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WD 2004/ 071936 PCT/ US2004/ 003589 MACHI NE FOR

| NJECTI NG LI QUI DS BACKGROUND OF THE | NVENTI ON FI ELD OF
WA RIE40NYBENTI ON 5 This invention relates to a neChURm®04/003589

for injecting liquids into materials having the

consi stency of foodstuffs DESCRI PTI OF THE RELATED

ART  United SAGHEINEFHEIHECE NS IADG peloy G 10

Hendri cks and Conly L. Hansen provi des an apparat us

for the needleless injection of injectate into neat.

According to Iines 33 through 40 in colum 4 of that
BARKGROUND" [OA] THEz ZNFENFIEt | on appar at us causes the

injectate to travel froma reservoir under pressure 15
through a val ve @ndroubrofrHa mowzNeIoSufficient
pressure nust be provided such that the injectate can

trawghs QQ%EE%H%EYr%ﬁ%Q@%thh%_%&khﬂhéﬂﬁﬂﬁ iifjecting
desired. At the sane tine, tenperature controls must

11§§l%foﬁbﬂ%9 3Q hah 5 Eg%ln %.aQ§> %ﬁ%ﬁm&h%ﬁﬁ022|e
Sr ature Wit hi 0 desire tameaune
Llnes 41 through 48 of columm 6 and lines 3
fOPﬁﬁgﬁﬁﬁ "26 of colum 7 consistently explain: "... The
i njection apparatus 10 wi |1, in_nmost cases i nclude a
tenperat ure CESCRIETLON: GFeT D f&ler 25 bath
12, for controlling the tenperature of the fluid to

be iUnjidetce f tatiay eatamd no -The ctdal’ ia] falare G4 uid

Hendrlcks and Conly L. Hansen provides an apparatus for

the needleless injection of injectate into meat.

According to lines 33 through 40 in column 4 of that
patent, "[A] nozzle injection apparatus causes the
injectate to travel from a reservoir under pressure
through a valve and out of a nozzle. Sufficient pressure
must be provided such that the injectate can travel
completely through the cut of meat, if aesired. At the
same time, temperature controls must be provided so that
the injectate ;eaves the nozzle at a temperature within a
desired temperature range."

Lines 41 through 48 of column 6 and lines 3 through
26 of column 7 consistently explain:

"... The injection apparatus 10 will, in most cases,
include a temperature control feature, such as a water
bath 12, for controlling the temperature of the fluid to

be injected ("injectate"). The actual injectate fluid
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WD 2004/ 071936 PCT/ US2004/ 003589 w Il be contained

Wi thin reservoir 14 disposed within the confines of
wowroen7dad h 12. It is crucial that the tenperBtTU8200£003589

controlled within certain ranges in order to provide

for proper injection, 5 "The apparatys of the sen
wilhvieait Fentaiagd WhEhhﬂegeﬁeBﬁﬂg 1%2aa658958§jU§%§5Pe%he
relief valve 18 or pressure control assenbl¥. Thus,
confienenj eft webetahabe 1Bunpbdifnchuedatr 6hREdTHBNNer
fromthe reservoir through a nozzle assenbly 20. 10
tefipbsatusef bk tonthelpedsenthapparatasni saages| éot pirder
sol enoi d val ve 22, which nmay be placed in

toCppPUDEEakbenprebth anjediushable timer to control
duration of the bursts of injectate. Thus, the vol une

of h@h@C%ﬁbgrﬁﬁﬁs Be eatcebubkyneonhiehkednasiean the
anmount of 1Tnjectate 15 which | eaves the system This

inPBRBCE! 455880 AEeBpiep OmBggtato Ruskar o @nds or

t e valv he 1 njection

apparatus w| I inclﬁg a zzl e, assenbl 2%. Th
Prﬂgg%Fs Sgggkﬁﬂyaﬁfﬁ iMncEgHH'tS 8iﬁggﬁ%t€ e Fﬁ%egfate

in the proper direction and to maintain the .20 E%rea
pugpefiniiBcBafeN&E OLhEIpFEPBR Y SEGHe LR & SS6F 7P Fadle il

20 may include a plurality of individual nozzles 24.
a nhoheleapsegsbdanglnents of the apparatus are placed

in fluid communication by lines including recycle line

25 281sa heedulli ne 28¢ amdseeserpparaltiuse i30.an electric

"Finally, the apparatus illustrated in FIG 9
solenoid valve 22, which may be placed in communication
with an adjustable timer to control duration of the
bursts of injectate. Thus, the volume of injectate can
be carefully controlled as can the amount of injectate
which leaves the system. This apparatus can then be
connected to a starter and relay to operate the valve 22.

"The injection apparatus will include a nozzle
assembly 20. The nozzle assembly will function to direct
the injectate in the proper direction and to maintain the
stream of injectate at the proper volume. The nozzle
assembly 20 may include a plurality of individual nozzles
24.
"The various components of the apparatus are placed

in fluid communication by lines including recycle line

26, a feed line 28, and reservoir line 30.

"Finally, the apparatus illustrated in FIG. 9
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2 WO 2004/ 071936 PCT/ US2004/ 003589 i ncl udes an

injection table 32 to provide support for the neat
wheing7iosd ected. " United States patent no. 6, 1BGI/BEER040603589

Yoshi hi ko Tanaka et al. discloses another appar at us

i%ﬁ% he 5 Egﬁ%%qﬁﬁssﬂ%ﬁ¥§cy%?eé{6% tate |nt€ fm% the

asserLs on |ine 66 of colum 9 through I|ne 8 of
medd) g inTreEqsickl e injector of the invention is a

device for injecting the liquid substance into the

gr edmireat StalitesTHea ek 4 i lctor53% pf cXoglethike h a

hi gh-pressure |iquid generator, a |iquid-substance
TamglectdtngIsection, o samnchre irees sppm coni s afderthddi ch

can control the injection pressure while injecting
nddii dlidHH di st BHC e ety ddieatd | ¢l isedist afeech Sit

injected fromthe injecting section 15 to the green

tdRa - é'ﬁ'fE%fEEHh$H@§§P“eﬂﬂi%“éhﬂgﬂ%”égégrﬁQ the 1ine

plckle injector the invention may be any nechani sm
t cf t o of the liquid
su stanclﬁér} g t ﬁ (#11{]13??598 J?(ggoﬁ?\%yrecogmtlon |s
give t no. iven to, the f
Phat! Tife T e A0 519" 65 Hest oty R et o (AP BEh
t he punp and t.he ressure controller; nor 1is there
fQﬁn} i & I ohk@t i rﬁP@%ﬁﬂ%ﬁ?n%@ ?n?%%t%%%entmﬁﬁt-

does not find its way into the neat. 25 The apparatus

The etk iul e B AB5L 528 @foeded hovidyer ,high-pressure

liquid generator, a liquid-substance injecting section,
and a pressure controller which can control the injection
pressure while injecting the liquid substance when the
liquid substance i1s injected from the injecting section
to the green meat.”

"The high-pressure liquid generator in the pickle
injector the invention may be any mechanism, as long as
it can increase the pressure of the liquid substance to a
high level...."

No recognition is given in patent no. 6,165,528 is
given to the fact that the injectate will be heated by
passing through the pump and the pressure controller; nor
is there any discussion concerning reclaiming injectate
that does not find its way into the meat.

The apparatus of patent no. 6,165,528 does, however,

preferably employ a manifold, as described in line 33
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preferably enploy a manifold, as described in |line 33
3 WD 2004/ 071936 PCT/ US2004/ 003589 through 60 of
w@odounmiol®: t he high-pressure |iquid substanceP@BUS2004/003589
transferred fromthe high-pressure |iquid generator
via_ the high- essu piping to the injecting
thr%?? gb g ?$£ {greferable to use the injecting
sectlon mhlch has a menber_called a manifold for
br anchi ng %¢s¢h@hep¥?%ﬁP¥?o%¥th% ARt prEsstiFe pi pi ng
to plural flows. The manifold is preferably placed on
Cyapesfeprehdfoemt Heei hj ektbagssyeet fbﬁul@ugenanaber via
pl aced m dway in the piping as the 10 case may be. The
thejktthmoyrsestrenpopibbetconventndpaatihgghecpiensupad it
liquid generator is of a single-hole type or has a
i opreferabiehtd hespi phoagihfetbengantévleni shbeangheda
radially. The present inventors have manufactured a 15

m@@@éfo&glﬁé@eglﬁéﬁYféyatﬁgkeb£9ﬁcﬁlﬂgcgl§lhgn@CE95wf9&om
nmeat, piping in the manifold is branched an

tﬁ%ﬁ@f?%ﬁbr@é@&?eé%%gfﬁ? %3%1Mr91r998 d. F@ES nbA€r014

par a arrang es not on
rran n e are n ara
L AP Ly B Fettn P b En R d s gﬁ naﬁstgngre
ranged zi gzag or arallel in nultlgle rows. By
S%??%%% gt ha23t eke Bﬁ%ﬁﬁ@emldﬁaho%%|E PrPEPYRD ehnthe
narromed to 10 nmor less, e.g., 5.6 mmfor
CR9F €R2Y 0P - Therefore, a highly dense and uni form

injection is feasible. Further
"The injecting section of the conventional high-

pressure liquid generator is of a single-hole type or has
a form in which the piping in the manifold is branched
radially. The present inventors have manufactured a
manifold especially suitable for a pickle injector for
meat, piping in the manifold is branched and the branched
pipes are parallelly arranged. Here, the parallel
arrangement includes not only the arrangement where the
pipes are arranged parallel in a row but also the
arrangement where the pipes are arranged zigzag or
parallel in multiple rows. By arranging nozzles
parallel, a nozzle interval can be narrowed to 10 mm or
less, e.g., 5.6 mm for injection. Therefore, a highly
dense and uniform injection is feasible. Further
preferably used is a manifold which has multiple coherent

stream injection nozzles arranged parallel in this
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25 preferably used is a manifold which has nmultiple
coherent streaminjection nozzles arranged paralle
WO pooth7 93¢k WO 2004/ 071936 PCT/ US2004/ 003589  neaime82004/003589
"When the manifold is used, the high-pressure liquid
nSwst ance is injected as the coherent streamfromthe
nozzl e on the tip end of each piping. The liquid 5

subs; i.s injected simultaneously fromthe parallel
arraﬁgg%$h%§%l%én%%ofﬂelﬁr%%%dhgg??l??gh‘gﬁﬁfﬁﬂﬁégthgld
. 6,165,528 explains, in i nes rou
Slg‘?St“g%%?ﬁnﬁno S_L7%n36@r%*ée$ifa%?%h%lﬁ)%l%%%t Fsreapeéren BBea
coherent streamfromthe tip end of the 10 injection
NQfr A LDt Rhel HankRd| o 7ea¢h colphizg - wi The t hequigdeen
meat . " Thus, the nozzle actually touches the neat,
SERE@RIGR ah imeehedds skt afeaust anfnat i tite parki nes
42 through 45 of columm 18, simlar [|anguage
amesrydd e zmtd hero ertpodirem .mediso forrthis 15 ot her
enbodi nent, however, lines 34 through |line 36 of

col wubsknidith Bat eatdite dmhid ol ¢b 753§ expl,é%?f?{]g%%h

from above to hit against the green neat.

e , in .line 16 of
13 P00 o 1,01 60 1 1 208 L3635,

SO oo e ent_no.6 Is . "constituted of a flexible
S BSSP UL POG.8d S cone gt g o 8 Tlerible
i B R S T P AR b e,
green meat." Thus, the nozzle actually touches the meat,
creating an increased risk of contamination.

In lines 42 through 45 of column 18, similar
language describes another embodiment. Also for this
other embodiment, however, lines 34 through line 36 of
column 18 indicate, "The manifold 7 is ... lowered from
above to hit against the green meat.”

Although in lines 10 through 11 of column 17 and in
line 16 of column 18, patent no. 6,165,528 states that
high-pressure piping 6 is "constituted of a flexible
hose," no purpose is given for this flexibility. Thus, it
is logical to assume that the flexibility is for the
traditional purpose in high-pressure lines, viz.,
absorbing forces associated with the pressure that could

damage a more rigid line.

Finally, in its Description of the Related Art,
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absorbing forces associated with the pressure that

could 25 damage a nore rigid line. Finally, inits
woe®eniysé on of the Related Art, 5 WO 2004/ 07ROBES2004/003589

PCT/ US2004/ 003589 patent no. 6,165,528 provides a

ry. of I i nj ect or nd rel at ed Vi ces.
PTo tﬁéxﬁés fﬁﬁngégﬁﬁv%%?%? 'ak%%@T%r e?Pa??eﬁg?£9F5us
. needl el ess | njector ave utilized punps, suc 5 as
”gjo%cﬂi?% E?f?ip%e;cae% tg%YPn‘b S-whi ch nust run
continuously in order to maintain the fluid to be used

as Hh G a3 Clintes terRrters higropiedger ealHeat

._generated by such continuous operation is transferred

PRY7IqHRe Nefecla®s abnlecpass s vhroughi téé punps, 18uch
Moreover, in the practical inplenmentation of United

asStrasis ipat etitspicacdn@b3, 28 s ondei dihenypsesswie in the
systemreached the desired | evel, a pressure relief

coretl Menoulsy Yot th i@y et thdven oM | kO UST i d UARI 198 RYER as
16 from further raising the pressure. This was

O i i 1 i et ow from
TR e A L)

ad. r VA 4 that. supplied th u
996 Wit igﬁjpe%?%t e&ﬁﬁglsrgl&%%%io SRAarve 27 at_r]fao%‘gefﬂ(gg to
inj.ectate.to flow to the zzl e of the nozzle
thaesjslélrpbqﬁf% \/a?er%wédé%aﬁ'seeos. nc%lﬁémr%l éﬁﬂ}eclﬂl%ﬂf? on 20 of the
i njectate through the contjnuously running punp 16

t end® YV Sai &t e stadr dlgtl ammn ta; ke a2 @viked

nor e.
States patent no. 5,053,237, once the pressure in the

system reached the desired level, a pressure relief valve
18 would prevent the continuously running pump 16 from
further raising the pressure. This was accomplished by
allowing the injectate to flow from the pump 16, through
the pressure relief valve 18, and back to the reservoir 14
that supplied the pump 16 with injectate. A solenoid
valve 22 allowed the injectate to flow to the nozzles 24
of the nozzle assembly 20 when desired. The re-circulation
of the injectate through the continuously running pump 16
tended to raise the temperature of the injectate even
more.

Not only is a cooling system necessary to keep the
injectate within the required temperature range, but the
added volume in plumbing necessary to provide the

recycling and the additional capacity within the
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Not only is a cooling system necessary to keep the

injectate within the required tenperature range, but
W@ b@4/0203@dded vol une in plunbi ng necessary t oPET/U81004003589

the recycling and the additional capacity within the

6 WO 2004/ 071936 PCT/ US2004/ 003589 servoir 14 ta
regeEyQAEt L4r tPhaCrRPBEL 40 RSt 1P eséla%& taad dF Wi

the water bath 12 requires a greater quantity of
cophpdcwatbithshewoake robhshwil@e regUAEeEs Sagyreatii s, in

turn, mandated the use of a |arger punp 16. Mre 5
queneigy Wwasinggquicned hobh keciddsetbkerhee @rgerecessary.

capacity of the punp 16 and because of the continuous

TheRer ahi elrn, AREnShed ithicetlkat fi 3 purged wher iU6.i $lore
desired to use another fluid as the injectate, the

enfée b Eleagl&%a p%%h Reghelse ¢ ket hefngdhelRdsi @

rest In needl el ess |nject|on appar at us t hat can

thlgegtgbljag[:'t ULl QRS U Gl Wl iR, lp@m%&o

ere SO an I nteres

eedleless I njectiqgn appar t hat .can, be e
RSP S e ae B e ?n&%ﬁf L B 0 use
appl i cabl e governnental food safety standards. In
angddieti gruichase the dmiesdatsr ahfe&@sd &s %T}iheé&artc?n was

apparatus that is capable of operation within an
highiegt.i ng conti nuous food preparation/production

manufacturing facility without a significant

I nveastrert, i thadd tisoral 120 capstpnenta areckddidlens

significant nodification of an existing manufacturing
inBeRE8%% apparatus that can inject a liquid into a
subject with minimal damage to the subject itself. There
is also an interest in a needleless injection apparatus
that can be easily maintained and cleaned in accordance
with applicable governmental food safety standards. In
addition, there is a need for a needleless injection
apparatus that is capable of operation within an existing
continuous food preparation/production manufacturing
facility without a significant investment in additional
equipment and without significant modification of an
existing manufacturing process.

Accordingly, reducing exposure of machine components

to moisture in the production environment is required to
minimize maintenance of the machine. Further, minimizing

exposure of the threading on key machine components to

the injection fluid or a cleaning solution is required to



10

Accordi ngly, reducing exposure of machine conponents
to noisture in the production environnment is required
WO 2004007198671 ze mai nt enance of the nmachi ne. Fur t PET/PS2004/003589
m ni m zing 25 exposure of the threading on key nmachi ne
conmponents tqQ the ipjection flui r a cleaning .
enSaRGe| SRS VASHUPEed o TP PNBS2064) GP1§86uCe pobsible
PCT/ US2004/ 003589 enhance | ongevity of the machine
copfdripatddnc @ fp&ssi Bng ecEdpnamiRacic’ -of the injection
subjects. In addition, operation in a continuous
envilnoakent: 1 one qvicees tilmme dnate coaddmnivon st @rsuilidrement
changes in 5 production process variables. For
reexdnplse,imardiRjtectricantispr &y tshdtt lies chubsteantial |y
uniform w thout any hesitation during or between
probju@eticen celss veria®deis.ed.FoAC eRi=eip@ Y ard ifBtdiad on
to ensure steady and consistent injection bursts is
~+l N addh L : ghi Lty it ically
R e e e e A A
2004/.071936 _PCT/ US2004/ 003589 .. R T
he B RVERTLON PG ot S2e At LRV anOP S ecBo MG 1 R
precedj ng_ di sadvant ages of the systens in the prio
reRui Taty  AEHEROPS 1 needIRiess o SR o SHRa
that utilizes 5 one or nore commercially available air
copedsiten thmpsct isue hug st sgéeadaces [lesadbidiiqny, the
operating only when necessary to maintain a desired
abjfiddsurte automatically refresh the fluid supply is also

desirable.
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The Machi ne al so enpl oys a head which preferably, but
not necessarily, has injectate introduced into the 10
wheadortsough apertures in the walls of a hol | POT/USIHE4/003589
inside the head that is in fluid comunication with
the air booster unp. The read has apertures for one
or nore nozzle§9§¥&§_aBELF vgNgﬁgzﬁﬁgferably but
not necessarily, preferably, but not necessarily,
desThretprsseld thaeninrisnpecoshd ZeH the wpaedesindes
within the head at a point with enough distance to
dishdvientemiear odf thiee swaltlemef int Héehead orhatr tamynd
particles within the injectate will tend to fall to a
delevebebelzowddia dirpyt ienéefiocbheppezzltts anthtnaett idnters
and thereby clog the nozzle. 20 The head is

onBr 8f-er@bley 'cogr':rﬂer@talrl%c %srearllatﬁt,e aQes @Rt 50
upon |nsta | at1 on one point of i nside of the head

suf | % u%%t tgl aldoy e h 'bgﬁ %%eraeé SVAtdon, Neal

suc Kead has an esca aperture so that
an S mrthln the injectate that enters 25 the head
ne\fr‘/ie?éls’%gé’n ¢ 6“af:'1n5\ﬁltno a!a (Sj{réhr §ich escape
aperture. Furthernore, a return Irne pre{erab hft
not The WOPOGH GAESIETPEPMISF0GH rrecee‘is%taﬁh

takes injectate that flows through the escape aperture
butto nioffe Negwegsressislut e heisdd rofeatisd caiim tussbraast isup. thehd

also, a drain, in a work surface to which the head is
hepide fedrratlgh amﬁrtrwiemeicestskw iwWad, 15 abuntled,low tube

preferably, but not necessarily, reclains injectate
indndid ranRspRyds tdat 4 He |fwripl essuieication with the

alr booster pump. The head has apertures for one or more
nozzles. The apertures are preferably, but not
necessarily, preferably, but not necessarily, designed so
that an input end of the nozzle lies within the head at a
point with enough distance to the interior of the wall of
the head that any particles within the injectate will
tend to fall to a level below the input end of the nozzle
and not enter and thereby clog the nozzle.

The head is preferably, but not necessarily,
designed so that upon installation one point of the
inside of the head will be at substantially the highest
elevation. Near such point the head has an escape
aperture so that any gas within the injectate that enters
the head will tend to flow to and through such escape

aperture. Furthermore, a return line preferably, but not
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side of the air booster punp. In order to inprove

performance of the Machine and m nim ze outgassing
WO e@a0t1986 | njectate, either the source 10 of PEEUS2004/003589

injectate is pressurized or a punp is inserted between

e. ai ster_pupp. _Preferabl but
n%ég%§é§%£2h3€$§égal %%ng?ec %?eEP?WFttgrigg ogg?ed
bet ween the source_of the injectate and the air
SHoUT P pUpEe a{ﬁa,tlﬁ? ei%‘i”é%? SSPhE fbie 18T nEkesgdFi |y,
t he design of the Machine permits this main injectate
b33t Ramp behreprhted dniFalRhelMbehvpeki surface to
operating. A cleaning aperture is preferably, but not
wineeesEae ihgad | beapeel¢nalehrh lend wétthecheadri2g, A
conveyor belt is preferably, but not necessarily, in
naumiozd, sordfeealb by wibeh tdie headsosrheadsrac®aims
preferably, but not necessarily, nounted and has an

irejeltesse held comabaing 50 thatnd heohegde 95 hgads can
be nounted either above or bel ow the conveyor belt.

T % r [.S ferably, but not
S%§§e§§a§$§y$¥gnggsagFghpﬁ%€'operate at different

speeds. 0] 71936 PCT/ US2004/ 003589 one na
bg a déE%%?VS%§ ##YEe?%F ?ﬁ@??ﬁ%c?gt %rMﬁgﬁ??%da?%
t he subject of the %n'ection, . And a conputer device
T AT Y IBRR L Dt SR CHER at 1] §C T %t r ot R ARNRBf SeRBCE
conmponents and 5 functions of the Machine, '
of the injectate is pressurized or a pump is inserted

between the source and the air booster pump.

Preferably, but not necessarily, a main injectate
filter is located between the source of the injectate and
the air booster pump; and, preferably, but not
necessarily, the design of the Machine permits this main
injectate filter can be replaced while the Machine is
operating.

A cleaning aperture is preferably, but not
necessarily, located in each end of the head.

A conveyor belt is preferably, but not necessarily,
in a work surface to which the head or heads are,
preferably, but not necessarily, mounted and has an
endless belt containing so that the head or heads can be
mounted either above or below the conveyor belt. The
conveyor belt is preferably, but not necessarily, one

which may operate at different speeds.

10
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Further, it may be seen that an inproved nmachi ne for
injecting liquids includes | east one injection head
worewabry3counted to an encl osure, with each i NPEDUSIN4/003589
head having an escape aperture, a plurality of
inj ion 10 apertures .and_nozz| es. attached theretp.
End CAp ae? Tast i Fa o 0ncts Bachfn; B Fon noacrate
such a manner, that revents the, injection fluid from
O FHIRICt $h gt AnsP e t FFRERF P briERentRi #CtHe™ nj ecti on
head, which sinplifies cleaning of the machine and
redfEed 3 heomsoislsebi e Yicofrusi¢prplebYi ol | ndd
contami nation. In addition, stand-alone, easily
neeheabl by f i ¢omersol airrapy ovi dete weotwponéhesi apéct i on
heads over the feed entry ports to renove particul ate

fured it esnd rom tie Madheeséion fluid and to increase the
turbul ence of the 20 entering fluid. These filters

al sor@FendOsi ¢ aned MEtHean {ther | DhechhPHvEaHaERIAS for
to prevent the injection fluid fromcontacting any

iw@@ﬂk@gﬂ@fﬁ; %1}1%1&@ s | b 26L T Ofe agzﬁjg%m%gb'ﬁtz@%ﬁe

ast ac ing SO valves are att

rtures for quickly and automaticall .

nGrEhE RO o B P ETeda sl Thrh fhefotion nead
injection 11 WO 2004/ 071936 PCT/ US2004/ 003589 heads.

DTS b CPRA| YRS BRES| ot ot BAF i £ RY n 4 he 8REFBB U e
and away fromthe wet working production environment,

RN Erss i at I Pyl eheaibathey tecktean thed @aehi ase
duri ng production downti ne.

installed on to each injection head in such a manner that

prevents the injection fluid from contacting any
threading present in the injection head, which simplifies
cleaning of the machine and reduces the possibility of
injection fluid contamination.

In addition, stand-alone, easily removable filters
are provided within the injection heads over the feed
entry ports to remove particulate matter from the
injection fluid and to increase the turbulence of the
entering fluid. These filters also are positioned within
the injection head so as to prevent the injection fluid
from contacting any threading present in the injection
head.

Further, fast acting solenoid valves are attached to
the escape apertures for quickly and automatically

releasing any air build-up located within the injection

11
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5 1n addition, the air punps are nmounted within the

encl osure and provide the high-pressure liquid to the
w0 pjoaoti98h heads. A controll abl e, high-pressurBCT/US2004/003589

regulator is used to automatically adjust the output

ressure of the air punps thereby ensurjng that the
hfa et | DI SHAEPAG | R (3t | P35 TRi Fhr P RNEOE he
air punps function_ w thout any hesjtation during or
CIH UBEFE | IR AP Tk sERe woiF tWRFKInhePTofection
fluid com ng out of the high- pressure air punps is
eRVimngnlect @ tepvninpiectiontls aehl oy dtsystean the
whi ch includes a nunber of high-pressure solenoid

mach wes . ddengrgni ddb ok syrst @owdtithdier ensures the fluid
and going to each manifold head during an injection

bur sin i sdsisdgntied | yi SiPhhes 4Fe HOSSLEE RDEL VRl tHE.
It may therefore be seen that the present invention

eﬁ&léﬁ%ﬁ@%c@%fhﬁd@%é‘%{&E—;E‘P@%%%E%?ﬁ%%@i&%& op, of

liquids into'a subject, and a nethot j ecting
isHlECLs Wsidg highs J LU SRt 0
SUEELS HELAD M AN ERSH Bt 0] LRI LSS 0 8o
. machi ne_for . injecti liquids of the present
L9 T 67 PHOIHeCT oY 280 Rhpr hecPT e FERSBREe Of
subj ects by reducing the rjsk of contam nation of the
Lhej Bk | R R e R P RF W 19 yERRE e i Deolal o7 198362 Y
. PCT/ US2004/ 003589  cl eaning of the machine. Further,
1 g grsta et soht ¥ oinisforn handreidhe nel bypamp o piuat oioand
easy integration into a production facility are al so
witdatwr esnpfhddictdatinjprrovddring or between injection
bursts.

Further, the injection fluid coming out of the high-
pressure air pumps is first directed to an injection
manifold system which includes a number of high-pressure
solenoid valves. The manifold system further ensures the
fluid and going to each manifold head during an injection
burst is substantially similar in pressure and volume.

It may therefore be seen that the present invention
teaches both a machine for needleless injection of
liquids into a subject, and a method of injecting
subjects using high-pressure injection bursts that do not
contact the injection subjects. Further, the machine for
injecting liquids of the present invention provides for

improved injection of subjects by reducing the risk of

contamination of the injection subject and simplifying

12
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15

machine for injecting |liquids of the present

invention. 5 The machine for injecting |iquids of the
wEe@sem36 i nvention is of a construction whi chP@BHURIINH003589

durable and long lasting, and which will require

little or no repair to be provided by the user
cleprdnghedt thesmasbine -| | FoEther TR teEE ke comtned ©f

present invention is also 10 of relatively
thenexpaisiev®yc ans bpgckitonr todeasyc 6 titteg r atadretirdispal

and to thereby afford it the broadest possible

pro@iket onFifdalilly t valalreofa 1ishe fafadnesa o f atheantagesreahd

obj ectives of the machine for injecting Iiquids of
math8 nRr €38Nt niRVE@NkIEON 138 RChifewe’d Withewt ihvention.
incurring any substantial relative disadvantage. 13
VO 29045063936 RGY Y52004/,003589,1BRI By RECR,RHLN O
THE D%Aﬁ%%és Fi gure 1%rep€ég€ntgﬂEh schenat??lférn1the
._Machi.ne .for Jlnjecting Li.quids.i.n.an e i i
Iny§hy 3@r&§i9f|§L Oﬁgt%é%§%fF%§ﬂ5 kﬁﬁf%%?ﬁ?%; Qiﬁg%ﬁ;é?d
2 represents in schemati,c formthe i.ne for .
Lopg dAETGIri FHUL I ar et RdETe vl\é%tqc&lé%é’rr eservidid*
but no recycling of injectate; Figure 3 represents in
toSévrqumaétqulqé%ﬂ A% e evBEfmEh gt tedtisng 98t ds in
an enbodi nent with one reservoir 10 and recycling of
liifiejtéoteat e;THE guacdifer epft dden oy dserst ey el droris taleso
Machine for Injecting Liquids in an enbodi ment with
oft We 1 ataseylvoiirsart giecy cddnyg rafct ijredicateathance its

market appeal and to thereby afford it the broadest
possible market. Finally, all of the aforesaid
advantages and objectives of the machine for injecting
liquids of the present invention are achieved without

incurring any substantial relative disadvantage.

13
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Figure 5 represents in schematic formthe Machine 15

for Injecting Liquids in an embodiment with the
weapabrioséy of adding ozone to the injectate; PFCHUSEOH003589

shows the exterior of the Machine for Injecting

Li quids in an e%mSﬁﬁ%lﬁ ﬁ%lﬁ‘i %@ﬁég d
iIIustrates.th.ed ' nbodi.ment, having a catch
I nj ect | uj. ds n enbodi.me ,
pasi 1S TP Sonj LTSI (1 I A %%ar%?%trﬁ%c%ne
' tric view of the injection apparatus o e .
£G5B i B How Ay T BHIC e th oo eoeserEoix
Figure 9 is top plan view of the injection apparatus
a@?% L&ENT Ny 0f A VB P04 071936 PCT/ US2004/ 003589
Figure 10 a plan view of the injection apparatus shown
i n Fiigeir e Zamkrgesov nigr & dieie tsi clefafm titee 1o nes ;
Figure 11 is side plan view of a portion of the 5
famjledtsadn rapfaratids shownh idhdddisterd: ol Bhd Oreservoir
showi ng a channel and a conveyor system nounted

bul i rddie1 ichpnrelinfdawye ;12 is a bottom plan view
of an inject i(Hoa% head ] of the injection apparatus shown

T St g, ) Ls B e il
fo@e%%B%%%%%J'ﬂfﬁﬁﬂé?ﬂﬁ?%&f%&%%éﬁ%%n id&éﬂgg%e reservoir
and recycling of injectate;

Figure 4 represents in schematic form the Machine
for Injecting Liquids in an embodiment with two
reservoirs and recycling of injectate;

Figure 5 represents in schematic form the Machine
for Injecting Liquids in an embodiment with the
capability of adding ozone to the injeétate;

Figure 6 shows the exterior of the Machine for
Injecting Liquids in an embodiment having a drain:

Figure 7 illustrates the exterior of the Machine for
Injecting Liquids in an embodiment having a catch basin
in conjunction with the drain;

Figure 8 is an isometric view of the injection
apparatus of the present invention, showing a front side
thereof;

Figure 9 is top plan view of the injection apparatus

shown in Fig. 8;

14
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8 through 12, showi ng a tubular filter disposed
therein; Figure 14 is a vertical section of a fluid-in
wepe4/0183cap of the injection apparatus shown PCT/BE52984/003589
8 through 13; Figure 15 is a partial cross-sectiona
view of an_injection head of the injection apparatus
showrItFeFil@s @ Pgafhgegh of3 Ehshdwiisg O SPHFIatrs
di sposed therein; and 20 Figure 16 is a plan vi ew of
shpwa iinj &duison Sagpar & ushosticyhn 3 Pagikg sigle sHovih®y a
back side thereof with doors renoved. 15 WO
caPA®4t071936 PCT/ US2004/ 003589 DESCRI PTI ON OF THE
PREFERRED EMBODI MENT Figures 1 through 8 illustrate
sevarahremadiirefisie ¢flamh RERW elfess doytaEedd @ Ssitsd ens
constructed in accordance with the present invention.
1 PARCRH N Gha e D IHRRLNL IFRNt o HrswRHers| ediRssing
injection apparatus 30 that utilizes one or nore
a N %ﬁ'%&hyaav Hi & & sté%P%&ﬁﬁﬁxﬁPQHﬁ:'%1WMH§h
enpl oys relatively T"ow pressurée ~ conpressed air
typically less than 150 psi) to generate an out put
Chﬁ¥5§§Ure sufficiently intense to propel 10 injectate
efficiently and without inparting any. substanti al
heatf 195! thd 4 e RE-TRtHE™ thEY SPerdt iy sction head
continuously to maintain a desired pressure, the air
othddst dnimehs- o3 P Bifcshawt iy dsislir el hds rterplong
‘attai ned. Each air booster punp 32 is connected to one
ligre 12-®r;e heads 34. And preferably, but not
necessarily,

Figure 13 is a cross-sectional view of an injection
head of the needleless injection apparatus shown in Figs.
8 through 12, showing a tubular filter disposed therein;

Figure 14 is a vertical section of a fluid-in end
cap of the injection apparatus shown in Figs. 8 through
13;

Figure 15 is a partial cross-sectional view of an
injection head of the injection apparatus shown in Figs.
8 through 13, showing a disk filter disposed therein; and

Figure 16 is a plan view of the injection apparatus
shown in Fig. 8, showing a back side thereof with doors

removed.

15



10

15

20

25

control valve 36 in a feed line 38 going fromthe

hi gh- pressure side 40 of the air booster punp 32 to
wW@r@4/0719360r € heads 34 opens to all ow i nj ect at BCDIS1004003589

hi gh- pressure side 40 of the air booster punp 32 to

flow 20 thQ?uOh the nozzle or nozzles 42 oflthe one or

| onered, and the air booster punp 32 operates only
Iongl@mo@ghlt@hm@Ug@sﬁamhhﬂ$Hﬂ@ied@ﬁvﬁeﬁlpﬁe@smﬁkmentS
Preferably, but not necessarily, the control valve 25
of3a neecdapaklse dahjdictden ry strmec tcahns thramdde mai r
booster punp 32 to the specific head or heads 34
acWireh n2 U8R hl & NAOZRRA 193G nRCHNUS2@RU BB y, the

Wi shes to provide injection; alternately, however, a

pr%%%"i‘ﬁ:a &%v‘é t‘i%n' ~°_ts| acaledhaturen ke taidn %ﬁﬁéxeéth@fﬁb

each head 34 supplled with7injectate by that
Qster 3 0 r et
th%ﬁc uﬁcqh Ied PR %ISLbe f el ‘?‘tla‘%l”é e r

for j ectl
Alternatlvel iieu of. either ntroI val ve 36

eQﬂﬂ%ﬁé%%“@éqﬂaqﬂﬁ%ﬂ%ﬁtﬁﬁﬁ?ﬁﬁve d%vérlﬁﬂﬁtiﬁi

and each head 34 supplied with injectate by that air
copprssedh@iy Frpigaddpardss fhagt Wl WSt Aerate

deactivates, and controls the pressure provided by a
angiopdpUdi P SCER ST PUp. GEntine diretssosie gt 32

hol ds only a small quantity of injectate and
inpreeftertablef f ititerrtdty resckessiaridut, impeceiives such

injectate froma nearby supply reservoir
substantial heat to the injectate. Rather than operating
continuously to maintain a desired pressure, the air
booster pump 32 stops once that pressure has been
attained. Each alr booster pump 32 is connected to one or
more heads 34. And preferably, but not necessarily,
control valve 36 in a feed line 38 going from the high-
pressure side 40 of the air booster pump 32 to one or
more heads 34 opens to allow injectate on the high-
pressure side 40 of the air booster pump 32 to flow
through the nozzle or nozzles 42 of the one or more heads
34. When this occurs, the pressure is lowered, and the
alr booster pump 32 operates only long enough to re-
establish the desired pressure.

Preferably, but not necessarily, the control valve

36 is capable of directing injectate from the air booster

pump 32 to the specific head or heads 34 which a user
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15 46, mnimzing the total quantity of injectate that
must be within the machi ne. Each head 34, itself, has

wa@20wmbess of uni que features. The head 34 i s BCTUE100%003589

body havi ng apertures 48 20 near the bottominto which
.one or, nore nozzles 42 may be rel easably connected.

w Az AU AL IR G Pl BHPIRHE B RRRITeEnd?
Preferably, but not necessarily, the input end lies
sefantite ttel wredd IPcated guthiest e mlighoes seaneeny 032
the interior of the wall of the head 34 that 25 any
arghradaat] deedddi4 mayodlel ed tvii tth thhe] ealjaeot dbe vhdt &end
to fall to a |l evel below the input end of the nozzle

bokk te? SRR 0/ Y 1936 RCH 4652004y 08589 i mddyhich heads
therefore, be unlikely to enter and clog the nozzle

3421 1&g d nigdd ofodi gRi@fi . the nozzles 42 is
preferably, but not necessarily, selected to be such

t hatpy ensi on ld gul d- i gc {1441
pr ecZT u%e tLéﬁ?%%,C%g %rrﬁa%jg%%rt rou%%ggr%\%zz?eve
unl.ess the air Qost.er, pu 2 has pressurized th
3¢ B A Ao TR ko e b 52
[ referably ] ess thap .025 jnch. 10 Wthjin the, head
angh, S B o S omiAehoi1 I eWBcesia TS BY OEM bt
hol | ow tube 52 which comunicates wth the feed line
bagfepRite Hr borRaratpunpl B2 seelihaackivaiefect at e
entering the head 34 nust do so
deactivates, and controls the pressure provided by a

given air booster pump 32.

The air booster pump 32 holds only a small quantity
of injectate and preferably, but not necessarily,
receives such injectate from a nearby supply reservoir
46, minimizing the total quantity of injectate that must
be within the machine.

Each head 34, itself, has a number of unique
features.

The head 34 is a hollow body having apertures 48
near the bottom into which one or more nozzles 42 may be
releasably connected. Each nozzle 42 has an input end
and an output end. Preferably, but not necessarily, the
input end lies within the head 34 at a point with enough
distance to the interior of the wall of the head 34 that
any particles that may be within the injectate will tend

to fall to a level below the input end of the nozzle 42
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through the tube 52. Multiple apertures exist in the
15 wall of the tube 52 that is perpendicular to the

wo eovgiotesé nal access of the tube 52; preferabl RCT/082004/003589
is an aperture in the vicinity of each nozzle 42 in

d tend.to equalize the pressure of the
aLr%Hn'j :{:}%éa U edth urﬁo@ff 4P ‘?rﬁi(?%oacfﬁi %Lo%ftlf%enOZZle
44}ﬂ ectate into a head 34 20 at nmultiple |ocations,

ather than froma single location, tends to increase

turbulence within the injectate inside the head 34
and, TR e o tdiagialian 2L i nemderreyidfiany
particles within the injectate to accumnul ate and
s feglelal hwodlte st R ogmE i Jor efsrlabityed bt Wwtsuch that
necessarily, a filter is |ocated between the feed
surifirec S & aral anyo Moz 21 ey didy 18 MR 2004/ 07109 36reclude the
PCT/ US2004/ 003589 associated with that head 34. Wen

intjhethald owdniiaS2ds rremlgyed.nsuch hol 'Mé[é'é?et air

communi cates with such aperture; and the holl ow tube

boRAt %ﬁﬁﬁ;@bizhhé%ﬂprg%su ' S@rfég'%hgré@@atd%%%%vew

filter, a screen whi renovabl y roun

g Al Sags of 'Lhb HOTTA T U 15T AP he kP 5

i.S pr rably, but not necessarily, designed so that
t on(ﬁ%itEHq@%i on one point of the inside of the head

34 will be at substantially the 10 hi ghest el evati on.
Neal iR gdinthaask Hedd 3pueferablibsdape rgert ure 60

so that any gas within the injectate that enters the
negesd 234 - i/l 11aaaicd @ ficdwavo tarek t3% odgith communicates

with the feed line 38 from the air booster pump 32 so
that any injectate entering the head 34 must do so
through the tube 52. Multiple apertures exist in the
wall of the tube 52 that is perpendicular to the
longitudinal access of the tube 52; breferably there is
an aperture in the vicinity of each nozzle 42 in order to
tend to equalize the pressure of the injectate ;t each
nozzle 42. Introduction of the injectate into a head 34
at multiple locations, rather than from a single
location, tends to increase turbulence within the
injectate inside the head 34 and, therefore, to minimize
the tendency of any particles within the injectate to
accumulate and block a nozzle 42.

Again preferably, but not necessarily, a filter is

located between the feed line 38 and any nozzle 42
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such escape aperture 60. Renoval of gas fromthe

injectate within the head 34 is inportant because, 15
w@bkdaohotiybs | i quid injectate is essentially PCT/US2004/003589

i nconpressi ble, gas can be conpressed; so, when the

| er . p i nj.ecta u not be .
e i SEH BRC e e a0 HGE hRa BObOek: sropuAR Lo
ut . woul e any entrapped, expandi ng conpressed
AN e Bl teRetest ] 2R StunatRe hub: foy Buc
necessarily, attached to the escape aperture 60 in
SR TG o Pt ubRe aR9L LY itk | B eclbhe Berabl vi sbhbr et
t hrough the escape aperture 60 by entrapped,
NeGHpIRESSEd gasst 028 hehe eklveir a 46cr@én Pref ehabbyovably
but not necessarily, the feed line 38 and the return
Sy pEureds arlee fwaekl bb# e drslErow otude VE2 2004 074 986rallel
PCT/ US2004/ 003589 facilitate noving the head or heads

td ctled tlesmpd Ludiwentd@nsss The fieedthdi 16, 38,80ds3 he
return line 62 could, however, be inflexible.

ocat o 1 he oo dn Rert e B (P (RSt et dr Aty ne
T e et I R R 1 R U e Ve
S UEP A LSBT DL SRR e
hl\gﬂe% %Q%Vg,tiporrg 2\%%?%)& bhut niot ntecessari ly, the top

: Yeh malrotthredessdri4 yhas ben

mounting i s such

escape aperture 60 so that any gas within the injectate
that enters the head 34 will tend to flow to and through
such escape aperture 60. Removal of gas from the
injectate within the head 34 is important because,
although liquid injectate is essentially incompressible,
gas can be compressed; so, when the air booster pump 32
stops, injectate would not be forced through any nozzle
42 by the air booster pump 32 but would be by any
entrapped, expanding compressed gas.

A return line 62 is preferably, but not necessarily,
attached to the escape aperture 60 in order to return any
liquid injectate that is forced through the escape
aperture 60 by entrapped, compressed gas to the reservoir
46.

Preferably, but not necessarily, the feed line 38

and the return line 62 are flexible in order to
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that the head 34 nay be rotated about one or nore axes
and preferably about three orthogonal axes. This is

wa@ewenplodched t hrough any neans that is well keomiSion4/003589

the 15 art, such as by securing the head with a clanp
t..can be opened and then closed or | oosened and
f%ﬁﬂlglnl%a?cg%t%%fe ) %‘d%i ?%(ﬁwa?lfyl}e‘?‘?si%o pTEFRFEBEe to
have the height of the head above the work surface 66

Loff Uit efhangkf s 1HPR 3% ang compl TRReEn t hivagh2 apguld,
means that is well known in the 20 art, such as
hOWRIFRLT ndee her Bl ekl on a bracket that can be raised
or lowered, e.g., with a hydraulic cylinder or a
r ot dbferdcrew.bWhemot heeecessarmy t iplealve 64 is
I ndependently orientable heads 34, a variety of
lapttiahaln techn guese foset et EON(oR25tIeXi Bétuf®rline
exanpl e, injection can occur fromnultiple directions

681 Ml aneausl ye 084 idh § i ¥R dy SUEEESSI Phpd h
2004/ 071936 PCT/ US2004/ 003580 angl% o e%?%%%?’?h]%ut

e , ¢ 4 Y ;
id rﬂleﬁcféf%ﬁ)l am oé@e@fﬁélwn{e%]ﬁdgcﬁlat?@ \g?e;ls&e ange

simul taneously or in cessi on; setting

forces,of t nore_ injection _heads 34 can be

Ut R A R abi 1] R %%%%’ it HESHBF el % 5

th%:uﬂjection,:Precluding or mnimzing the novenent
MG G- b Bt 2 Hat E T bet U s e fagect i of which
. occurs from a single direction; and the pattern of
1§ MEEhee® produtedothynedrs srozizl s Wee ofopli 6 f ez epabinet.

heads 34 can be overl apped to achieve a higher
Prefjeatdlon densingt ateosmsaniney t hdre Ifwotd oy bes such

obt ai ned by using just one head 34, because of
that the head 34 may be rotated about one or more axes
and preferably about three orthogonal axes. This is
accomplished through any means that is well known in the
art, such as by securing the head with a clamp that can
be opened and then closed or loosened and then tightened.
Additionally, it is preferable to have the height of the
head above the work surface 66 adjustable. Again, this is
accomplished through any means that is well known in the
art, such as mounting the clamps on a bracket that can be
raised or lowered, e.g., with a hydraulic cylinder or a
rotatable screw.

When there are multiple, independently orientable

heads 34, a variety of optional techniques for injection

exist. For example, injection can occur from multiple

directions simultaneously or in timed succession; the
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physical |imtations dictating the space required

between adjacent nozzles 42. The top of the work
WGeohate3es6, which, as noted above, is preferedi/ys20046003589

not necessarily, the top of a 15 cabinet, is

=1y £ ey PUkoNOknACOORSAE 4 £ SbRPEHL L 9 CRbLECE o g

excess injectate and use gravity to cause 1t

{046 fﬂﬂpt ef.erabl but, not .
3$2%§§§§??F%%ﬁ¥9é6$%en_ ##%9%%ﬁéé%tc%% HEICHSE FEaRT F1om
in the drain, 68. tionally,

al 8 or.w y
S R S e (el iy e grie 5 e st
ump .coul d be placed in or adjacent to, and in flui
b%&%ﬁzﬁfi% StAR L ihe R AIFBBLOAME tiHee drah e @8 of
optionally could include a catch basin into which
e idotesttd arec rmamlddimemon hel nviorile isur flate Bivementid of
first flow 25 There exist a variety of options for

ther ebdi thajtectaat dod auseAIWhdID A RICHIWD Fecul from
}E2urseéﬁg gﬁymo 2004/ 071936 PCT/ US2004/ 003589 source

a 4dnofle njieetation ;s cenned et andd nf4did on produced
comuni cation with the input side 70 of the air

bybeost &bz ZRWEP 432 o Pl AN HRUaNot, negessardly., & g
y?i I ter 7222g5@8esi é)nat ed the rrai}%%‘l rﬁqect ate ?Oﬁ tertidrre

td aeatiedbgt \P%%J:Isg?lj%%l%% (c)j]feln;sr.]L{tfeyC %racte _%;1’{%4‘:% tt ean

A booster d effefiais not desired to have a
cob BBt 8 Ut bl ke e R e &
ph%%%%%?dlggi%g%ggkg]5&%%%&?%% the space required between
adjacent nozzles 42.

The top of the work surface 66, which, as noted
above, is preferably, but not necessarily, the top of a
cabinet, is preferably, but not necessarily, sloped to
collect excess injectate and use gravity to cause it to
flow through a drain 68 and preferably, but not
necessarily, a screen. The screen can be upstream from
the drain 68 or within the drain 68. Optionally, instead
of just relying upon gravity, a reclamation pump could be
placed in or adjacent to, and in fluid communication
with, the drain 68. And the drain 68 optionally could
include a catch basin into which injectate reclaimed from
the work surface 66 would first flow.

There exist a variety of options for providing

injectate to the air booster pump 32. Of course, a
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10 fromthe work surface 66, either a container in
which the injectate is delivered or a reservoir
waeoountie3smhi ch the injectate is placed can seP@BUSE04/003589
the source 44 of injectate. Gravity can cause the
injectate to flow from the source to the air _booster
S%#Fp% I o erereddiate phit AOPnRRRtEECEI T 1D RbwEYer,
either the source is pressurized, by any neans 74
comnjeatiedn widdwihie iteut agide W Q o §alshe ;atauseos her
injectate to flow or a punp 76 is inserted between
punire Fdurce and the air booster punp 32. This inproves
performance of the Machine for 20 Injecting Liquids 30

and menEse 4191 pr eslidesou gasss g 1§ e thecénj get at e
whi ch is caused when the air booster punp 32, in the

dSNRAR Pt RELSS Ul 785 SIOUN €81 téh Of s 81 o PMIRG Metween
between the source and the air booster punp 32,

- s, )0 r
el SRR SR bt R RS U eSS T8,
hoost er, pul 32 d when.there is a return lin 22 WO
RO BT B i Bhsaac kS LS R0 Vo aE- ¢ Fam
t he rk surface 66 or both the return |ine 62 and
the Hf aitn 68,29% 42517t erQtRVe putr flotr hebbRRafy, T¥em
have the return line 62 and the drain 68 flow into
thehehearht3 msrd off tHe Fegervoleseed vk chevkrimbingegbate
as the source 44. In this case, were the source
e st iwvedk shefdcy b esetiowkd becemphoyed im whech the
return line 62 and the drain line 78, in any manner
idhedtdise wed |de kineywed not he ssderdstr the 1eed anmt EBOnthe

punp woul d have to
injectate is placed can serve as the source 44 of
injectate. Gravity can cause the injectate to flow from
the source to the air booster pump 32. Preferably, but
not necessarily, however, either the source is
pressurized, by any means 74 that is well known in the
art, with gas to cause the injectate to flow or a pump 76
is inserted befween the source and the air booster pump
32. This improves performance of the Machine for
Injecting Liquids 30 and tends to preclude outgassing
from the injectate which is caused when the air booster
pump 32, in the absence of a pressurized source 74 or a
pump 76 between the source and the air booster pump 32,
creates a vacuum on its low-pressure side 70.

When a pump 76 is inserted between the source and

the air booster pump 32 and when there is a return line
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provide flow fromthe drain Iine 78. And, as a further
10 alternative when the reclamati on punp stinul ates
w0 bewo70BOM t he drain line 78, a |ine from t hePGDUSIO4/003589
could conbine with the return [ine 62 and the drain
check valves in any manner that is

| 78 I
62wlé3ne ﬁ/ﬂlﬂr& |§|182|t@f%31‘ér1% ey R ITRRR i 9% eoth the

proceeding to the punp 15 76 between the source and
rehETai ki dst enBthd durhn 68 pukp 75 piebempiloled Rind

ot herwi se going to the ow pressure side 70 of the
nodi mesmstaary punp 1B8Rre lthed scdturtmelrinps efZrabd e;hdudr i

necessary, to have the ability to renove the nain

64 njlent ailretd itHercotZattidre o2 ciderddehidier 36 swisidhéver
operating. This would permit the main injectate

sdiddLrad Ao dadeaned o #ieid acess W»&@:@éﬂthe source

interfering with productlon One exanple of

prtchtasr tlh e%l f o(fh@cng;ﬂ)l\{)r A, tci“k?e '&n%@y%g V& att# e@@rn

rom e source that es Into t para

A9 T 0 i DB A B ok oY ViVEe: %ﬁ yalve

V\D 2004/Q071936 P /U 2004/ 003589  each parallel |ine
KIS r otqiehealﬁ:an HeE 114 6oy U |t e to
parall el |ine MA|| operate The parallel |ines could
P isie Pravorfnam drihaipsbinient kg’ Gy plinpas An further

alternate exenplary structure has an auxiliary
alrtegayative 5718 | tdoatext ldovaist ore gy o tihel atee s £low

injectate filter 72 prior to any punp. This permts
fridee tred rddanjrectiate fd | terlind® trobecenmvec-ahesatder e

IS no injectate in the first
combine with the return line 62 and the drain line 78
utilizing check valves in any manner that is well known
in the art with the combined line proceeding to the pump
76 between the source and the air booster 32 if such a
pump 76 is employed and otherwise going to the low-
pressure side 70 of the air booster pump 32.

It is further preferable, but not necessary, to have
the ability to remove the main injectate filter 72 while
the Machine 30 is still operating. This would permit the
main injectate filter 72 to be cleaned or replaced
without interfering with production.

One example of a structure for accomplishing this is
to have a line 80 from the source that branches into two

parallel lines, each having a main injectate filter 72.

A valve at the point of branching or on-off valves 82 in
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reservoir 46 while sufficient injectate remains in the

second reservoir 84 to supply the needs of the Machine
w@00107186 | east for the tinme that is required POI/US2004/003589

replace the main injectate filter 72. Each head 34,

b e S nd, 86
Rl Ye ﬂla%rf&*? oA R ;i? us;t_ gofiites 72
n erture,” ch is
S%i?% SR B Eef L e SBFH 55 pelF eatrn erenebetne
irst e or,the second end 88 of the head 34 or,
lln%%ﬁ C%‘Eﬂ?éf%%“ BHt BT ehRIsOBEURMY SBLSFiRteahgagusy. An
its nane inplies, the cleaning aperture 90
fg%ﬁ’fvar?%t%%emleleem Pgrettehe esdamdauni biash, raservoir
hi gh-pressure flush, 20 or a spray may be introduced
84 dlatrtedsicenstrede fieau e maroubh)ébea el eani pgr 72
aperture 90. The cl eaning aperture 90 is closed

piprcef erablyy dutp Nothneoesseitd YehaMhdi @ 1 ¥R+ OCAL Blar
T&thln the cleaning aperture 90. Optional fé a cap

7des) gnatedhdNed "aikh capsrd Si 4 eipvabl é/c%éaq]?c@ﬁg flrst

the head 34 over the cl eani ng aperture
é%%&i%l%gse e kpilad %%oaéé"étlsg”\{%éitg@g\gmer@% %%eh%vé}h%
dé%fptsf%)fv"‘aﬁlsr' R S (9 M F b Mekine 30
aSLir Sccefg?r’r’e% @gteferabl tl,Scbut not necoe%%ew

94 noves subj ects near the head or heads 34 so that

madie Agqs tedts Tddage 12nj ect ed.

Each head 34, preferably, but not necessarily, has a
first end 86 and a‘second end 88 as well as an aperture
90 designated the "cleaning aperture,” which is
preferably, but not necessarily, located in either the

first end 86 or the second end 88 of the head 34 or, most

preferably, both ends 86 and 88 of the head 34. As its

name implies, the cleaning aperture 90 facilitates
cleaning of the head 34. A brush, a high-pressure flush,
Or a spray may be introduced to the inside of the head 34
through the cleaning aperture 90. The cleaning aperture
90 is closed preferably, but not necessarily, with a
valve located within the cleaning aperture 90.
Optionally, a cap designated the "end cap" is removably
attached to the head 34 over the cleaning aperture 90.

This may be done in any manner that is well known in the
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Preferably, but not necessarily, the belt 96 of the
conveyor contains apertures 98 so that a head or heads
w@200402193€ven be nmounted bel ow the belt 96 as MeEI/USHE4/003589
above or 10 substantially even with the belt 96.
Preferably, but not necessarily, the speed of the

ardonveldr agv bys hadiingh e t sy et ithe o rivdssadei o
can be continuous or increnental; and preferably the

apsohueyorr0 Shcempl dyse edrebtaagni ¢ braking to insure that
the conveyor 15 94 is stopped rapidly and conpletely
whemwidesin ed: oAl tawrmrgh tdhecddiume B sawdaek operdas 66
manual ly, it preferably, but not necessarily,

19, NQredRs a3 16HMMITte Mo td @b s SHUEIN 8S 10 U IH aATBdl Eless—
l ogic controller. The computer device, thus,

bANEIRIARING U4 | 285 2QRFQAATEBE,JE ChaP/QOeSSAUS: the

and i ncludes the traditional features of "a conputer,

hedd %ra%eaddge MO Yo -@heaa%n%hg sg%kij%/}’etbé rga%?tﬂegur&'rrgfééﬁed,

inj ection pressure, et ween S’ can

be. progra into the conputer_.devi by a user
PR o ot T U L o g b o b i

into the conputer device at the factory. The conputer
CHAAYE icé’rﬁraéffé‘i' a?&f%EtLH{ﬁS S5 afp Wiy /p1emE or heads 34

PCT/ US2004/ 003589 not necessarily, capable of storing
cafulevigyl eyl theatow dm e éoaise P e wiekt ragl. above or

Preferably, but not necessarily, the length of the
suly teotiiel Ihuresterc ani tde thearbesld f9®m no injection to a

continuous injection. 5 The conputer device,

fur theyasyaa1y,S Hrefrestallaced8lrily, the speed of the
conveyor 94 is variable; movemen£ of the conveyor 94 can
be continuous or incremental; and preferably the conveyor
94 employs electronic braking to insure that the conveyor
94 is stopped rapidly and completely when desired.

Although the Machine 30 can be operated manually, it
preferably, but not necessarily, includes a computer
device such as a programmable logic controller.

The computer device, thus, preferaﬁly utilizes
programmable microprocessors and includes the traditional
features of a computer, such as a memory.

The length of the injection burst, injection
pressure, and the delay between bursts can be programmed
into the computer device by a user, although optional

default settings can be placed into the computer device

at the factory. The computer device is preferably, but
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not necessarily, capable of controlling the novenent

of the conveyor 94 and synchroni zi ng such novenent
WOREh/0t1986 | njection burst in order to sel ect PEEUS2004/003589

desired effect of the injection. For exanple, the

vij.ce ef er , . not

n%%ﬁ?%i%’aé@%ﬂ%c #o%te? 0 O%C%L?P%:(L)%f?/ Rh8f" #ha

conveyor, 94 is stopped and thereby create virtually
tlb‘%no |rée%%llésep%i"m%?o$e%ﬁ‘?(§r fol?r%/%%r? ¥ctlate nPhto

t he subject; or, alternatively, the conputer device
nec%‘??%’?eyri Mt ot oF aiei ¥l sl en thiersbneeyobe 94

is 15 noving to create a slit in the subject that wll
valpfl tfram nrechaiteaion efeler | dmyl mhews thej subject s

material such as neat. Optionally, the conputer

devilie mon@itsor bevicd erfacet midie vars opse S€ASIBI$, but

such as a sensor that 20 detects the thickness of the

ncstubjeenis s o FNOIrEHPABIL S NeE Cimptit T dey i €e theheRdhuSE 8
one or nore injection paraneters to acconplish a

tHY estladed goala Wil 98 4 nd ot he ﬁé&g%ﬂ%éﬁt 910 the

attai nment of a selected concentration Injecta
GRS R Rt bt
S S8 0 i B ST 8 con
S ETRR LN e i I P S AT

for the valve in the escape aperture 60, the conputer
ordeyivden) $hsr efayeifor Yutisottopped and thereby create

virtually unnoticeable points of entry for the injectate
into the subject; or, alternatively, the computer device
can cause injection to transpire while the conveyor 94 is
moving to create a slit in the subject that will result
in mechanical tenderizing when the subject is material
such as meat.

Optionally, the computer device may also be
interfaced with various sensors, such as a sensor that
detects the thickness of the subject. A program in the
computer device then adjusts one or more injection
parameters to accomplish a pre-selected goal with regard
to the subject, e.g., attainment of a selected
concentration of injectate within the subject.

Additionally, all valves in the Machine, including

but not limited to, the valve in the cleaning aperture 90
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5 necessarily, programred to open the valve in the

escape aperture 60 for a specified duration after a
wapmgiofioadl nunber of injections. Experience weTusive4/003589

Machine 30 will enable a user successfully to predict

ad t ' f and, therefore he
R e g e S St
aperture. 60 shoul d be opened as well as the
b@‘ﬁra i o T Ot Fueh? 'oa%%i?@}t%ﬂﬁ%%ghy 25%? NCOHRY BT t
dse.ttin can _be placed into the conputer at the
Factor 3@1%‘ tE i v elsne ther domputetveleln cehe ans pera s
programmed with al gorithnms based upon fornmul ae that
AR{IEURRI G0 kdvih GamRiHeemrdeticeal supme €etdiply, but not
theoretical pressure anywhere on the high-pressure

neieRs A0l lof, the air booster punp 32, e.g., in the feed
line 38. A pressure sensor then neasures the actua

prrgssuel  thempaniterva20rdlem cend Sed¥ 008 ap@e i 60
conpare the actual and theoretical pressures. Since

fod ra Wadd i tde Rprddns Hftet he Mﬂ%@%ﬁrﬁ@ér ake in
e 40 of

fluid conmuni cati on on the high-pressure si

i aldn 00T AU 32,415, deneEall s d espansi Pl &, fofe

the actual préessure being | ower

t etical.pressure, the c uter, device is k
uspegﬁg%uaér%’reesa fv‘\‘/lﬂtw a % AgE-sd gxﬂ)@c H?t(ehéb%’ 19 U It esur et
27%%%22 4/ 071936 PCT/ US2004/003589 wi thin which the
R (-1 & SrudtiH@urRE hpdtactigans afer which
further programmed to actuate, i.e., open, the valve
Ehien VeHe Sedda pdcaseiaamee 260 or6 hatheulidrdse wpdned as

well as the duration for such opening, although again
default settings can be placed into the computer at the
factory. Alternatively, the computer device can be
programmed with algorithms based upon formulae that are
well known in the art to calculate the theoretical
pressure anywhere on the high-pressure side 40 of the air
booster pump 32, e.g., in the feed line 38. A Pressure
sensor then measures the actual pressure. The computer
device is programmed to compare the actual and
theoretical pressures. Since air within the por£ions of
the Machine 30 that are in fluid communication on the
high-pressure side 40 of the air booster pump 32 is
generally responsible for the actual pressure being lower

than the theoretical pressure, the computer device is

programmed with a range below the theoretical pressure
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the actual pressure has risen so that it is above the
5 lower limt of the acceptable pressure range. And in
W@20080719B6 f urt her opti on when the el ectroni cal PET/US2004/003589
actuated valve is enployed in the escape aperture 60,

- . .S C d jn the head 34 near o
BTV O TRl T e e 65 e semmenter
dng¥ be, any sensor that is 10 cggable of distinguishing

DELtTeer® | 1ol e h Rl QHEETERE HE A2 C e bpt | £af - sePRER, oFRe

a pressure sensor. The sensor is connected to the
Vaell‘g%tlrrbnﬂe%l $SCUE LRt Wie vel sl catiseeret hemes until

el ectronically actuated valve to be in the open
theosetiuwml wwienevere dess i sisiet et ethdy 1helisesnisove e

Al so, when there are nmultiple heads 34, sone or al
lapfent Heinpilr et gts Dedspiuelermbdysubsitri@de. And in a

necessarily, be varied independently for each head

st34L.1 THiStHBY BStidongmn tihOre MAHOML i @ COPPUL ELated

device, but it is nore practical to enploy a conputer

vedemd Ces Ok, BIeLy PUY p&?@'eggasggér ea&(?%?%:ye Byt z?oéensor is

necessarily, T nput by the u e conput er ~devr ce

' ceanpl.i j t seal ed touch el because
MR Tnaia D LT aen Ry SEnre saceee
device that can withstand a noist environment |s also
AL & AP TN R RF APYS RN FRAE heS ar t
could be used if kept a sufficient distance fromthe
Cae éhvid u Redgregn hideld 2dnyas, such as
2004/ 071936 PCT/ US2004/ 003589 Machi ne. Preferably,
arpy P fsta Inevsisyar 19y 2 tdeesmure isgpsfr.  The sensor is

connected to the electronically actuated valve and causes
the electronically actuated valve to be in the open
position whenever gas is detected by the sensor.

Also, when there are multiple heads 34, some or all
of the parameters can, preferably, but not necessarily,
be varied independently for each head 34. This may be
done with or without a computer device, but it is more
practical to employ a computer device for such purpose.

Preferably, but not necessarily, input by the user
to the computer device is accomplished with a sealed
touch panel because this can withstand a wet environment.
Any other input device that can withstand a moist
environment is also acceptable. And any input device
known in the art could be used if kept a sufficient

distance from the moist environment associated with the
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each head 34 is acconplished with gears and notors
that are well known in the art so that each head 34

WO 200407986 5 in three axes as well as raised anpCT/oszop€a3589

using the notors and gears. Such notors and gears are
Maore.ferabl y, but not necessarily sealed as are their
SCtions to power, using any technique that is
vveII knovvnlnthe art, so that they will not be
i npAHEEIRP Y it st ReivineaRRTREILI L0 AR M erelnml 9
but not necessarily, using any technique that is well
edgiowreacth Ihel siraccauehl slsedividd) Ferli and appilesrey that
comuni cation, or infrared conmuni cation, such notors
arndvgdarishaire Irentiel aricod ridldtabdach Asea'tci elils thkorowdd
in the art, this can be done directly through the 15
in iteddemiae, aPred BY add Yradnld naid nesessad i hying teeich
panel or through an input device and the conputer. All

ndt@AUIBT Gedhe. Maglimne, 30 excapt ddernorke ﬁﬂéf@ﬁ&)ly,

66 the heads 34, the notors and gears, and the |[|ines
t 0
& B TR L B e oo e e%%%lrfa%%?é;%ﬁ%%é’% to

abo ve, the wor K sur ace 66%};1 prefe Jﬁ-ﬁ
o Ty I G T Wl Pt Rt e are,
preferred enbodinent, this would be the seal ed
SQ dttatetth0. WiAhl t R h P ShITERR ISR rRY th i b etn ChBPHREnt -
100, . 25 wires or lines, such as aline to fill
Algip mﬁ‘r%ﬁ@@m Jagt nesareerysaprlf erabiyy suy weehnique
necessarily, enter through 29 WO 2004/071936
tHRGT/IS2004) 008589 imaperd lres, which as evsead edradio
preferably, but not
frequency communication, or infrared communication, such
motors and gears are remotely controllable. As is well
known in the art, this can be done directly through the
input device, preferably, but not necessarily, a touch
panel or through an input device and the computer.

All features of the Machine 30 except the work
surface 66, the heads 34, the motors and gears, and the
lines are preferably, but not necessarily, contained
within a sealed cabinet 100. Moreover as discussed
above, the work surface 66 1s preferably, but not
necessarily, the top of a cabinet; and, in the preferred
embodiment, this would be the sealed cabinet 100.

Anything which enters the sealed cabinet 100, e.g.,

wires or lines, such as a line to fill an non-pressurized

reservoir, preferably, but not necessarily, enter through
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necessarily, wth rubber gaskets. For maintenance, one

or nore doors 102 preferably, but not necessarily,
w@00307198%6 t he outer surface of the cabi net 10BCT/b81004/003589

these doors 102 5 and the seal ed cabi net 100

i : er n ece sarily

a%ﬁ@%f@éﬁ%%@fﬁé Se%%ountgp%%er%lgi |§%ugr %ﬁen: Ings
en 102 is not ose tionally,

nJTCOé orge\r,ﬂf Wlt ?lﬁe ?ﬁ%%%%‘ce Uf MBI ERBBFFanPRAEOT

in the |njectate ource of ozone 104 is connected
Yo &9 p]r%?ssRﬁ"?fz%lbaskPJe%er%W Mot RefefwaRbty, teatstsin

mell known in the art. The ozone 104 is then allowed
the BT Suhrastry T Hee rgaksingte 340 5Ueht rigsesyoiloors 102

This may, for exanple, be acconplished by 15

angdridectieng ahecavinee 070 dzunerdddb tdroughan, pressure
regul ator and valve to the reservoir near the bottom

proffersicly r éser vait .ndnsksasi indinated mboyeyadhiss,

val ve and, indeed, every valve associated with the

atanhl e SOrEing Flflefc%&ﬁﬁgs bl -l RRGEeSSAL 1 4 or 102

controlled by the 20 conputer device. Because t f
id Hoduddn of ozone 104 is somewhat consunptlve 0
time, it 1Is preferable but not necessary, to have a
feser air_in each of two aralle

Inloﬂé)(sE>r ?iqlétlll Havd' SHe'Or Tbre VaHASs [dbntR dtscaur &h

reservoir, is receivin ozone and which is being used
n SRS ot S8 T Sorfe SRS 10 10FOn@0L WD i

2004/ 071936 PCT/ US2004/ 003589 .
connected to a non-pressurized reservoir in any manner

that is well known in the art. The ozone 104 is then
allowed to bubble through the injectate in such
reservoir. This may, for example, be accomplished by
connecting the source of ozone 104 through a pressure
regulator and valve to the reservoir near the bottom of
such reservoir. And, as indicated above, this valve and,
indeed, every valve associated with the Machine 30 are,
preferably, but not necessarily controlled by the
computer device.

Because the introduction of ozone 104 is somewhat
consumptive of time, it is preferable, but not necessary,
to have a non-pressurized reservoir in each of two
parallel lines and to have one or more valves control
which reservoir is receiving ozone and which is being

used to supply injectate. This is done in a similar
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fashi on as di scussed above for the use of two main

injectate filters. Also, as discussed with respect to
WO b@4orioss i njectate filter, the two reservoi rBCTUS1004/003589

be in series 5 with the upstreamreservoir being used

. 1.ntroduct | 0 zone 104 into the pnjectate while

ff{sﬁ{elécfgv\%wsgt#ae%&r# 5'nsreeése‘_:(llr:}?/(?)‘f? ];sl rpp?ril%su?%eotp ¥ at Fonal
. _needs of e Machine for injectate. Simlarly, the
lgﬂﬁﬁkﬁﬁecégﬁFﬁ%%tion is preferably, 10 but not

necessarily, treated with ozone 104 prior to

i nj detFon. 23 i SRR WelHhere sRedest? i bee mbbve for
~the injectate, ozone 104 is bubbled through a water
1njedrajiod rilleitai Higwat eeseTheirs heveldriee t tmegeries

options. The subject can be passed through the water

wirtgs erhi ups tt heand 5 eed rero L0 b & - Ngs € Ofer Camt Béduction
transferred by any nethod that is well known in the

ofardzdree a hwl ity H1RS ernARl &+ a £ hreohe Wi & hadhes sHbigct

IS passed, or the water containing ozone can be

r SHAYEd- an, e subject, g -?®£Pt{%gh§fg% {15 We %?§?e

known in the art. 20 Prefera b not necéessar

y: ' of the Machine 30 that will contact
AR

e Subject or the injectate nust neet the
food, grade specifications that, are well known in the
art%%%f&r f ISPRIRAT ot Hetessrt 115 Rretpvabye
25 safety shield 106 covers the working surface 66 and
bi{e it mresadiichy artwsatad vhat ezarerl Ganvotox oteh

. the nozzles 31
injection. 1In the same manner as described above for the

injectate, ozone 104 is bubbled through a water reservoir
containing water. Then there are three options. The
subject can be passed through the water reservoir, the
water containing ozone can be transferred by any method
that is well known in the art to a holding reservoir
through which the subject is passed, or the water
containing ozone can be sprayed on the subject by any
method that is well known in the art.

Preferably, but not necessarily, any portion of the
Machine 30 that will contact either the subject or the
injectate must meet the food grade specifications that
are well known in the art.

Also preferably, but not necessarily, a removable
safety shield 106 covers the working surface 66 and heads

34 to such an extent that a user cannot touch the nozzles
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WO 2004/ 071936 PCT/ US2004/ 003589 42 or the stream of
injectate. Preferably, but not necessarily, this

w@ adoeny193hi el d 106 is transparent. And pref eredi/ys2004/003589
not necessarily, sensors or interlocks, in any manner

s. 5 well k in the art, determ ne when the
42;%%et%r§esh§%lfeoam 1%%\,\%5?%%%%61 nstal l ed and preclude the
Machi ne_30 from_injecting whenever the safety shield
106 HAL beePUl RaIHeteSIITthyy b ket tdly Fheeld
above-descri bed needl el ess 10 injection apparatus can
1 &K steranreparret er r g @mf,er@téhéndb%@ BPTtt he
application of use for the nachine. However, in food
nepgRfact iy e sengprotiuct i onténbddksi ebn anhensgnnsr aphat is
interest in a needleless injection apparatus and

walelt hatbwWorinsiing dihat daine hei hacai@oratedsaféoyasidbeld
conti nuous production line. In addition, the

1oeed elwssn indestion ApParadstu®d the Wiesent 30 from
invention nust also incorporate features that permt

iﬁi{cﬁ%ﬁé‘ﬁ%ﬁé’vé’ﬁ 8351 d ¥reOPeLid fly {18 Nt 2L ned: a’BQ%n

C In a contl nuous productlon envi ronmnmen

i égéff%d.the i mproved needl el ess 20 injection
apparatus of the present invention mnimzes down

time for cleaning between runs and_reduces potentia

contani Tt i B h@lqwaej % | YrP CoH] 22t s 5 e P RThat £ 7Y
. exposure of the injection fluid to threaded connection
1Thk Rl KO 2R3 3 HeS nedit f ot e heaiderab prefeghed ofoxme,

foregoing, Figs. 8 through 16 illustrate a further
degaodimemn ofha et el lebsn i of ees¢ ofor the machine.

However, in food manufacture or production facilities,
there is an interest in a needleless injection apparatus
and method for using that can be incorporated into a
continuous production line. 1In addition, the needleless
injection apparatus of the present invention must also
incorporate features that permit the machine to be easily
operated, maintained and cleaned within a continuous
production environment. Further, the improved needleless
injection apparatus of the present invention minimizes
down time for cleaning between runs and reduces potential
contamination of the injection subjects by eliminating
exposure of the injection fluid to threaded connection
points within the manifold head.

In light of the foregoing, Figs. 8 through 16

illustrate a further embodiment of a needleless injection
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32 WD 2004/ 071936 PCT/ US2004/ 003589 apparatus 130 of
the present invention. Fig. 8 illustrates a front
W@ e@e/0T3¢ he needl el ess i njection apparatus 1B01/Wk10041003589

includes a cabinet 134, a large catch basin 136, an

w@@% ect 5¢ heads
40 and gﬁ%%ﬁgfo pané%¥%%§n1%%rt &i4 ifgapparatus
r id reservoir t S
lll%g%q?ysac%n%ec é/dglt% ‘?{é @Bﬁ)lrheeefd %heSTth PFther
understood tgﬂ{ t he, needl el ess injection apparatus 130

TR pril diti B T Bie T ah FARiBRE 190 Udlelargaferych

shleld 10 attached to the cabinet 134 for protecting

D Topetrt it bR THTREIET | TR RO TIOVY Figeme ohpdneim Seotion

the injection spray while the apparatus is operating.
hegglss and R gentgrandahet Hedzabi hettlddd, ishof a

general ly box-like construction and includes a front
appigatuls indiacke 148, praindghts lani 156 edvd Bf t1endtdbR, 1 s

a top 154 and a bottom 156. Further, the cablnet 134

ref@vabic) usthnsasderso 1ok éHBiﬂéﬂ“fﬁﬂ 13&:@&?

contains a channel 160 forned integrally in t e :op
nkfed ! eeé(t%] £
" cat ci%gg%ﬁ{%G%Tﬁg%ca% lh&%o lrIOH‘:?\JS %g déig t%algsra 0o
4 and ext.en t war ro
el Sidsy ter e B R vi I e Boeamiela
ch basin 136 contains a drain

AU B 1Y Scfgo;f&%tﬁitwoerﬁpeme@wq G AR o7

dlrectly back into 25 the primary reservoir 144, or
§P}é¥¥%ﬁqqhaqg Ghe AQigich components or the 1njectlon

spray while the apparatus is operating.

As shown in Figs. 8 and 9, the cabinet 134 is of a
generally box-like construction and includes a front 146,
a back 148, a right end 150, a left end 152, a top 154
and a bottom 156. Further, the cabinet 134 can include
casters 158. The cabinet 134 also contains a cﬁannel 160
formed integrally in the top 154 for capturing and
directing excess fluid to the catch basin 136. The catch
basin 136 is integral with the cabinet 134 and extends
outward from the right end 150 of the cabinet 134 to
collect excess injection fluid.

The catch basin 136 contains a drain 162 which
releases the collected injection fluid directly back into
the primary reservoir 144, or alternatively, to a drain

line which is piped directly to a floor drain. Also, the

33



10

15

20

25

line which is piped directly to a floor drain. Al so,

the 33 WD 2004/071936 PCT/ US2004/ 003589 catch basin
wQa3®40z2r936 nst ead be renovably attached to the PCT/yk1004/003589

end 150 of the cabinet 134 in any manner known to

t.hose skill in the art that prevents a excess
Ao SRS AmOEHl IS hes (BRI syt the
equi prent. Turning for the monent to Fig. 10, the back
righfe e3¥d 13%e afnjtdd ioP Efarkius i F0Y JaisRin. ke to
back 148 of the cabinet 134 contains |arge doors 164,
thiser dhiindes! ir66he addortisdaldnayedrids |agokieceasehani sm
168, a main 10 power inlet 170, nultiple quick-connect
irgiigctaiitd etrguords 1 1112y fart pawevdampdxduer fedeaidr
actuated punps or valves, and a feed inlet port 174
eduifaugit whi ch fluid punped from the primary fluid
reservoir 144 to the injection heads 140 nust travel.

The 1hack sLAGa! (e eabbnet 3 d uriderlS ok udese dos

conpressed air inlet port 175 for supplying

CONpr-es air_t t{{f %r&e 4%13 Fur,h{l%er ']E 24 (nge

h .
t seen ]t%czct%q%rheapgoa%taro S panel él 'S moun ecF?éo the back

148 of, the inet, 134 with nmountin st 177., Best
EE AP F g PR b oo et o st Foiaes

nmounted wthin the channel 160 in order to nove ,
1G6j ectdost sandj et Sahrightthepia ais! 430, 2 RO

the right end 150, past the injection head 140, to
paver |lgflitetendd A5 2nwftipke dnidct¢omeappasr wsuuBot deets

conveyor system 138 includes a conveyor belt 176
1taviioyy powd et idytexfnal air actuated pumps or valves,
and a feed inlet port 174 through which fluid pumped from
the primary fluid reservoir 144 to the injection heads
140 must travel. The back 148 of the cabinet 134 further
includes a compressed air inlet port 175 for supplying
compressed air to the cabinet 134. Further, it can be
seen that the control panel 142 is mounted to the back
148 of the cabinet 134 with mounting post 177.

Best shown in Fig. 11, the conveyor system 138 is
mounted within the channel 160 in order to move injection
subjects through the apparatus 130, from the right end
150, past the injection head 140, to the left end 152 of
the injection apparatus 130. The conveyor system 138
includes a conveyor belt 176 having a plurality of

apertures 178 (best shown in Fig. 9) formed therein so

that excess injection fluid can pass through the conveyor
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25 apertures 178 (best shown in Fig. 9) fornmed therein

so that excess injection fluid can pass through the
w@oweyss 34 WD 2004/ 071936 PCT/ US2004/ 003589rC1E51004/003589

176 to the channel 160. Further, the apertures 178

| Il ow a _subject to be injected an i njection head
bedsol ot FORANARNE LpoioRe bELGWERe COR APSE e 178
176. The conveyor system 138 is nounted to the cabi net
algow3a gybPrgCa SQppérinseckefuby 880 1gddcddiope head 140
mechani sm 182 (shown in Fig. 16). Wile Fig. 11
poslitishedt e theoivtnbejorw syt eenyeoroietlad Wit-hi n
the channel 160, the conveyor system 138 can be
noumhed convegprokyeteantia st He noabitrel th34hen calyinet
manner known to those skilled in the 10 art that

13Relihg BD¥eRBBl tok thhe thitieeatdornsukiracie pRSIhariien 182
i njection heads 140. In addition, the conveyor system

(s?x%\gﬂnmﬂl %qgl.ail%)a.‘ SGS 9l F?L -h1as ;a0 Qptigals ggnsor,

or sensing the location of the injection subjects

CO%&%@%@{%%Fi%%gg%%rm%%%%e#?@ﬁﬁiﬂ%?%ﬁ§§Q§§%é§éﬁﬂ}éB%l%%e

to a controller or conmpu

i ndi cate when t subj ects are | osition to be
COPRsERe VG 1 HoSPt) G 116 e 6t (0 il (e the

conveyor belt 176. The injection heads 140 are |
capfiieted 3o ithenyopanser X thee tdusicnakifgledyin the

mounting system 184. The nmounting system 184 includes
ard rohatt pegmpdst mb8@memd: &£ Wrhec Kiet] k88 anhisgib avaliast

support each injection head 140, permtting the
thienjiecitdoii ore ad ati40 1t4® .be Iraised tdron, the conveyor
system 138 may contain a sensor, such as an optical
sensor, for sensing the location of the injection
subjects along the conveyor belt 176. These sensors can
be remotely linked to a controller or computer to
indicate when the subjects are in position to be injected
or in position to be off-loaded from the conveyor belt
176.

The injection heads 140 are affixed to the top 154
of the cabinet 134 by a mounting system 184. The
mounting system 184 includes a mounting post 186 and a
bracket 188 which movably support each injection head
140, permitting the injection head 140 to be raised or
lowered to any vertical position along the mounting post

186, including below the conveyor belt 176. Preferably,

the injection heads are positioned to be no more than two
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| owered to any vertical position along the nmounting
post 25 186, including below the conveyor belt 176.
woe@herabé y, the injection heads are positi onedI/Us2004003589
no nore than two 35 WD 2004/071936 PCT/ US2004/ 003589
. _ipches fromthe injection subject: however, any_. .
ln???@c?F%ﬁ tﬁ%ibﬂgehﬁ§oﬁesﬁ éakgTthWSﬁﬁffnangyipéﬁffégn
further permits each injection head 140 to be rotated
hejgbtit mpysbeenéef-axis 5 190, allowi ng the angle of
the injection bursts to be varied. In addition, the
moufihengosypstiam $84temnlBéd fprolrdernewintissercscr ews
192 or other adjustment rmechanismfor further
ingkevabhngetbelhei ght bef rbhatenpbotiton theadnt4®. akd s
Alternatively, the injection heads 140 nmay be nounted

19bﬂ bheogabignehelddgie amythecahhjeatabni Bualts fenber
that allows each injection head 140 to be noved about

vabhLge O&ghgg@fﬂ%ﬁoﬁ)}e%hei pehuging eheekronisealday pe

aut omat ed nounti ng systens that "are controllable via a

ord9; HEIOLE (GOLLOLLEL, 01 16amByl 8y L addiLtihy whil e

I'njection heads are s

appreciated _th a single.injection.head 140.0r nore
e ERBA B0 FoFnfECtPoR RORYECIA8 oy BB PRt Ted Tor o
_given injection application. 20 Referring next to
inpeg§ionohgrd 130-a detailed view of the injection
head 140 is shown. The injection head 140 includes a
hol Pdwernathdivard ynerber 1094 ctdopl degidst (L 46f may be

mounted to the cabinet 134 in any location or in any
manner that allows each injection head 140 to be moved
about three orthogonal axes, including electronically
automated mounting systems that are controllable via a
remote controller or computer. In addition, while two
injection heads 140 are shown, it will be appreciated
that a single injection head 140 or more than two
injection heads 140 may be required for a given injection
application.

Referring next to Figs. 12 and 13, a detailed view
of the injection head 140 is shown. The injection head
140 includes a hollow, tubular member 194, a plurality of
injection nozzles 196 and end caps 198, 200. The
injection head and related components are preferably
constructed of stainless steel; however, the injection

head may be constructed of any material known to those
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I njection nozzles 196 and end caps 198, 200. The
i njection head and rel ated conponents are preferably

wWQ0a0T98¢ uct ed of stainless steel; however, tPEI/US2004/003589

injection head may be constructed of any nateri al
known to those 36 WD 2004/.071936 PCT/ .US2004/ 003589
SkRTPRed ™ feneTar CERBAEI € Fol MPEHETAHond Heh & HiTgh
system pressures required to needl el essly inject
syStBpeptressAgeis| resiidgedd tion npiegt! 13 s stliye igaqtar
menber 194 5 has cylindrical, outer surface 202, a
subgpcper.ti on i ndi cated generally at 204, a bottom
portion indicated generally at 206 and opposi ng open

endas208 1ard rated The riopen 3gndhe2@3b 2 Hy: aferteer 194
tubul ar nenber 194 include threads 212 for renovably

ha@t qulimgifdame%t%&p%u&%&cem@ 230 & addhedrarar
nmenber 194. The tubul ar menber 194 further includes

inhﬁk%%%%pgﬁgﬁﬁ%@g%ﬁttZ%%4qi%p%%%%dﬂ tfdﬁafﬂgfégged

portion e nozzles 196 are renmoved from

h bul 194, t.he inj ' 4
SeRa T Ger Ende bobosig e TURUIA Aitber Toa e

can 15 be used as c ni ng.apertures when cl.eani ng of
PR el ug 36 H & edUiDa” ATETat Vol o et

cl eaning of the nozzles 196 and the injection head
thregdsar lec dor HEWVatiey RdiAGs nodhe i@ 1He 200

mani fol d. The tubul ar nenber 194 further includes an
toeshapéulb20 saperamivey 218! .di Jpesdditonian gnardyeporl4 on

204 of near the end 210. The escape aperture 216 is
futse@drasnml aids injection apertures 214 disposed along
the bottom portion 206. When the nozzles 196 are removed
from the tubular member 194, the injection apertures 214
and the open ends 208, 210 in the tubular member 194 can
be used as cleaning apertures when cleaning of the
apparatus 130 is required. Alternatively, cleaning of
the nozzles 196 and the injection head 140 can occur with
the nozzles 196 in place on the manifold.

The tubular member 194 further includes an escape
aperture 216 disposed on its top portion 204 of near the
end 210. The escape aperture 216 is used as an air
bleed/pressure relief port to prevent build-up of air
within the injection head 140 during operation of the
apparatus 130; thus, the escape aperture 216 is

preferably at the point of highest elevation along the

injection head 140. A quick-connect fluid line 218 is
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bl eed/ pressure relief port to prevent build-up of air
within the injection head 140 during operation of the

wa@ppanzss 130; thus, the escape aperture 216 PGI/BS2004/003589

preferably at the point of highest elevation along the

i.nj ectjqn head 140. A quick-connect fluid Iine 218 is
b GG PR B A0 G O (560 S S g e
. escape aperture 216 to evacuate air build-up in the
15 difsc tirgie el Tkt h P WperhtaRsiF 2 Bedt - shown in
Fig. 13, the injection nozzles 196 are renovably
at t &&fdd shovweadn of1d hel 3njEe 161 effereruresz 2hgs Fgyare
a retaining screw 197. Wile the nozzles 194 are shown
regeopled iatttdies i) esddlom fapsrd umeke dlbonusipegraures 214
retaining screw, the nozzles 196 nay be integral to
byt ke ratyieciiprsdesd 190, oot hertisendemyabl ®4 are
attached to the injection apertures 214 in any manner

sHRAWE dQuidiose d §d [k d ik dh@agdtuRed 214 ngsﬁg@i &

to Fig. 12, each injection nozzle 196 has an orifice

220 1100, delioer ool fde 1] eatd oty FL hiQuLDe Lo o

subj ect”. e or I'n each i jection “nozz

. 1S preferably less th 0. 025 inches d npre .15
LRSI I 5 B Hat ST 3P 0 006 T TR L e roeaT dstd ohe
. and set screw 197 are renovable for cleaning and can
1Wﬂ§C§%ﬁﬂlﬁp%ﬁﬁﬁﬁﬁﬁi%ﬁﬁx&ﬁ“%ﬁycﬂ?%4ﬁ¥sﬁﬁﬁ%%tt?ot%%se
injected and the desired injection objectives. In
s iad dit tdohsistent with the teachings of the present
invention, 20 it wll be apparent to one skilled in
t he Rgftentiatg tdgein to Fig. 12, each injection nozzle

196 has an orifice 220 for delivery of the injection
fluid to the subject. The orifice 220 in each injection
nozzle 196 is preferably less than 0.025 inches and more
preferably approximately 0.006 inches. The nozzles 196
and set screw 197 are removable for cleaning and can be
easily changed depending on the subject to be injected
and the desired injection objectives. In addition,
consistent with the teachings of the present invention,
it will be apparent to one skilled in the art that the
orifice 220 in the injection nozzles 196 may be greater
than 0.025 inches depending on the type and/or the
thickness of the subject to be injected.

The nozzles 196 are constructed of sapphire, or any
material known to those skilled in the art capable of

withstanding the high-pressure fluid bursts required for
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orifice 220 in the injection nozzles 196 may be
greater than 0.025 inches depending on the type
w@naioridshe t hi ckness of the subject to be i njBCT/E82004/003589
The nozzl es 196 are constructed of sapphire, or any

25 material_known t.0 those skilled in the art capable
LS DS eaSnSdil(r?]ngj e i g%fpsr‘géjs%?etesfl uid bursts
required for, 38 WD 2004/ 071936 PCT/ US2004/ 003589 the
needi ‘& eds i%ﬁgﬁéﬁﬁ 2t%? ) B £ 4c5p | 12§ rErEsh
. the fluid-in end cap 198 which is used to renovably
isgapted He dgpdP a2 oot e arajulend 4thbef tloa tubular
cl osed. The end cap 198 includes a feed port 5 222
mefeha gl A thresdbd | Theterk24candl 28 tinchddes cut feéd 226rt
t hrough which the injectate fluid punped to the

24 jlrectiran a heackddd] i snfét s224 exed viedthddedé dir eatdedt 226
inlet 224 is sized to receive a fluid feed

LIQANAL oith Thes tiy e Okl &l FAdfbd$ 8zt Pnjection

recei ve open end 208. 10 In addition, the end cap 198

héaﬂf'l“@(?gtsaa%%ﬂ r SOIPALY e h@zggg@%cﬁ%gﬁg%@%gfg

port 222, acent to the threa

end, cap 198 furthe i ncludes an O-ring 2 shown_i.n
s B0 A e TR T Sy olhe eh88a400
ensure_ a tjght, seal 15 between the end 208 of the
oY a?rzﬁre]n%e?lzl% - e Hel Bh PP 1982 08 kewi se, an
end cap 200, shown in Figs. 12 and 13, is used to
r emoMabi g istelsn 4 Hehe paird eprle 2198 ofn¢ Hedesibal eral kenber

194 cl osed. The end cap 200 includes a threaded
compartment 228 bored into the feed port 222, adjacent to

the threaded outlet 226. The end cap 198 further
includes an O-ring 230 (shown in Fig. 15) positioned
within the threaded outlet 226 to ensure a tight seal
between the end 208 of the tubular member 194 and the end
cap 198.

Likewise, an end cap 200, shown in Figs. 12 and 13,
is used to removably seal the open end 210 of the tubular
member 194 closed. The end cap 200 includes a threaded
cavity 232 in the center of the end cap 200 and is sized
to receive the end 210 of the tubular member 194.
Further, the end cap 200 includes an O-ring 234 to ensure
a tight seal between the end 210 of the tubular member
124 and the end cap 200.

The ends 208, 210 of the tubular member 194 are

sealed for a production run by threading and hand
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20 cavity 232 in the center of the end cap 200 and is
sized to receive the end 210 of the tubul ar nmenber

waubh4/07P86 t her, the end cap 200 includes an 0-PCHYSDB4003589
to ensure a tight seal between the end 210 of the

4. and 200. 25 The end
R ettt HOTba doaiar o REaF coRgr 510!
duct j by _threadi d_hand 39_WD 2004/ 071936
SPcTisobioa BRBEBF T T gritan fp - caps 198, 268 sAYDS OF

the tubul ar nenber 194 so that the peripheral edge of
CRAA Ehdt RO~ DI a3 & 0234 cont ashewk hen 0FE g ngs3230,
234, as shown in Fig. 13. Accordingly, during a
Agrailicrg by, rdwrindea i moodiogiéh urdn5 doesimodmingt Attid
any threading, grooves or pitting that nay be present
does eidthecottwciernshapsrd98in@00gosotde cendst208g 2A8L
t hereby nmaking cleaning easier to perform Further,

ndpapiisSréeshdunh dNtest i e féi d-£9€51 991 2H8COMBLhe
trapped within the threading or pass through it, 10

eddl® Fhsk ffﬁ,fﬁﬁ%f@ﬁ?ﬂﬂ@fﬁﬁ@t#f€%ﬂ§n E§£$f§fd olgeiﬁ8rm.

addition, the configuration o e I hjection hea

Y rifeiEasGAig, drelil i bile ol Lhes L erLl 0N Bead, or

140, as reads or ¢rooves exp 0 a
o281 S 1 ot RET e L el BhCoT Zeabs et beudh Lt,

constructed of a material such as those sold under
the e ¢ adeimr kL rEb e tnimeipien | 13 rdeceeased. In

| i censees, EPDM ( Et hyl ene Propyl ene D ene Mononer),
additigne, thabmiioirapontd@rtimat Brjettion head 140 may
increase the useful life of the injection head 140, as
threads or grooves exposed to acidic conditions (cleaning
fluid or injectate) tend to pit easily and rust.

The O-rings 230, 234 can be constructed of a
material such as those sold under the trademark TEFLON by
DuPont, Inc. or its licensees, EPDM (Ethylene Propylene
Diene Monomer), silicone, rubber, or any other material
appropriate for the particular application and known to
those skilled in the art that can seal the ends 208, 210
of the tubular member 194 closed.

Referring back to Fig. 13, a first filter 236 is
shown. The filter 236 is generally a hollow tube having
a cylindrical exterior surface 238 and opposing ends 240

and 242. The end 240 is open to channel the fluid

entering through the feed port 222 in the end cap 198
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appropriate for the particular application and known
to 20 those skilled in the art that can seal the ends
wWQo®4/02086 of the tubular nmenber 194 cl osed. Re¢EUS$1004003589
back to Fig. 13, a first filter 236 is shown. The

afdddery 286c 4 scgener ptly @%ﬂé%}g fubgs haying, | 84 within

cylindrical exterior surface and opposI ng éends

5 4 T, 40 i.s en t.o channel the_f]uid
tkgent%%tf%?oﬁueg%gt 4eozf ee epgf?n%% ??lgt‘ﬁjediélﬁdoga{)hﬂ%

40 VWO 4/ 071936 PCT/ US2004/ 003589 directly into the
S 2o Shert 11T | 1 (R T v £ L £ FAP o601 A
head 140. The length and width of the filter 236 are

widdHgrtiete th e et thead i14®r 236 to fit within the
injection head 140. 5 The filter 236 includes
aperhg el Dzelr {27 ethdnddre amsarfaces 2384 afonged hen the
length of the filter 236. The apertures 244 can be

sumizatee  Zhyahete tHongeidienh dOnghd ubhi Nédr 0¥36. The
circunferential extent of the filter 236. The nunber

aptttacerentcaf ddeanerddr8s,ddrd nafdhd eFnd0 236 is

dependent on the flow volume required for a given

1ddY 8GId A T Wy M&mfér§ﬁtfﬂ rtecf@é%gte a<§fy Stgﬁ%?flbi’téPeZB&

nunber of injection nozzles use

el o PR LD AR S St BT e

e YGQU! re urs pressu_re or _
SN AL LU
. relative to the feed port 222 when the filter 236 is
injegiqQregun, which is in turn also affected by the
number of injection nozzles used, the type of injectate
fluid used, the required injection time, the required
burst pressure or a combination thereof.

The filter 236 further includes an O-ring 246 near
the end 240 for removably sealing the filter 236 relative
to the feed port 222 when the filter 236 is installed
within the injection head 140.

Typically, the filter 236 is installed into the
injection head 140 with the end cap 200 already in place
over the open end 210 of the tubular member 194. The end
242 of the filter 236 is inserted into the tubular member
194 and is positioned such that it rests on and is
maintained within the cavity 232 in the center of the end

cap 200, as shown in Fig. 13. When the end cap 198 is

installed on the end 208 of the tubular member 194, the
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within the injection head 140. Typically, the filter
236 is installed into the 20 injection head 140 with
wo beserid3cap 200 al ready in place over the opRCT/E8H04/003589
210 of the tubular nmenmber 194. The end 242 of the

filter 236 is i,nsert into.the tuhul ar .menber 194 . .
engn&4i(as o%ogﬁ'hﬁ gjr} eéfu?%ét & 5% alnéjgtjss ngﬁd“ir%ed WAtnin
mai ntained within the cavity 232 in the center of the
thengmais cgpraginead didwevier Eegd PO Wit ¢ hesnd &9
198 is installed on the end 208 of the tubular nenber

24594 n tthe 4£hANG42004] -hE9F6 e YSK004e3biass s leh b <24l
of the filter 236 rests and is naintained within the

themanl] ecorpar tidnite 2 28 ovier ofleee .port 222. The 0-ring
246 in the end 240 of the filter 236 threadl essly
sealtse tHa Hal edaterd, |d1efe 236G iive 19t ,aces ikl fdd tierto
236 can, alternatively, be installed into the

tHNii18G@N eadt A0 REf @ the RN LARS P8, 0200 @F &are

installed on the injection head 140 wth the end caps
_ ’ . it q ; P , 20
N
i.nj ect filt 236 t l.e pl uggi | t hput
19601 A0 % RESGIRIP AT AT (- h S A" W iHbut O
requiring a steel nesh encasing or_another

afffjen dghe Gt &1l has fsey Rie ek M3tds- 236.

Further, the filter 236 is a stand-alone filter that

r estfheniithigrtals: thiel iey 6 ar et sl4mzal ¢ dn igd sy

change-out of the filter 236 during breaks in a
widdrtutnbeiscopertadgonl dro the fluid-in end cap and
without requiring a steel mesh encasing or another
filter—typg material affixed to the filter 236. Further,
the filter 236 is a stand-alone filter that rests within
the injection head 140, allowing easy change-out of the
filter 236 during breaks in a continuous operation or
during cleaning.

In addition, the filter 236, by virtue of the O-ring

246 seal, reduces the risk of contamination of the
injectate fluid and the needleless injection apparatus
130 by preventing the fluid from contacting any threading
present in the filter 236, the end caps 198, 200, or the
tubular member 194. The filter 236 may also increase the
useful life of the injection head 140 and/or the end caps

198, 200 over other filter configurations, as threads or

grooves exposed to acidic conditions (cleaning fluid or
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during cleaning. In addition, the filter 236, by

virtue of the O-ring 246 seal, reduces the risk of
weontamopat i on of the 20 injectate fluid and tPEI/US2004/003589

needl el ess injection apparatus 130 by preventing the

: ' 0 tacti -t hr [ present in the
léi%%éhgébggéﬁﬁé@%H%P%agggi%g,3%%0£&%F'the t ubul ar
ne r-194, The filter_236 y al so increase the
o THETTH D EHe T B8 1 om heattaa0! riporm hesgrand:
caps 25 198, 200 over other filter configurations, as
atipiennls ol L oot EXpokel 2ecdbtHEeS chndpEL bRl
(cleaning fluid or 42 WD 2004/071936
ey aigy 047 © 035 80he | pif etelt ednvemidgl . pi Theasilyeand4s
rust. Referring next to Fig. 13, there is shown a
iseporsical by terdibtle-dhaped Q48néwr hireimgedl eress side
i njection apparatus 130 of the present invention. The

230 ldred 2488k isigenesal | yrige Of skeshaped eheeakshavengt,
a front side 250 and a back side 252. The filter 248

péRGhides) addatasa P&Ea p@%ﬁhrgﬁg@%%ﬂ %%lgféﬁﬁ%gr %gt y

of apertures 256 ormed Within the fi

i (" f.i : [ the injection head 10
fdl%%é,@tvhle&glg}:kﬁ%% gél%égr o?j"?he filter 248 is pl aced

i nt the e C 198, wi t t,O-ri 230, present

w % e EhcBle ot bett SO0k Hhie The PRadChosh pezd

| s caovered by the filter 248. The 0-ring 230 is then

Ll acet RASX thiede ¥k 91 1%ee Ditktep 2h&it s helacedngnto
230 engages the 15 filter's peripheral edge 254. The

theprapramel 9% twephout O-ring 230 present within the

end cap 198, such that the feed port 222 is covered by
the filter 248. The O-ring 230 is then placed over the
disk filter 248 so that the O-ring 230 engages the
filter's periphefal edge 254. The end cap 198 is then
threaded onto the end 208 of the tubular member 194,
thereby threadlessly sealing the filter 248 in place
within the injection head 140. During operation,
injectate fluid passes through the apertures 256 in the
filter 248 to remove particulate in the injection fluid.
It will appreciated by those skilled in the art that
the injection head 140 may be of any shape or size,
provided that adequate fluid pressure can be achieved at
the outlet of the nozzles 196 to provide for the
needleless injection of the subject. For example, the

injection head 140, rather than being tubular in shape,
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t hreaded onto the end 208 of the tubular nmenber 194,
thereby threadl essly sealing the filter 248 in place

waowdohiomoséhe i njection head 140. During oper at i PCT/US2004/003589

injectate fluid passes through the apertures 256 in
t he 20 fllter 248 to rtlc late_in_th .
can pectPonds Phi gereFet |FY§b§$E%F3 ed by h?ﬁSsgav%ngled
in the art that the injection head 140 nmay be of any
apgREpEedr WwikhEn apy ofREsacehat Eaéqa&%—énﬁﬁau d pRessure
can be achieved at the outlet of the nozzles 196 to
ad@ioupde fhe ihgeebinecdeatlesd0i apachpyn dhIjepsion
subj ect. For exanple, the injection head 140, rather

nothaasbehag tubufarmed $haperald8 Woe2604/07298Bér than
PCT/ US2004/ 003589 can be round or generally

inéyhingdgi gakubilshapembayi NngthappekytesswWebli fefidyable
surface of the cylinder. In addition, the injection

n099§gsl4oft‘ﬁ@9e@3¥§ 'Eh§05h9€ctﬂeﬁzh§§dt bah ace.f errede

|ntegra herein, rathef than 5 |nclud|ng a tubul ar

pl?ﬁergro one ﬁé 5&H5§§gng e%gn%gbl SQ8§Z %%anln and

injectron can be a singl i ece
ent, lending itself to easier cleaning and
as§§gggﬁly Further, the injection head 140 may contain
10 apertures 214 and/or nozzl es 196 configured in any
pat FBrihaEsi £aBI énPeFtacy ead Afdcirdn CREpRICat i on.
For exanmple, the nozzles may be concentrated in a
apertumhar21ﬂaané/nron052ﬁé@téﬁ@uﬁ@ﬂfﬂﬁﬁﬁéﬁnlnd@@éhdung
on the type of injection subject.
pattern desirable for a given injection application. For

example, the nozzles may be concentrated in a circular
pattern or a rectangular pattern, depending on the type
of injection.subject.

Turning next to Fig. 16, the primary reservoir 144
is a generally rectangular container having four sides
258, an open top 260 and a bottom 262 supported by
casters 264. The bottom 262 of the primary fluid
reservoir 144 is sloped downward to the center 266 of the
bottom 262 such that the center 266 is the lowest point
in the bottom 262 of the reservoir 144. Accordingly, any
particulate matter present in the injectate fluid will
accumulate at the center 266 of the bottom 262. A
cleaning aperture 268 is formed within the center 266 of
the bottom 262 of the reservoir 144. Further, a cleaning

valve 270 is attached to the cleaning aperture 268 to
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15 Turning next to Fig. 16, the primary reservoir 144
is a generally rectangul ar contai ner having four sides
WQ3B4/0zm360©pen top 260 and a bottom 262 suppor t BCI/D§2004/003589
casters 264. The bottom 262 of the primary fluid

fécﬁﬁf:[’&é%&éb A4 1 By '&9&%9%@ t dofotﬁger§§g£§éi§ﬁg4@t

t he ottom 262 such t e center

| owest-point_-in.the botto 2. 0f .the reservopir, 144.
Acggg |g%+%7f%%% ﬁ%???%%?%f% %%tf%?m%?egﬁﬁ?l?nt%ﬁe
injectate fluid will accupul ate_at the center 266 of

s} RSP dot or D6 82AP%cW%%@W%%rfh?édzﬁ%s?EV@bFrr%él‘l at a
within the center 266 of 25 the bottom 262 of the

PRierivbyhen 40 Fipndherhe dbeteeni 792 Vhdyethgocester 266
attached to the cleaning aperture 268 to 44 WO

L QUi DT1D3 6 IRCTINIS20D4¢ 0035 39f  fumeahiedt adt Acnl ageahdto
cl eaning of the reservoir 144. A fluid-feed aperture

tHy B ystéor nedl flthd-nréde ast opedp bot 4 o 262t 8fhébeto the
primary fluid reservoir 144 at a point higher up

flaliongrdde hestom6274 hanrkdes Cenb@hp 26%4 519081 pi i ge
the introduction of unwanted partlcd?ate into the

£systien Ay fhid-fead-aif, PLATP 244 p%@p@%t@ﬁgeﬁlw?t@s a

fluid-feed aperture 272. The air 74 draws flurd

I O ' Y.L e ir, 144 d. punps t fluid to
ne R 1 b 4 B TR 77 276, 10

The fluid | eavi ng t he ininectate filter. 276

ent eihsetﬂ]emc(gbjr‘?%‘(lrfl‘%4t ALY | T Ree 2Bplter 276

ultimtely feediqg#%he i njection head 140. The main

eRhfettEHte capinet ey del it bine 028 he whsbrabety

144, to the
feeding the injection head 140. The main injectate

filter 276 may be mounted to the reservoir 144, to the
cabinet 134, may be free standing or may be mounted to
the apparatus 130 in any way known to those skilled in
the art. Further, there may be more than one main
injectate filter, as described above, that permits filter
change-out during continuous operation of the injection
apparatus 130. For added food safety and to prevent
clogging, additional fluid filters can be positioned
anywhere within the fluid path of the apparatus 130.

The primary fluid reservoir 144 further contains a
float valve 282 for replenishing the volume of injectate
fluid within the reservoir 144. The float valve 282 may
automatically open to refresh the injectate supply within

the primary fluid reservoir 144 via another injectate
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cabi net 134, may be free standing or may be nounted to
15 the apparatus 130 in any way known to those skilled

WO poo4prw3@art. Further, there nay be nore than PCEUSRD003589
injectate filter, as described above, that permts

sdidderor changss out, ¢ %é@@r@g @rg%gsxfﬂ@effﬂfg“l@éeihe

I njection apparatus 130 ood and to
revent, 20 clo n dlt onal filters can be
WlSCOSI rl':okhe %eﬁleu tlﬁef%e?ﬁ%l"fﬁlﬁ%% Jﬁ%?‘ﬁh%? £he
appar at us. 130 The rlnary fluid reservoir 144
S %ﬁ%#&ﬁétﬁﬁﬁ%ﬁrm'éh?$ %%ﬁ%%'Z%QGf%%O?EpV%%V%h?%% may
the volune of injectate fluid within the reservoir
be mombrned |'whEh val \aveB s ergor Z5hautohht | dadl gabpeniao
refresh the injectate supply wwthin the primary fluid
thegumioiel el al 4hothrer g ebdete d6 FILO0Lh 0TLO36
PCT/ US2004/ 003589 source or a secondary reservoir
pmihvernrt hel diditederedir widhi s thew prpemayt €l dan
reservoir 144 reaches a specified |evel.

opiaidiatiyetepldiest 1 oad valve 284 vayy «J%C@ﬁ@l@@ﬁtrol

with a |l evel sensor that wll |nd|cate via 5 the
pdft ro)o panel 142 that the level of fluid in the
primary fluid reservoir 144 is low, permtting an
oper hd@ T nlsh t fluid reno
conﬁﬁ% pdhéﬁgi ¥,P E&W?%yb%fﬁy?hﬁe%?¥ﬁ%}§ 144
ervoir 44 10 and the cabjnet 134 are shown
eaﬁ TREt ahgtl S | FROEhagRIe T 1% BpphiRdil thatn
the shape of either the primary fluid reservoir 144
sh§Pame teabi mramentyrthai fthe shape of either the

primary fluid reservoir 144 or the cabinet 134 or both
can be cylindrical or any geometrical shape.

Fig. 16 further illustrates the back 148 of the
cabinet 134 showing the doors 164 open. As can be seen,
the fluid line 280 feeds two high-pressure air pumps 284
mounted within the cabinet 134. In turn, the air pumps
284 feed injectate to a high-pressure manifold system 286
which includes multiple fast-acting, electronically
actuated solenoid valves 288. A pressure sensor 290 for
monitoring the pressure output of each air pump 284 is
also located within the manifold system 286.

The solenoid valves 288 are used to control the
timing and duration of injection bursts and evenly
distribute the injectate fluid between the injection

heads 140. It will be appreciated by those skilled in
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can be cylindrical or any geonetrical shape. Fig. 16
further illustrates the back 148 of the 15 cabinet 134
WG bawioTiy3¢ he doors 164 open. As can be seen, P¢EUS1004/0D3589

line 280 feeds tmo high pressure air punps 284

tﬂé@;‘{sﬂ# | nJ ect nﬁta 1I333r :%Mr]rﬁ%l{i?o? 5 ;ys

86 V\/n | d | f
oA L TR E 1 e?zaeleé?%%sorzs%hemumber

ressure sensor 290 for nonitoring the pressure
%}t%ﬁc Oe 4P &S rl PUnpseB4ain sLhey each et edfwr Eper, the
the nanifold system 286. The sol enoid val ves 288 are
negedEa et il Steady i st rgprandt didaid ore ofhé njetedibhon
bursts and evenly 25 distribute the injectate fluid
siistedewittieoinj eqgenieheads d4reddume [drde or supply
appreci ated by those skilled in 46 WD 2004/ 071936

heRGHMS200 400388 %n t hey st i dhadudde MEderiol @ Etate
punps 284 and the nunber of sol enoid valves 288 w |

heads 140
NV rdsRend %p%ﬁMF%rm ﬁ]hé %@&%ﬁ@@. eads

used i n the machine need to ensure a

st eafqyréﬁgxeagﬁoqﬁnfwﬁ%o 1ge dpigeli &Pes?'s&#%’l £&ulator

wi t hout “experiencing a pressure drop ‘or
t|o urln an.inje on burst al ctate
$§ Jél ?ﬁﬁi&téé%ﬂ??@tWﬂP?%& i e h?%r%%%r
shomn |n F| 16,, an air pressure regulator 292 and
capingt erd34 PRt e FhRIMAPIFEIFEH abe qeeply used
cabinet 134 for regulating the conpressed air supply
tgmprate dpw atler thiawmes r2 punpsTixsoraheupe essgwbator 292

regul at or 292
permits an operator to adjust the pressure of the air

going to the air pumps 284 thereby influencing the outlet
fluid pressure from the air pumps 284. In addition, the
valves 293 control the air flow to the pumps 284. In
addition, a second alr pressure regulator 295 is included
within the cabinet 134 for regulating the air pressure
supply to the external pump 274, or any additional
external equipment requiring compressed air.

Pressure regulator 292 may be electronically
actuated and linked with the pressure sensor 290,
allowing an operator to automatically adjust the
injection burst pressure via the control panel 142, or
recall a saved program which automatically adjusts the
regulator 292 for a given injection subject or at a given

output pressure. Further, the air pressure regulator 292
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permts an operator to adjust the pressure of the air
going to the air punps 284 thereby influencing the

wWouioker193¢ | ui d pressure fromthe air punps 284PCT/0S2004/003589

addition, the 15 valves 293 control the air flowto
he punps 284, In_ addition,, a second air_pressure. .

21} g5l 6 orPS88EPE FAck GHEHC WP REnaL ha EhBRHY: ThghFsP™

regul ating the air pressure supply to the externa
stpamp Q74vabtabhgRadert F@ﬁﬁlfeséﬁfie#él SERBLYneRESSUre

requiring conpressed air. 20 Pressure regul ator 292
whirhg beeehachinai tal Fynnapguat &8 afditifRedPREEEUERe

pressure sensor 290, allow ng an operator to
seagbenpbilcahliypadpuatet heguilnfect RBA bansbepuessute vi a

the control panel 142, or recall a saved program which
audbheenthcal| ¥agdisustaet her2bresgulrat or IR92hfier iasgiaver,

i njection subject or at a given output pressure.

thguEE%gﬁreBhQiﬁi rBEESSHN §1fegukakal n282ned’ MO
004/°071936 PCT/ US2004/ 003589 allows an operator to

CO%%EE??%dbgﬁgﬁﬁggﬁggﬁﬁggﬁignkﬁ%tEgﬁtrgﬁﬁQQU]Q%QM%ﬁagg no

arratrons’i res ai r supply pressure
thetnachiEe IS %unning. In addition, pressure sensor
°P%8F 8hd PrESE¥Gr&tPEgul at or 292 can be used to 5

automatically adjust the air pressure. In this (

i nsfafcel® £HETREFUSPOYSalPYpESsildld Lings 218 from

mai ntai ned and controlled automatically via the
eachbnesckber areaguirei A nef dper angecitivsr hesd drt0 mng.er

16 further shows how the fluid |ines 218 from 10 each
thescapénapedBdr.e 2%6 cafr foee sierjnecti dasliead tidy emtlemoid
valve 296 is connected to each line 218 for quickly
releasing any air build-up in the injection head 140
during operation. Since injection fluid may also be
released through the escape aperture 216, fluid exiting
the valves 296 may be piped to a drain or recycled back
into the primary reservoir 144 or another injectate
source. Importantly, the valves 296 are not located
within each escape aperture 216; rather, the valves 296
are located within the cabinet 134 at the end of fluid
lines 218, thereby eliminating exposure of the valves to
a damp working environment. Also, the valves 296 can be
automated and programmed to open at predetermined
intervals for a given injection subject without requiring

an affirmative action by the operator, simplifying

operation of the injection apparatus 130.
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t he cabinet 134. As can be seen, a fast-acting

sol enoid valve 296 is connected to each |ine 218 for
w@e0ski 3¢ el easi ng any air build-up in the injRBCL/USV04/003589

head 140 during operation. Since injection fluid may

al so be 15 rel eased through t he ggage aperture 216,
f1 ute eXPRYPYCT t el Val Bes ?@BSWH§ e E'Bgﬁl 0°8%Hr ai n

or recycled back into the primary reservoir 144 or
witipbe helei apletnak el 34oatkery Whﬁbr@%ﬁtF?@pPﬁ@nvﬁl9§st§§6
are not located w thin each escape aperture 216;
comaé per , stppovhal sesuldBr20lapenkoeasadywEohi nstthg the
cabinet 134 at the end of fluid Iines 218, thereby
cogleibpakiy8gexp®8uUre of the valves to a danp working
environment. Al so, the valves 296 can be autonmated

andrpEQYL aNPEHatR epenrigt Br edet endl AeflchBt erval sohdfrol
a given injection subject without requiring 25 an

paﬁéiiEH?th¥e§ﬁ§ﬁ£°QtP¥cEES QBeEﬁEOEab§h€E|h§§R&%The

operation o e Injection apparatus 130.

2004/ 07193 / US2004/ 00358 e e [
co EﬂgnP§ﬂ$?8gggslﬁsgPéﬁgngdS%F%%Ent?ﬁgﬁcﬁgﬁﬁ% %%2
al ong with any, conponents of the_ conveyor sypport
whigpyépur&n¥ge E@c@sgawr@a@a@ﬁn&%ﬁs BB Psy &ELth
138. 5.Referring_back to Fi%. 8 for the nonent, the |
308ontEBEN phReFakipefsl3fowshartadRedito tife &6 méring
134. The control panel 142 includes a seal ed touch

andcceahr238inghbphrasibnakedntforaapioy ampabug tosgidd2 is

controller (PLC) 300 within the cabinet 134 (shown in
alEbgintbhdkar oat @hkengontrol panel 142. The button 302
is rotated in the clockwise direction to turn the machine
on. The button 302 is also an emergency stop button that
instantly stops the machine when depressed. Also, when a
production run is over, the button 302 will be depressed
to stop the machine.

The PLC 300 may control all process variables
including complete éynchronization of the conveyor system
138 with the injection bursts to be delivered to the
subject. This can include automatic control of the
injection pressure, duration of the bursts, spacing
between injection bursts and timing of the injections.
Further, every valve used in the injection apparatus 130
may be automated using the PLC 300. Variables such as

the air pressure supplied to the air pumps 284, the

output pressure of the air pumps 284, the direction of
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10 and controlling operational information. A button

302 is also included on the control panel 142. The
wheaotomo3®2 is rotated in the clockw se direcPCDINS1004/003589

turn the machine on. The button 302 is al so an

. energency stop button that, .instan stops, the
injeehi v %ﬁydeg?%sgﬁﬂ?ngfgb?nmﬂgn£%¥1%nﬁ$88b8Pigﬁagﬁn
is over, the button 302 will be depressed to stop the
140rpehi hlee ThelPLEegod maytRenteefTYPLIpt8EeBRYVAR abl es
i ncl udi ng conpl ete synchroni zati on of the conveyor
mosystead 488 wonhrohsednpgcthenPbtrdP8,t 6hpeel#l i vered
to the 20 subject. This can include automatic contro
si®blibeingnbechi opepaessuref dueambohink thd hotsgsation
spacing between injection bursts and timng of the

of | fheChhensne FHEbhEr cof¥ehMoval peodsedibn thee. While
i njection apparatus 130 may be automated using the

a é%%%??@gayaé'%gbﬁé sHEhr8%127 theqakk1B5e8SURBe skilled

to the"air punps 284, the output pressure of

ot air, pur : i i 0 L 071936
i el US04 038R PR b6t A s ALl “TRE 611 ShCAtron o
the injection h ags 140 or ,the fluid_ | evel in the
deyiSer Yoir D2ANSHEy BeS B BPEATART 2B PEPLE by the
PLC 300, thereby sinplifying both operation of the
vaghehine and/ Pt e§eaetsntheoretheRfachi ne into a

conti nuous production line. Wile a programmble

| ogilt cent bel seeni shditsthespdesens skiviepédon AncHadgs @

w || appreciate that any conputer control device nay
mebBodsed teistjore subjséehitdnldydupridoess high-pressure
injection burst to needlelessly inject a subject with
injectate fluid. 1In this way, damage to the external
surfaces of the subject is minimized. The present
invention also inclﬁdes a method of delivering injection
fluid to a subject using substantially uniform, high-
pressure injection bursts of a sufficient pressure to
needlelessly add flavor, color, preservatives, binders,
antimicrobial solutions and/or tenderize aﬁ injection
subject without significant damage to the external
surfaces of the injection subject.

Accordingly, referring to Figs. 8 through 16,

operation of the needleless injection apparatus 130 of
the present invention will now be described. First, an

operator uses the touch screen 298 to retrieve from the

PLC 300 a stored set of process variables for a given
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vari abl es and/or operate the machine. 10 It can be

seen that the present invention includes a nethod of
waigiong7@subst antial Iy uni form high-pressure PCT/US2004/003589

i njection burst to needlelessly inject a subject with

i ot . . . . h o
lrisj urarcfecglccg&s esol;ﬂﬁ(gejt s%lnbj fe{:% S‘all \;@rlr‘l[enr?%’ ?ed?ﬁg?]ljie %Fgés(%ﬁt i@“e
i NV ' i ncl s, a..rethod of Lverin
o MR A M PR T Bhg B earrgt of
uni.f or hi gh- pressure_ injection bursts of a
ERS i Ofgr%% a0 CHdd &S5 5P adhieahipn bursts,
color, preservatives, binders, antimcrobial
SRESILRT SREWERN ok AT 2Tt S njledtinn @D Sudj ect
wi t hout significant damage to the external surfaces
ingfeatheons| ddrd onitarib} avtes Avcorai ngly , atefpumpnRsd, the
Figs. 8 through 16, operation of the needleless _
diimgcacitdroro Aapipayeat tisorl Apwefy, tite presantat vend £ orna | |
now be described. First, an 25 operator uses the touch

irSERaRHedds reta,) e fligmdihe £ RLG 3001 &, stgsed-s€tor
of process variables for a given 50 WO 2004/071936

afﬂ%oqgmorhgi@&ééﬁ%é:@ eiq{ Lt f&r%fveqjl V: e of

i'njection effect. T prepr mred process vari es

j,ncl control .of the jnjection pressur
Su%ﬁ%adtelq'onﬁ Iﬁwg) i ] eetc 5o eoClur ST p%gi%tgs bgcéjf/veghe
i njection bursts, tim of the 5 injectiaqns, the
P L#I 1t 8 SOORHE W T Hohpd 8 Vahe P 7§ e6t3 orhe
injection spray, the orientation of the injection

tq‘i’fé%]ds%f@cﬁnt AT G tedthiorasubieas &rring the
production run in accordance with the required injection
effect to be achieved by the machine.

The reservoir 144 is filled with the desired
injection fluid. 1In addition, if a secondary reservoir
is used, the secondary reservoir must be also filled with
injection fluid. When the primary reservoir reaches a
low level, the controller may be programmed to
automatically replenish the primary reservoir from the
secondary reservoir. Accordingly, no operator
intervention will be required to maintain a high level of
fluid within the primary reservoir.

Alternatively, if the primary reservoir 144 becomes
low, the touch screen 298 may indicate to the operator
that the level is low and will permit the operator to

refresh the injectate fluid automatically using the
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any other information necessary to inject a given type
of subject. If no predeterm ned program exists for
W b@42019p¢ oducti on run, an operator may enter REI/USIvN€603589

via the touch screen 298 and/or adjust the variables
during the production run in accordance with the

contreduiered iInj ecidign-oref fldt AREIRE Qe HiBY RPUFE t e
machine. - The reservoir 144 is filled with the

opedasidreth £15 iy ectdondparatud il 3dind granyglhy refill
secondary reservoir is used, the secondary reservoir

the ﬁnggyé¥é§bf¢diﬁxh4@1h injection fluid. Wen the
rimary reservoir reaches a |low level, the controller

MRy, D&, Prog AR, | 0 fuLon®s i £2h1y wepl epéspunhed

primary reservoir fromthe 20" secondary reservoir.

frorif‘g oe%?i%g%%v {]J?n?ﬁ)fr@fm %ﬁlaliﬁnfﬁév?fﬁignf%w apeérture

aina evel of fluid within the

ri ' ; - .
272 P o FS AR BeRSRESS ot oEng! Eobintaer bon oBy S

rese een 2 may
indicate to the operator A 25 that the lLevel .is |

274wﬁITh©efhﬂ%dthﬁe6p§?9W§rfFer%FFegﬁlPhénpﬁfggigtEWl%%q
fluid automatically using the 51 WD 2004/071936

276PED/ UBRODANODBESSUTE0REASI Pér ERPn1RAGILILOR, 2ttt PUPS

operator can pause the operation of injection
272apR@RahUSHa30aBhdeanGdl.| y Thef BILI PHEDST i29dr purP the
reservoir 144. During operation, injection fluid wll
£1ui8 EHWI%@ 15 jbrervhheaneFenvbislystéh LHtought Héifs ui d
eed aperture 272 to the main injectate filter 276 by
tim%het %eguﬁﬁﬁg pressure of the fluid is measured by the
sensor 290 to determine if the required injection
pressure has been attained. If not, the program
automatically adjusts the air pressure to the pumps 284
using the air pressure regulator 292, or the operator may
adjust the regulator 292 via the touch screen 286. The
fluid is evenly distributed among the injection heads 140
by the injection manifold 286 which directs fluid to the
high-pressure solenoid valves 288, ensuring that each
injection head 140 receives an adequate and substantially
equal flow of fluid.
Injection subjects are placed on the conveyor belt
176 near end 150 either manually by an operator, or
preferably, automatically by another conveyor system or

machine in the production line. The injection subject is

noved towards the injection heads 140 and is injected
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274. The fluid then flows fromthe main injectate

filter 276 to the | ow pressure side of the injection
w@reo4puyps 272 within the cabinet 134. The ai PCPURIS4/003589

284 punp the 10 fluid to the injection manifold

system 286. At this tine, t out put ssure.of .the .
ac?%ﬁgﬂngstﬂegééréﬁsﬁﬁe?hﬁesggﬁ§0r ﬁgﬁn?éﬁaeﬁgﬁﬁfﬁg ﬁ% o
the required injection pressure has _been attain%%. | f

plage; chécppodrBalvaat 8RAt irakhe BapdEpdd: ryshep <56
pressure to the punps 284 15 using the air pressure

opergal abwing@9fludd thebepdeaiverady toadfgssupbiect
regul ator 292 via the touch screen 286. The fluidis

theweghytdeshokrzblitediasong thehi npheetitapnhéads 140 . by
the injection manifold 286 which directs fluid to the

Arbeghapr essureisal 0ekd Yal vesp288e, enbir ivag vieRat ssacire
20 injection head 140 recei ves an adequate and

c18Ubhgtantially equal flow of fluid. Injection subjects
are placed on the conveyor belt 176 near end 150

o LBel HAgHan LY DYnaN (ARRLALAN 0L o1RNREE! Jlkes 296
aut ormatca y by anot her conveygf systemor machi ne
in the production line. The injection _subject j
coppEGeCovar EetﬁéC?ﬁFe@P@&%uﬁggdgﬁf4ﬁr§n ﬁgff%ﬁgbted
52 WO 2004/ 071936 PCT/ US2004/ 003589 .according to the
reddeveedWediit SUINAEHP We todB) &&e i1@diertigradeads 140.
sol enoid valves 288 in the manifold system 286 open
Ifalthewivad viesul@ 6t arige nddl ibvegdmired e Smsire@dt a KIHGIRGh
the nozzles 196 on each injection head 140. 5 After an
initejreetli, onthlbubgk rat ccormphetuse thhe ralwds s28&ecar €98 to

cause the valves 296 to open periodically.

Subjects can be injected in place, with the conveyor
belt 176 stopped, or the subjects can be injected while
£he conveyor belt 176 is moving relative to the injection
heads 140, depending on the desired results.

Excess injection fluid flows into the channel 160
and then into the catch basin 136. If recycling of the
injection fluid is desired, the catch basin may drain
directly back into the primary reservoir 144 or into a
reserve reservoir. Alternatively, the excess injection
fluid may be piped directly to a drain.

After injection, the injection subjects may be off-
loaded automatically from the conveyor belt 176 for
further processing and/or packaging. However, off-

loading of subjects can be performed manually.
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cl osed. Periodically, the fast-acting sol enoid val ves
296 connected to the escape apertures 216 are opened

WO 200407198€ve any air build-up within the injecPCDNS2004/003589
heads 140. 10 If the valves 296 are not programed to

open at a given intervaggeégg operator can use the
touch screen 298 to cau val ves 296 to open

periodically. Subjects can be injected in place, with
7§ Ke-addhveyor belt 176 stopped, or the subj ects can be
|nJected while 15 the conveyor belt 176 is noving
1yel &t imachigne Heol riread o o, cPepehei #g: on t he
desired results. Excess injection fluid flows into the
chamellds#t el ndeifalnd diedd cadaptddsion 186eivé high-
recycling of the injection fluid is desired, the
prosd alr daii Jedmdordriui 20 helaediyg backluid Oerthﬁy port
primary reservoir 144 or into a reserve reservoir.

arfd tergati yel vy dheBxceston Meeiion, dddh dorays be

piped directl'y to a drain. After injection, the

i t Subj ect .§g$§ fl Iy
I#ﬂ%ﬁ?%%eq%onvéégr t q%%qP%}e% urt e%9€€bc§§§ing
and/ or packadi mever of.f- | oadi ng of subjects
can Be Dot oried Ths 155585 T ot rhbet 1S4t
PCT/U82004/003589 CLAINB We.clajm 1 1. A nmachine

rﬁe]c:’t ng Y s c%%%r?slrh%ul% RRSTEaRY2Hne

nanlfold head, adapted to receive high- ,
connecting said ligquid inlet and liguid outlet, said-

filter assembly in non-threaded engagement with said

fluid feed port of said manifold head.

2. A machine for injecting liquids as defined in Claim 1,
wherein said filter assembly comprises:

a tubular member having a first end portion
configured to mate with said fluid entry port of said
manifold head, a second end portion, and a body portion
therebetween;

a plurality of apertures in said body portion of
said tubular member, said apertures in fluid
communication with said injection nozzles; and

a flexible sealing component positioned on said
first end portion of said tubular member for removably
and sealingly engaging said first end portion of said

tubular member with said fluid entry port of said
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3 pressure injection fluid, including a fluid entry
port 4 and a plurality of injection nozzles, each of

W@ 200d/07836¢ nj ecti on nozzl es having an i nj ecti onPCF/U$100€003589

and 6 at |east one filter assenbly conprising a liquid
mahifd el .héhdiquid outlet, and a |iquid passageway 8
connecting said liquid inlet and liquid outlet, said
9 filter assenbly in non-threaded engagenent with said
10 fluid feed port of said manifold head. 1 2. A
3 madhitrchisre i g rrt inpi desrasdsleds e {med fh nclaim
2 wherein said filter assenbly conprises: 3 a tubul ar
2 mmethisare avd angl of fdxriddl enskaioing atordoranit gL egh to-ABAES,
with said fluid entry port of said 5 manifold head, a
second end portion, and a body portion 6
t her ehetween; 7 a plurality of apertures in sajid bod
4 °po%t i%ganého e oL it S Jrféﬁ'ﬁéfs, a5 hgwd u%féscjrﬁh%/m
3 fI¥%9 9 conmuni cation with said injection nozzles; and
1L H i SeAingy icomssramtugest (9 RF I s B RPM 11
first end portion of said tubular nenber for renovably
(Ef Vi &s &4lapnyglep ce g agien dlogaingk of )i r sti leinebrpr tiulbeaf
said 13 tubular nenber with said fluid entry port of
VIFAN] o574 e 2001021936 REENSA004/ 003589 14 mani fol d
head. 1 3. A machine for injecting |liquids as defined
in Cdaim 2 2, wherein said flexible sealing conponent
4.. A machine for injecting |liquids as

5.g:#ﬁﬁggﬁﬁhg%ﬁggﬁﬁnjectlng liqui slgg defined in Claim
1, wherein said filter assembly comprises:

a disk-shaped filter element having a liquid inlet
portion configured to engage said fluid entry port of
said manifold head, an apertured portion, a
circumferential edge about said apertured portion, and a
liquid outlet portion in fluid communication with said
injection nozzles; and

a flexible sealing component engaging said

circumferential edge of said filter element with said

fluid entry port of said manifold head.

6. A machine for injecting liquids as defined in Claim

5, wherein said flexible sealing component is an O-ring.

7. A machine for injecting liquids as defined in Claim

6, wherein said O-ring is constructed of TEFLON, EPDM
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2 3, wherein said O-ring is constructed of TEFLON,
EPDM 3 ( Et hyl ene Propyl ene D ene Mononer), silicone,
WO 2i9ber1936 4 VI TON or any conbi nation thereof. BRCBUSW04/003589
machine for injecting liquids as defined in Claim 2
By [ [ i 0 ' c .3
T oY o e ooy
[ nf | ed to engage said fluid entry port of
V@qg%i%pn%%f% %%aa%l,orén&é%%er?ﬁ'red portion, a 6
circunferential edge about said apertured portion, and
a 7 liquid outlet portion in fluid communication with
8 saiAl admjreetfan hoyedesng antg®ias fhexibienseathnglaim
conmponent engagi ng said 10 circunferential edge of
15aikfdid efabd emBdcidh salflicd il uid enteyipprt of
said manifold head. 1 6. A machine for injecting
aldpids @8 fefi nadim Q2im ;2 5, wherein said
fl exi ble sealing conponent I1s an O-ring. 1 7. A
machine for injecting liquids as defined in Claim 2
6, wherein said O-ring is constructed of TEFLON, EPDM
3 55 MORTDYEQ 7493 6L 1PETY 1S2P 0U] 90358 % s ¢ Ethydlele Claim
Propyl ene Di ene Mononer), silicone, rubber, 4 VITON or
8 amheoni neidninjerteiodn drBfide neehi ae fwterhpecti ng
liquids as defined in daim 2 1, wherein said
dilaneetdt af v jdo & eim@sesan interior 3 dianeter of |ess
than 0.025 inches. 1 9. A machine for injecting
liquids as defined in Caim 2 8, wherein said

injection orifice has an interior .
10.° A machine for injecting liquids as defined in Claim

1, further comprising:
at least one air pump having a low pressure inlet
and a high-pressure outlet in fluid communication with

said fluid entry port of said manifold head.

11. A machine for injecting liquids as defined in Claim
lO( further comprising:

a manifold system having an inlet connected to said
high-pressure outlet of said air pump, a plurality of
valves connected to said inlet of said manifold system
adapted to receive high-pressure injection fluid from
said pump, and at least one outlet in fluid communication

with said fluid feed port of said manifold head.

12. A machine for injecting liquids as defined in Claim
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10

11

wWewpni®sng: 3 at

3 dianeter of 0.006 inches. 1 10. A nachine for
injecting liquids as defined in Claim 2 1, further
| east one air punp havi ng a POWUS2004/003589
pressure inlet 4 and a high-pressure outlet in fluid
1 CORRAN 02t 00 Wikl 5 3 dud fluftﬁgifaoﬂ Fis0L 88! dscape
nanlfold head. . I ne In ec ng Tiquids
ned in G a|n1 2 10, further conprising: 3 a
o d system having an inlet connected to said 4
high-pressure outlet of said air punp, a plurality of
5 val ves connected to said inlet of said manifold
13ystemadchadapfed imw)jeeciny el ghdPpressaeeihdfechi ONaim
fluid from7 said punp, and at |east one outlet in
6,f | £tk leormasthsat s00g: 8 with said fluid feed port of
said manifold head. 1 12. A machine for injecting

[ S | 4 . .
I SSUESR L I PR BTN g saso

odHIINSL, CATPLL SS5 ANy £S6ADRL By aperture. 1 13 A

I hj ecting I|qU| “ttned in daim 2
6, further conprising: 3 at |least one valve in fluid
communi cation with said 4 escape aperture of said
14aniZ olathross . fdr 1] Lotntaodi iegqd 0ds 1 8¢ egé f Ned i O dBaim
as defined in Claim 2 11, wherein said valve is a

11f asihaatd imgs £ el vk Vid V2. Fadt 1det Mhdesdi feof@Tvalve.
injecting liquids as defined in aim 2 1, further

conpri si ng:

15. A machine for injecting liquids as defined in Claim
1, further comprising:
a fluid source in fluid communication with said

manifold head.

16. A machine for injecting liquids comprising:
an injection component adapted to receive high-
pressure injection fluid comprising:

a tubular manifold having a first open end, a
second open end, and a plurality of injection
nozzles;

a first end cap including a fluid entry port, a
first cavity having circumferential mating surface;
said first cavity coaxially extending out from said
fluid entry port and mateably configured to

removably retain said first end of said manifold;
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21

22

23

24

25

26

3 afluid source in fluid comunication with said 4
mani fold head. 1 16. A machine for injecting Iiquids
W@pHT®Bag: 2 an injection conponent adapted POI/US2004/003589
receive high- 3 pressure injection fluid conprising: 4

a tUbU|aranP@f§9lng§¥$f§ §é%i{§éo?@ﬁﬁ?§g toﬁo%iéioned

second open end, and a plurality Ctl

nozzl es; . 7 [rst. end. c i ncl udin fluid eptry
port?giéc%n?iiéts%ﬁgi?@rﬁgdm?ﬁﬁ%?r%%ﬁ?%?%nW?EPlﬂa¥?hﬂ
surface,, 9 said first cavity coaxially extending out
fro %ﬁﬁ?ﬂcﬁYf#Yu'% R +3P poriodh St eBbr§t cond | ghr eaid
to 11 renovably retain said first end of said
manif3gHt o 1 & 7t Gy 04} 07 9381 PR US2004/ 003589 12 a
first flexible sealing conponent positioned 13

adj acent a ccsadnd fendtcamtimglsdifiace sethhd savitgs
first cavity to sealably join said first end of said

15 rreni frof ca teeddred f ¢ 1 sduresk @api a1l 6nat 5§ ongr A6 cap
i ncluding a second cavity 17 having a second

Ci  GH neny | @dn FMBGL A SkH f@é&@@vé&gyﬁﬁ@@mﬂ §&géi 9uEEHy

to renovably retain said second 19 end of sa
manidl & 20, 8 seeene {4 exi bl e seal ing conponent

positioned 21 adjacent to said second mating surface
within sajd éage nd..cavi t 0 sealably join sajd
second eﬁ% %ﬁg éé%%féé%ﬂ%%ﬁiPQ% ??%P%%%%%dp%ﬁhtk%$?d
and _ ., . .
adjacent to said second mating surface within said
second cavity to sealably join said second end of
said manifold to the second end cap; and
at least one high-pressure pump in fluid

communication with said fluid entry port of said

injection component.

17. A machine for injecting liquids as defined in Claim
16, wherein said first and said second flexible sealing

components are O-rings.

18. A machine for injecting liquids as defined in Claim
17, wherein said O-rings are constructed of TEFLON, EPDM
(Ethylene Propylene Diene Monomer), silicone, rubber,

VITON or any combination thereof.

19. A machine for injecting liquids as defined in Claim

16, wherein said high pressure pump comprises a air pump.
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24 at | east one high-pressure punp in fluid 25
communi cation with said fluid entry port of said 26

WO njoaoti9861 conponent. 1 17. A machine for inj eRCT/NH2004/003589
quuids as defined in CGaim 2 16, mherein said first

nd sai d co erX|bI n en are
(g H%ﬁ acbf rﬁﬁﬁﬁQqu%n ll?%%%lng |qu Hs Claim
deflned in G %§n1 2 17, wherein s -rin s are
1 oo ¥ ml@mm@ft@é& ﬁ Ehigh Rpkses an

Di ene Mononer), silicone, rubber, 4 VITON or any
esaRRSA RGO Ehereof . 1 19. A machine for i njecting

liquids as defined in Claim 2 16, wherein said high

pressure punp conprises a air punp. 58 WD 2004/071936

21PCH %&y%gjﬁgf| n@% fl@ftﬁcﬁ‘@&@rdéf‘iﬁ&ﬁ'm Claim

I qui m 216 ereln sa
f
24 I SELLON: SOURANENL uhd Nl COMLL 571 00 cShESCPRS o

E%%Llned in Claim 2 20, further conprising at Ieast

S SRS At to 3 said escape aperture. 1 22.
A machine for injecting liquids as defined in daim 2
21, wherein said valve is a fast-acting solenoid

ZN3|W©1naéh£ﬁ% Forecy e £10F 1 1gneldd Ngs | deEi flsdasn claim
defined in Caim 2 16, wherein said injection

2 CONRANEM 1, | S5 TRVRED] Yo nDUN efiasé-é@th% e§opéﬁ89@0@§1ve

dlrectlons to a work surface. machi ne for
injecting |iquids as defined |n Cla|n1 2 23, further
conpri si ng:

23. A machine for injecting liquids as defined in Claim
16, wherein said injection component is movably mounted

in three orthogonal directions to a work surface.

24. A machine for injecting liquids as defined in Claim
23, further comprising:

a sealed control panel mounted to said work surface.

25. A machine for injecting liquids as defined in Claim
23, further comprising:

a safety shield mounted to said work surface.

26. A machine for injecting liquids as defined in Claim
16, further comprising:

a filter assembly removably mounted within said
injection component, comprising:

a tubular member having a first end portion
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11

3 a sealed control panel nounted to said work surface.
1 25. A machine for injecting liquids as defined in

w@k@inv1926 23, further conprising: 3 a safety sPCBEUS2004/003589

nounted to said mork surface. 1 26. A machine for

i njecti S def.i.ne | 5 6
conﬁ??%ﬁﬁ%#féyk&% qer égghgﬁkgiSgﬁgggﬁﬁﬁﬁﬁﬁﬁﬁ#éghff
within 4 ection co nt, S|ng
ubdie e SR (GRP 2 3 {181 (PI5b R ol O 45 £ poay
2004/ 071936 PCT/ US2004/ 003589 6 conflgured to mate

wi t it ITdisr mtineesort of 7 said first end cap, a
second end portion, and a body 8 portion

t her ebet vearhurg ld tpt wrfalarner ofrempein wradsd irpdai kP Hokyn
portion 10 of said tubular nenber, said apertures in
fIlﬂdfIEhﬂﬂNﬂﬂhﬂkHﬂiMHmbﬁﬁﬁ1Sﬁﬂdidp@mﬂﬂﬁ@m:hﬂzﬁlwid
and 12 a flexible sealing conmponent positioned on said

13 fddnftureinh it et rofs zsiad di -1 @n esdhere d oradd
renovably and sealingly engaging said first end 15

portion of ﬂ%ﬂﬂl@@@iﬂ%m&ﬁéh@%@s fﬂ%r@e@%r{ysald

16 port of said first en machi ne f

L d d th
cong s%’c%géﬂa‘é”p%a% i S A A"
liquid in orti.on confi ured to enhga sai d
] oehaEs e et r? Y Shetidr ed
portion,

a
portion of said tubular member w1th said fluid entry

port of said first end cap.

27. A machine for injecting liquids as defined in Claim
16, further comprising:

a disk-shaped filter element having a liquid inlet
portion configured to engage said fluid entry port of
said first end cap, an apertured portion, a
clrcumferential edge about said apertured portion, and a
liquid outlet portion in fluid communication with said
injection nozzles; and

a flexible sealing component engaging said
circumferential edge of said filter element with said

fluid entry port of said first end cap.

28. A machine for injecting liquids as defined in Claim

16, further comprising:
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10

6 circunferential edge about said apertured portion,

and a 7 liquid outlet portion in fluid comunication
wowrah/os@Be 8 i njection nozzles; and 9 a fl exi bPE&I/US2004/003589

seal i ng conponent engaging said 10 circunferentia

edge, f e n 1 fluid entry
p rt r%@%%yf##é a f QPV . %@ ng |newfl?Ji;a%%{1
ctlgg Iqu|ds as deflned in Cdaim 2 16, further
) B0 W 2SR 97936 PCT/ US2004/ 003589 3 a
primary f|UId reservoir in fluid conmunication 4 with
said injection conponent. 1 29. A nachine for

29 Nj extihaehihguists ﬂﬁ]@'@ﬁiﬂfd %uﬂiéllé% deZ8nefUihhelaim
conprising: 3 a secondary fl reservoir in fluid

2 SO ICAE | Ok A M A, said primary reservoir. 1 30. A
nachi ne for |nject|ng iquids conprising: 2 an

encl s ng p a ifold.
movab é;éﬁ%%@%%% B o R A e
cei ve hi ressure injection 5 fluid, conprising a

W%fﬁu%F%ﬁn?éﬁ?é%¥,r%ﬁﬁ%%%%ﬁe aperture 6 and a

plurality of injection nozzles, each of said 7

i njection nozzles having an injection orifice; and 8

at | east one solenoid valve in fluid communi cation 9
3G t WA gaaeh Bve afel abet @ e E09 shi duivas veompuhRs &AW t hi n

said 10 enclosure. 1 31. A machine for injecting
i quarnsemsldseiradaving ai top;

at least one manifold head movably mounted to said
enclosure and adapted to receive high-pressure injection
fluid, comprisihg a fluid entry port, an escape aperture
and a plurality of injection nozzles, each of said
injection nozzles having an injection orifice; and

at least one solenoid valve in fluid communication
with said escape aperture, said valve mounted within said

enclosure.

31. A machine for injecting liquids as defined in Claim
30, wherein said solenoid valve is a fast-acting solenoid

valve.

32. A machine for injecting liquids as defined in Claim
30, wherein said injection orifice has an interior

diameter of less than 0.025 inches.
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2 30, wherein said solenoid valve is a fast-acting
solenoid 3 valve. 1 32. A machine for injecting

wo papgiodw3as defined in daim 2 30, wherein saPdI/us2004/003589
i njection orifice has an interior 3 dianeter of |ess

33 ham 0, D25 4 0044073935
boT OSs0oaT 09550 1 33, g lﬁl%e for Th cefrng® Ctaim

314 e AP Seta et L 8 B Er P h%sdr%n%rﬂrrarro. 006
h 1 34. f i njecti i quids as
diéﬁ%ﬁé&i?% ngﬁknl In?'fgrtngregong?is:ﬂ;! 3 at |east

one air punp having a | ow pressure inlet 4 and a
hi gh-pressure outlet in fluid communication with 5

342l dn frhadh et for poifeOf i5ql th gandsohg hepdned 3R Cfalm

machine for injecting liquids as defined in Caim

334, eh Mt dercsaprd sidg: 3 a manifold system having an
i 'nl et connected to said 4 high- pressure out | et of

sa d ity. of.5 v nnected,t

cai P Emefttiond Sl Bnb gy 8 1 a%?%ldr?olm?et
ceive h| h- pressure ecti fluid from7 sa

<§rﬁa Y e PSes e ST Pl e ek ot rah
8 wth said fluid feed port of said manifold head. 1

s3] Wi e Y gPOF hj @t $abd | et BRLAsheREi ned i n

Claim 2 30, further conprising: 3 at |east one filter
assenbly having a liquid inlet, 4 a liquid outlet,

3and R fd i Ble SR 5 LOPNESTI NGy SR das defined in Claim

| 34, further comprising:

a manifold system having an inlet connected to said
high-pressure outlet of said air pump, a plurality of
valves connected to said inlet of said manifold system
adapted to receive high-pressure injection fluid from
said pump, and at least one outlet in fluid communication

with said fluid feed port of said manifold head.

36. A machine for injecting liquids as defined in Claim
30, further comprising:

at least one filter assembly having a liquid inlet,
a liquid outlet, and a filter element connecting said
liquid inlet and liquid outlet, said filter assembly in
non-threaded engagement with said fluid feed port of said

manifold head.
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51liquidinlet and liquid outlet, said filter assenbly
in 6 non-threaded engagenent with said fluid feed port
wW@b00ga71¥36 7 mani fol d head. 62 WO 2004/ 071936 PCT/US2004/003589
PCT/ US2004/ 003589 1 37. A mmchine for injecting
371 quA dza@sidefraedi oG ahn 25 30i o USENGL < ERURY | §1 BY: 5
3 a cat% %asin at%agied§%§1ségglenc%osur£$8%83gi ggalm
chine for iniecting. liquids as defined in Claim 2
3@3,P$5$?%%rcé P%%%ﬁ%g: 3 aprimry fluid reservoir
renmovably linked to said 4 enclosure. 1 39. A nmachine
f or ?rﬁ%ﬁk?FEF?+%u?BEa%§eﬁe??n%ﬂléne%fé?ﬁPrQ'30,
further conprising: 3 a sealed control panel nounted
to said enclosure 4 including a touchscreen, an

3eMergensyh shOpebut 1fecdidd. 1 Agvehi 88 fetihBhethi 0¥aim
liquids as defined in Claim 2 30, further conprising:

3@,af§pgﬁgglcéﬁgf§giﬂ%gh said top of said enclosure; 4
and 5 a conveyor sysiem nounted to said enclosure for

6 noyi ng. I njectq subLects, 1 41, chine f.o .
inje%t nﬁ£$%gu%%gf%s¥%%$?%§ﬁriEe%f%$?¥92péﬂgeguﬁ?h8Fld
conprising: 3 a safety shield nounted to said

CREMcYP3UTe. 1 42. A machine for injecting |iquids
conprising: 2 at |least one manifold head adapted to
recei ve high-

39. A machine for injecting liquids as defined in Claim

30, further comprising:

a sealed control pahel mounted to said enclosure

including a touchscreen, an emergency stop button.

40. A machine for injecting liquids as defined in Claim
30, further comprising:

a channel formed with said top of said enclosure;
and

a conveyor system mounted to said enclosure for

moving injection subjects.

41. A machine for injecting liquids as defined in Claim
30, further comprising:

a safety shield mounted to said enclosure.

42. A machine for injecting liquids comprising:

at least one manifold head adapted to receive high-
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11

12

63 WD 2004/ 071936 PCT/ US2004/ 003589 3 pressure

injection fluid, conprising a fluid entry port, 4 and
w@2@kar@Béty of injection nozzles, each of saiPCT/BS2004/003589

i njection nozzles having an injection orifice; and 6

ty | gh- ssur 1L havi ng .an_inl et

péﬁﬁ%§ﬁ§dht et %%Hffﬁﬁﬁétdﬁﬁﬁ%{%g | nam%%ﬁggaﬁakauparé’
aﬁgnry ort. of sa%d.nanifold head;: 9 at | east one

BY S SUTE L ehishrOT n'h of B o £2¢1 0R2CR00H BR1dsai d
,outlet of said punp, and 11 an air pressure regul ator
IR e Q27 £2F d2pVikpd ol 1npeet ek rohi Eacey Ahdked

to said pressure sensor. 1 43. A machine for injecting

| i quitdsleasdediadel g oressmre aPr punp heavingpahsinget

3 a manifold system having an inlet connected to said
and cunt ettt loft s df hiid poommui @é it e i witief syalvesuid

adapted to 5 receive high-pressure injection fluid

erftromsait €l PEgri@ntknbratdleasd; one outlet in fluid
conmuni cation with said 7 fluid feed port of said

mani £l & head,n d Lﬁ‘f‘esﬁlf@c L6, £ of 1 p] gL @&nﬂnﬁ%f%?éion

as defined in daim 2 42, further conprising:

| ; i t.er_as ly . having.a liquid inlet, 4 a
wjl?gﬁ%adlo&]oﬁot‘{ﬂe]té,@a%% %?ﬁlﬁif%nrlp’elaerg%nt connecting said 5
liquidinlet and liquid outlet, said filter assenbl

0 EThTLT I BrigeglehErT VA RSk R 1 Foi 80+ SoRbr and
of said 7 manifold head. 64

electronically linked to said pressure sensor.
43. A machine for injecting liquids as defined in Claim
42, further comprising:

a manifold system having an inlet connected to said
outlet of sald air pump, a plurality of valves adapted to
receive high-pressure injection fluid from said pump, and
at least one outlet in fluid communication with said

fluid feed port of said manifold head.

44. A machine for injecting liquids as defined in Claim
42, further comprising:

at least one filter assembly having a liquid inlet,
a liquid outlet, and a filter element connecting said
liquid inlet and liquid outlet, said filter assembly in
non-threaded engagement with said fluid feed port of said

manifold head.
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WD 2004/ 071936 PCT/ US2004/ 003589 1 45. A machine for

injecting liquids as defined in Claim2 42, further
weowpni®sng: 3 a primary fluid reservoir in flRETUS2004/003589

conmuni cation 4 with said inlet of said punp. 1 46. A

R et TS OB B BB T e

further conprising: ary f

45, .
b n i 0 j lon 4 with said prinmary reservoir
4%f4§&y§?%%tgogg#%${%§édleless i njection of subjects

with a_2 liquid ¢ rising; 3 providing a fluid to be

i nj e%t%%%m%rﬁr%g%@n?%ew%&ﬁ Jrlgt blaid| eampupheation

hi gh-pressure 5 punp; 6 supplying the fluid fromthe
Widhps i atnehsef ofrld Pwmp ecti on head; and 8

delivering at | east one constant, high-pressure 9
injection burst of fluid to a subject. 1 48. A nethod

44 o1 magsthehssseodl aetlon g ARfined 10 &L alin #1 croin

wherei n said supplying st ering
48| u |t .the injection head. 1 49. A nethod
%&ﬁzﬁl}eﬁe‘%@ﬁﬁ@ 2 daim 47,

for nee ion as defined in
fur%peﬁxgqurisi :.$ convgé;ng the_fluid under .
r eS8 T TE Y {1 | P65 VD 20 07 ggmun i cat ion
.P%I/U82004/003589 4 manj fold system positioned at the
W |%§lqﬁpqqﬂgﬁﬂ”ﬁﬁserV01r.
47. A method for needleless injection of subjects with a
liquid comprising:
providing a fluid to be injected;
drawing the fluid into at least one high-pressure
pump;
supplying the fluid from the pump to at least one
injection head; and
delivering at least one constant, high-pressure

injection burst of fluid to a subject.

48. A method for needleless injection as defined in
Claim 47, wherein said supplying step includes filtering

the fluid as it enters the injection head.

49. A method for needleless injection as defined in
Claim 47, further comprising:

conveying the fluid under pressure to an injection
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10

5 nmonitoring the output fluid pressure of the punp; 6
and 7 equalizing and disbursing the fluid to the

WO pjoeotioa;r 8 head such that the pressure and ROI/US®00603589
the fluid is 9 substantially evenly distributed anong

| £d 14 | r,need| el ess
T G L2 05 DR pyknd JEEREF oy cRE !
- CO [.Si.ng;. . itoring the output fluid pressure of
Che it k(RIS el R s ove o o RS s
renotely |located 5 control panel; and 6 adjusting the
mﬁfr pressure delivered to the punp to 7 ensure the
pressure of the fluid at the outlet of the 8 punp
pr oA BESL ¥ He§ efid r&lesh i sieng orheffBetd oo thiee fnjection
subject. 1 51. A nethod for needleless injection as
hepet iHeh itha Weipnelssdne tdret wolpne sohgthd fihigrisg
said injection fluid. 1 52. A nethod for needl el ess
subyteottiicn of subjletd sitibiete®? dndit th COMES SéNdon 3
providing an injection fluid to be injected; 4
hedicawi ng the fluid into at | east one air punp; 5
supplying the fluid to at | east one injection head 66
WD 2004/ 071936 PCT/ US2004/ 003589 6 and filtering the
fluid as it _enters each injection head; 7 nonitoring

>%he HodtGROS 1101 Rassiies ofiniretpiamp as defined in

Claim 47 further comprising:

monitoring the output fluid pressure of the pump
with a pressure sensor linked to a remotely located
control panel; and

adjusting the air pressure delivered to the pump to
ensure the pressure of the fluid at the outlet of the
pump provides the required injection effect on the

subject.

51. A method for needleless injection as defined in
Claim 47 further comprising:

filtering said injection fluid.

52. A method for needleless injection of subjects with a
liquid comprising:

providing an injection fluid to be injected;

drawing the fluid into at least one air pump;

supplying the fluid to at least one injection head
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8 with a pressure sensor |linked to a renotely | ocated

9 control panel; 10 adjusting the air pressure
waledouweoed to the punp to 11 ensure the out puPCT/US2004/003589

pressure of the fluid provides the 12 required

r}duﬁcﬂ@fa@&fe% mi&aé%e&te@ dﬂ”g{* ﬁ{ead,-

east one const ant pressure I njection
of fluid b e A, net hod for eedleless
i nJ e rll:b%érgls |éne u]t Z%éfjéﬁl 525 SHLT t fgr the pump
npri sSi conv g the fluid under pressure to an
W o e o S Wb L Foiste b Toentat | o

of the punp; 5 nonitoring the out put fluid pressure of
CQHe urRENe® and 7 equal i zi ng and di sbursing the fluid

to the injection 8 head such that the pressure and

vol i witite fheialit P1esubst aielaveéyedvenl yhe pump to

di stributed anong all injection 10 heads. 1 54. A
emetiwdHorongad edesssimg ect i e as1@ed i pesvides 2tk ai m

52 further conprising: 3 filtering said injection

rddutixbd 1ibhec A dtdoEk 41010t hendesgheless élrﬂdieCt ion of
subjects 2 with a I|qU|d conpr|S|ng 67 WO

20044 H571936; g%ggg
|n1§%9ion flﬁﬁﬁg%g e |nJecte %%%%p;}giiﬁﬁﬁg%??u%e
1SR SN NG Tl £l a8, needgd dupi ng operation of

53. A method for needleless injection as defined in
Claim 52, further comprising:

conveying the fluid under pressure to an injection
manifold system positioned at the outlet of the pump;

monitoring the output fluid pressure of the pump;
and

equalizing and disbursing the fluid to the injection
head such that the pressure and volume of the fluid is
substantially evenly distributed among all injection

heads.

54. A method for needleless injection as defined in
Claim 52 further comprising:

filtering said injection fluid.

55. A method for the needleless injection of subjects

with a liquid comprising:
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6 the machine; 7 drawing the fluid into at | east one

air punp; 8 supplying fluid to at | east one injection
wheadozmsse 9 filtering the fluid as it enters PEEUS2004/003589

i njection head; 10 delivering at |east one constant,

hi gh- AL i ect ty of £ i h
subj%%&%%{%r%vﬁﬁ%@gl%%m%{(ﬁe?gf%% islllt1 ?%ﬁ%apjf%E%s%

Suari bles 13 for a given injection subject; and 14
Coht T 11ing process variables to achieve a 15

redeterm pned injection result. 1 56. A pmethod for,

heodi G LASLT R L it S0t T heieFHe0 K6 bhvn Gaeration of

wherein said controlling step conprises: 3 noving an
thejereh e subj ect into place for injection 4 with a

conveyor system 5 adjusting the orientation of at

| easirameng nieetionid Glieadabberst hoee @it hogopal

axis to achieve the required 7 injection position for

a gimespYying 8 Byt ht®nizi nga $heothd M e ctlusat head aadd

spacing of 9 the injection bursts delivered to the

£ 5520t g byhd heLuild 44 setdore headse Wit hetHEo S ORYEYOT
system 11 nonitoring the output pressure of the 1 uid

exi t&é@iv%%%%@%@és@g?ﬁ@ 8&%{%%&9%?1 h-pressure

PCT/ US200 589 ~ 13 adj usting the air pressure
. del i.vered to the.p , 14 _ensur.e. the output pressure
lng]fé(t%leor% %lf%s%r%g/i%ll:eﬁglé ﬁ%o E%e r%%]kaﬁ’ Tt i nj ection
effect o he subject ;. and
prov{h{ng a cAntroller for storing process variables
for a given injection subject; and

controlling process variables to achieve a

predetermined injection result.

56. A method for needleless injection as defined in
Claim 55, wherein said controlling step comprises:

moving an injection subject into place for injection
with a conveyor system;

adjusting the orientation of at least cne injection
head about three orthogonal axis to achieve the required
injection position for a given run;

synchronizing the timing, duration and spacing of
the injection bursts delivered to the subject by the
injection heads with the conveyor system;

monitoring the output pressure of the fluid exiting

the pump;
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ingressisiore hapday ianjection 4 manifold system and 5

equal i zing and disbursing the fluid to the injection

6 hesdy qughtidgirddesd [whrh A1 saibsdand | ¢l yon eyesdiycTion
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run.

57. A method for needleless injection as defined in
Claim 55, wherein said providing step comprises using a
computer memory device to store and recall programs
containing production process variables and a touch
screen for indicating process parameters and for changing

process variables.

58. A method for needleless injection as defined in

Claim 55, further comprising filtering the fluid.

59. A method for needleless injection as defined in
Claim 55, further comprising:

conveying the fluid under pressure to an injection
manifold system; and

equalizing and disbursing the fluid to the injection
head such that the fluid is substantially evenly

distributed all the injection heads.
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