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WO 2004/071936 PCT/US2004/003589 MACHINE FOR INJECTING
LIQUIDS BACKGROUND OF THE INVENTION FIELD OF THE
INVENTION 5 This invention relates to a machine for injecting liquids into
woatedatadsaving the consistency of foodstuffs. DESCRIPTIeXN/@20bkiko 3589
RELATED ART United States patent no. 5,053,237 of Deloy G. 10
Hendricks and Cop| | a for the needleless
injection of injectgﬁé}?ﬁhmﬁggggA%’ggr w?gﬁ%;ﬁ%ee??%&%rough 40 in column
4 of that patent, "[A] nozzle injection apparatus causes the injectate to
travel from a reservoir under pressure 15 through a valve and out of a
rRezdroSuicentiressureushbe provided such that the injectate can
travel completely through the cut of meat, if desired. At the same time,
temperature controls mpELbe proviged sEvhal therinjectate leaves the
nozzle at a temperature within a 20 desired temperature range." Lines 41
through 48 dfrcauimicé anelliriess3 ttroaghaztibheofmm Frebesistantly
explain; The injection apparatus 10 will, in most cases, include a
lismpemtirsteompdideanks, 5acH ag athater @Biaher® Yopéontrolling the
temperature of the fluid to be injected ("injectate"). The actual injectate
fpggstutts.

DESCRIPTICN COF THE RELATED ART

United States patent no. 5,053,237 of Deloy &.
Hendricks and Conly L. Hansen provides an apparatus for
the needleléss 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 reservolr under pressure
through a valve and out of a nozzle. Sufficient pressure
must be provided such that the injectaie can travel
completely through the cut of meat, if &esired. At the
same time, temperature controls must be provided so that
the injectate ;eaves the nczzle 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 zctual injectate fluid
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WO 2004/071936 PCT/US2004/003589 will be contained within reservoir
14 disposed within the confines of water bath 12. It is crucial that the
temperature be controlled within certain ranges in order to provide for
wgropeyariesstion. 5 "The apparatus of the present invention atea/isohustess 9
pump 16 and an adjustable relief valve 18 or pressure control assembly.

wiﬁqusoéh%gﬂ%%t%%sa@mw%%mf@ntm"mg%m.ea fromdhe the

reservoir through a nozzle assembly 20. 10 "Also uSeful in the present

cAPPALAWISIE ap.Rlectric, salenwid yalve22; mhich may; be plaged in
communication with an adjustable timer to control duration of the bursts

r afRiestate-cT s, dba velumedfinjeetaie capt besarefuly sontroiedias
can the amount of injectate 15 which leaves the system. This apparatus
tecaprtbetide tonnpetackto dstartdriand relay to operate the valve 22.
"The injection apparatus will include a nozzle assembly 20. The nozzle
asseftiihe wilbhactidbn todirett theirjeetdte im tea pioperadigstion and to
maintain the 20 stream of injectate at the proper volume. The nozzle
ingaeafily 200HEP ifdudda pioramy of tivigudirdafes @4 eThE VaFious
components of the apparatus are placed in fluid communication by lines
PIRAGHTY @epaéqﬂqea%%@z@%'feﬁﬂ% 280 8nd Te&8ir inE380. PRinally,

p&%%ggpggngsggﬁ%@%iqgéFﬁéhgex from the reservoir through

a nozzle assembly Z20.

"Also useful in the present apparatus is an electric
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 inijectate 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 inidectate a2t the proper volumé. 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 includes an injection table 32

to provide support for the meat being injected.” United States patent no.

6,165,528 of Yoshihiko Tanaka et al. discloses another apparatus for the
woneedieless injection of injectate into meat, which it terms a¢‘pickieo1/003589

injector.” This patent asserts, on line 66 of column 9 through line 8 of

16U 30:5 T herpigklesiniectanatthednyention isaydevice far injectingy,

the liquid substance into the green meat. 10 The pickle injector is
mRDYidac wih anhighyagssure liquid generator, a liquid-substance injecting
section, and a pressure controller which can control the injection
pressurs whie gjecting the iqtidsubstanaswhen the ligudd swbstance is
injected from the injecting section 15 to the green meat." "The
Thighkeressurelliquid siehesator am i pickbp @ eeton shef tnvetition may be
any mechanism, as long as it can increase the pressure of the liquid
negsskanes fo Anhighteoal. of 2oNlegbesgnilivits Breh inyateht A
6,165,528 is_given to the fact that the injectate will be heated by passing
LRFBSg R the parhbtarid IRE prassurd bhtBRé R Mbr 58 tRéfeSany listiRsion
6%gr%cfﬁrnin reclaimin injectag—:-, that does not find its way into the meat.

e“ppaTatus o PatBRtnd 8% 6% 528 Goes Roviéver,

"The pickle injector of the invention is a device
for injecting the liquid substance into the green meat.
The pickle injector is provided with a high-pressure
liquid generator, a liquid-substance inijecting section,
and a pressure controcller which can control the injection
pressure while injecting the liguid substance when the
liquid substance is injected from the injecting section
to tbe 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 employ a manifold, as described in line 33 3 WO 2004/071936
PCT/US2004/003589 through 60 of column 10: the high-pressure liquid
substance is transferred from the high-pressure liquid generator via the
waghepnessre piping to the injecting section, and it 5 is prefexabiestoousessso
the injecting section which has a member called a manifold for branching

tasihgle flew framthe,highspressure piping to plural flows. The manifold
is preferably placed on the tip end of the injecting section, but can be

placed midweydnthegphire asihe 10 easeimaydae.ade injgcting section
of the conventional high- pressure liquid generator is of a single-hole type
torshast excfoend innwhichike pipingpa dae manifoldrisi bBragshedatasialys The
present inventors have manufactured a 15 manifold especially suitable for
tapidkieinjestes forrmeatpaipingtin thesmanifeldtis brasaediand thed it
branched pipes are parallelly arranged. Here, the parallel arrangement
lifickB@ésictonly e &F8ndEmehbiiieré iie S5pE4 afe Wirbrigelasarallel
in a row but also the 20 arrangement where the pipes are arranged zigzag

S RaFalfd i RiIOIBIBWE B difindingHo22RE pafiiy®nbzse from

1i(lart]er}/lal can be narrowed. to,10 mm or. less e%%‘.., 5.6 mm for injection,
=

eretore, A highly derse and u%?fo?flr]ufﬁfé]tti Q¥ Teasibie® Firther °1d

is preferably placed on the tip end of the injecting
section, but can be placed midway in the piping as the
case may be.

"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
pripes 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



25 preferably used is a manifold which has multiple coherent stream
injection nozzles arranged parallel in this 4 WO 2004/071936
PCT/US2004/003589 manner. "When the manifold is used, the
vighaaressiae liquid substance is injected as the coherent sieprsigimossso
the nozzle on the tip end of each piping. The liquid 5 substance is
n\jested, simultaneously from the parallel arranged nozzles to the green
meat. ..."" Subsequently, patent no. 6,165,528 explains, in lines 44

throudazwf cokumad 7£8The liguigsulstanee Hs iiecled.as,2 é’%fﬁ‘?ﬂ‘d
stream from the tip end of the 10 injection nozzle of the manifold 7 in
TIridenwrh He igréenedatSThie, thetnozaie-acttaliyiouchas theJmeat,
creating an increased risk of contamination. In lines 42 through 45 of
Tt B8 Shfak iangasye Gesenbes andther entiadimbat iAlso for this
5 S%%gtﬁher embodiment, however, lines 34 through line 36 of column 18
indicate. T heSmali6EteR Sipweraasrim labdkcm Hitagamsatiegreen

peay; . TIlthou h.n lines 10 through 11 of column 1"7 and in line 16 of
“coluimn 8,51&%[%%?30.%8, B85 S §ERe B0t - 20 high-pressure piping 6 is

s 1S el o Hootis At e NEIty 1 Tor e deonalh
lﬂw$@5$dn€Mﬂhﬂﬁ§ﬂﬁeéfeéoygmn 17, "The liquid substance
is injected as a coherent stream from the tip end of the

10 injection nozzle of the manifold 7 in contact with the
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

15 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

20 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
Lraditional purpose in high-pressure lines, wiz.,
absorbing forces associated with the pressure that could

25 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
more rigid line. Finally, in its Description of the Related Art, 5 WO
2004/071936 PCTIUS2004/003589 patent no. 6,165,528 provides a

wanpaonaryssé needleless injectors and related devices. To thedyestwbivessso

inventors' knowledge, all previous needleless injectors have utilized

FRUBRS, Slich & as Positiyeslisplagament pumps, Whigh QUSk{un ..

continuously in order to maintain the fluid to be used.as an injectate
lunidertconstanichigh pressureetieas generated by such continuous
operation is transferred to the injectate as it passes through the pump. 10
Mored\ertiretHeesracti€altiplémeatationsof Wnited stgtes patent no.

. 5,053,237, once the pressure in the system reached the desired level, a

DHEEsOHS et dhRee 18 Wodlepreventireccontinlibashy nonaming, pumpehl6
from fyrther raising the pressure. This was accomplished by 15 allowing

R ePRfECtE oMo HBRPRRISURPTES thiEtigh: e pressure relief valve
18,tand back to the reservoir 14 that supplied the pump 16 with injectate.
“Rsotenoig vaive 22 afSved théediate o i igm@n&zlb@ 2as o thee

B e T ehins e, oo

through the continuously funning pu

g%%@@%@&y%ﬁj%@émeggﬂﬁfﬁ@@ugugﬁeration is transferred to

the injectate as it passes through the pump.

Merecver, in the practical implementation of United
States patent no. 5,053,237, once the pressure in the
system reached the desired level, a pressure relief valve
18 would prevent the continucusly 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 wvalve 18, and back to the reservolir 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 reguired 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 temperature range, but the 25 added volume in plumbing
necessary to provide the recycling and the additional capacity within the 6
WY R004967 1936 PCT/US2004/003589 reservoir 14 to accponiukpith®ossso
injectate that is being cooled within the water bath 12 requires a greater

-Guanllyof injectate than would ihenyise beecessary. This.infia,

mandated the use of a larger pump energy’was réquire

cbeecause oLihe larger capagity, of the pump. 16 apd hecapse of the

continuous operation. And since Injectate is purged when it is desired to

qusaranother fluid as the injestate jhs costehiniestale wWas Jighet 40, .

Further, there is an interest in a needleless injection apparatus that can
Tiject a fiquid-nto aasudkieetwith Mminkaabdamage tadhe subject gselfiore

There is also an interest in a needleless injection apparatus that can be
epasity maistairen andd|éardd insacoosdande Tewithappticableacity
governmental food safety standards. In addition, there is a need for a
oheblkelessnnjddiormapparius thatls dapaptndf operaton et il ben -
existing continuous food preparation/production manufacturing facility
Apgihd it asigmifieattintedthitis adiditiital 26 edquipipeht aAd WatHote
significant madification of an existing manufacturing process.
andther fluid as the injectate, the cost of injectate was
higher.

Further, there is an interest in a needleless
injection apparatus that can inject a liguid into a
subject with minimzel damage to tThe 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 & 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
eguipment 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
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Accordingly, reducing exposure of machine components to moisture in

the production environment is required to minimize maintenance of the

machine. Further, minimizing 25 exposure of the threading on key
woaohine wesnponents to the injection fluid or a cleaning solutg@miszoea/003589

required to 7 WO 2004/071936 PCT/US2004/003589 enhance longevity
-ghihedpachine. and o gedyse possible, contamination of the iniectian; .

subjects. In agglltlon, operation In a continuous environmerit requires

cinmediale reacliofytq subtle changes, inspypyaduction process variables.

For example, an injection spray that is substantially uniform, without any
hesitation.during ox bebyeen iigeliambursts is: reduifed. AGLOrdingbh 2
method to ensure steady and consistent injection bursts is needed. In

raddition sthiank@ ability: te astamatically refieshdhefluidysepply is also
desirable. 8 SUMMARY OF THE INVENTION The present inventors

P ractiypizerhtherpreceding disdthantagésof tressystemsadn the peot amn
and developed a needleless injection apparatus that utilizes 5 one or

SRIGH chhmfieldialfavaitdbié allbbostécpumpswShBh U4 pamp generates
less heat by operating only when necessarg to maintain a desired

DB RSP BIn &SRBt BF tHePhHEERt HERRGH ProtiBes s 1s

required. Accordingly, a method to ensure steady and
consistent injection bursts is needed. In addition, the
ability to automatically refresh the fluid supply is alsc

desirable.
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machine for injecting liquids comprising: at least one 10 manifold head,
adapted to receive high-pressure injection fluid, including a fluid entry port
and a plurality of injection nozzles, each of said injection nozzles having
an injection orifice; and at least one filter assembly comprising a liquid
inlet, a liquid outlet, aRH At Y E By £aflecting said liquid
inlet and liquid outlet, said filter assembly in non-threaded engagement
with $&i8 fREG fsstlport bEBAfITRanifsle HeddeThé Madhhiealddremploys
.a head which preferably, but not necessarily, has injectate introduced into
dipadeadFPerotdh Apertdreshiate Walls bt atioliew @bé indide the
head that is in fluid communication with the air booster pump. The head
IS GpEtUras FEEONE oF fidré MoZ 7ies TThé REFRiFes ard Freférablyl Bae
not necessarily, designed so that an input end of the nozzle lies within the
ONfedtf a0 35 poitififiteAodgh A5tanceo%hé ifteRGICSTRRE WAIIGS9 tiféich
head that any particles within the injectate will tend to fall to a level below
@ TR GTEHE G RE o5 ARG ot ent S BReLY oy HiShozzie, 5
The head is preferably, but not necessarily, designed so that upon
"ShstaTiadon Bﬁerﬁ%ﬁﬂ%‘?fﬁe heifeSofhe REAF RiiFBe at substantially the
high%%[eelevation% Near t%uech point the head has an escape aperture so

that ahy gas “within the TjEcfate thar entetd FeREAd RAPEEhASS 19 flow

m§8§§ﬁéh%%9hﬁ¥ﬁ§:%S%??f%éﬁ%ﬁ%‘@%ﬁ%?ggﬁggq at least one

manifold head, adapted to receive high-pressure injection
fiuld, including a fluid entry port and a plurality of
injection nozzles, each of said injection nozzles having
an injection orifice; and at least one filter assembly
comprising a liguid inlet, a liqguid outlet, and a liquid
passageway connecting said liguid inlet and liquid
outlet, said filter assembly in non-threaded engagement
with said fluid feed port of said manifold head.

The Machine also employs a head which preferably, but
not necessarily, has injectate introduced into the head
through apertures in the walls of a hollew tube inside the
head that is in fluid communication with the ailr booster
pump. The head has apertures for one or.more nozzles. The
apertures are preferably, but not necessarily, designed so
that an input end of the nozzle lies within the head at a

peint with enough distance to the interior of the wall of
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return line preferably, but not 9a necessarily, takes injectate that flows
through the escape aperture to the low-pressure side of the air booster
pump. And also, a drain, in a work surface to which the head is
preferably, but not necessarily, mounted, preferably, but 5 not necessarily,
reclaims injectate and transports it to the low-pressure side of the air
booster pump. In order to improve performance of the Machine and
Ehfinifize GGQRsSRY AT theinfetttel Bitherthe solRR- 187t thé 11 tend
injectate is pressurized or a pump is inserted between the source and the
COaif Bbdster paimp” BrefétabRy bbP Aot MEtEssERiy, & maif tnjBCGkd ilRF
located between the source of the injectate and the air booster pump;
NOInd Préferdbly, HRGTSt A% rdcedsariy, fHa%design of the Machine permits
this [‘ﬂ?.in injectate filter can be replaced while the Machine is operating.
A CledHing parre & TRAfEratly SHUCHBE At sRRHG STOEAtEtin GAeh GHeP S
of the head. 20 A conveyor belt is preferably, but.not necessarily, in a
O SUNBCE N WHRCH 1o6 hSH of PEadS A FrbfaraBy: Bache: oF the
necessarily, mounted and has an. endless belt containing so that the head
s o ST Sb0vE B bLToR e cOm By B Belt THEE
523, CRBYGYOr el ig preferably. hut not necessarle 908 oo 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

%a
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which may operate at different speeds. 10 Ozone may be added by the
Machine to the injectate or applied to the subject of the injection. And a
computer device preferably, but not necessarily, controls many of the

components and functions 5 of the Machine. An alternate aspect of the

nePresentinyention providgs; a maghine farinjecting, “M%&qm'&ﬁ@% 20, 0e

injection component adapted to receive high-pressure injection fluid

apeaprising 2 ubularypanpifold having.a fiest opep,end, 2,10 secand.open,

end, and a plurality of injection nozzles; a first end cap including a fluid

areNtey Rert, a fitst cavity having,ciroumferantial matingysurface,said first 5
cavity coaxially extending out from said fluid entry port and mateably

preardighred; 10 movably ratainsaid lissy end af 1bsaid pranHolds @ first 1

flexible sealing component positioned adjacent to said first mating surface
nowithincsaidfirsticayvity de sealablyiiginesaid fisstand of said yranifold {o the
first end cap; a second end cap including a second cavity having a
t hsecone-gireusyatential mating 20 surface, mateably configured to
removably retain said second end of said manifold; a second flexible

sisealing eorapanentipesiticaedadiacent to said second mating surface
within said second cavity to sealably join said second end of said

manifalddedke seconahend cappand at25 least one thgh-pressure purp

in fluid communication with
minimize outgassing from the injectate, either the source
of the injectate is pressurized or a pump is inserted
between the source and the ailr booster pump.

Preferably, but not necessarily, a main injectate
filter is located between the source ¢f the injectate and
the ailr 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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said fluid entry port of 11 said injection component. In addition,
stand-alone, easily removable filters are provided within the injection
heads over the feed entry ports to remove particulate matter from the 5
injection fluid and to increase the turbulence of the entering fluid. These

filters, also.areRositioned withip . the.jnjegtion bead sg as fo praventthe, ..

injection fluid from contacting any threading present in the injection head.

apfd Furher, fagtacting solenoid-valyes are attaghed to the escape
apertures for quickly and automatically réleasing any air bwld-up I_ocated
within{he injecfionHa-heads, The solenqid vialves aredocated within the
enclosure and away from the wet working production environment,

ndberehy-improving the abiityto-clear the, dnachipe Juring PLOYUCHOA + 1 ons
downtime. 5 In addition, the air pumps are mounted within the enclosure

o fanchpravige.the=high-pressure liquid to the injection heads. A controllable,
high-pressure regulator is used to automatically adjust the output _
pressuresofibenait pumpsdhereby enssripgdhatipe injeetion spray+4s+0de s
substantially uniform and the air pumps function without any hesitation

a dring erebetweenrinjeetian urstsu Fughet:the injgetipn fiid caming ouh

of the high
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 fiuid 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; a first flexible sealing component
positioned adjacent to said first mating surface within
said first cavity to sealably join said.first end of said
manifold to the first end cap; a second end cap including
a second cavity having a second circumferential mating
surface, mateably configured to removably retain said
second end of said manifold; a second flexible sealing
component positicned adiacent 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 communicaticon with
sald fluid entry port of

11
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pressure air pumps is first directed to an injection manifold system which
includes a number of high-pressure 15 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. Another

Saqstpe%%@@i%rgsggggg%@gp_provides a machine for injecting liquids
comprising: an enclosure 20 having a top; at least one manifold head
movably smeunted .o said sRolgsuie.and.adanied do kecelva DiorRiesayre
injection fluid, comprising a fluid entry port, an éscape aperture and a

a Uity etipjection nozzles.each af. said injection ngzzles having.an,
injection orifice; and 25 at least one solenoid valve in fluid communication

en\‘l{'g%/ 12-k-said escape aperture, said valve mounted within said .2
enclosure. 3 A further aspect provides a machine for injecting 4 liquids

1 reIBRAsiRg At least:one manifeld headadapted 1015 1BCRVE of the
high-pressure injection fluid, comprising a fluid 6 entry port, and a plurality

erafdniegtior nazzles, eagh-ef 7spidinjeciionnozzleshaving andnjegtion, ;
orifice; and 8 at least one high-pressure air pump having an inlet and 9 an

+ heutlet ir Buid sommunication with.said Hyigrentnn 40iportef-said nanifold
head; at least one pressure sensor 11 in fluid communication with said

£ routlet of saictaugpaand dramall pressuse segulator epaneeted 4@ sgid
pump and 13 electronically linked to said pressure sensor.

head.

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

releasing any air build-up located within the injection

11a
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14 Another aspect of the present invention provides a 15 method for
needleless injection of subjects with a liquid 16 comprising: providing a
fluid to be injected; drawing the 17 fluid into at least one high-pressure
pump; supplying the 18 fluid from the pump to at least one injection head;

and 19 dﬁliverin at least one constant hi{ h-pressure injection. 20 burst
h : y :
o %ls,lld toa gul:?féqét@.3 1 etvaar‘lio\{ﬁgr aasrpéec %ﬁ‘: %%eﬁgregér!% plr%vwrdké% a

method_22 for needleless injection of subjects with a liquid 23 .comprising:
enp?%\% ﬁféear? ?}ﬁgcﬁ%%%luflé ?8][ b%qllr?jegteesa; Jﬁof rjérvl\ﬁné) ﬁ%eéﬁllﬁa Tnto at least

erQPe Al pump; S%B%'%&%%H‘%%‘%ﬁ%éo aj least “ﬂnéectkog.%ia@da?gg%ge

filtering the 12a flu it enters each injection ’head; monitoring the

mAQuUiR Yt fluid, Pﬁ%gsulgq: ofthe.pump é%wh% Pﬁ%%s_sure sensor 3linked to a

remotely located control panel; adjusting the 4 air pressure delivered to

the prmp.to.gRsute the Qutut 5 pressure of the fluid provides the required

injection 6 effect on the subject; and delivering at least one 7 constant,

eHEQ.@'&@%U&%M%&R&%VSEHU'%é%fg?éyé’_{%% 9 Adutther.aspset

provides a method for the needleless injection of subjects with a liquid

1 repmprising Huewding Alaninjectionduid t%%ini?%g intpa subiect, 12,

replenishing the fluid as needed during operation of the 13 machine;

i drawing the fliid inte af deast png AirpUMP;L d 4sUppiving, fuidtg At least o
one injection head and
air pumps thereby ensuring that the injection spray is
substantially uniform and the air pumps function without
any hesitation during 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
solencld 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.
Another aspect of the present invention provides a
machine for injecting liguids comprising: an enclosure
having a top; at least one manifold head movably mounted
to said enclosure and adapted to receive high-pressure
injection fluid, comprising a f£luid entry port, an escape
aperture and a plurality of injection nozzles, each of
sald injection nozzles having an injection orifice; and

at least one solenoid valve in fluid communication with
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15 filtering the fluid as it enters the injection head; 16 delivering at least
one constant, high-pressure injection 17 burst of fluid to the subject;
providing a controller for 18 storing process variables for a given injection
subject; 19 and controlling process variables to achieve a 20
predetermined injection result. 21 It may therefore be seen that the
resent invention 22 teaches baoth a machine for needleless injection of
SE!%BSIi(;%uslgs&1 into %pseu%J%euc “and %lr%e%% of iﬁrjlggﬁﬁcge 4 Vs"&f%%%% ussafrﬂLng{1
edggbg-gﬁ%%sure injection bursts that do not 25 contact the injection
subjects. Further, the machine for 12b 26 injecting liquids of the present

inventiop proyides fat, a7 imprgyadiniection of sublects by teducing the
ina injec tar hg - L2c Wo

risk of 28 contamination of the injection subject and simplifyin

1280447 J@&ﬁp@@l’ﬁ%o%o%é%% cleaning, of, the maghing. Eﬁ@%efed to

automatic control of the machine by an operator and easy integration into

r & PIoductiogfacility.are alsq features of the jmproved, maching for, £.,; 4

injecting liquids of the present invention. 5 The machine for injecting

ediguidsofthe present ipygntion is.of arconstruction whichyishoth durable -

and long lasting, and which will require little or no repair to be provided

sydheuser thrgHgheutitsusefuklifglime  The maching of the present, 4
invention is also 10 of relatively inexpensive construction to enhance its
at least one high-pressure air pump having an inlet and
an outlet in fluid communication with said fluid entry
port of said manifold head; at least one pressure sensor
in fluid communication with said outlet of said pump:; and
an air pressure regulator connected to said pump and
electronically linked to said pressure sensor.

Another aspect of the present invention provides a
method for needleless'injection of subjects with a liquid
comprising: providing a fluid te 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.

Yet another aspect of the present provides a method
for needleless injection of subjects with a liguid
comprising: providing an injection fluid to be injected;
drawing the fluid into at least one alr pump; supplying

the fluid to at least one injection head and filtering the
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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 15 incurring
any substantial relative disadvantage. 13 WO 2004/071936
PCT/US2004/003589 BRIEF DESCRIPTION OF THE DRAWINGS

sEigyre. L represents n sghemalig Jou the Machine for njecting Liquids in
an émbodiment with' ho reservoir-and no recycling of injectate; 5 Figure 2

OJEB{&SEPRTds%n%egg%tl&f&f@éhiuti%ljr%% fﬁ& %e%ingrLA%%i%é“ . sor

embodiment with one reservoir ycling of injectate; Figure

1 sIRpLesents in %}ﬁg&%ﬁ%ﬁ%@ég%@éaﬁ%!% Jep'gé%%_@?,-Li%%é% g the

embodiment with one réservoir 10 and recyclin injectate; Figure

aigﬁgﬁy&%s%@m@&@am%emc@% fot Injegting Liquids i%%@put

odiment with two reservoirs and recycling of injectate; Figure

»JEPLesanNts, in %@K@”ﬂtiﬁ@@ﬂ!ﬂ@i%%%hi%%é@@&t&fiﬂ%@%iﬂ&déﬂ@r?“

embodiment with the capability of adding ozone to the injectate; Figure 6

e £3hows the exterianef1heMachine for; Injestingd-iquids in, ap efphodiment

having a drain; Figure 7 illustrates the exterior of the Machine for 20
cdniecting Liguids, inar embadimgnthaving asateh basing1uig to a
subject.

A further aspect provides a method for the needleless
injection of subjects with a liguid comprising: providing
an injection fluid to be injected into a subject;
replenishing the fluid as needed during operation of the
machine; drawing the fluid into at least one air pump;
supplying fluid to at least one injection head and
filtering the fluid as it enters the injection head;
delivering at least one éonstant, high-pressure injection
burst of fluid to the subject; providing a controller for
storing process variables for a given injection subiect;
and controlling process variabieé to achieve a
predetermined injection result.

It may therefore be seen that the present invention
teaches both a machine for needleless injection of
ligquids 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

12b
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1rophinet; Figure 11 ds side plan vieyy gég@%%%fébﬁ;? ﬁ

in conjunction with the drain; Figure 8 is an isometric view of the injection
apparatus of the present invention, showing a front side thereof; 25
Figure 9 is top plan view of the injection apparatus shown in Fig. 8; 14
WO 2004/071936 PCTIUS2004/003589 Figure 10 a plan view of the
injection apparatus shown in Figs. 8 and 9, showing a back side of the

. .Icgy%ags for

apparatus shown in Figs. 8 through 10, showing a channel an

irRRNVeYar system-mgynied within the channel, Figure 12.is a 9{1%9@1 gfan

view of an injection head of the injection apparatus shown in Fig. 1

cdaken along 10 line 12:12; Figure 13/is a,grass-sectionalview,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 15 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

12¢



10

15

20 Figure 16 is a plan view of the injection apparatus shown in Fig. 8,
showing a back side thereof with doors removed. 15 WO 2004/071936
PCTIUS2004/003589 DESCRIPTION OF THE PREFERRED
WEMBQ@QRUVEENT Figures 1 through 8 illustrate several embodingotsoef@ssse
needleless injection systems constructed in accordance with the present

' tion. Accordingly, the 5 t. tion i dlel injecti
L3 arsnte 30 TG UGBS BRe orHbIE EommtrEiaty SVBIHI Al Dogter
cRUMpe.32 which, exploys felatvely low-pregsiy, campressed gl ypjcaly

|

ess than pgi) to generate “an output pressure meﬁﬁy intense to

 pPrRaLLp njectate efficiently and.witbutimnacting:apy substaptal heat

to the injectate. Rather than operating continuously to maintain a desired
mBrassHEe Ahe aik-Noosierpump3i2istops ance thak peassuiehasbesn.
attained. Each air booster pump 32 is connected to one or 15 more heads
34. Andepreterablye bbnot Ageessarity, 1 contiala/abve 364n prfeedrine 38
going from the high- pressure side 40 of the air booster pump 32 to one or
imorehieansi3d ofiens t@ricwinjectatevirithe Highbpigssive slhleed@of
the air booster pump 32 to flow 20 through the nozzle or nozzles 42 of the
1eneg of madreifead B4NYFEN WHis oceardlithe pkédsure i9Toweretepadx

the air booster pump 32 operates only long enough to re-
to be provided by the user throughout its useful

lifetime. The machine of the present inventicn i1s also
of relatively inexpensive construction to enhance 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
liguids of the present invention are achieved withcut

incurring any substantial relative disadvantage.
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establish the desired pressure. Preferably, but not necessarily, the control
valve 25 36 is capable of directing injectate from the air booster pump 32
to the specific head or heads 34 which a user 16 WO 2004/071936

VRGBS 2084/003589 wishes to provide injection; alternatelysdiouvey@odsso
separate valve is located between the air booster pump 32 and each

head 34 supplied withsirjentatesR- gt ep 09steF LR at a user
may determine which heads 5 34 Wil Be used 1o TOTT atively, in
lieu offgitherdhe contipkwakvet 3601 theseparate valg,betyesn, the: aic
booster pump 32 and each head 34 supplied with injectate by that air
eostad painpR2 ld qepdmte pilahvalve adtivates, $0:deactivatess a0g: r
controls the pressure provided by a given air booster pump 32. The air
Peber peryCIineldelonip tesialiquantity of injectate and preferably,
but nat necessarily, receives such injectate from a nearby supply
resenvoiP 15 462 minmhizf iR iHe el SRGTHREbEinfectatehat Wargt ibe
£ithip the gchinf, Each head 34, itself, has a number of unique
features. The head 4SS noofFoSRP RV Hperiires 8 F Rear il

phetton i?@c‘{)‘@ﬁ%ﬁ%{“% r %orgc%oaz%le_s 42 may be releasably connected.
Each nozzle 42 has an inpu?en €/

Figure 3 represents in schematic form the Machine
for Injecting Liquids in an embodiment with one reservoir
and recycling of injectate;

Figure 4 represents in schematic form the Machine
fo% Injecting Liquids in an embodiment with two
feservoirs and recycling of injectate;

Figure 5 represents in schematic form the Machine
for Injecting Liguids 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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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 25 any particles that may be within the injectate
wialbdeneritadall to a level below the input end of the nozzle 42-d%<46d/003589

2004/071936 PCT/US2004/003589 and, therefore, be unlikely to enter

and clag the n%zle 42. The interior dlaqmeter of the.nozzles 42 |

prefera u Sut not%e%essarvll%/,e‘ével%gtet {o be such that %pﬁj?f%%% ension

sAbatauly ipierlarewilpres g e pieclais Jm gageing.thiguan a
nozzle 42 unless the air booster pump 32 has pressurized the injectate
~abeye tatmospheric pressure. This diameter is preferably less than .025

inch. 10 Within the head 34 is, preferably, but not necessarily, located a
hollowr {yhe:821which conarpupicates with g1e feqsbline: 38 from the air

booster pump 32 so that any injectate entering the head 34 must do so
ithfeagh dine fplpen b2 tkulltidlewpettured. gxist in terbmyalliaf thetoke H2

that is perpendicular to the longitudinal access of the tube 52; preferably
athere i can apertarecivrthewdeinity ot eachnwrzie4 ¥ it bidertbetend to

equalize the pressure of the injectate at each nozzle 42. Introduction of
cfiePMfdctate into a head 34 20 at multiple locations, rather than from a

single

g Figure 12 is a bottom plan view of an injection head

of the injection apparatus shown in Fig. 11 taken along
line 12-12;

Figure 13 is a cross-secticnal 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 fiuid-in end
cap of the injection apparatus shown 1n 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.
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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. 25 Again preferably, but
wmrorecessarily, a filter is located between the feed line 38 aigd-aRYapEFisss
42 18 WO 2004/071936 PCTIUS2004/003589 associated with that head

not ngeessarily; hag, as,ihe %'t%éé&%%wh;fgbmﬁ@ 2 sYpounds

the wall ©f the hollow tubé 52 that Is parallel to the Iongltuétll%al access of

otheshellgwy fuhe 22. {The.head 344ds prefprablyrnbytnptinecessarily,

designed so that upon installation one point of the inside of the head 34
awiibhe ah subgtartially the 20 Sughest-elevatios: Neal sushpaigtithe head
34 has an escape aperture 60 so that any gas within the injectate that
pertees the head 3dwillitend todlofl td asd throfight $ueh eseape apertace
60. Removal of gas from the injectate within the head 34 is important
thetaudsl Ubzaglthaugh hquiddmjectaiets esdentiallydmedrmphdssiklér gas
can be compressed; so, when the air booster pump 32 stops, injectate
SRpbkERoPEERSTcéd thFoigh &P heysler 22hiHe dir BOvsBE PERPrS2

but would be by any entrapped, expanding comgress_ed as.
compressed alr typically less than 150 psi) To generate

an output pressure sufficiently intense to propel
injectate efficiently and without imparting any
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 air 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 bcoster 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
air 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 ailr booster

pump 32 to the specific head or heads 34 which a user
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20 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

wielesyetiodh. 25 Preferably, but not necessarily, the feed linec @y eichiiBsse
return line 62 are flexible in order to 19 WO 2004/071936

PCT/US2004/003589 facilitate moving the head or heads to alternate
wfb%éélénsg.arﬁerfjevel ine 38 %N %%’re%r%ﬁﬁ%a%fggﬂl T HGWéTer, Be

<lflexible, Risterably, i not pecessarly, 2 yalve 4 s iocated [nhes,

escape aperture 60 (or the returnline IS valve

amangaly, operated valyg byt i preferably, ap eletronically, actuated

valve. Each head 34 is preferably, but not necessarily,” mounted to a
beurtacar-tesmes the "workisurfagey86-Which d84ds Rrefesably; byt Retids
necessarily, the top of a cabinet. Preferably, but not necessarily, the
3rhoublihglis: susledhab thelhead S8danay be rotated about one or more
axes and preferably about three orthogonal axes. This is accomplished
through baymdéavetiat i wellileowrfirethehEs-atthsucloas hyiseniling
the head with a clamp that can be opened and then closed or loosened
38n@ théifigFehena Yl diBsNaIe R prafcriisead haveohbaieighess the

head above the work surface 66 adjustaple. Again, this is
and each head 34 supplied with injectate by that air

beooster pump 32, a separate pileot valve activates,
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 intc 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
irput 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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accomplished through any means that is well known in the 20 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,

wodepsidesitly orientable heads 34, a variety of optional techa¥itieR 903589
injection 25 exist. For example, injection can occur from multiple

Siegcrione, pyigneaiionior 4 lined sugsession. dhe 39
2004/071936 PCT/US2004/003589 ang%e oF entry oF?hOeginjehc“t’io%of?ozr%e
4@ne or more heads 34 can be changed simultaneously or in timed

succession; offsetting forces of two or more injection heads 34 can be
utilizetirte stahilize the posiionof the subiectof biths injgctign, precluding
or minimizing the movement of the subject that can be caused when
Piafdcdioatoccurd fronn e singtedisactidny anskthedpatteroofiaiestion that
produced by the nozzles 42 of different heads 34 can be overlapped to
sHafiage angRérmjadion dénsitydatiore titretthan 0 coulddinidbtatied
. by using just one head 34, because of physical limitations dictating the
1§‘é£€etPefq%ir%6°&ét%%W%%1ja*éﬁﬁ%&z%swm 5 ofthesworkreurfzice
above, is preferably, but not necessarily, the top of a

b66,s\%/hich, as noé d ; O

75 ¢ abinet ishr ?erg&?/, BtERGHR&CESEF sidpsFtctsctexeess
A HiERBiE AN ue IRV ” SIS TR MRNNHN A SRR B0 e
than .025 inch.

Within the head 3¢ is, preferably, but not
necessarlily, located a hollow tube 52 which communicates
with the feed line 38 from the air booster pump 32 s0
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 preferably 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 24
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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necessarily, a screen. The screen can be upstream from the drain 68 or
within the drain 68. Optionally, instead 20 of just relying upon gravity, a
reclamation pump could be placed in or adjacent to, and in fluid
wapmmgmieation with, the drain 68. And the drain 68 optionafytesbdoes/003589
include a catch basin into which injectate reclaimed from the work surface

£ weuid Hest fjown 2bnthergsxist:a varigly.of opti for providi L
injectate to the air booster pump 32. Of coﬁge?aé%rhf C\J/gébgyod:ﬁgglég(ils
ROTHYSAN04/96B580 1 S0 cardk obinjeciatais:connested tg,and jn fluid

communication with the input side 70 of the air booster pump 32.
aPretérably, idothecasddrily, afiter 32,5 desigaatesithe main ipjgctate
filter is located between the source of injectate 44 and the air booster
ORARB T Ldspedially if pre-titered injectatenissotersedwifitis netesitet,
to have a return line 62 from the head 34 and if it is not desired to reclaim
SHISCRHRA T o s Wae otk stirfadecds ithisntaecditaitles in whighetteel 11

ticr)ljetc‘}tlate ig delivered or a reservo_ir 46 into which the injectate i; placed
Can S8rve B9 the 'Somt f‘fEﬁ?r‘T]e%fatE?lGré\ﬁtJyléﬁh cabse B injectate to
e ot
dﬁﬁﬁgiﬁﬁ"é@0¥EQEtﬁﬁon installation one pecint of the
inside of the head 34 will be at substantially the
highest elevation. Near such point the head 34 has an
escape aperture 60 so that any gas within the injectate
that enters the head 34 will tend o fiow to and through
such escape aperture 60. Removal of gas from the
injectate within the head 34 is important because,
altheugh 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 82 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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art, with gas to cause the injectate to flow or a pump 76 is inserted
between the source and the air booster pump 32. This improves
performance of the Machine for 20 Injecting Liquids 30 and tends to
woresly@erastgassing from the injectate which is caused whairihesass 003589
booster pump 32, in the absence of a pressurized source 74 or a pump

FEG pg%%t%%%ge@{éd the. air booster pump 32, [Greates a vacuum

on its low-pressure side 70. 25 When a pump 76 is mserte%%%tween the

1sunee and, the, air hoosterpampg32,and whentbere is %fﬁ%’r%g”se& d,
WO 2004/071936 PCT/US2004/003589 62 or a drain 68 from the wor

hewréacert6 108 bOHT the: 1etugn line 62 and the drain 68, it is preferable, but
not necessary, to have the return line 62 and the drain 68 flow into the
contaires B thé loserioir 46; whicheverabisepyes:as thersogrce;dd. In this
case, were the source pressurized, check valves could be employed in the
letdiredné e 2tasd Rcdrin dipe8iir af namndéithat istwett Kriowen in
the art; but the reclamation pump would have to provide flow from the
Cdrhin IR& 78. MY s GAfuitherad aiampase hapgeavefnvatiorspbimp
.Stimulates flow from the drain line 78, a line from the source could

T Eombire iR tHe P8tuft FifiE 6 H0E tHe dRGRYRESB YRikZify check valves

in any.manner thatjs well known in the art wjth the combined line
proccﬁaﬁ%%et%%gémﬁ 1P76b% Qggﬁ? the %éu %%aﬁ’t?ﬁ?esﬁﬁ%bjogter 32

ﬂ$§HEQ@'to a surface termed the "work surface," 66 which
is preferably, but not necessarily, the top of a cabinet.
Preferably, but not necessarily, the mounting is such
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 lcosened and then tightened.
Additionally, it is preferable tc 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

20



10

15

20

25

pump 76 is employed and otherwise going to the low- pressure side 70 of
the air booster pump 32. It is further preferable, bu.t not necessary, to have
the ability to remove the main injectate filter 7'2 'Whl|e 2Q the Machine 30

W stilkeperating. This would permit the main injectate filter A-40R€004/003589
cleaned or replaced without interfering with production. One example of a

Sidiicturetfosraicep miishittgethisise (o have adie %ngqg}_t%%u rlﬁg Jhat
branches into two 25 parallel lines, each having a main injectate Ttilter 72.
& vaive bethehpoigedf bramchingenaa:nff valvas82 ihe2B Wlcession;
2004/071936 PCT/U52004/003589 each parallel line prior to the main
Shferekiner for aefec ivHitly paraliebtine iwili epeiate. Theparalel lines
could rejoin prior to or upon entering any pump. An alternate e.xemplary
P&riciire AgS arPadhmkry résenBes Badotdted dofvristeeasmifrpar the £
in jnjectate filter 72 prior to any pump. This permits the main injectate

tﬁterll% %6 b P mMBVET WhetRHeRY IS iNé&hisintihe freveaservoiri46

~whil ficient injectate remains in the second reservoir 84 to supply the
Lﬁlgégggﬁ {%e% Mtta% anecéa 1 eaﬁg%gtefgrWﬂnﬁ%%%?@@hﬁ‘éﬂ%%ﬁ%@é

o o e
has a first end 86 and a second en as well'as
bgesigaairt e wleaning aperbie s MIGR IS 34 can be overlapped
to achieve a higher injection density at one time than
could be obtained by using Jjust one head 34, because of
physical limitations dictating 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 upcn 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 opticns for providing

injectate to the air booster pump 32, Of course, a
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15 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

wademming9id¢he head 34. A brush, a high-pressure flush, 20 ecayspreys 0ssks
be introduced to the inside of the head 34 through the cleaning aperture

<20:The gleanp aperucs. 0,3 loserpilgraply Lyt ot necessarly

with a valve loca inthe cleaning aperture 9 ally, a cap

Hesignatediths, 'epdigantig ramgyably 25.atached tg the head, 34 aver

the cleaning aperture 90. This may be done in any manner that is well
pkigwzin the 24 WO 2004/071936 PCT/US2004/003589 art, such as by
having mating threads in the cleaning aperture 90 and on the end cap.
Withirpeeadjpgient;fo thectopeaf the veerk=stifage @6 As.1preferably, but not
necessarily, located an endless- 5 belt conveyor 94. The conveyor 94
desvessbbeipdtbacan the hege ot hbads Bitsarthiat sichastibjedis caadre
injected. Preferably, but not necessarily, the belt 96 of the conveyor
CEoniamisrasertfresOBRss #idt £Keaaddr Heads B2 kansiien ammuited
below the belt 96 as well as above or 10 substantially even with the belt
58 SSreAerably: bt Tt FrebEssatly IhdaiedtfofthelebnsRst 94 is
e o1 e fomeee] BLe e cpriuas oy pgreen”

the head 34 and if it is not desifed to reclaim injectate
from the work surface 66, either a container in which the
injectate is delivered or a reservoir 46 into which the
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 between the source and the alr 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 iis low-pressure side 70.

When a pump 76 is inserted betwesen the source and

the air booster pump 32 and when there is a return line
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94 employs electronic braking to insure that the conveyor 15 94 is
stopped rapidly and completely when desired. Although the Machine 30
can be operated manually, it preferably, but not necessarily, includes a

wiomparerssievice such as a programmable logic controller. Pagg@nieisso
device, thus, preferably utilizes 20 programmable microprocessors and

dcuges e dagitgnal fegtus ol acompler sughas  merory, The

length of the injection burst, Njéction pressure; an Befwiden

Aursiscan he progammed i'&?é’ﬂﬁ cognputer %V%@@e%g%d?e although

optional 25 default settings can be placed into the computer device at the

riagtanscEhe somputer device s preferaly, but, 25450, 20044071936
PCT/US2004/003589 not necessarily, capable of storing multiple

g8rofitams thatcambe esetwher desiredePrefeeablyhutnnt necessarlyy
the length of the injection burst can be varied from no injection to a
sgantimtloas injeetionus ddedcomputer devices furthersreret issprafenaby,
but not necessarily, capable of controlling the movement of the conveyor
PY£ aRESYReRroriAifgsuchiviesement dithethemipjeatioh Borstireorderion
select the desired effect of the injection. For example, the computer
Td&icé eaRRF0 PrefefdBI bt Ast MébeshariiR alsahsEctideto decurell

only when the conveyor 94 is stopped and thereby create virtually
k&ﬁr‘%&icaé%b%ﬁoﬁﬂzbf Bhtry toeteShfetigelon pump would have to

provide flow from the drain line 78. And, as a further
alternative when the reclamation pump stimulates flow
from the drain line 78, a line from the source could
compine 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 ptoceeding to the pump
76 between the socurce and the alr 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 Ffilter 72.

A valve at the point of branching or on-off valves 82 in

23



10

15

20

25

into the subject; or, alternatively, the computer device can cause injection
to transpire while the conveyor 94 is 15 moving to create a slit in the
subject that will result in mechanical tenderizing when the subject is
WOABHAT 188ch as meat. Optionally, the computer device mayeisosbe /063589
interfaced with various sensors, such as a sensor that 20 detects the
qhickness ol thelsubijeet. prpragram inbexcormpyles deyvicedhen adiysts,
one or more injection parameters to accomplish a pre-selected goal with
Fe4art toesubjeyld.gl ditaiement of amsetected concepirationof
injectate within the subject. 25 Additionally, all valves in the Machine,
Shemdiny bt nseimidRsife Falvein WRovleanimrapertueyO@ @ Wan
04/07%936 PCT/US2004/003559 and the valve in the escape aperture
CAR PréfeFAETP bt hof hetessafy e cantrelied by vy cormritenir
@e%%%avg%gn &Q{? is done for the valve in the escape aperture 60, the
BViCA TR HERGADAT Bt FBE 5'RdSesSAIME rb6ramirheeo Bhen

computer

lvei e aperture 60 _for a specified duration after a
g nobes O oA XA SAANE MaSHRE SEAfL 1 cor

specified num |hject|onspﬁ§§ériésnce !
o e e et o eicetions et i the VA R AnEL Lot
reseapeaperiweQ shoulde opeped A cctate remains in the
second reservoir 84 to supply the needs of the Machine 30
at least for the time that is required to replace the
main injectate filter 72.

Each head 34, preferably, but not necessarily, has a
first end 86 and a second end 88 as well as an aperture
80 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 cleaping aperture 90 facilitates
cleaning of the head 34. A brush, a high-pressure flush,
Or & 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 20,

This may be done in any manner that is well known in the
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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 15 programmed with algorithms based upon formulae that
vareosmeli lkkaown in the art to calculate the theoretical pressuseBOyWHEFEs580
on the high-pressure side 40 of the air booster pump 32, e.g., in the feed

line 38. ressure sensor then. measures the actual pressure. The
e e e e e il etical
aB'@15§H£%5-%”g%éiro\l}lﬂ”ﬂﬂéh&?@@% s.of the Machine 30 that are in fluid

communication on the high-pressure side 40 of the air booster pump 32 is

genewilmﬁp%&sie@igagaﬁaewaéﬂée%%ge@@i%@%ﬁé thansthe, 66

theoretical pressure, the computer device is programmed with a range

1beloyrthesthgelaticabpresssire nd ¢ M¥0-2004/071836 PLIT/AS 2004/003589

within which the actual pressure must be. The computer device is further
bpfogrammreq to-adiatEhie. copepythe valvecndhe esoape aperiese 60he

one or more times until the actual pressure has risen so that it is above
herds dowéickhii o8 thes actéptable:pressurd earige.oamd bea istikfurtngr

option when the electronically actuated valve is employed in the escape
PRseRIRPE0 a BBASHIE RRARTFRTtheYhedd 84kehF of preferiabty, in the

escape aperture 60. This sensor may be any sensor that is 10 capable of

CARYRY AR TR LEIRR rPRAFG WheFgas Sih@et @ head or heads 34

can even be mounted below the belt 96 as well as above or
substantizlly even with the belt 96.

Preferably, but not necessarily, the speed of the
conveyor 94 is variabls; movemen£ of the conveyor 94 can
be continucus or incremental; and preferably the coaveyor
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 injeétion 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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an optical sensor or a pressure sensor. 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. 15
WQL804igdhere are multiple heads 34, some or all of the paramst@rs03589
can, preferably, but not necessarily, be varied independent!y for ea_ch
ead84eEhismay becdpab Mdthher withpihg GemRuteh deyice hutitis
more practical to employ a computer device for such purpose. 20 .
Preteraply, bt mot deebssaniy sinpeatiby the eser4B1he compuigidevice
is accomplished with a sealed touch panel because this can Wlthstand a
RGeS Aronnient hany: elsEhinp it dodcéntatdzowithstant acmoiste
environment is also acceptable. And any input device 25 known in the art
"G DTS RkepPaTHIGEN L Blistafed FV e mbist erivironment |
assocjﬂéed with the 28 WQ 2004/071936 PCT/US2004/003589 Machine.

Prefera

Ty, BUENOT HecB8YAfi§: thembuRiMgof - edch Resd 8ably, brllit

Ij ith gears motors that are well known in the art so that
“2%2%%%%%%&%{ 6%/55 ggﬁﬁgﬁre%?a%)sn %E ?/vﬁgﬂlé*sg raiSet ﬁﬁﬁf?&ﬁ@lﬂéo‘; £
| I e Qrs and gears_are prefergbly, but
e S S oy che

iteshigionthatisswell knowain the ark: se that{bey wll pglibe ippaired by
a moist environment.

the injection. For example, the computer device can,
preferably, but not necessarily, cause injection to occur
only when the conveyor 94 is stopped 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.

Opticnally, 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
cemputer 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 *he subject.

Additionally, all valves in the Machine, including

but not limited to, the valve in the cleaning aperture 90
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10 Also preferably, but not necessarily, using any technique that is well
known in the art, such as wires, radio frequency communication, or
infrared communication, such motors and gears are remotely controllable.
wis2mmeliodenown in the art, this can be done directly through¢heudbapitisse
device, preferably, but not necessarily, a touch panel or through an input

ddeviemanddhecomputar Alkfeaty e%ﬂ*aﬁé\éa%”%ﬁg xeept the work
e

surface 66, the heads 34, the motors and gears, and Ines are

preferablyn doik nob pecessardy, cantained20 withing se Gahinet 100.

Moreover as discussed above, the work surface 66 is preferably, but not
destiessarifh¢ne top of acabines; #ad, irbeprefasret, emodimentthis
would be the sealed cabinet 100. Anything which enters the sealed
SRS E0® fe. gL R 25 weiresitElinet; Buch assa time fe filiahy, but not
non-pressurized reservoir, preferably, but not necessarily, enter through
256 W E004/071936 PCT/US2004/003589 apertures which are sealed,

%rgf%ran%%/,iut not necessarily, with rubber gaskets. For maintenance,
PEie of Wisre HB0RPEH2 bhsretaniyehdfndtifecessanly, errt i tie 6diter

or
#syrface of the.cabingt 100;.but these doors 102 5 and the sealed cabinet
100%nc%$88rla é%&segéfap%r%?e?aﬁ%, Bt RotREESEARR SrEBEmMGE

1938kats optound:the opening of:qRenings formed when the door 102, is
not closed.

user successfully to predict the rate of accumulation of
gas and, therefore, the number of injections after which
the valve in the escape aperture 60 should be opened zs
well as the duration for such opening, although again
default settings can be placed into the computer at the
factory. Alternatively, the computex 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
Ssensor then measures the actual pressure. The computer
device 1s programmed tc 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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Optionally, in order to minimize the presence of 10 microorganisms in the
injectate, a source of ozone 104 is connected to a non-pressurized
reservoir in any manner that is well known in the art. The ozone 104 is
wihenoeiowssd to bubble through the injectate in such reserv@cTiiESiMaY 3589
for example, be accomplished by 15 connecting the source of ozone 104

wihioiigh aipressuBe regaor andalve 40 thesiesesvoir sgar he hattam of

such reservoir. And, as indicated above, this valve and, indeed, every
deahieassaciatecivil the dachine S0creaceferably: but notpeeessaily
controlled by the 20 computer device. Because the introduction of ozone
VEGA 5 Seméwhat ssonsenagtivetaftimé it isipreferahle; out ot o eegssary,
to have a non-pressurized reservoir in each of two parallel lines and to
RV EEhE B nRSIRSEINGS BeAtrolizmwhich tdeelvdit is e caidng ozhae and
which is being used to supply injectate. This is done in a similar 30 WO

156641071856 PET/US2Goiep3583 FaBkRFEAY discassst abode for the
Sus§ gf_%% ain_ in#ectate filters. Also, as discussed wi_th respect to the
miaii injectaté it ,tiﬁgrfw‘ﬁ%ﬁe%rseécﬁﬁﬁﬁ%% SRk BamRiRS
A R L ot opE e
1ettheMachinghe heag 34 near or, preferably, in the escape
aperture 60. This sensor may be any sensor that is
capable of distinguishing between liquid and gas, such as
an optical sensor or a pressure sensor. The sensor is
connected to the electronically actuated valve and causes
the electronically actuated valve o 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 purpcse.

Preferably, but not necessarily, input by the user
to the computer device is accomplished with =z 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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for injectate. Similarly, the subject of injection is preferably, 10 but not
necessarily, treated with ozone 104 prior to injection. In the same manner
as described above for the injectate, ozone 104 is bubbled through a
wWetersresesyoir containing water. Then there are three optionsr/Tk®04/603589
subject can be passed through the water reservoir, the 15 water
MEtaining 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 peHaining 97088 cane spraved.en ihe subjectiy.ARY ngethod
that is well known in the art. 20 Preferably, but not necessarily, any portion
sefdhenMachine 3@ thalwiioniaeleitherihe subject o8 the dBjestatgapust
meet the food grade specifications that are well known in the art. Also
preferably, butwot hecéssardy;ta semokables2tchafedp shield 186:eoves
the working surface 66 and heads 34 to such an extent that a user cannot
BuEhike ndzeiesa 81N DL26064/071938 ROT/USRBI4/008589 342 e the
stream of injectate. Preferably, but not necessarily, this safety shield 106
TS O ARBSorefetAB, TREMBE FELdsB8AKS sersoRGriRteHOEKS,
in arl}gcr'?anner that is 5 well known in the art, determine when, the safety

PlHief 1 0B $RRI5EHT MStARA §d Predlife the Madhiree6Hans to

power, using any technique that is well known in the art,

so that they will not be impaired by a moist environment.

‘Also preferably, but not necessarily, using any technigue

that is well known in the art, such as wires, radio
frequency communlication, 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 preferreg
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

reservolir, preferably, but not necessarily, enter through
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injecting whenever the safety shield 106 has not been installed. It can be
seen that the above-described needleless 10 injection apparatus can take
several preferred forms, depending on the application of use for the
woaohineiskdowever, in food manufacture or production faciliges/uthergosssse
an interest in a needleless injection apparatus and method for using that

qzecihe ircorpaaiad e &35 xoalingeus praduyciiondine. ln addition, the
needleless injectian apparatus of the present invention must also

rinceporatelipatuwestihatperait thes mackhinerto-be casiyvpperated,ne or
maintained and cleaned within a continuous production environment.

odighelo e in Pibvederfeedieless 20.injestionrapparatusiafitheqresent: n
invention minimizes down time for cleaning between runs and reduces
UisteRtErEoRtMmaton of the ijebtiore subjetts by tlitlinatnglexpsesare
ofég] injection fluid to threaded connection points within the manifold

i og% RERIMDITRE 1o oIy Figsosrabalh @ fritate a further

mEodi nt of a peedleless injection. 32 WO 2004/071936
p%& 70 r%%éiﬂ/ g3° hpParsas 150t theraleAORGeffoTE T 8

P ibe 3 SabRel T34, 3o R cLate oadind b, drahdhdes R Eohvyor
isystem 138,dpjection 5 heads 140 and a control panel 142. Further, the

Optionally, in order to minimize the presence of
microorganisms in the injectate, a source of ozone 104 is
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, ba 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,
bPreferably, but not necessarily controlled by the
computer device.

Because the introduction of ozone 104 is somewhat
consumptive of time, it is bpreferable, 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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apparatus includes a primary fluid reservoir 144 that is removably
connected to the cabinet 134. It will be understood that the needleless
injection apparatus 130 of the present invention can further include a
waabety/shiedsl 10 attached to the cabinet 134 for protecting ap©pekaios/co3sse
from contacting the moving components or the injection spray while the

FRNABILSIS QPEIaNRg AS SHoWD 1B 108,83 apd D, dhe éggbinet 134isofa

generally box-like construction and includes a front 14 15'a back 148, a
ingteng-£5G1a teftend 152, a top 154 and a bottom 156. Further, the
cabinet 134 can include casters 158. The cabinet 134 also contains a
chanfel 460 formedmtegrallywn the tepspaé forreapiudngand directing
excess fluid to the catch basin 136. The catch 20 basin 136 is integral with
ipgasbiiet 134 8ad extdrds outward fromi the rightlendh250 of tharies
cabinet 134 to collect excess injection fluid. The catch basin 136 contains
v tRaih G R Bicre #BIcBRES e bl bsténdnjestion flaid dindothydadkiimto
25 the primary reservoir 144, or alternatively, to a drain line which is piped
°dirEERAD o fior Bin “ARo e B30 Poblo gselowns trean
RCTIUS2004/003589 caich basin 136 can instead be removably attached
{ohe rght SRE50%5F the CaRTeCis A eany Fesiher knbivh Rasividee
f%lglqul'gb@@a?@ :[hat prevents any excess injectate from spilling onto
unwanted surfaces or

Similarly, the subject bf injection is preferably,
but not necessarily, treated with ozone 104 prior to
injection. In the same manner as described above for the
injectate, orzone 104 is bubbled through a water reservoir
containing water. Then there are three. options. The
subject can be passed through the water reservolr, the
waler containing czone 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

20

25

coﬁtaining'ozpne cén be spréyed 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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5 equipment. Turning for the moment to Fig. 10, the back side of the
injection apparatus 130 is shown. The back 148 of the cabinet 134
contains large doors 164, door hinges 166, a door sealing and locking

woeshanisps 168, a main 10 power inlet 170, multiple quick-caaneshaifoessse
outlet ports 172 for powering external air actuated pumps or valves, and

@ fead inleg! port. 174 tgrlou%\ggig Sluid pumped from the primary fluid

reservoir 144 to the injection heads 140 must travel. The back 148 of the
cabinei-k34 huihef 1inelugas a copuugssed,airinletpl A75f0Ln; 01 4
supplying compressed air to the cabinet 134. Further, it can bé seen that
1the contror paBpki42 is moured o the-baek 148pfthenabinet 134 with
mounting post 177. Best shown in Fig. 11, the conveyor system 138 is 20

naoaAtetkwitlin therchanmed 160rin erdextosmoye injectiekrsidjediBat is
through the apparatus 130, from the right end 150, past the injection head

WEAQ, ththetefi Bn8HG 261t thel #jectivmappératus ha0 sEie tygnebyerld
system 138 includes a conveyor belt 176 having a plurality of 25

(Se e sPEr(beat BRéowRSn e, TFferriedehsRen Kactmexg@dsgron

‘ iig'ée%ign fluid can pass through the conveyor 34 WO 2004/071936

SB804/HRRBET hERA 78RS HanRCH160 SFidfefte BB&RUres

38 aalllpgv a subject to be injected by an injection head 140 positioned at
a point below the conveyor belt 176.

It can be seen that the above-described needleless
injection apparatus can take several preferred forms,
depending on the application of use for 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
cogtinuous production line. In addition, the needleless
injattidn apparaﬁus of the present invention mﬁst élso
incorpoféte features that permit the machine to be easily
cperated, 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

iliustrate a further embodiment of a needleless injection
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The conveyor system 138 is mounted to the cabinet 5 134 using a support
structure 180 and drive mechanism 182 (shown in Fig. 16). While Fig. 11
illustrates the conveyor system 138 mounted within the channel 160, the
webzneorssystem 138 can be mounted on top of or onto the reabietokad ko
any manner known to those skilled in the 10 art that permits movement of

atpiesinjelction Shibjest paist thedrjestion heads 149, In additiog, the
conveyor system 138 may contain a sensor, such as an optical sensor,
ok gehsiigethedodationofthecnjettione subjeatssaleny the fopveyer belt
176. These sensors can 15 be remotely linked to a controller or computer
ARPATACHR WRéN we stibjeutslacein positidri tebe ifjéctesl s inypOSHIDEL
to he off-loaded from the conveyor belt 176. The injection heads 140 are
PafikBd {3 the b 254186 Bried EabiviY 84 hysa Bcumtindfsysteret8d.on

hTh rrﬂtjgtin system 184 includes a mounting post 186 and a bracket
f§’§ Which by SGFTER LaRATRClSR heatl it b egernifthg the

R o Bosr 38 S, MABARE A ERFURorbaR 178haT 15
I 00O PETUSI00 DOTEUB. TEres om the Mubtg subject
uhd%@yﬁbdﬁWHﬂﬁﬁﬂQﬂeh%@@&ﬂgﬂéggLﬁﬁgection apparatus 130 of
the present invention can further inciﬁde g safety shield
attached to the cabinet 134 for protecting an operator
from contacting the moving components or the injection
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 bottgm'156. Further, the-cabinet 134 can include
caste:s 158. The cabinet 134 also contains a cgannel 160
formed integrally in the top 154 for capiuring 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 directiy back into

the primary reservoir 144, or alternatively, to a drain

line which is piped directly to a floor drain. Also, the
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The mounting system 184 further permits each injection head 140 to be
rotated about its center axis 5 190, allowing the angle of the injection
bursts to be varied. In addition, the mounting system 184 can be provided

wig thegirsesews 192 or other adjustment mechanism for further,glevaiingsse
the height of the injection head 140. 10 Alternatively, the injection heads

c%%%ﬂ‘%}ég‘inmﬁ%‘?%%ﬁ’ Q}?s%%%i8%%3%é%‘%&%;aﬁé’@t%réﬂé‘é‘yténac% er

that allows each injection head 140 to be moved about three orthogona

rEs, ingludingelgetropically aufomated maunting Sysigms thatare +

controllable via a 15 remote controller or computer. In addition, while two
tiiactionneads 140 are shawe, il he-aprreciated thatasingle
injection head 140 or more than two injection heads 140 may be required
ifof ecgizen ifjeckionxdnalicagonn?20 ReferingAextiofHgesldand 13, a
detailed view of the injection head 140 is shown. The injection head 140
eigehudtesrd hollow, tubular member 194, a plurality of injection nozzles 196
and end caps 198, 200. The injection head and related components are
preferabi25¢ofRutietl sfostamledssiedy -hoWeverhthdinjectivndhead
may be, constructed of any material known to those 36 WO 2004/071936

tBeTID$2BbARTHINARR SRHE i e Lt SHiRifle of WithsRRfdng & Rih

the cabinet 134 contains large docrs 164, door hinges
166, & door sezling and locking mechanism 168, z main
power inlet 170, multiple quick-connect air ocutlet ports
172 for powering external air actUated‘pumpé 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 ailr 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 injectilon 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. 2} formed therein so

that excess injection fluid can pass through.the conveyor
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system pressures required to needlelessly inject subjects. As illustrated in
Fig. 13, the tubular member 194 5 has cylindrical, outer surface 202, a
top portion indicated generally at 204, a bottom portion indicated
waenesaltyat 206 and opposing open ends 208 and 210. Theropeszengimsso
208, 210 of the tubular member 194 include threads 212 for removably

» 2aching e oans 498, 200,30 o o pember 194 The

tubular member 194 er'includes injection aperture spose

= 8009 ihe Bostom peHian.2q6,\Whep thgpozzles 196 ate remaued 1figm

the tubular member 194, the injection apertures 214 and the open ends
pd98:230 ni the: tubylan memherdld4-ean cbrbe psedias ¢leaning
apertures when cleaning of the apparatus 130 is required. Alternatively,
cleaningsotdhe ewpzzlesy/E3G:and tite injesiiamhedd 140tasn aetiimwith
the nozzles 196 in place on the manifold. The tubular member 194 further
litlwdeisian &seapeo20 aperture 216 digfosedionits tep petticm 2624 of 82
near the end 210. The escape aperture 216 is used as an air
{ Bleaditpresstiidirelief bort Bprétedtisuildidp bt birs itkethelinfection
head 140 during operation of the apparatus 130; thus, the escape
COPERURF 2883598 préforapiHtfe Poift-et Higite S e840 élé)ngtth@
cg] %%%){;ﬁhg%%d ér%&%tgg%ggggggo%{g eldngnz 80'5 g% Vgg onto the

cabinet 134 in any manner known to those skilled in the
art that permits movement of the injection subject past
the injection heads 140. In addition, the conveyor
system 138 may contain a sensor, such as an optical
sensor, for sensing the location of the injection
subiects qlong the conveyor belt 176. These sensors can
be remctely 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 149 are affixed to the top 154
of the c¢abinet 134 by a mounting system 184. The
mounting system 184 includes a mounting post 186 and a
bracket 188 which movably support sach injection head
140, permitting the injection head 140 to be raised or
lowered to any wvertical 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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attached to escape aperture 216 to evacuate air build-up in the injection
head 140 during operation. Best shown in Fig. 13, the injection nozzles
196 are removably attached to each of the injection apertures 214 5 by a
wetzaining9gsew 197. While the nozzles 194 are shown secuiaeriptedéiozsso
injection apertures 214 using a retaining screw, the nozzles 196 may be
] ral o the .injectior 14Q \Vi ble at {
oo SPBETES 21 Gas i R g Bose 16 SIS T e o
nEeferring.a0ain tg &ig. 12, each injection nozzle 196 has an orifice 220
for delivery of the injection fluid to the subject. The orifice 220 in each
injection: nezgie: 196 is praferably lessthand:025 inghas angmore 15
preferably approximately 0.006 inches. The nozzles 196 and set screw
il9Z€aresamoyvable far cdleaning:anckcani bebeasilyithanged-deperdiag on
the subject to be injected and the desired injection objectives. In addition,
1 eonsisiemwitiotheeaohirgs ofththpresaririnténtion 26t svitbebe
apparent to one skilled in the art that the orifice 220 in the injection
vabzgds 196magdbid §rsater thaROWIYE HEhesHepentfify 6ath&®ype

and/or the thickness of the subject to be injected. The nozzles 196 are

PEGHSGCtet i SapphirRC bR YRy 128 ntfteRaR&o R4 fidkePskilled in the
nSReapable of, wilhstanding the ugh-pressure,fivid pursts reqired for 38
injection head 140.

Alternatively, the injection heads 140 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 electrdnically
automated mounting systems that ars 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 cor more than two
injection heads 140 may be reguired for a given injection
application.

Referring next to Figs. 12 and 13, a detailed view
of the injection head 140 is shown. The inijection head
140 includes a hollow, tubular member 194, a plurality of
injection nozzles 196 and end caps 188, 2C0. Thsa
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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WO 2004/071936 PCT/US2004/003589 the needleless injection of
subjects. Fig. 14 illustrates the fluid-in end cap 198 which is used to
removably seal the open end 208 of the tubular member 194 closed. The
wanebesqy 1988 includes a feed port 5 222 having a threaded irtetrAR4m@n0oasso
threaded outlet 226 through which the injectate fluid pumped to the
sinjsgtion heag, A0 isdrsLeseived, Tha ieadedinie! 2241, siged to
receive a fluid feed connection. The threaded outlet 226 is sized to
s {Raeive aprel 8nck208..4 in-gddifign, theserd cap 198:ipclides a small
compartment 228 bored into the feed port 222, adjacent to the threaded
s@utelz226. The end cap 198 further includes an 0-ring 230 (shown in Fig.
15) positioned within the threaded outlet 226 to ensure a tight seal 15
betwaen e and 208<af the tBhdlar hlembke194antdherentd> €aplE8B.
Likewise, an end cap 200, shown in Figs. 12 and 13, is used to

 hpemovabipdesttte opefiehds2aFetthe’Uibular Frambertd4slosed. The

_end cap 200 includes a threaded 20 cavity 232 in the center of the end
1edp PobshdrRISIFed 1 reEekRihedePEToBf BR fubriarmehfereds.

Further, the end cap 200 includes an 0-ring 234 to ensure a tight seal

IpBfvéen thefdnd 23 0B14hBRERHT téhber W% theBid Tap 200723
o8 S0 208, 21001 Medubyler member 194,318,595 1913 prgducton
threads 212 for removably atfaching the end caps 198, 200
to the tubular membeér 1%4. The tubular member 194
further includes injection apertures 214 disposed along
the bottom portion 206. When the nozzles 126 are removed
from the tubular member 124, the injection apertures 214
and the open ends 208, 210 in the tubular member 184 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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39 WO 2004/071936 PCT/US2004/003589 tightening end caps 198, 200
onto the tubular member 194 so that the peripheral edge of each end
208, 210 abuts or contacts the 0-rings 230, 234, as shown in Fig. 13.

wicaeuedingls during a production run, the incoming fluid 5 dagsigd6eiM ke
any threading, grooves or pitting that may be present in either the end

6203428, 200 8&%%?8@” . ﬁér%“?zf%e?@%m{ ‘fg&gt%'ea?”i?gﬁéfi‘%{l&p

perform. Further, ause residual injection oes not ‘becomé

;txappgd yathin.the threading of pass thraughy. L J0:19g risk for fluid

contamination is decreased. In addition, the configuration of the injection

head 349:may Jnereasesthe usedyl lifg of the injestion head 140, 886 are
threads or grooves exposed to acidic conditions (cleaning fluid or

riopectats) yerd te: iieasily andauat.dS The Ortigs:230n2346anbess 214
constructed of a material such as those sold under the trademark

bYEFLON bynDufont 1re. dfits licéisdes, BRDNMo(Ethydend Propykene
Diene Monomer), silicone, rubber, or any other material appropriate for

stheparfieGlar epplisatioriard kKRdoarittbor0 dissetakited Rilthevsri teatacan
seal the ends 208, 210 of the tubular member 194 closed. Referring back

TR ARY adr&ieier D38 BOdwHA. TRE ey 286 id BEReral dRolf6w

.tube having_a cylindrical exterjor surface 238 and opposing ends 240 25
S NR S 240 Gp S R EHAN e PR L© 2crached To the

injection apertures 214 in any manner known to those
skilled in the art.

Referring again to Fig. 12, each injection nozzle
196 has an orifice 220 for delivery of the injection
fiuid to the subject. The crifice 220 in each injection
nozzle 196 is preferably less than 0.025 inches and more
preferably approximately 0.906 inches. The nozzles 196
and set screw 195 are removable for-cleaning and can be
easily changed depending on thé subject to be injected
and the desired injection objectives. In addition,
consistent with the teachings of the present invention,
it will be apparent to cne 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 reguired for
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entering through the feed port 222 in the end cap 198 40 WO
2004/071936 PCT/US2004/003589 directly into the filter 236 when it is
installed within the injection head 140. The length and width of the filter

wigtoare3eldected to permit the filter 236 to fit within the injectiopdash/vossss
140. 5 The filter 236 includes apertures 244 formed in the surface 236

salang e lenall of ths Bl 236 Fhe, gpeityrgs 244 can be located

anywhere along the longitudinal or circimferential extent of the filter 236.

The nemper andiplacement of the, apentuies-244 infilter.10 236 IS 3 on

dependent on the flow volume required for a given injection run, which is

lis tugedlsoafteated by the saumber of sHectiahnozzies ysednthertyng10fr
injectate fluid used, the required injection time, the required burst

nmebsureldria cooHsdationtherenti Inthe diter 236 durderminekiele sppr-t
0-ring 246 near the end 240 for removably sealing the filter 236 relative

4eihegEeaPpont Z2x ardecherfiter 28B%sanstaied hwithiddte dujettian 226
head 140. Typically, the filter 236 is installed into the 20 injection head

SR wAR (KB ER5 20D Hhehrilan Plads! svarere openBiel 110 et theon
tubylar member. 194, The end 242 of the filter 236 is inserted into the
AGBtiat Herhbef 1164 ah§ 56 bBERione B ICHREERFEs s b and & 15
gygggawgdgg@gﬁége§a¥$&§§2§Qg egggggégfggfﬂm%he threaded
outlet 226 is sized to receive open end 208,

In addition, the end cap 198 includes a small
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 az 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 *he 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
194 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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25 cap 200, as shown in Fig. 13. When the end cap 198 is installed on
the end 208 of the tubular member 194, the 41 WO 2004/071936
PCT/US2004/003589 end 240 of the filter 236 rests and is maintained

wigithigydhe small compartment 228 over feed port 222. The @criigs 284603589
the end 240 of the filter 236 threadlessly seals the injectate filter 236 in

pilaee:5 The filtes 235.0an, afternatively,he %&%&anﬁgg@@aﬁh&é@‘éﬁg}o 54

head 140 before the end caps 198, 200 are insta on the injection head

sACwith the endeansd.988; 200heing positioned Prptasthesinjectionihead,
140 after the filter 236 has been placed inside. 10 The injectate filter 236

quretentssndzzie plugging wishouideeing drxtegralva the, flgidsin and cap and
without requiring a steel mesh encasing or another filter-type material
Fetfirgdlio the/filteh 236w thero dhe filten 286ris atstandadend fillerrthat d
rests within 15 the injection head 140, allowing easy change-out of the
Hie? 236t HHYBrEakanil Lbasttious ogerative Drodurid theamirgran
addition, the filter 236, by virtue of the O-ring 246 seal, reduces the risk of
TROhtaMiRAtRAFBthER & b Ghtd-Rgideam #rPfeddBlesdOjeetiofine

appar 130 by preventing the fluid from contacting any threading
eﬁfcggegtgﬁ’thggﬂt’er%ﬁﬁ?g eRa'tipE FIEPDEN9r 756 1BBulke RshbeF™ .

194. ThEWHer. 238, May 3150, NLeaRe NS s ection fluid does not
become trapped within the threading or rass through it,
the risk for fluid contamination is decreased. In
addition, the confiéuration of the injection head 140 may
increase the useful life of the injection head 140, as
threads or grooves exposed to acidic conditions (cleaning
fluid ox 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
DuPent, Inc. or its licensees, EPDM (Ethylene Propylene
Diene Monomer), silicone, rubber, or any other material
apprepriate for the particular application and known to
those skililed in the art that can seal the ends 2c8, 210
of the tubular member 194 closed.

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

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

entering through the feed port 222 in the end cap 198
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useful life of the injection head 140 and/or the end caps 25 198, 200 over
other filter configurations, as threads or grooves exposed to acidic
conditions (cleaning fluid or 42 WO 2004/071936 PCT/US2004/003589

wigjessate)dend to pit easily and rust. Referring next to Fig. 13thgked61/003589
shown a second, alternate filter 248 for the needleless injection

aRpsratuy 1304 of the-present invengony, Ihe f f@65§4§r§sl§a&§r§&am Bhin

disk-shaped element having a front side 250 and a back side 252. The

titter 248dncludasectal, eyipherabedae 264 anda piualitypf apestures
256 formed within the filter 248. To install the filter 248 into the injection

ikt 1 02840 ahe baekssite @52c0ftherdilter P48 is placesd intos the epgr
cap 198, without 0-ring 230 present within the end cap 198, such that the
WéEH%rttQEZ IS devéréayrehd filkéP 248. The O-ring 230 is then placed
over the disk filter 248 so that the 0-ring 230 engages the 15 filter's

periphBtsl ddde 25427 Re Bifel tuis 29858 HiaH ehreddiediomuate Bnd2G8

of the tub mber 194, thereby threadlessly sealing the filter 248 in
HCE AR AN TR CUSH bt D1 Spbrekiont A Ebrate Tind

8 thro the apertures 2 6 the 20 filter 248 to remove particulate
a% Sﬁe wﬁggtlon wdanlt%wllgpprgcc e?jnﬁf)?“%]%%% GiRSFinthe art that the

ipigstiondeath 140 may b oF Ay SNaPe ALSIZe. ¢ the filter 236,

The number and placement ¢f the apertures 244 in filter
236 is dependent on the flow volume required for a given
injection run, which is in turn also affected by the
number of injection nozzles used, the type of injectate
fluid used, the required injection time, the ragquired
burst pressure cr 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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provided that adequate fluid pressure can be achieved at the outlet of the
nozzles 196 to provide for the 25 needleless injection of the subject. For
example, the injection head 140, rather than being tubular in shape, 43
WY @004987 1936 PCT/US2004/003589 can be round or ganeraltzoe4/003589
cylindrical in shape having apertures within any surface of the cylinder. In

eA4dBion. e injection head 140 canhave jieclion, D0zzIes gl ey i,

formed integrally therein, rather than 5 including a tubular member with

tARedxas forspmovehlarozzles chherefarea theyinjectipn head,cap beigg
single piece component, lending itself to easier cleaning and assembly.

2Earther,#he isjestion head HM:may:eeiars d0@apestides 2d4andial s
nozzles 196 configured in any pattern desirable for a given injection
thpplicdtiont &0 ddrple, 2136 nbzzle$anay be concentrated in a circular
pattern or a rectangular pattern, depending on the type of injection
subjeBhel 5SETdifag A2kt 2Rig. A6t BrephATERy Yesereoit 1alajslgd into
enerally rectangular container having four sides 258, an open top 260
thRd EB6EoTOZ6 2 8atpdridt by TEARer 2647 ThE BBROASS62 SPMherre

rimary fluid reservoir 144 is sloped downward to the center 266 of the 20

igéﬁ hchr ifat'tie Tenté™266 fthe 10wt Boint Sn TRE botidth 262
 ghthe reservair 144, Accardindly, @Y., tne injection head 140
after the filter 236 has been placed inside.

The injectate filter 236 prevents nozzle plugging
without being integral to 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 fhat rests within
the injection head 140, allowing easy change-out cof the
filter 236 during breaks in a continuous operation or
during cleaning.

In addition, the filter 236, by wvirtus of the O-ring
246 seal, reduces the risk of contamination of the
injectate fluid and the needleless injection apparatus
130 by preventing the fluld 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 cenditions {cleaning fluid oz
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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 25 the bottom 262 of the reservoir 144. Further, a

wateaoing1yslve 270 is attached to the cleaning aperture 268gp¥édWEd 003589
2004/071936 PCT/US2004/003589 facilitate draining and cleaning of the

reserioli A4 A i ieediaperiure 272, isdormed within the sloped

bottom 262 of the primary fluid reservoir 144 at a point higher up along

the bottome 262:than dhe cepter 266 5 10 minimize the iMrduction ol ng,

unwanted particulate into the system. A fluid-feed air pump 274 is
sitachestio the 1 ftwid-feed apertura @ 2= ddeaaie M3 &4 drayws fluid
from the primary reservoir 144 and pumps the fluid to a main injectate
#ier 27B0Ea B3fluid finekz/ & 1O Ehe flind/keavingnthe Mamn injectate filtey
276 enters the cabinet 134 via a fluid line 280, ultimately feeding the
lifijeg6BR by 40 e gecaientiet 276whay be Moantedstode
reservoir 144, to the cabinet 134, may be free standing or may be
MOuARA B Pote apP&ratde 130 Thany WaFKnwA toRisdsisiilled i ahe

art. Further, there may be mare than one main injectate filter, as

st et A SRS Tt irerfid fite? LEFEge-BuPuARG EBRTERT0S 6
@Onrq{ggo o{t@en ing%cetio , ar%thl 130. For added food safety and to
36 clogaing. adoitonal fd

prevent 20 clogging, a Hal flid filters can be positioned
To install the filter 248 into the injection head

140, the back side 252 of the filter 248 is placed into
the end cap 198, without O-ring 230 present withiﬁ the
end cap 128, such that the feed port 222 is covered by
the Zilter 248, The O-ring 230 is then placed over the
disk fi;ter 248 so that the O-ring 230 engages the
filter's peripheral edge 254. The end cap 198 is then
threaded onto the end 208 of the tabularlmember 1924,
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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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 25

waytomatioaly open to refresh the injectate supply within the pritvesoéiiadssse
reservoir 144 via another injectate 45 WO 2004/071936

e4rCHOS2004100358d 30uree pr 3 sacondany fesevolt paen thes flyd level

within the primary fluid reserv

r 144 reaches a specifie

afternatively,.the floatualve, 282 may, be-eampiped.with a leygl sensor

that will indicate via 5 the control panel 142 that the level of fluid in the

adfimany-fluid reservoididdois lawapernmisting.anheperatariasepienish the

fluid remotely via the control panel 142. Further, while both the primary

ndluid easetveit 144 10@ntktheicabinetld4 attshedin genetallr than

rectangular in shape, it is apparent that the shape of either the primary

i loidirbisegveair 144 wWratheroadinet 184tbr botkr tande dindrieaburiie

geometrical shape. Fig. 16 further illustrates the back 148 of the 15

neabies 134WowiAgTRe ddors 1BALHeP AL ERTbEXRERE the ThAF fife

280 feeds two high-pressure air pumps 284 mounted within the cabinet

P1822 | [FRIFRS ir pUARSE B 4ife8 8 ifjettatB a5 Herighleedn® Alfifold

system 286 which includes multi -acti i
astertl 7 ple fast-acting, electronically

Further, the injection head 140 may contain

apertures 214 and/or nozzles 196 configured in any
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 boltom 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 lowast 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 reservolr 144. Further, a cleaning

valve 270 is attached to the cleaning aperture 268 to
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20 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

wining,/andsgduration of injection bursts and evenly 25 distribgterin€o04/063589
injectate fluid between the injection heads 140. It will be appreciated by

fthese skilled i@rﬁ@M!@gZ%%Oﬁgéﬁf’r%“&@%/@%%%%%%% 3y that

the number or air pumps 284 and the number of solenoid valves 288 will

vary depending-a g aymbarraf mection headslrQused;in the.
machine. Further, the need to ensure a steady stream of fluid to the

shfertidnBosuibjectwithotit experniening & presseiopSrsUPplE4 at a
hesitation during an injection burst also will dictate the number of air
HUrfips ubed e thie nedchige thertlrertshow? F2Figh 416, tHre air e ssurz6 6
regulator 292 and a filter assembly 294 are mounted within the 10 cabinet
CP3 A FBd GRatinG hé HoRmstessdamicdupply asse Sioreparae et gir into
umgs 284. The pressure regulator 292 permits an operator to adjust the

fres3de e dir HHMG TS Be&aft urReBes tiherbbyahiiasiadg the the

et fluid pressure from air pumps 284. in addition, the 15 valves
fg% éor%gl he“air- f? uﬁ?o%ﬁg 'pun?[%{se 282 % 1P A8Hitioh; aLetdhaldir+d

0
UGS ik GuIaIor 292ds iacuded wikhin.he cainet 434 fot fegulating
the air pressure supply to the externa pump%%,por any a ditiona

main injectate filter 276 via a Ffluigd line‘278..

The fluid leaving the main injectate filter 276
enters the cabinet 134 via a fluid line 280, ultimately
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 filtfer, 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 filteré can be positicned
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 te refresh the injectate supply within

the primary fluid reservoir 144 via anotrher injectate
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external equipment requiring compressed air. 20 Pressure regulator 292
may be electronically actuated and linked with the pressure sensor 290,
allowing an operator to automatically adjust the injection burst pressure

wiensheocogol panel 142, or recall a saved program which apggipabiaaiessse
adjusts the 25 regulator 292 for a given injection subject or at a given

SUHPHEPEaSSHIes S ihelr he-all PressyreegHlatel292 A4 WQy . 1
2004/071936 PCT/US2004/003589 allows an operator to correct both an

wirtsieady injegtioimstrean of yaratiens it eompressegd-aik sugply pressure
while the machine is running. In addition, pressure sensor 290 and
gmesédreerbgliatell 202 carera aistd40 b, aufomatically agilistéhe 8 nay
pressure. In this instance, the required air pressure will be maintained
bgn FeBhtfied akitdmaticame Viastiescontisiet, reflivingncd cepieyatora
intervention. Fig. 16 further shows how the fluid lines 218 from 10 each
SHturesof the ettiohfea Y28 epfert ivd dabineth8d. As

can be se gﬁa ast-acting solenoid valve 296 is connected to each line

31 ?Or_ryqu' _ v gﬁefse?_ﬁa any dif Buitd-upIH thE FBddREad™40 during
B R DT RR oo Jal B850 ey Yo priEES A
pahecyeles back into the primary reservoir 144 or another injectate

Further, while both the primary fluid reservoir 144
and the cabinet 134 are shown generally rectangular in
shape, it is apparent that the 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 1is
also located within the manifold system 286.

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

heads 140. It will be appreciated by those skillad in
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source. Importantly, the valves 296 are not located within each escape
aperture 216; rather, the valves 296 20 are located within the cabinet 134
at the end of fluid lines 218, thereby eliminating exposure of the valves to

wadanmpasking environment. Also, the valves 296 can be adtomatpd@aske
programmed to open at predetermined intervals for a given injection

tsibjgetwithaut reqelinngngaran affirmatyeactiondyy e ORerAtQr, .
simplifying operation of the injection apparatus 130. 48 WO 2004/071936

o CIHUE2004/003689s Thexanveyoy gryedagehanisiy 182 isosiiaped:
within the cabinet 134 along with any components of the conveyor
ofupporesiriiotura d80necessarsdrising thenLonvayar syserrk3s. S he
Referring back to Fig. 8 for the moment, the control panel 142 is shown
ngeacHed mnthercabinett E341yT ek reomtrad Panidhi42 includes dspated on
touch screen 298 which is linked to a programmable logic controller
S BOO it the HadiHarIEE vt RSEigr 61 orstoring 1oy
controlling operational information. A button 302 is also included on the
DESHFGI Pt 951 FBeBhtiohi 62 18R okiHES I BleSSlothviisecdifaibn to
tﬁrn the machi%e an. The button 302 is also an emergency stop button

2t TRERHHY Stope T HIsRAINS Gh e udptesBE /86 -when a 15
ProdueieR[UR 13 RuGHh 1% PHIIEN 3%, YAL08 FEPIRelu i SO0 e tor
292 and a filter assembly 294 are mounted within the
cabinet 134 for regulating the compressed air supply used
to operate the air pumps 284. The piessure regulater 282
permits an operator to adijust the pressure of the air
going to the air pumps 284 thereby influencing the outlet
fluild pressure from the air pumps 284. In additicn, the
valves 293 control the air flow to the pumps 284. In
addition, a second air 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 282
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The PLC 300 may control all process variables including complete
synchronization of the conveyor system 138 with the injection bursts to be
delivered to the 20 subject. This can include automatic control of the

wiojemtianipsessure, duration of the bursts, spacing between rgjeatian4/063589
bursts and timing of the injections. Further, every valve used in the

afniegtion apparatiis 130: snay, be automated ysing:the 2l (, 3004 Variables

such as 25 the air pressure supplied to the air pumps 284, the output
s Pressuiokihe it pURPSi384: dhe girestion o A%5WHR PP04HQAEI3E:
PCT/US2004/003589 injection spray, the orientation of the injection
wihebslst140 ok the fleidilevehinthe seservairdddimay:he paenitored and
controlled by the PLC 300, thereby simplifying both operation of the
senachin2 Hhchinfegratiombref thegnaeliine idf2a cantilgoussprbduction
line. While a programmable logic controller is disclosed, one skilled in the
awrpwitappreciate dhasanyteempliterssrdoirdevicd ndy B used te386re
injection and process variables and/or operate the machine. 10 It can be
thaehanyt iR prlenP FRERHER ifiihdeP Riethbd UF 8<irP4 substantially

I high- injection purst t lelessly inject bject with
LB g T R S M8 & i SR SiAcas oF e Sbjbe

is minimized, The gr%sent 15 invention also includes a method of
o%efator 1n1,e€:'v ncion.
elivering njection

Fig. 16 further shows how the fluid lines 218 from

'

each escape aperture 216 of the injection head 140 enter
the cabinet 134. 2As can be seen, a fast-acting solenoid
valve 296 is connected to each line 218 for guickly
;eleasing any alr build-up in the injection head 140
during operation. Since injection fluid may also be
released through the escape aperture 216, fluid exiting
the valﬁes 296 may be piped to a drain or rec&cied back
into the primary reservoir 144 or another injectate
source. Impocrtantly, 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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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 an
wojeatiny@8ssubject without significant damage to the externptButiaeesieisy
the injection subject. Accordingly, referring to Figs. 8 through 16,

operation of the needleless injectipn ar 30 of the present
%tne Cﬁlrlﬁ?(?\/\g%% A\ %e anafﬁn 2%15 :IiS POSleEg(]Dneé]

. ri
iInvention wi escribed. First, an 25 operator uses e touch

wSERIED 288 fRselicye flom e RUGC 300 a sloredspllaacessyvasables

for a given O 2004 6 PCT/US200 3589 injection subject
c&w@ggﬂi\gejb%%?@i%%&ee 1REPrRAAMLY process Yakahias can
e 0

include control of the injection pressure, duration of the injection bursts,
cEpasinghetweendnjention bursts, timing of the 5 injections, the output
pressure of the air pumps 284, the direction of injection spray, the
orienkaticerafithe injetticroh@ads 140 the nhmberoéimjectiomesuljettswlr
any other information necessary to inject a given type of subject. If no
rpredetefinetl plogranpdtischied the 10 rodaktisreitunt ¥h-opdator may
enter variables via the touch screen 298 and/or adjust the variables
cokrgkheaprbutlionoR indetorlatRaMfith BiRdiFeyuirdtPffectioh effect

to be achieved by the machine. The reservoir 144 is filled V\{E h the desired
which is linked to a programmable logic controller (PLC)

300 within the cabinet 134 (shown in Fig. 16) for storing
and controlling operational information. A button 302 is
also included on the control 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
ingtantliy stops the machine when depressed. Alsc, 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 contrel of the
injection pressure, duration of the bursts, spacing
between injection bursts and timing of the injecticns.
Further, every valve used in the iniection apparatus 130
may be automated using the PLC 30GC0. Variables such as
the air pressure supplied to the air pumps 284, the

output pressure of the air pumps 284, the directicn of
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15 injection fluid. In 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
wo 2autemedically replenish the primary reservoir from the 20segeRsiiy3sss
reservoir. Accordingly, no operator intervention will be required to

1{halaig.e Dighlevewal i witlindhgprisanieserall. Altainaluely I

I
LOTL a
the primary resefvoir 144 becomes low, the touch scfeen 298 may

1 4ndigate.tothe.operaiqi, 25 that thedevelislow and will pernibthe

operator to refresh the injectate fluid automatically using the 51 WO

mcAO0AELD 36, B CI4HE2004003589 icentrodiers d pdgitionetie operator

can pause the operation of injection apparatus 130 and manually refill the
s primaryreseneirc M aributing apecatiarh enpeatidni flaidawil henpampeidi &n
from the reservoir 144 through the fluid feed aperture 272 to the main
ofinjebtataditter 226 bytihezfeedpuimp o4 Phivelflgit then fiows. froffithee
main injectate filter 276 to the low-pressure side of the injection air pumps
2 Z72OGKRATRE cAbRSHIB L THE 8t B ps284- pURfF 8fe 10RRicEp thesd
injection manifold system 286. At this time, the output pressure of the

IR REESU by IR e 26835 dRdrmmrERRtHE T eGeftedjection

ressure has been aga'@ed. If not, the, program
vice may be use o store injection and process

variables and/of operate the machine.

It can be seen that the present invention includes a
method of using a substantially uniform, 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, cclor, preservatives, binders,
antimicrobial solutions and/or ienderize aﬁ injection
subject without significant damage to the external
surfaces of the injection subiect.

Accordingly, referring to Figs. 8 through 16,
cperation of the needleless injection apparatus 130 cf
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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automatically adjusts the air pressure to the pumps 284 15 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
whezns/d4eby the injection manifold 286 which directs fluid t@thes2004/003589
high-pressure solenoid valves 288, ensuring that each 20 injection head

1146 cedeivessap-peleguate apd substansiallyneaualflaw et fiuidy Injegtion
subjects are placed on the conveyor belt 176 near end 150 either

rrreinualy byresrio peraters or vpnefeitabds ardematieathyby apathericasweyor
system or 25 machine in the production line. The injection subject is

ChRvédiswhidntierinftion, hshds40mndis MjecteciZ2:WOn bursts,
2004/071936 PCT/US2004/003589 according to the desired results.

SPfferPthesibjeats i Jnaeé osolbrsRILFIvES P88 IN efe Aimmnifold system

, 286 open allowing fluid to be delivered to the subject through the nozzles

196 on'EatH in]te}}:%io?ﬂ%’éﬂ: 1RSS5 RHek dnfinfdefioR BurBRDmSitte, the

d\ﬁl\e’?:% 288 are closed PerlOdlcalgf the fast-agting solenoid valves 296

Connectad t6 the- BLE5Pe SBetiFes 216 4Fe VPLABATS 1 ¥fiedE drifair
SRS R g 00 e SR o
aﬂ¥e§ﬂﬁ§¥3Eh§§H§ﬁ€ﬁ%ﬂaﬁ@%E§¥%H§OEgnf@ggggagygiven type of
subject. If no predetermined program exists for the
production run, an operatcr may enter variables via the
touch screen 298 and/or adjust the wvariables during the
production run in accordance with the required injecticn
effect to be achieved by the machine.

The reservoir 144 is filled with the desired
injection fluid. 1In additiocn, if a secondary reservolr
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. BAccordingly, nc 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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Subjects can be injected in place, with the conveyor belt 176 stopped, or
the subjects can be injected while 15 the conveyor belt 176 is moving
relative f[o the injection heads 140, depending on the desired results.
\Rmmmjmtion fluid flows into the channel 160 and then irtOTtE 004033589
basin 136. If recycling of the injection fluid is desired, the catch basin may

drain 20 directly back.into the ptimary reservoir 144 qr.into.a erve
Con@?&%&iﬁlp aﬁf}gﬁ/}gfhoenéxci%és% i%%e%‘fi%noﬁui%arﬁa% %t%ipg(kj? %irectly to

a drain. rln'ectiocn,t ein'eg' Subjegts 2 ederill
Ope&ﬁt%?ﬁé’tlcoaﬁyjfr&% the %on\e}gl%rg'1 %glt 176 for %r%%gﬁpigfgssiﬁg “andlor

packagin . Howeyer, 0ff-1gading of subjects b
the { ading jects can be performed manually.
53 WgafglOM%?lQBG PCT/US2004/003589 CLAIMS We claim:11. A ’

maghingfor iniecting liayids.comprising £2 at tbasi Dnewsapifoldéad,

adapted to receive hlghj 3 pressure injection fluid, including a fluid entry
£r ROMEAAN8 phurality ofinjeciomnyzztes: efithiof sk iectiontfozzles

hav_lng an |njectlpp _orlflce; and 6‘at _Iea_st one filter assembly comprising a
27diqeid thinleta srdiguig eutlet; anflid iquiddessalelay e said

liquid inlet and liquid outlet, said 9 filter assembly in non-threaded
27 engaiesndriiith sarp flows from the main injectate Iilter
276 to the low-pressure side of the injection air pumps
272 within the cabinet 134. The air pumps 284 pump the
filuid to the injection manifold system 28%6. At this
time, the output 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
£luid 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

moved towards the injection heads 140 and 1s indjected
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10 fluid feed port of said manifold head. 1 2. A machine for injecting

liquids as defined in Claim 1, 2 wherein said filter assembly comprises: 3

a tubular member having a first end portion 4 configured to mate with said
wituadoentrpgsort of said 5 manifold head, a second end portiopcangadandysso

portion 6 therebetween; 7 a plurality of apertures in said body portion of

a&-33i4 bular %%@bses%aridﬁgp%ggﬁ%'@.f'uiﬁﬁeaomﬂmqggo&wit*ﬂéa&

Injection hozzles; and 10 a flexible sealing component positioned on said

o Hatrst gpd postion of saidtubglar member farremavably, A2.and sealingly

engaging said first end portion of said 13 tubular member with said fluid

orSEMIYanard of 83idea4 YWO200M0 41936 BLeli UE2 0044003080 44 manifold
head. 1 3. A machine for injecting liquids as defined in Claim 2 2, wherein

tlsatd:faxibleesealing eempeoBentisartB-ring] et diArmhehidelfépinjecting
liguids as defined in Claim 2 3, wherein said 0-ring is constructed of

AOEA @GN, EPTHIE (EthyleretP op ydems Didrie Mor@ e}, vsilicciied rabber,
4 VITON or any combination thereof. 1 5. A machine for injecting liquids

caasdsfined in Claim 2 1, wherein said filter assembly comprises: 3 a
disk-shaped filter element havingca liquid inlet 4 portion configured to

engaﬁ@%%ﬁﬁﬂﬁﬁ#&ﬁﬁyﬁ%ﬁ(ﬁas acting solenocid valves 296

connected to the escape apertures 216 are opened To
relieve any air bulid-up within the injection heads 140.
If the valves 296 are not programmed to open at a given
interval, the operator can use the touch screen 298 to
cause the valves 296 to open pericdically.

Subjects can be injected in place, with the conveyor
belt 176 stopped, or the subjects can be injected(while
fhe 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 reservolr. Alternatively, the excess injeciion
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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5 said manifold head, an apertured portion, a 6 circumferential edge about
said apertured portion, and a 7 liquid outlet portion in fluid communication
with said 8 injection nozzles; and 9 a flexible sealing component engaging
wxnddok@awsumferential edge of said filter element with said Adtiigeeningsse
port of said manifold head. 1 6. A machine for injecting liquids as defined
in Claim 2 5, wherein said flexible; sgalgg component is an O-ring. 1 7. A
machine for injecting liquids as defined Claim 2 6, wherein said 0-ring
wis constrcted of TEFLON, EPDM 55 WO 2004/071936
PCT/US2004/003589 3 (Ethylene Propylene Diene Monomer), silicone,
Irubbez, 4MTOMN0FaRY Comhinaten thereotid SoAmachineg for injecting
liquids as defined in Claim 2 1, wherein said injection orifice has an
intericr3 dremsdtepot|essthinGi0RS #chesidrd. oAl ntachire &drinjdctioh ~
liquids as defined in Claim 2 8, wherein said injection orifice has an
P& dispiaek 690.008 i hesnt el fmashfkfbd imjadting hewids as
defined in Claim 2 1, further comprising: 3 at least one air pump having a
2R BredburS ntéty 4%nd- B IRGH-Hrosdiié Dkt irtAGE srhitation

.with 5 said fluid entry port of said manifold head. 1 11. A machine for

Hhjeeting i i 4S BERREY iR EIgfn nIection orifice; and

at least one filter assembly comprising a liquid
inlet, a liquid ocutlet, and a liquid passageway
connecting said liquid inlet and liquid outlet, said’
filter assembly in non-threaded engagement with said

fluid feed port of said manifcld head.

2. A machine for inijecting liguids 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
therebetwaen;

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 saild first end portion of said

tubular member with said fluid entry port of said
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2 10, further comprising: 3 a manifold system having an inlet connected to
said 4 high-pressure outlet of said air pump, a plurality of 5 valves
connected to said inlet of said manifold system 6 adapted to receive

waghdresssye injection fluid from 7 said pump, and at least grer@4bRkiTo3589
fluid communication 8 with said fluid feed port of said manifold head. 1
nih I olachire for injecting liquids as defined in Claim 56 WO
2004/071936 PCT/US2004/003589 2 1, wherein said manifold head
further comprises an escape 3 aperture. 1 13. A machine for injecting

Jiguids ag eefingd 4p Claim 2.6, further Rrising: 3 at least one yalve in
fluid communication withwéaid ﬁ%gscapéigfr%rtﬁg 0 %gilcflﬁénﬁ%lac F%é& 1
24 whemehing fadnjectingdiouidsas definedip Glaim. 211, wherein said
valve is a fast-acting solenoid valve. 1 15. A machine for injecting inqw s
as defined in Claim 2 1, further comprising: 3 a fluid source in fluid

4qommu@@%wfgelsaﬁfém&'dﬁ%ﬁqa%1 sAdnashine for inj

jectin
liquids comprising: 2 an injection component adapted 10 re eive h%ﬁ‘}‘?

3pressatestinjeciionfied enmprisingo4 aubuiar nayyiold baving a firggt open
end, a .5 second open end, and a plurality of injection
{Ethylene Propylene Diene Monomer), silicone, rubber,

VITON or any combination thereof.

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

a disk-shaped filter element having a liguid inlet
portion configured to engage saild fluid entry port of
said manifold head, an apertured portion, a
circumferential edge about said apertured portion, and a
liquid outiet 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 flexiblie 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



6 nozzles; 7 a first end cap including a fluid entry port, a 8 first cavity
having circumferential mating surface, 9 said first cavity coaxially
extending out from said 10 fluid entry port and mateably configured to 11
wermmyablyssetain said first end of said manifold; 57 WO 200e0% k286 /003589
PCT/US2004/003589 12 a first flexible sealing component positioned 13
@ljaganite saidfirstanating sydage Mithit saidsk4 fiest cayity ig,sealably
join said first end of said 15 manifold to the first end cap; 16 a second end
alOchudirg g sesdniheavityn 1 Ehewingta second circumferential mating
surface, 18 mateably configured to removably retain said second 19 end
of said manifold; 20 a second flexible sealing component positioned 21

tadjagemidersnie secend mMating skrfacemithin said122 secgnd cayity 1,
sealably join said second end of 23 said manifold to the second end cap;
lanavR4 ¢ leastaond Highepressurecpurfipds fluics 25:cotmmgaicstion with
said fluid entry port of said 26 injection component. 1 17. A machine for
ShfoetRgTiquidsies detihed if Clailm xtbewherein said first and said
second flexible sealing 3 components are 0-rings. 1 18. A machine for
injecting liquids as defined in Claim
9. A machine for injecting liquids as defined in Claim
8, wherein said injection orifice has an interior

diameter of 0.006 inches.

10. A machine for injecting liquids as defined in Claim
1, further comprising:

at least one air pump having z low pressure inlet
and a high-pressure outlet in fiuid communication with

said fluild entry port of said manifold head.

11. A machine for injecting liquids as defined in Claim
10{ further comprising:

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

with said fluid feed port of said manifold head.

i2. A machine for injecting liquids as defined in Claim

56
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2 17, wherein said 0-rings are constructed of TEFLON, EPDM 3

(Ethylene Propylene Diane Monomer), silicone, rubber, 4 VITON or any

combination thereof. 1 19. A machine for injecting liquids as defined in
wdlaim@7 ks wherein said high pressure pump comprises a giEpdddBes/adssse

WO 2004/071936 PCT/US2004/003589 1 20. A machine for injecting

liuideae dafieed i GlaIMES 16, wheie sa duiecliap.conongnt Jutiey,
comprises an 3 escape aperture. 1 21. A machine for injecting liquids as

gedinedre Claim 2 20, further comprising at least one valve connected to

3 said escape aperture. 1 22. A machine for injecting liquids as defined in

Claim 2 21, wherein said valve is a fast-acting solenoid valve. 1 23. A

meachine-{aciniealingoliquids ae defipedin,Qlalin 2 18 Bheten §2i¢ o 1
injection component is movably mounted 3 in three orthogonall irections
dp afwothsurfacesl-24 i Agnachine for injecting liquids as defined in Claim
2 23, further comprising: 3 a sealed control panel mounted to said work
surfacet L eBsA maehivelfoe injectiigliquidsmasdefinee:inClrimn2 23; 4
further comprising: 3 a safety shield mounted to said work surface. 1 26. A
FRaeRRedBE Mt geiquias dstefingdli Glaid .2 16, further comprising:
3 a filter assembly removably mounted within said

14. A machine for injecting liquids as defined in Claim

11, wherein said valve is & fast-acting solenoid valve.

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

manifold head.

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

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

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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4 injection component, comprising: 5 a tubular member having a first end
portion 59 WO 2004/071936 PCTIUS2004/003589 6 configured to mate
with said fluid entry port of 7 said first end cap, a second end portion, and

wad hoglynBopertion therebetween; 9 a plurality of apertures in gaigixao64/003589

portion 10 of said tubular member, said apertures in 'fluid 11

communicationawite said bjestion nezzles;Andhhe &dlexible sealingy o q

component positioned on said 13 first end portion of said tubular member
for l4aetravably and sendinghrengaging sgidsirstend 1p:portign of said
tubular member with said fluid entry 16 port of said first end cap. 1 27. A
machiberfet injestiryliquids sl définediiniClaimid 161 furthereproprisinga
3 a disk-shaped filter element having a liquid inlet 4 portion configured to
engad@sdifckid eatrporf b5 sathfirstamel cap, an apertured portion, a
6 circumferential edge about said apertured portion, and a 7 liquid outlet
portion in flufd ESMPShiERFoF WRthiSd Bihjettion TReeRs; aptity

flexible sealing compon%qt e,nga%i%g said 10 circumferential edge of said
filter el&ment with*Said 11 fitfd 8ty o offsnid fifst B dser aces. A

maChmtfgéﬁrﬂ?thj:%%g%iggea& %%ﬁq:ee%icgv%gir?r retain said second
end of said manifold;

a second flexible sealing component positioned
adjacent to sald 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 liguids 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.

18. A machine for injecting ligquids as defined in Claim

16, wherein said high pressure pump comprises a air pump.
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2 16, further comprising: 60 WO 2004/071936 PCT/US2004/003589 3 a
primary fluid reservoir in fluid communication 4 with said injection
component. 1 29. A machine for injecting liquids as defined in Claim 2 28,

wiorthgreossgprising: 3 a secondary fluid reservoir in fluid compaynicasinmoedsse
with said primary reservoir. 1 30. A machine for injecting liquids

260MPEising-12 8 ef@@%ﬁ&@ﬂ@pgaﬂeﬁ&gleggt gpemanifqld head: ,

movably mounted to said 4 enclosure and adapted to receive

1BighsRressuyte injeciion, $diid cOMBrgiRg A fluid 8RtNEROL AR BSCARE an
aperture 6 and a plurality of injection nozzles, each of said 7 injection

eBezzles haringwareinjection orifice; and 8 at least one solenoid valve in
fluid communication 9 with said escape aperture, said valve mounted
within said 10 enclosure. 1 31. A machine for injecting liquids as defined

210, Claim= 2130, whesein; said solepoid valvess afastagting golenaid .3 m
valve. 1 32. A machine for injecting liquids as defined in Claim 2 30,

2whegrit Said-injestionicrifice has andeterions diameterohless than 84025
inches. 61 WO 20041071936 PCT/US2004/003589

sald escape aperture.

22. A machine for injecting liquids as defined in Claim

21, wherein said valve is a fast-acting solencid valve.

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 liguids 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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1 33. A machine for injecting liquids as defined in Claim 2 32, wherein said
injection orifice has an interior 3 diameter of 0.006 inches. 1 34. A
machine for injecting liquids as defined in Claim 2 30, further comprising:
wdabteasisne air pump having a low pressure inlet 4 and a Pighspiesgase

outlet in fluid communication with 5 said fluid entry port of said manifold

s  head.l,32; gupaships faL fniegfing liquids asdefinedip,Clajm, 2 34¢
further comprising: 3 a manifold system having an inlet connected to said

7 4 high-piesstie outleh af said, aik pyarbasplerality of-balvesseenneciedy
to said inlet of said manifold system 6 adapted to receive high-pressure

8 injectisorfluiefrorh ¥r<dod {puwam,;and at least one outlet in fluid
communication 8 with said fluid feed port of said manifold head. 1 36. A

9 machine fordnjeéting liglivisce’s defimddire€laim 2:30] forthigr pompiisimg:
3 at least one filter assembly having a liquid inlet, 4 a liquid outlet, and a

10 filter SlénEit @ohRBEHHT SERIMS figuidSinlel AR Rfid obtlen: shidfilfer
assembly in 6 non-threaded engagement with said fluid feed port of said

1T 7 mafifSl Heat 62N 0258471936 P EFRISP06SBB3589 £13F. A

machine for injecting liquids as, defined in Claim 2 30, further comprising:
12 al%iefiéﬂ% gea gng compcnent goéitioneg J% sé%d

13 first end portion of said tubular member for

14 removably and sealingly engaging said first end

15 portion of said tubular member with sald fluid entry
16 port of said first end cap.

1 27, A machine for injecting liquids as defined in Claim
2 16, further comprising:

3 & disk-shaped filter element having a liquid inlet
4 portion configured to engage said fluid entry port of

5 sald first end cap, an apertured portion, a

6 clrcumferential edge about said apertured portion, and a
7 liquid cutlet portion in fluid communication with said

8 injecticn nozzles; and

9 a flexible sealing component engaging said

10 circumferential edge of said filter element with said

11 fluid entry port of said first end cap.

1 28, A machine for injecting liguids as defined in Claim

2 16, further comprising:
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3 a catch basin attached to said enclosure. 1 38. A machine for injecting
liquids as defined in Claim 2 30, further comprising: 3 a primary fluid
reservoir removably linked to said 4 enclosure. 1 39. A machine for

wojeating #aelids as defined in Claim 2 30, further comprisingi¢ra sgaiadssse
control panel mounted to said enclosure 4 including a touchscreen, an

emergencyssioppuiton; 4 4Q A maching fordniecting lignids;as, defiped in

Claim 2 30, further comprising: 3 a channel formed with said top of said

wEnalosiyes 4 apd&ra sanvexgicsysiem mounted to said enclosure for 6
moving injection subjects. 1 41. A machine for injecting liquids as defined

in Claim 2 30, further comprising: 3 a safety shield mounted to said

zeﬁ.d?wﬁaélﬁaeAfB@deJeﬁ:E{!Jl%ctmé{éﬂtags sempuising. £ gtleastope
manifold head adapted to receive high- 63 WO 2004/071936

RCTRIS20Q4/0038891 3 fargssure injection fluid, comprising a fluid entry
port, 4 and a plurality of injection nozzles, each of said 5 injection nozzles
having andnjectian orifice i and &satdeastone higfh:pressurenail PR on
having an inlet 7 and an outlet in fluid communication with said fluid
with said primary reservoir.

30. A machine for injecting liquids comprising:

an enclosure having a top;

at least one manifcld head movably mounted to said
enclosure and adapted to receive high—pressuré injectioﬁ
fluid, comprisiﬁg a tluid entry port, an escape aperture
and a plurality of injection nozzles, each of said
injection nozzles having an injection orifice; and

at least one solencid valve in fluld communication
with said escape aperture, said valve mounted within said

enclosure.

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

valve.

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

diameter of less than 0.025 inches,
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8 entry port of said manifold head; 9 at least one pressure sensor in fluid
communication 10 with said outlet of said pump; and 11 an air pressure
regulator connected to said pump and 12 electronically linked to said
wiressuraisensor. 1 43. A machine for injecting liquids as defravuiseddizimsss
2 42, further comprising: 3 a manifold system having an inlet connected to

3aid 4ontlehobsaiticair pudyc aiplyralityof valves agdaptedtp Sreceyen
~ high-pressure injection fluid from said pump, and 6 at least one outlet in
Fid ebammdnicatibd witly saitizfluickfestdqorhatsaid manriéalddead. 1 44.
A machine for injecting liquids as defined in Claim 2 42, further
Horigiisingod dt 184t orechies assembly having a liquid inlet, 4 a liquid
outlet, and a filter element connecting said 5 liquid inlet and liquid outlet,
said filter assembly in 6 non-threaded engagement with said fluid feed
3dort ohsamkcFimanfold Hesaid:G4i WD POG410T 936 BETILWSR004/008589
1 45. A machine for injecting liquids as defined in Claim 2 42, further
Xompiiginges «prraky HBiE: reservoir in fluid communication 4 with said
inlet of said pump. 1 46. A machine for injecting liquids as defined in Claim
245,ﬁﬁﬂ%ﬁ%ﬁﬁnﬁﬁﬁn§?r pump having a low pressure inlet

and a high-pressure outlet in fluid communication with

said fluid entry port of said manifcld head.

35.- A machine for injecting ligquids as defined in Claim
| 34, further comprising:

a manifold system having an inlet éonnected toe 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 manifeld head.

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

at least cne filter assembly having a liquid inlet,
a liguid 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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3 a secondary fluid reservoir in fluid communication 4 with said primary
reservoir. 1 47. A method for needleless injection of subjects with a 2
liquid comprising: 3 providing a fluid to be injected; 4 drawing the fluid into

wa [eastmnsshigh-pressure 5 pump; 6 supplying the fluid fropcte RuenRise
at least one 7 injection head; and 8 delivering at least one constant,

igh-pressitg ; Bdniestion ysstiof flyid to;a subject 148; Amethodior i
needleless injection as defined in 2 Claim 47, wherein said supplying 'step
Includes filtedngodabhre Hiithas it enters the injection head. 1 49. A method
for needleless injection as defined in 2 Claim 47, further comprising: 3
convewinggthelfltid sides pressuse tdansajottienc8s MWos2004/071936
PCT/US2004/003589 4 manifold system positioned at the outlet of the
pump; 5 monitoring the output fluid pressure of the pump; 6 and 7
Bjualizingsand dishfssingribe fuiditp thednjections8 deadrsuchithat the ny
pressure and volume of the fluid is 9 substantially evenly distributed
IHmodgatitinjectonrtl heads. 1 50. A method for needleless injection as
defined in

a primary fluid reserveoir removably linked to said

enclosure,

3%. A machine for injecting liquids as defined in Claim
30, further comprising:
a sealed control paﬁel 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 tec said enclosure.

42. A machine for injecting liquids comprising:

at least one manifold head adapted to receive high-
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1

12

2 Claim 47 further comprising: 3 monitoring the output fluid pressure of the

pump 4 with a pressure sensor linked to a remotely located 5 control

panel; and 6 adjusting the air pressure delivered to the pump to 7 ensure
wiheopeassese of the fluid at the outlet of the 8 pump providespibe usewinedssse

injection effect on the 9 subject. 1 51. A method for needleless injection

rasdelined imRClaimA Eurther comprisingn3 filterng said.iniscliop fluid.
1 52. A method for needleless injection of subjects with a 2 liquid
acainpripingr3 pravidong aniriection fluisk-tolkasinjected; 4drawing the fluid
into at least one air pump; 5 supplying the fluid to at least one injection
ihdad BEW @ 200467 F9361 RE T S2004/0035890 6ianc-flterigithe fluid
as it enters each injection head; 7 monitoring the output fluid pressure of
the pirip ewith Lpresblesersersinkedadm remptehatotatechd corlted
anel; 10 adjusting the air pressure delivered to the pump to 11 ensure
aﬁ% %pﬁ?ﬁd&%u?@oﬁﬂi@ﬂhiﬂ%ﬁ%@é@%ﬁéQQ iedtiredaniécidmbfiect on

the subject; and 13 delivering at least one constant, high-pressure 14

SR BlrsPSf MAdFoRediede head:

at least one pressure sensor in fluid communication
with said outlet of said pump; and
an air pressure regulator connected to said pump and

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 said 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 liguids as defined in Claim
42, further comprising:

at least one filter assembly having a liguid 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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1 53. A method for needleless injection as defined in 2 Claim 52, further
comprising: 3 conveying the fluid under pressure to an injection 4
manifold system positioned at the outlet of the pump; 5 monitoring the

wantpo dtuigigressure of the pump; 6 and 7 equalizing and digbpisin@ia6sss9
fluid to the injection 8 head such that the pressure and volume of the fluid

is9 subsianiialiyeventy distiuted ameng all injection AQ heads, 1,54, A
method for needleless injection as nginggin 2 Clai%éSfJZi urther trdin

pmgisinge3 fitterpg saichigjection fluid. 1 55. A method for the
needleless injection of subjects 2 with a liquid comprising: 67 WO

2004/@7 PI36nPCT /0520044003588 i3-praviding a8 iniasian fluid e, he
injected into a 4 subject; 5 replenishing the fluid as needed during
vBoetafien 8f gt naEhimet 7 grawing the fluid into at least one air pump;
8 supplying fluid to at least one injection head and 9 filtering the fluid as it
enters the injection head; 10 delivering at least one constant,
High-preneurei 1t idjection berstioffluid de thissukjeat A2roviding 84 5
controller for storing process variables
45, further comprising:

a secondary fluid reservoir in fluid communication

with said primary reservoir.

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

providing a fluid to be injected;

drawing the fluid intc 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

65



16

13 for a given injection subject; and 14 controlling process variables to

achieve a 15 predetermined injection result. 1 56. A method for

needleless injection as defined in 2 Claim 55, wherein said controlling
wabepoammipsses: 3 moving an injection subject into place for iRjeatmodoo3sse

with a conveyor system; 5 adjusting the orientation of at least one injection

xahedd Bbosy Sree asthogonsyi éxisio ashiewr:thestequired, 7 ipjgetion
position for a given run; 8 synchronizing the timing, duration and spacing
of 9 themrjectidmputsie delivered torihesuhieshyr-be, 204piectignheads
with the conveyor system; 11 monitoring the output pressure of the fluid
a@gdting 12 the pump; 68 WO 2004/071936 PCT/US2004/003589 13
adjusting the air pressure delivered to the pump to 14 ensure the output
pressGEafthe ltid revidesibe s1mgediire dfijsationcefidnt arthect fon
subject; and. 16 periodically releasing trapped air from the 17 injection
BRé ds%%%h 18 8hvinganB BERES vaRdlES Fome gvertprodiicued 18 run.
7. A method for needleless jnjection as defined in 2 Claim 55, wherein

Si‘é?étpar%\%ﬁ?; é"te|°‘:c’)vceonrrj1€j ri§elsS Eéﬁ@”ﬁc%ﬁcﬁﬁ%%r%énﬁﬂﬁ Yeviketo store
raagd tecall programs

50. A method for needleless injection 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
eénsure 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
liguid comprising:

providing an injection fluid to bea injected;

drawing the fluid into at least one air rump;

supplying the fluid to at least one injection head
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4 containing production process variables and a touch 5 screen for

indicating process parameters and for changing 6 process variables. 1

58. A method for needleless injection as defined in 2 Claim 55, further
wmprisingdiltering the fluid. 1 59. A method for needleless irjagtion@amossse

defined in 2 Claim 55, further comprising: 3 conveying the fluid under

api@SStle trdn dnjesort Amanifeold sysie ands egualizing adh nead;
disbursing the fluid to the injection 6 head such that the fluid is
substantieiliyoevierdy Zrdiswibutert alt the dhjeetionsheads £69he pump
with a pressure sensor linked to a remotely located
confrol panel;

adjusting the air pressure delivered to the pump to
ensure the output pressure of the fiuid provides the
required injection effect on the subject; and

delivering at least one constant, high-pressure

injection burst of fluid to a subject.

53. A method for needle;ess injgction 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 subijects

with a liquid comprising:
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providing an injection fluid to be injected into a
subject;

replenishing the fluid as needed during operation of
the machine;

drawing the fluid into at least one air pump;

supplying f£luid to at least one injection head and
filtering the fluid as it enters the injection head;

delivering at least one constant, high-pressure
injecticn burst of fluid to the subiject;

providing a controller for storing process variables
for a given injection subdject; and

controlling process variables to achieve a

predetermined injection result.

56. A method for needleless inijection 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 one injection
head about three orthogonal axis to achieve the required
injection position for a given run;

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

monitoring the output pressure of the fluid exiting

the pump:;
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adjusting the air pressure delivered to the pump to
ensure the output pressure of the fluid provides the
required injection effect on the subject; and

periodically releasing trapped air from the
injection heads; and

saving the process variables for a given production

ruan.

57. A method for needleless injection as defined in
Claim 55, wherein said providing step comprises using a
computer memcry device to store and recall programs
containing production precess 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 methed 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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