.g. neats,
poul try, s®ubog&dR978ereal grains, vegetables, fruits and 25 RIT/UESI8HQBIN

products. As specific exanples, the mash nray be prepared from beef,
chi cken, shrinp, wheat, corn, rice, potatoes, apples and cheese. The’
food is ground to a particle size consistent with formng“a fluid nash,

e.g. particle sizdémtdmt owi [dtheassdispeughng Uigiider eeng30 3%Bekices7Mo, 5
screen, more usually e 10 SHECDAML £odd! 9B LMer 2L SHEBALR 12
Water or otheffiisPenidsl. | iBihdsrs £ 0139618, 70freserfat iRRsddasbiors he

ground food in ‘order to produce a l'iquid mash. Binders, flavors,
preservati vestaddilgizers, sngioxidents,ampdxitigntkikenmayhdei rédes) e

added to 5 t shi 13 GONVERId ARl STOURES o MOS Ot €0 Br el il 15 ng
thfe h #‘Eaﬁf‘ or

material Ts & o fth&"mash, e.g. a se € gum or pett at €,

exanpl e, guams@eridll dedi aduedgiteat ehei mash, cengenta osait tabilet gual épout
0.1%to 25% The gum or pectate is set by a gelling agent, ,as expl ai ned
above, 10 eBRgcta 504508 18958EBE G | @R gufci c gk, alginate, Tpan
pressure on thg, £1VeiRiintd | be/doye £ €87 Aty 1 oM@ TBYH gy
mash and die to die, but pressures of 1 to 50 psig are normal 'y used,
and espegiexitiaten tils usetal byash gedpdéngt iagenbf 25+ ¢xplafined] Rbdbte,

Also, inp the foregojng,djsc ure .t is stated thaf. certain
Condi 11 ohe! "Seeht Db o ohE 183 ke ut 1ok 5t Yl chidBiae o]
“substantial ly" chegedprbBstufeS on nAEAr brédsuter NMresdayt antia | vrappans

that the change is sufficient to cause a visually noticeable different
20 confi gur ad@Pidexalex: frowd mashcutof Jershi *d. ¢ to die, but

pressures of 1 to 50 psig are normally used, and
especially with usual mash temperatures of 25°F to 50°F.

15 Also, in the foregoing disclosures, it is stated
that certain conditions, configurations, shapes and
pressures are not ‘“substantially” chahged. In this
regard, the term “substantially” means that the change is
sufficient to cause a wvisually noticeable different

20 configuration of the extruded and cut food pieces. For
example, it is stated that the die is configured to
provide a substantially constant transverse flow rate of
the mash through the die at substantially all portions of
the die. The term “substantially” in this regard means

25 that the flow rate is such that the extruded and cut food
piece does not substantially visually noticeably vary
from the desired simulated food piece. The same meaning
is also intended for like terms in the specification,
e.g. relativeiy.

30 Thus, by practice of the present invention, the

difficulties of the prior art, as described above, are



exanple, it is stated that the die is configured to provi de a

subst ant i alWg983m93% ant transverse flow rate of t he mash PIOTAIRIKOIANE di e
at substantially all portions of the d¢e@ The term "substantially" in
this regard neans 25 that the flowrate is such that the extruded and cut

f ood pi ece does not substantially visually noticeably vary fromthe
desired sinubaveatiednd pteaeillThbesarecommbzead thad sthbse iof epdednzary
like ternms in_the specification, relativel

) e.g., y. 30 Thus b
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can i medi at €hg sseudar iamisweddi vas eotthier placée, prassbnitapisr dntendest
exanple, in nnectjion wth ., the stud, as |1 as .ot he laces,.and i} is
i nt ended &5 ‘ﬂéﬁ'ﬁt‘:t S8 o IR RRYS o VREH rﬁ‘emﬁft H*PfFWb gﬁgri‘efp’a%ﬁt au'écope
of the annexgéope?idf .the annexed cliiid.!S CLAIMED IS 1 In an
extruder for producing an extruded food pi ece in a shape which

simul ates the shape of a natural food piece conprising a pressure
vessel for containing a



5 mash of the food under pressure, a pressure exerting device for
mai nt ai ni nV@9YBWISure in the pressure vessel, a4myni{nefqﬂp$§@@91

comuni cation with the pressure vessel2%and at tter
assenbly in fluid comuni cation with the nmani foI d, Tﬂﬂil |Miﬂj]e"iﬂnﬂrt er
10 assenbly having (a) an el ongated, annular

with a t WHAITa I Se QLARMED 1@ | (b) a closed extrusion end,

(), oy, oPoned el 0o lLASORLe 0, JHihieHly SOTURLEREA" dGpdhe

extrusi on wableearih ha eHapesi whiendsiglates the Ehape tobDubametiite)

menber haV|n% an. opened driveabl e end, an el ongated_cutter wall and an
opened 20 mew EAMREisdRg abn@reﬁsvrﬁg vVeFSelc £ 9B cOntERgng a
extrudal & | Nk Grehele a2oble el fostits, the qiz%ssuresaéﬂ»_%ﬁgr
menber belng I sposed at | east partia over reci procal |

sl i deabl e ondévadaﬁﬁdnfmaxntasnmngwd @ressumm nmethblpneasumﬁexbsselhe

driveable end to a dri.ve 25 fVIC@ for reci gcatabl lidi,ng the cutter
menbor over @ TATEERES rim fheie; ecomminiba POy e RERSSHTE t he
extrusion di Qréb%%la andSQ@pﬁeQQEebﬂe' ﬁl@ﬁﬁ&%@@té@ dsskfbivsaGi Nl d
shape of said natural food pi ece but which die is configured so as 30

to provi de acowuirsiesdtzdey mmamhermmﬁ@bdﬂmx@t edie afdt heupeh
o' v deth ce AP PRI ecl procate | the " at Specds
procate the cutter nenber at speeds
sufficient that thg)Xutd®r elong®ideS aandlaRosettpueiohhandtiet OvidH i ge
period that a
tubular extrusion wall,
(b) a closed extrusion end,
(c) an opened feed end attachable in £fluid
15 communication to the manifold,
(d) at 1least one extrusion die formed in the
tubular extrusion wall near the extrusion end, and
(e) a tubular cutter member having an opened
driveable end, an elongated cutter wall and an opened
20 cutter end with at least one cutting surface for cutting
extrudate into said shape as the extrudate exits the die,
said cutter member being disposed at least partially over
and reciprocally slideable on the tubular extrusion wall
and operably connected at the driveable end to a drive
25 device for reciprocatably sliding the cutter member over
and away from the die,
the improvement wherein the extrusion die has a
shape generally configured to a cross-sectional shape of
said natural food piece but which die is configured so as
30 to provide a substantially constant transverse flow rate

of the mash through the die at substantially all portions
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ﬁheommmﬂldgNsufﬁa¢mEﬁhmmecuesxﬁg a3ﬁood plet&. The ext ruder

wherein there |{iple die and gutter assenblies.
uder g of A5 16xGRUREEn Phepsaime 1+ wherein 'the “pressure
exerting device is a pump.

3. The extruder of claim 2, wherein the pump is
disposed in a recirculating conduit for the pressure
vessel.

4, The extruder of claim 3, wherein the pump is a
positive displacement pump.

5. The extruder of claim 1, wherein the cutter
member 1is reciprocated over the die at a rate of between
about 60 and 800 cycles per minute.

6. The extruder of claim 5, wherein the rate is

. between about 150 and 700 cycles per minute.

25

30

7. The extruder of claim 6, wherein the rate is
between about 300 and 600 cycles per minute.

8. The extrudei' of claim 1, wherein there is a
temperature control means for maintaining the temperature
of the mash at a predetermined temperature.

9. The extruder of claim 2, wherein the pressure
exerting device is a positive displacement pump disposed
in a recirculation conduit for the pressure vessel.

10. The extruder of claim 1, wherein there are

multiple die and cutter assemblies.

4



multiple dies in the tubul ar extrusi B!" "IIIL“I HILU“!. 12. The extruder of
claimi1, wvwoesmIsstside sur fac i ext r usiRGT/URA8(03Hds at

| east one 5 bearing surface upon which. the cutter nenber is

reci procal ly slideable.

cutter
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t hreadedl y engageﬂztn frhe extoxidansi ogrfwaldlaikd 1, whereilhe eutguder of
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t ubul ar ex %?i endi | e t |Q!gne f t he
extrusi oﬁ wa}'? é:Fyl w Thi n %@ot r us?%rliétiﬁ éé% it ET%tnl"’%ext r uger
of claim 15, r@@fpebaalhg @Dﬂﬂéahle isin a truncated coni cal shape.

17. The extruder of claim1l, wherein the cutter has a | ength

sufficient such that aT¥ ad?ﬁﬁﬁﬁéﬁredﬁg clayp the U@PFEHﬁlsGPFaCGuE%ﬁéhds

furthest
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ext ruder
cutting
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14. The extruder of claim 13, wherein the
protuberance is a stud threadedly engaged in the
extrusion wall.

15. The extruder of claim 1, wherein the closed
extrusion end has an at least partially conical extrudate
divertor projecting .into an annulus of the tubular
extrusion wall and extending at least to a diameter of
the extrusion wall lying within the extrusion die.

16. The extruder of claim 15, wherein the divertor
is in a truncated conical shape.

17. The extruder of claim 1, wherein the cutter
wall has a length sufficient such that a leadingmost edge
of the cutting surface extends beyond the closed
extrusion end when the cutter wall is-slid to a furthest
extension of a reciprocating movement.

18. The extruder of claim 17, wherein a
trailingmost edge of the cutting surface extends beyond

the closed extrusion end.

_ 13. The extruder of claim1, wherein the
wal | has an axial slot and the extrusion wall has an
upst andi ng pr ot ubkt anc®hei spybrudeict hofi saldiml ol, sucher@int heherke aweting

surf ace renal 14. The
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cutting surfaces on tkﬁlmt‘ m“llﬁmnu ‘ The extruder of claim 12,
wher ei n t hwoe9sz9e75at 5 d bearl ng surfaces. PCT/US98/B211 The

extruder of claim 20, wher%irt one of saidga bearing surfaces has the at

| east one di e disposed t herein. 22. The extruder ,of claim 15,
wherein the divertor 10 extends into the annulus of the tubul &r extrusion

wal | such thailga swThkl esttmmdeof of heldiirer1or wheaseion theaed are at

di anet er mhlch is ap i, mat e) ui di st ant, bet we op te axi al

S of Thifgnat TR AT N e AR G IR | and0PROShESa By | 1
15 surface aéu+_€§ﬁ§ éﬁrﬁé&bs‘ orf Y itk hmpxi al direction. -
24. The extruder claiml1l, wherein the extrusion wall and the cutter ¢

wal | have a circuBfik cTbes -esdonidgr of clalm.g? TWeerginudbens atraiatl2,

wherein an ifpsi 0 surfac th has cross-sectiona
dinensio% fe ?gﬁWPyg gﬁ@P&Fﬁgﬁxgﬂ 6?% sectional dinensions of

t he bearing surfage suchet f’@ttﬁli@eﬁublfercl/ﬁdx 28, ShiHEDein ofkl de@bkgign
t he bearing surface. The extruder of claim 1, wherein there

is a 25 pl asbeeréneevéuﬁéalcﬁﬁ?g m/e&hec hétexthaafiton are | &bel t@ésposed
cutter wall 27. The extruder of claim 26, wherein the sleeve
bearing is nﬁ%e o% an engi neering plastic.

22. The extruder of claim 15, wherein the divertor

10 extends into the annulus of the tubular extrusion wall
such that a smallest end of the divertor lies on a said
diameter which is approximately equidistant between
opposite axial edges of the die.

23. The extruder of claim 1, wherein the cutting

15 surface at 1least in part is tapered in the axial
direction.

24. The extruder of claim 1, wherein the extrusion
wall and the cutter wall have a circular cross-section.
25. The extruder .of claim 12, wherein an inside

20 surface of the cutter wall has cross-sectional dimension
slightly greater than outer cross-sectional dimensions of
the bearing surface such that the cutter wall is snugly
slideable on the bearing surface. i

26. The extruder of claim 1, wherein there is a

25 plastic sleeve bearing between the extrusion wall and the
cutter wall.

27. The extruder of claim 26, wherein the sleeve

bearing is made of an engineering plastic.



