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(57) Abstract: A pistol-shaped needleless injector includes a readily replaceable barrel (36) in the front end thereof facilitating ad-
justment of the dosage administered using the injector. A disposable nozzle (98) mountable on a holder (97) extending outwardly
trom the front discharge end of the barrel (36) provides an indication that the nozzle (98) has been used and should be discarded.
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NEEDLELESS INJECTOR
FIELD OF THE INVENTION
This invention relates to a needieless injecior.
DESCRIPTION OF RELATED ART

in particular, the present invention relates {0 a needietass injector of the type
described in the inventor's US Patent No. 7,357,781, issued April 15, 2008, which is
incorporated herein by reference. White the basic structure of the invention disclosed
herein is similar in many respects to the patented injector, the new injector described
herain includes several important improvements over the patented injector.

injectors of the type described herein are commaonly used {0 inject iarge numbers
of humans or animais such as pigs and chickens. Depending upon the nature of the
compasition being injected and/or the size of the animat rather than having a plurality of
different injectors, it is advantageous to be able to readily change the dosage of a single
injector. Moreover, in order to avoid cross-contamination durnng mass injectons, the
nozzie of the injector should be readily replaceable and preferably include some form of
indicator that it has not been used already.

BRIEF SUMMARY OF THE INVENTION

Accordingly. one aspect of the invention is a needleless mjector comprising:

a barrel for receiving an injectable liquid from a source theraof,

a holder extending outwardly from one end of said barrel;

a disposable nozzle removably mounted on said holder for discharging iiquid

from said holder and barrsl;
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a plunger slidable in said barrel for movement between a retracted position in
which liquid is drawn into said barrel between said holder and said piunger and an
extended position in which lquid is discharged through said holder and disposable
nozzie,

a piston stidable in said barrel movable under fluid pressure {0 move said plunger
o an extended, hquid discharge position;

a retractor connected {o said piston in said barrel for moving said plunger fo the
retracted position when said piston (s retracted;

a coupler connecting said retractor to said plunger permitting sliding of said
piston in said barrel against said piunger {6 move the latter to the extended position,
and for drawing the plunger to the retracted position when the piston and refractor are
moved in a direction away from said holder and nozzle to the retracted paosition;

a first vatve for introducing fiutd under pressure into said barrel alternately on one
side of said piston 10 move the piston and piunger from the retracted 1o the extended
position to discharge liguid through said holder and nozzle, and on a second side of said
piston to return the piston and plunger {0 a retracted position in which injectable liguid is
drawn in{o the barrel between said holder and nozzie and said plunger;

a trigger for operating said first vaive to cause said plunger to move from the

retracted to the extended position and then back to the retracted position each time the
trigger is operated, and
a stop in a second end of said barrel remote from said one end for limiting

movement of the piston when the plunger and piston move to the retracted position.
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in accordance with a second aspect the invention is a disposable nozzie for use
with the above described injector comprising an elongated tubular body having
a tapering front discharge end;
a passage extending through said body for discharging liquid received
5 from said hoider;
an annutar recess in a rear end of said body for receiving an annuiar
holder sleeve: and
a resilient detent extending outwardly from an inner wall of said recess for
extending into a notch in a front end of the holder sleeve when the nozzle
10 {s mounted on the hoider,
whereby, when the nozzie is rotated 10 remove it from the holder, the detent
breaks off providing an indication that the nozzie has been used.
Like the inventor=s patented injecior, the injector of the present inventon is
retatively simple and can be used 1o carry out a plurality of successive injections quickly,
15  Moreover, by incorporating a readily replaceabie barrel structure, the injector of the
present invention provides a mechanism for quick and easy adjustment of the dosage of
the injector.
The present invention aiso provides a replaceabie nozzie, which is easy to attach
and remove from the discharge end of a needleless injector, and which provides and

20  indication that the nozzie has been previously used.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned and other novel features of the invention are described

hereinafter in greater detail with reference to the accompanying drawings, wherein:



CA 02808794 2013-02-21

WO 2011/08268S PCT/CN2011/070092

Figure 1 is a side view of a needleless injector in accordance with the present
invention;
Figure 2 is a longifudinat sectional view of the injector of Fig. 1 with parts omitted,
Figure 3 is an expioaded, isomeatric view of the injector of Figs. 1 and 2;
5 Figure 4 is an expioded, partly sectioned view of most of the principle elements
of the injector of Figs. 1-3;
Figure 5 is an isometric view of a valve used in the injector of Figs. 1-4;
Figures 6 and 7 are longitudinal seclionai views of the vaive of Fig. 5;
Figure 8 is an exploded view of the discharge end of the injector of Figs. 1 and 2,
10 Figure 8 is a longitudinal sectional view of the discharge end of the injector of
+igs. 1 and 2,
Figure 10 is an isometric view of a nozzle holder used i he injector of Figs. 1
and 2.
Figure 11 1s an isometric view of a disposabie nozzie on the nozzie hoider of Fig.
15 10;
Figure 12 is a side view of the disposable nozzie and holder of Fig. 11.
Figure 13 is a front view of the nozzle of Figs. 11 and 12;
Figure 14 is a partly sectioned {someitric view of the nozzie holder and disposable
nozzie of Figs. 10 ~13; and
20 Figure 15 is a partly sectioned front view of the nozzle holder and disposabie

nozzie of Fig. 14.

DETAILED DESCRIPTION OF THE INVENTION
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With reference to Figs 1 and 2, the injector of the present invention is in the
ghape of a pistol and includes a plastic body indicated generally at 1 with a handle 2
extending outwardly therefrom. The body contains upper and lower cylinders 3 ang 4,
respectively containing most of the remaining elements of the injector.

A brass piston 6 is slidably mounted in the upper cylinder 3. An O-ring 8 seals
the piston 6 in the cylinder 3. The piston & is generally cup~shaped, incCluding a rear
recess 9 (Fig. 4) containing a cylindrical permanent magnet 10. The piston 6 and the
magnel 10 are refained in a rest or start position in the cylinder 3 by a plastic phug 11
containing a stee: bolt 13, the head 14 of which abuts the magnet 10. The piug 11 is
sealed in the cylinder 3 by an O-ring 15 (Fig. 2).

The threaded rear end 16 of the plug 11 carries a spacer ring 18 which abuts a
shoutder 19 in the cylinder 3 for limiting rearward movement of the piug 11 and
consequently the piston 6 in the ¢ylinder 3. By rotating the plug 11, the gap between
the spacer ring 18 and the shouider 19 is changed, thus changing the stroke of the
pision 6. The plug 11 is rotated using a generally cup-shaped knob 20 rotatably

mounted on the rear end of the cylinder 3. A bolt 22 secures the knob 20 on the plug

11. Thus, the plug 11 acts as a stop for the piston 6 and forms part of a stroke adjusting

mechanism for the injector.

The exiemally threaded rear end 24 of the plastic sieeve 25 mates with the
infernaliy threaded front end of the Cylinder 3. The sieave 25 carries a trigger assembly
indicated generally at 26 (Figs. 1 and 2). A flange 27 (Fig. 4) on the sleeve 25 retains
the trigger assembly against the front end of the cylinder 3. The trigger assembly 26 is

defined by a collar 28 around the sleeve 25, a generally C-shaped finger guard 29
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integral with the coliar 28 and extending downwardly from the coliar 28 into a recess 30
(Fig. 3} in the front of the handle 2, and a trigger 31. Concave grooves 32 (Figs. 1 and
4} in the front end of the sleeve 25 facilitate gripping of the sleeve for screwing it into the
cylinder 3 and for remaoving it from the cylinder.
Q-rings 34 seal the sleeve 25 in the cylinder 3. The rear end of the sleesve 25 is

intermally threaded for connecting the threaded rear end 35 of a barrel 36 {o the sleeve.
The barrel 36 is centered in the sleeve 25 by an internally threaded annular cap 37
which is threaded onto external threads 38 (Fig. 4) on the barrel. With the structure
Hlustrated, the barrel 36 can readily be repiaced with a smailer or larger barre!
depending upon the dosage to be administered. in order to remove the barrel 36 from
the front end of the upper cylinder 3 of the body 1, it is merely necessary {o rotate the
barrel s0 that the threaded rear end 35 disengages from the internally threaded slgeve
25. The harret 36 can then be puiled out of the sleeve 25. A barrel 36 for a very small
dosage includes a hole 39 (Fig. 2), the purpose of which is described herginafter. A
head 40 on the front end of a retractor 41 (Fig. 4) is snap fitted into the rear end of a
coupter 42 in the rear end of the barrel 38. The rear end 43 of the retractor 41 is slid
onto the narrow diameter front end 44 of the pision 6, The front end of the retractor 41

includes a reduced diameter neck 47 (Fig. 4) and the head 40, which has a jarger

diameter than the neck. The head 40 and neck 47 secure the front end of the retractor
41 In the tubular coupler 42.

As best shown in Fig. 4, the coupler 42 includes inwardly extending annular
flanges 51 and 52 at its rear and front ends, respectively. The front end of the retractor

41 is held by the rear flange 51 of the coupler 42 so that movement of the piston 6 and
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the refractor 41 results in coresponding movement of the coupler 42, During assembly,
the head 40 of the retractor 41 is forced into the flexible rear end of the coupler 42 until
the ttange 51 snaps into position in the neck 47 behind the head 40. Also during
assembly, the rear end of a plunger 53 is inserted into the front end of the coupler 42 a
sufficient distance that an annular flange 54 on the plunger enters the coupler. During
rearward movement of the coupler 42, the flange 52 engages the flange 54 on the rear
end of the piunger 53. Three longitudinally extending slots 56 spaced equidistant apart
in the front end of the coupler 50 make the front end flexibie {o facilitate sliding of the
plunger relative to the coupler and sliding of the coupler in the barrei 36. When the
retractor 41 moves forwardly,  pushes the coupler 42 forwardly in the barrel 36 so that
the front end of the retractor 42 engages the rear end of the plunger 53 to force the
plunger forwardly to effect an injection. Forward movement of the retractor 41 and the
coupter 42 are limited by a shoulder 60 in the passage through the barrel 36. When the
retractor 41 moves forwardly, a flange 61 on the plunger 53 comes into contact with the
shoutder 60 which limits the stroke of the plunger 53. When the piston 6 and the
retractor 41 are moved rearwardly, the retractor 41 retracts the coupler 42 and the
plunger 33 1o the start or rest positions. Seals 63 near the front end of the plunger 53

seal the head 64 of the piunger 53 in the narrower diameter front end of the barrel 386,

The head 64 of the plunger 53 slides in a chamber 86 (Fig. 2) in the reduced
diameter front end of the barrel 36. Rearward movement of the plunger 53 in the barrel

36 Creates a partial vacuum in the chamber 66 to draw medicine into the chamber from
a syringe 6/7. the internally threaded neck 68 of the syringe 67 is connected to the

externally threaded outer end 69 of the body 70 of a one-way valve indicated generally
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at 71in Figs. 1 and 2. The syringe 67 is a conventional plastic syringe including 2
barrel 72 with a plunger 74 slidable in one end thereof for discharging liquid through a
narrow diameter nozzie 73 (Fig. 3) the other end thereof. The syringe barrel 72
includes a scale {(not shown) indicative of the dosage injected sach time the injectoris
operated. It will be appreciated that the syringe 67 can be replaced by a medicine bottle
or bag.

‘The liquid discharged through the syringe nozzle 73 passes through the one-way
vaive 71. As best shown in Figs. 5 {0 7, the valve 71 includes the tubular body 70 and 2
vaive piston or stem 78 slidable in the body. The threaded outer end 77 of the valve
body 75 is connected to the internally threaded neck 68 of the syringe 87, and the other
threaded end 78 of the body is mounted in an internally threaded, rearwardly inclined
inlet 79 integral with the barrel 36. The middle 80 of the body 75 is hexagonal in cross
section for facilitating mounting the vaive in the inlet 79 using a wrench. The valve body
75 is sealed in the intet 79 by an O-ring 81.

A cylindrical valve stem 82 with a hemispherical top end 83 is slidable in the body
75 for seating against a tapered seat 84 in the passage 85 through the body. The stem
82 is biased to the closed position {Fig. 6) by a helical spring 87 on the narrow diameter
bottom end of the stem. The spring 87 is compressed between a shoulder 88 on the
stem 82 and a circular plate 89 seated on a shoulder 91 in the passage 82 through the
inlet 79.

vvhen the syringe plunger is pushed into the barrel 72, fiuid flows from the

syringe Into the valve body 70 pushing the stem 82 away from the seat 84 {6 the open

position (Fig. 7). Fluid flows through diametrically opposed holes 93 (one shown) in the
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stem 82 into a central passage (not shown) with a closed {op end and an open boitom
end. The fluid exits the stem and flows through an inlet passage 92 into the chamber
66 at the front end of the injector barret 36.

When the plunger 83 is driven forward, the fluid is discharged from the barrel 36
via a valve 98, a nozzie holder 97 and a disposable plastic nozzle 98. The vaive 86 is
defined by a holiow vaive stem 100 extending intc a passage 101 through the tubuiar
nozzle holder 97 and a cylindrical head 102 closing the inner end of the tubular stem
100. A circular, stainless steel spacer washer 103 is sandwiched between the vaive
head 102 and a shoulder 105 (Fig. 4) at the front end of the chamber 66 . The nozzle
holder 97 is held in the exiernally threaded front end 104 of the barrel 36 by an
internally threaded cap 106.

Referring 1o Figs. 8 1o 10, the holder 97 includes a tubuiar body 110 with the
central, longitudinally extending passage 101 therethrough. When the holder 97 is slid
into the barrel 36 an annular flange 111 proximate the center of the body 110 abuts the
end of the barref 36 to limit movement of the holder into the barrel. A finger 112 on the
discharge end of the barret 36 mates with a notch 113 in the flange 111 to prevent
rotation of the hoider in the barrel. An O+ing 114 seals the holder 7 in the barrel 36.
Fiuid passing through the valve 86 enters the passage 101 in the hoider 897 via
diametrically opposad holes 115 and is discharged through a small ortfice 116 In the
tapered outer end 118 (Fig. 7) of the cylindrical nozzie 119 at the discharge end of the
body 110. Threads 120 are provided near the cuter end of the nozzie 119. A cylindncal
sleeve 122 extends cutwardly around the inner engd of the nozzle 119. Diametricaily

opposed noiches 123 are provided in the outer free end of the sleeve 122. Each notch
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123 includes one more or less radially extending, straight side 124 and one beveled
side defining a knife edge 128.

The disposable nozzle 98 is defined by an elongated tubular body 127 with a
cylindncal rear end 128. The body 127 tapers forwardly from the cylindrical rear end
128 to a small diameter gjection end 129. Three deep concave groovas 130 in the body
127 aternating with longitudinaily extending ridges 132 facilitate manual manipulation of
the nozzle 98.

An annular recess 133 {FFig. 9} in the rear end 128 of the body 127 receives the
sleeve 122 on the holder 97. A detent or finger 135 extends outwardly at an acute
angle from the inner wall 136 of the recess 133. A longitudinally extending groove 137
in the wall 136 permits flexing of the detent 135. When the nozzie 98 is being screwed
onto the hoider 97 (by rotating the nozzle clockwise in Figs. 13 and 14), the detent 135
enters one of the notches 123. During each half rotation of the nozzle 98, the detent
135 engages the edge 124 of a notch 123 and flexes into the groove 137. As best
shown in Figs. 14 and 15, when the nozzie 98 is fully on the holder 97, the detent 135
extends into one of the notches 123. The nozzle 98 is sealed on the holder 97 by an O-
nng 138 (Figs. 8 and 9).

~iuid ejected from the holder 87 passes through a tapering passage 140 and is
discharged through a narrow ejection orifice 141, Alternating, radially extending ridges
and grooves 142 on the discharge end of the nozzie body 127 grip the area around an
injection site. Upon completion of each injection, the nozzie 98 is gripped between a

thumb and index finger and rotated sharply in a counterciockwise diraction. The detent

135, which extends into one of the notches 123, engages the knife edge 125.

10
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Continued rotation of the nozzie 98 in the same direction causes t’ﬁe detent 135 to
break at its thinner end, i.e. the end attached to the remainder of the nozzie body 127.
The detent 135 remains in the notch 123 and when the nozzie 98 is removed, the detent
falis out of the notch. Thus, the detent 135 provides an audible indication that the
nozzie has not been used. During mounting of the nozzie on the holder 97, each time
the detent 135 flexes into a groove 137, a dlicking noise occurs, indicating the detent is
on the nozzie. If the defent 135 is absent, there would be no resistance to rotation of
the nozzie 85 on the holder 97 and there would be no sound indicating that the detent
135 is intact,

Referring again to Fig. 2, injection is effected using compressed gas from &
source {not shown) thereof when the trigger 31 is squeezed. The gasis fed into the
lower cylinder 4 via a hose 145 and a connector 148, the axternally threaded end 147 of
which is threaded into the internally threaded rear end 148 of the cylinder 4. Squeezing
of the trigger 31 opens front and rear valves indicated generally at 150 and 151,
respectively. The front valve 150 includes a stem 152 slidable in a sleeve 153 in the
lower cylinder 4, The stem 152 is sealed in the sleeve 153 by an O-~ring 154, The
hemisphericatl outer end 156 of the stem 152 axtends out of the sieeve 153 into

engagement with the trigger 31. The conical inner end 157 of the stem 153 abuts the

front end of the stem 158 of the rear vailve 151, The stem 153 is biased forwardly by a
helical spring 160 sandwiched between an annuiar flange 181 on the stem 153 and the

front end of the rear valve stem 158, When the trigger 31 is squeezed, the stem 1583
moves rearwardly, whereby a diamaetrically extending passage 162 is aligned with a

passage 183 through the lower cylinder 4 into the space 165 between the front end of

11
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the piston 6 and the rear end of the sleeve 25, whereby air in front of the piston 6 can
be discharged through the valve 150 and a passage 167 in the handle 2 of the injector.,
At the same fime, the stem 152 pushes the stem 158 of the rear vaive 151. The
front end of the stem 158 is sealéd in the rear end of the sleeve 153 by O-fings 168 and
in the lower cylinder 4 by an O-~ring 168. The rear end of the stem 158 is sealed in the
rear end of the cylinder 4 by O-rings 171. The stem 158 is biased forwardly to the
closed position shown in Fig. 2 by a helical spring 172 sandwiched between an annuiar
flange 173 on the rear end of the stem and threaded outiet end 147 of the connector
146 on the outlel end of the compressed air hose 145. When the stem 158 moves
rearwardly, compressing the spring 172, the rear valve 151 is opened permitting &ir to
fiow around the flange 173 and through the vaive 151 and a passage 175 into a
chamber 176 behind the piston 6. When there is 2 sufficient pressure build-up in the
chamber 176, the piston 6 is driven forward at which time air is discharged from the
chamber 165 in front of the piston via the passages 160, 162 and 167, and the plunger
55 moves forwardly to discharge fluid from the chamber 66 through the valve 96, the
holder 97 and the disposable nozzle 98. Once injection has been completed, the nozzle

98 is removed and reptaced with a fresh nozzle.

When the trigger 31 is released, the springs 160 and 172 retum the vaive stems

152 and 158 t¢ the rest or closed positions. Air bahind the piston 6 is discharged via

the passage 1795, and passes around the rear vaive stem 158 for venting through a

second passage 178 in the handle 2.

vvhen injecting very small dosages, the barrel 36 is replaced with a smailer

barrel, {.€. a barrel with a smalier internal diameter having the small hole 39 therein.

12
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The hole 38 permits exhausting of air from the barrel 38 in front of the flange 60 on the
piunger 55. In the absence of the hole 39 because of back pressure during injection, i
would not be possible to accurately control the dosage when using a smali barrel. AS
described herainbefore, the barrel 36 is removed from the upper cylinder 3 of the body 1
by rotating the barrel so that the threaded rear end 35 disengages from the sieeve 23.
Once the barrel 36 has been removed. the plunger 53 can be pulied out of the front end
of the coupler 42 which, by virtue of the slots 56, is free to expand. The plunger 53 is
replaced with a piunger having a smalier diameter matching the internal diameter of the
smalier barrel. Of course, if a small diameter barrel is being repiaced with a larger

diameter barrel, the plunger 53 is replaced with a larger diameter piunger.

13
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A needleless mijgctor comprising:

a barrel for receiving an injectable liquid from a source thereof,

a holder extending outwardly from one end of said barral:

& disposable nozzie removably mounted on said holder for discharging
liquid from said holder and barvel;

a plunger slidable in said barre! for movement between a r‘etrac:te'd'
position i which fiquid is drawn info said barrel between said holder and
said plunger and an extended position in which liquid is discharged
through said holder and disposable nozzie;

a piston shidabie in said barrel movable under fivid pressure to move said
piunger to an extended, liquid discharge pasition;

a retraCtor connectad {0 said piston in said barrel for moving said plunger to the
retracted position when said piston is retracted,

a coupier connecting said retractor (0 said plunger permitting sliding of
said piston in said barrel against said plunger to move the {atter {0 the extended
position, and for drawing the plunger to the retracted position when the piston
and retractor are moved in a direction away from said holder and nozzie to the
retracted position;

a first valve for introducing fluid under pressure into said barrel altarnately
on one side of said piston to move the piston and plunger from the retracted to
the extended position to discharge liquid through said holder and nozzle, and on

a second side of said piston 1o retum the piston and plunger to a retracted

14
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position in which injectabie liquid is drawn into the barrel between said holder
and said plunger.

a trigger for opersating said first vaive to cause said plungsr to move from
the retracted {o the extended position and then back to the retfracted position
each time the trigger is operated; and

a stop in a second end of said barre! femcte from said one end for limiting
movement of the piston when the plunger and piston move {o the retracted
position.

The needieless injector of claim 1 including a magnet in said piston releasabiy
retaining the piston and piunger in the retracted position until the trigger is
operated.

The needieless injector of claim 1, including a stroke adjuster for altering the
stroke of said piston and consequently the dosage of liquid discharged from said
barrel,

The needieless injector of claim 3, wherein said stroke adjuster includes a
threaded plug in said second end of said barrel for engaging said piston, a
shoulder in said second end of the barrel; and a spacer ring between said plug
and said shoulder, whereby rotation of said plug in said barrel changes the gap
hetween the shoulder and the plug, and conseguently the tength of the stroke of
said piston.

The needietess injector of claim 4, where in said stroke adjuster includes a Kknob

rotatably mounted on said second end of said barrel and connected to said plug

15
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for rotating said plug; and a scale on said barrel exposed by movement of said
KNob to indicate a dosage setting of {the injector.
The needieless injector of claim 1, including a removable cap on said one end of
said barrel for retaining said holder in said barrel.
The needieless injector of Claim 1, including & syringe on said barrel for canrying
a supply of injectable liguid, and a scale on said syringe indicative of the dosage
of liquid injected each time an injection is made using the injector.
The needieless injector of claim 7, including a one-way valve connecting said
syringe to the barrel for admitiing injectable liquid into said barrel when the
plunger s retracted.
The needieless injector of claim 6, wherein said holder includes a central
passage for conveying liquid to the disposable nozzle; and an outwardly
extending cylindricat sleeve; and said disposable nozzie includes an elongated
tubular body having

a tapering front discharge end,

a passage extending through said body for discharging liquid received

from said holder;

an annuiar recess in a rear end of said body for receiving the annular

holider sleave; and
a resilient detent extending outwardly from an inner wall of said recess for
extending into a notch in a front end of the holder sleeve when the nozzie

15 mounted on the hoider,
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whereby, when the nozzie is rotated to remove i from the hoider, the detent
breaks off providing an indication that the nozzie has pbeen used.

The disposabie nozzie of ciaim @, wherein said body contains internal threads for
engaging corresponding threads on the holder.

The disposable nozzie of claim 10, wherein said detent extends outwardly at an
acute angle from the inner wall of the recess, whereby when the nozzie is rotated
in @ mounting direction on the holder, the detent flexes into and out of the holder
notch, and when the nozzie is fully mounted on the holder, the detent extends
into the notch, so that rotation of the nozzle in the other direction causes the
detent to engage one side of the notch and break off from the remainder of the
nozzle.

The disposabie nozzie of claim 11, wherein said one side of the notch is beveled
to define a knife edge for severing the detent.

The disposable nozzie of claim 12, wherein an inner wall of said recess inciudes
a groove permitting flexing of the detent into the groove during mounting of the
nozzie on the holder.

The disposabie nozzie of claim 13, wherein the detent includes an inner end

thinner than the remainder of the detent connecting the detent to the remainder

of the nozzie body, facilitating breaking of the detent at its inner end.

17
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