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The present invention relates to an injection device of the type that

recei vewomosyfisege, 5 extends it, discharges its conteni/gsaogotien retracts
it automatically. Devices of this general description are shown in WO

95/ 35126 and EP-A-0 516 473 and tend to enploy a drive spring and sone form
of release nmechanismthat rel eases theysyringe fromthe influence of the
drive spring once its contents are supposed to have been di scharged, to
allowit to be retracted by a return spring. 10 However, problens have

ari sen ieglian Bgdeeych as these that make it difficult to ensure both

conpl ete discharge of the syringe contents and reliable rel ease of the
syringe {rgmthil ﬂriYe spring. Because of the stack up of tolerances of the
vari ous device, a certain margin of safety nust be built
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termed a “wet” injection. Wet injections are undesirable for the squeamish, particularly in

connection with self-administered drugs.

UK patent applications nos. 0210123, 0229384 and 0325596 describe a series of injection

25 devices designed to deal with this problem. Each makes use of a neat trick that delays the
release of the syringe for a certain period of time after the release mechanism has been
activated, in an attempt to ensure that the syringe has been completely discharged. The
devices illustrated in UK patent applications no. 0325596 make use of a fluid-damped
delay mechanism that is particularly effective in ensuring complete discharge of the

30 syringe contents, but creates problems of its own. Firstly, the use of a fluid-damped delay
mechanism requires the creation of a fluid-tight reservoir. Thus, the manufacturing
tolerances of those components that define the fluid reservoir must be fine, or seals must be
used io prevent the fluid from leaking out before its job is done. Secondly, it is undesirable

for the fluid to leak out of its reservoir even when the device has been actuated, because

35 that could givé rise to a simulated wet injection, or to the impression that the syringe
contents may have leaked within the device. Neither is conducive to the peace-of-mind of
-self-administered drug users. Again, fine tolerances or seals-are called for, which pushes up

the price of manufacture. For injection devices that are designed to be disposable, as many
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35°that could give rise to a sinulated wet injection, or to the inpression
that the syringe contents may have | eaked within the device. Neither is
conduci w0 tmstissipeace- of -m nd of sel f-adm ni stered dpgg/geeesssoozAgai n, fine
tol erances or seals are called for, which pushes up the price of
manuf acture. For injection devices that are designed to be disposable, as
many WO 2005/ 115516 PCTUGB2005/ 002117 2 will be, every penny counts.
Summary of the Invention The injection devices of the present invention nmake
use of aywfl Yt dvdarpedydelnay. S5 nmechanism but suffer from none of the
di sadvant ages | ust descrlbed as will now be explained. An injection device
according to a first aspect of the present invention conprises: a housing
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advance P fromits retracted position to its extended position and
di scharge its contents through the discharge nozzle; a decoupling
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chosen t Batoupling pedition,as dadouplesa fitst bompéieat of the device ﬁ'om a second component,
whereupon the first component of the device moves relative to the second component;
20 a release mechanism, activated when the first component has reached a nominal
release position relative to the second, to release the syringe from the action of the
actuator, whereupon the biasing means restores the syringe to its retracted position; and
a highly viscous fluid damping the movement of the first component relative to the
second, so that the release of the syringe is delayed after the activation of the decoupling
25 mechanism to allow the remaining contents of the syringe to be discharged before the

syringe is released.

The delay between the activation of the decoupling mechanism and the activation of the

release mechanism is used to compensate for any stacking of tolerances. Although
30 triggering of the decoupling mechanism can be designed to occur before the contents of the

syringe are fully discharged, the delay is so chosen that, for all variations within the

intended tolerances of the components, release of the syringe will not occur until after its

contents have been fully discharged. It thus becomes possible to ensure that the syringe

contents have been discharged before it is retracted, without baving to comply with
35 unrealistically fine tolerances.

By “highly viscous fluid” is here meant a fluid that, at 25°C, has a dynamic viscosity of
3000 centiPoise or more. Methods are known in the art for determining the dynamic viscosity
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possi bl ewoooengssie t hat the syringe contents have beenpci/ggiwsgedibefore it
is retracted, without having to conply with 35 unrealistically fine

tol erances. By "highly viscous fluid" is here neant a fluid that, at 25C,
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conditions. Thus, the manufacturing tol erances of those conponents that
defihnne fluid reservoir need not be fine and nor need seal s be used.
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fluid, s driven by the actuator. Use of the actuator in this way keeps
down the cryRa@R@the 6QHPnent count and ensure the injection device remains compact, the first

and second components of the device may be constituted by first and second elements of
the drive, of which the first is acted upon by the actuator and the second acts upon the
7 syringe, the first drive element being capable of movement relative to the second when the
) 25 former is acted upon by the actuator and the latter is restrained by the syringe. As will be
recognised, the relative movement of the first and second drive elements that is damped by
the highly viscous fluid, is driven by the actuator. Use of the actuator in this way keeps
down the component count.

30 A reservoir for the highly viscous fluid may be defined in part by the first drive element
and in part by the second drive element, the volume of the reservoir tending to decrease as
the first drive element moves relative to the second when acted upon by the actuator, the
reservoir confaining the highly viscous fluid and having a vent through which the fluid
escapes as the volume of the reservoir decreases. This probably provides the simplest and

35 most compact realisation of the fluid damping mechanism using a highly viscous flaid.

An injection device according to a second aspect of the present invention comprises:
a housing adapted to receive a syringe having a discharge nozzle, the housing
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drive elements need not be accomplished by a decoupling mechanism. Other possibilities

exist, including the use of two components that include a frangible coupling or no coupling
other than that provided by static friction between the two components. Nonetheless, a
delay between the decoupling of the drive elements and the activation of the release
-~ 25 mechanism is present, and is used as described above.

Thus, the injection device may further comprise a coupling that prevents the fust drive
element from moving relative to the second until they have been advanced to a nominal
decoupling position that i1s less advanced than the said nominal release position. The

30 coupling may, and preferably does, comprises a decoupling mechanism, activated when the
drive elements have been advanced to the said nominal decoupling position.

Two forms of coupling and decoupling mechanisms are specifically proposed, although it
is acknowledged that other possibilities exist. In its first form, the coupling is a third drive
35 element acting upon the first and second drive elements. In this case, the decoupling
mechanism is adapted to decouple the third drive element from the second so that the third
drive element acts only it no longer once the said nominal decoupling position has been
reached, thus allowing the first drive element to move relative to the second, and the
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include a blind bore that is open at one end to receive the stem and closed at the other, the

bore and the stem thus defining the fluid reservoir. Again, for greater simplicity of
) 25 manufacture by injection moulding, the coliection chamber may be defined by a bore in the
said one element, being open at one end and closed at the other but for the vent.

Brief Description of the Drawings

The invention will now be described by way of example with reference to the
36 accompanying drawings, in which:
Figure 1 is a schematic illustration of a first embodiment;
Figure 2 is a second; and

Figure 3 is likewise a third.

35 Detailed Description
Fig. 1 shows an injection device 10 in which a housing 12 contains a hypodermic syringe
14. The syringe 14 is of conventional type, including a syringe body 16 terminating at one
end in a hypodermic needle 18 and at the other in a flange 20, and a rubber bung 22 that




25 manufacture by injection noulding, the collection chanber may be defined
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drawi ngs, in which: Figure 1 is a schenatic illustration of a first
embodi nent; Figure 2 is a second; and®igure 3 is likewise a third. 35
Detail ed Description Fig. |I shows an injection device 10 in whi ch a housi ng
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second drive elenent 34 are each acted upon by a third drive elenent 36, in

i nternal shoul der 38 of which is acted upon
20 The mulii-component drive between the drive spring 30 and the syringe 14 consists of

three principal components, A first drive element 32 and a second drive element 34 are
each acted upon by a third drive element 36, in internal shoulder 38 of which is acted upon -
by the drive spring 30. Thus, the drive spring 30 causes the third drive element 36 to move,
_ which in tumn causes the first and second drive elements 32, 34 to move in tandem. The
) 25 third drive element 36 is coupled to the first and second drive elements 32, 34 by means of
respective ball latches 52, 54, of which more later.

The first drive element 32 includes a hollow stem 40, the inner cavity of which forms a
collection chamber 42 in communication with a vent 44 that extends from the collection

30 chamber through the end of the stem 40, The second drive element 34 includes a blind bore
46 that is open at one end to receive the stem 40 and closed at the other. As can be seen,
the bore 46 and the stem 40 defining a fluid reservoir 48, within which a highly viscous
fluid is contained.

35 A trigger 50 is provided at the end of the housing 12 remote from the exit aperture 28 for
the hypodermic needle 18. The trigger, when operated, serves to decouple the third drive
component 36 from the housing 12, allowing it to move relative to the housing 12 under
the influence of the drive spring 30. The operation of the device is then as follows.




by the drive spring 30. Thus, the drive spring 30 causes the third drive
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laterally outwards from the position shown to a position at which they no longer couple the

third drive element 36 to the second drive element 34, aided by the bevelled surfaces on
the second drive element 34, fast against which they are normally retained by the inner

) 25 surface of the housing 12. Once this happens, the third drive element 36 acts no longer on
the second drive element 34, allowing the first and third drive elements 32, 36 to move

relative to the second drive element 34.

Because the highly viscous fluid is contained within a reservoir 48 defined between the end
30 of the first drive element 32 and the blind bore 46 in the second drive element 34, the
volume of the reservoir 46 will tend 1o decrease as the first drive element 32 moves relative
to the second drive element 34 when the former is acted upon by the drive spring 30. As
the reservoir 48 collapses, highly viscous fluid is forced through the vent 44 into the
collection chamber 42. Thus, once the ball latch 54 has been released, some of the force
35 exerted by the drive spring does work on the highly viscous fluid, causing it to flow though
the constriction formed by the vent 44; the remainder acts hydrostatically through the fluid
and through friction between the first and second drive elements 32, 34, thence via the
second drive element 34 and onto the bung 22. Losses associated with the flow of the



which the inner dianeter of the housing 12 is enlarged. The balls in the
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Before the reservoir 48 of fluid is exhausted, the ball latch 52 linking the third drive
element 36 with the first drive element 32 reaches the region 56 of the housing 12 at which
the inner diameter of the housing 12 is enlarged. The balls in the ball latch 52 move
) 25 laterally outwards from the position shown to a position at which they no longer couple the
third drive element 36 to the first drive element 32, aided by the bevelled surfaces on the
first drive element 32, fast against which they are normally retained by the inner surface of
the housing 12. Once this happens, the third drive element 36 acts no longer on the first
drive element 32, allowing the first and third drive elements 32, 36 to move relative cach
30 other. At this point, of course, the syringe 14 is released, because the forces developed by
the drive spring 30 are no longer being transmitted to the syringe 14, and the only force
acting on the syringe will be the return force from the return spring 26. Thus, the syringe

14 is now returned to its retracted position and the injection cycle is complete.

35 TFig. 2 shows another injection device 110 in which a housing 112 contains a hypodermic
syringe 114. The syringe 114 is again of conventional type, including a syringe body 116
terminating at one end in a hypodermic needle 118 and at the other in a flange 120. The
conventional plunger that would normally be used to discharge the contents of the syringe



further. At this point, the contents of the syringe 14 are conpletely
di scharged and the force exerted by the drive spring 30 acts to retain the
bung 22wianons/s1sser mi nal position and to continue to crureBzbws/obiighl y
viscous fluid to flow though the vent, allowing the first drive 20 elenent
32 to continue its novenent. Before the reservoir 48 of fluid is exhausted,
the ball latch 52 linking the third dri9ve elenent 36 with the first drive
el enent 32 reaches the region 56 of the housing 12 at which the inner

di t {4l
Iy e L A
| onger cdusptibed brlow; which ténnmetee e abing 382+ The hung il 23 coawtrajes eilagehid ®2,

ai ded bypd mer&eﬁekéde% ifthih f e e tE'S‘d f1' 'EStWﬂﬂti%ems?}ﬁBQé ifldstri@b tis agai nst

which they are normally retaine I nner surface o t he housing 12.

Once t hi Bynodpmaigstype. Hbist aged drod me%smlérrhfnﬁo oS Heustrajed, Flaﬁwb@#&% ichides jar st

drive el gfBAlkpads 126 tHaVbRA%sHHE syridgstl lﬂ%rﬁ Hh%ﬂteﬁ&é&ﬁos@ﬁwgcﬁ%e ﬁs’&dfeo nove

rel ative each 3 t her. At th 0| né}e qﬁrse

r el easedl1bexy ?fﬁemf“%ﬂeﬁ‘%‘%e ugipe Ll do g re{ractef mogiioa dn yyhck the onger
bei ng traRcHrid aekAO11HS @dtﬂdxﬂ@?witﬁm i thdubidgoni2y Thernefun apﬁm%:gzeecﬁshe
syringe ret flﬁjce fromthe return spring 26. T t he

syringe 4Wﬁgg$thW@?ﬁ its retracted position and the injection
cycle is conplete. 35 Flg 2 shows anot her injection device 110 in which a

convell Bhi Eant I KPR R b acRiioro Bl e 108 RTiPRRS htmte®R 1
hypoder nitve sgerttige 1301 Savd fratn teedritehgmingn] 30 s aagmitidd viaraenuliamvgrnsanal

Vo 2005/ S8 1b R Hriagh Tonay aBSits a0, 5 RanBlA s MbsERMEBkendty peifuguy! o
r epl acedand tlischarge it ecosientrethroupBithe mendle| 1 1ife Th@te@wa aedmiplishes, thlmt?@h by

term nat g5, I?CCEV%Q @am Tﬁ% Q{db“ﬂa%%%eoﬂ%r}ﬁd?ést Iéjfdf&sja?cﬁ %

adm ni stere |n e nge ated S

of hijpodagrengd, toyplesser ﬁxenhé@@crfesmieh@wgm theybusg 1&2 andst @lsmngerlaaderdl 6t h

housi ng _iAIAGSufe af el oy ie! BEE1A0 uhiIPiho LRSS Spifle 194 LhiGRs bif of e an

ext ended p05|t|on in whith the ng}g 18 extends froman aperture 128 in
the housF¥ipeePedy &1 megtssamedthes mmnlthamﬁeﬂltsrmoﬂm scharge nozzle 118

I's contained within the housing 112. The return spring 126 acts on the

syringe 4 via a sleeye 12 t.he ot her d of, the.hou

S0t ot o e cRupaSeht e bavaesrthe Ve bk aen the Srine T st

Dri ve2d r tred pendpail venppneritg A Iive SlebVélmSIrtdl&ednvé drozn thd driivecspripgiSitanddr i ve

to the syrin t o, advance i t,.Lrom.i cte ton to jts extended

posi (1 ontasit AL ALPLE IR G a8 D el RE B Thioh i b

acconpl i hes viaHiexililaddtclbgrms 135 to a second drive element the drive element 134 already
mentioned.

) 25 The first drive element 132 includes a hollow stem 140, the inner cavity of which forms a
collection chamber 142 in communication with a vent 144 that extends from the collection
chamber through the end of the stem 140. The second drive element 134 includes a blind
bore 146 that is open at one end to receive the stem 140 and closed at the other. As can be
seen, the bore 146 and the stem 140 define a fluid reservoir 148, within which a highly

30 wviscous fluid is contained.

A trigger (not shown) is provided in the middle of the housing 112. The trigger, when

operated, serves to decouple the drive sleeve 131 from the housing 112, allowing it io

move relative to the housing 112 under the influence of the drive spring 130. The operation
35 ofthe device is then as follows.

Initially, the drive spring 130 moves the drive sleeve 131, the drive sleeve 131 moves the
first drive element 32 and the first drive element 132 moves the second drive element 134,



acting directly on the drug 124 and the syringe 114. Hydrostatic forces
acting through the 15 drug and, to a | esser extent, static friction between
t he bunwolL2R5/ar3d16t he syringe body 116 initially ensureCt/iagroosieesiadvance
together, until the return spring 126 bottons out or the syringe body 116
nmeets sonme other obstruction that retards its notion. The multi-conponent
drive between the drive spring 130 andi® he syringe 114 consists of 20 three
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this happens, the first drive element 136 acts no longer on the second drive element 134,

allowing the first drive element 132 to move relative to the second drive element 134.

) 25 Because the highly viscous fluid is contained within a reservoir 148 defined between the
end of the first drive element 132 and the blind bore 146 in the second drive element 134,
the volume of the reservoir 146 will tend to decrease as the first drive element 132 moves
relative to the second drive element 134 when the former is acted upon by the drive spring
130. As the reservoir 148 collapses, highly viscous fluid is forced through the vent 144 into

30 the collection chamber 142. Thus, once the fiexible latch arms 135 have been released, the
force exerted by the drive spring 130 does work on the highly viscous fluid, causing it to
flow though the constriction formed by the vent 144, and acts hydrostatically through the
fluid and through friction between the first and second drive elements 132, 134, thence via
the second drive element 134. Losses associated with the flow of the highly viscous fluid

35 do not attenuate the force acting on the body of the syringe to a great extent. Thus, the
retumn spring 126 remains compressed and the hypodermic needle remains extended.

After a time, the second drive element 134 completes its travel within the syringe body 116



116 and hydrostatic forces acting through the drug 124 to be adm nistered
are, however, sufficient to retain the return spring 126 in its conpressed
state, wobdmibsapodermi ¢ needl e 118 renai ns ext ended.pciiiGBedooriithe second
drive element 134 reaches the end of its travel within the syringe body
116, so before the contents of the syringe have fully discharged, the
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the syringe 114 are conpletely discharged and the force exerted by the
drive spring 130 acts to retain the second drive elenment 134 in its
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132 reacf), ﬂt@q{oﬁgmgq(iﬁ tsrh'oﬁ&kr%? thle?’e%d%& QIllenhIS 085 of the hollow end is bevelled on its

leading edge 157, but not its trailing edge. Thus, as the cap 111 is installed, the leading

edge 157 of the lip 125 rides over a shoulder 159 on the boot 123. However, as the cap 111
is removed, the trailing edge of the lip 125 will not ride over the shoulder 159, which
J 25 means that the boot 123 is pulied off the syringe 114 as the cap 111 is removed.

Figure 3 shows another injection device 210 in which a housing 212 contains a hypodermic
syzinge 214. The syringe 214 is again of conventional type, including a syringe body 216
terminating at one end in a hypodermic needle 218 and at thé other in a flange 220, and a

30 rubber bung 222 that constraints a drug 224 to be administered within the syringe body
216. The conventional plunger that would normally be connected to the bung 222 and used

to discharge the contents of the syringe 214 manually, has been removed and replaced with

_ a multi-component drive element as will be described below. Whilst the syringe illusteated

is again of hypodermic type, this need not necessarily be so. As illustrated, the housing

35 includes a return spring 226 that biases the syringe 214 from an extended position in which
the needle 218 extends from aperture 228 in the housing 212, to a refracted position in



housi ng 112. The constriction 139 noves the flexible latch anus 133 i nwards
fromthe position shown to a position at which they no | onger couple the

drive s othe first 10 drive el enment 132, ai vel | ed
surfacels‘ﬁg%&)tség%é%nstri ction 139. Once this happens, ?ﬁgﬂ%ﬁ?@@%‘% Zeve 131

acts no longer on the first drive element 132, allowng them to nove
relative each other. At this point, of jgourse, the syringe 114 is rel eased,
because the forces devel oped by the drive spring 130 are no | onger being

transmt t I; ; ; Negsiast11p9 188 i ?ﬂd ge
will bet ec%glteu D?%rgdégg ?dcl)%nétff%éégéel%tﬁj?%d g}gﬂrhlihngﬁw ﬁ% Tﬂus, rttﬁgi yrlgzge
114 i s nags aets onnedsyirimge 034 ved 1 dedved2Fosi tion and the injection cycle is
conplete. Al this takes place, of course, only once the cap 111 has been

renoved fromthe end of the housing 112. As can be seen fromfig. 3, the

end of t [ ! =W : : : - 2k of
the cap t%z}’tﬁ(}!]p %g%\r}mat% Fﬁ?ﬁ@?ﬁ%ﬁg g&?@@%5m§r1¥%§% Q?Lq?ﬂ%l{éé?ﬁg?gﬁ ed on the
housi n§ 3png 230 tiod tranvnaitted kia tha dndtidoidpentitprild o die dypimghali#f oovadwnishce $

bevel l ed on its | eadi ng_edg}g_ 157, but not its traili n%ledg%e Thus, as the

cap I1 él fzom jis wefraciadl pasion ol mgendsdgrosition aad dispbaraepits ooty droughpihen
Crait i ngsole 98 Pfic RO adrnpl PSS tasRby' dfing Mhecdy pu e LY Eand BE,

means t hairiade2 b Mydidstaticsfopeds| R tng trotifite tiRydrig @24 bid, wSa lddser @aend, Istatics
renoved. Figure 3 shows another injection device 210 in which a housing 212

cont ai ns Tectgmbriween the upgi2adand the symngedipdy Ad 6 imtially snywa that dieyadverast i onal

type, 14 Nn¢l udi ng _a. i d erm i t i ermc
neegi 80 2Jod et T IDHR opA 220 BorudrBl SR il aee 308y 16 iRl B308:
const r ai Rbstngstidh Weht 284rds shgotadm ni stered within the syringe body 216. The
conventional plunger that would normally be connected to the bung 222 and

used to discharge the contents of the syringe 214 nanual ly, has been

renoved d repl aced with,.a |0 - ent .dri I nt 1 he.
descri beaq'ge A CWPPE?HEt%éVCS%?JﬁS%%ﬁ%Q? rsgflg% e ?’sg‘é‘ggﬁ% Sﬁggﬁa\;l\%%earg%nc
type, thicanéiie @fNhice RBEHAREohYoktRits TheAfive! dlatit rat edkes v auml e Ebre
includes a return spring 226 that biases the syringe 214 from an extended

posi t 1&n sPringABe and trapsmiseil|te flzxdle jatehamns 2 5ndmp dirstukivexdemen 233e Thesesi ng
212, to a,retracte oSi tjon &, 2005/,11551 2005/ 002117 ,.12 whi ch
Che oot R SRR hiderlt A RRRP e R MeRCZ A HE Ring 3RSt gt il
Spring  ZR{iAE lackofnis B 558 el feenPdridve/éidmentSi e Thesd 2lemdlits hikeshotviah dengl of
t he housi ng is a_ conpression drive S%Iin 230. Drive fromthe drive 5

spring 238" As beforatbedfirst deve element 25diincludes mboHewtstam 24, the innsecasijiyiofge 214
L0 20V anGhal o RS AP 4ROPI AR Bidd AcEhe SRR & bR A
20 246 that is open at one end to receive the stem 240 and closed at the other. As can be seen,
the bore 246 and the stem 240 define a fluid reservoir 248, within which a highly viscous

) fluid is contained.

A trigger (not shown) is provided in the middle of the housing 212. The trigger, one
25 operated, serves to decouple the drive sleeve 231 from the housing 212 allowing it to move
relative to the housing 212 under the influence of the drive spring 230. The operation of

the device is then as follows.

Initially, the drive spring 230 moves the drive sleeve 231, the drive sleeve 231 moves the
30 first drive element 232 and the first drive element 232 moves the second drive element
234, in each case by acting through the flexible matching arms 233, 235. The second drive
element 234 moves and, by virtue of static friction and hydrostatic forces acting through
the drug 224 to be administered, moves the syringe body 216 against the action of the



needl e 218. The drive acconplfshes this task by acting directly on the drug
224 and the syringe 214. Hydrostatic forces acting through the drug 224
and, to wol®ssAksextent, static friction between the Qg: he
syringe body 216 initially ensure that they advance 10 toge%%ésr@}glrﬁil t he
return spring 226 bottons out or the syringe body 216 neets sone ot her
obstruction that retards its nmotion. Thg nmulti conponent drive between the
drive spring 230 and the syringe 214 again consists of three principal
conponent gy, REgE | 3 3pripBKe% ihdRsdes ARt 118 Ipodermid hedlle! PR 230
and transmts ?t %C?Q?Igl%gﬁégﬂ%ag’ghgarns Zﬂ?laé gn a first drive el errer?t 232.
These el emmnpss Aom teowit aperited A28 of Alle hdheng 2431 Thitsi coatiehenentil tB82etum t urn

transmts drive via flexible |latch,a 35 to a second drive el enent 234.
These el cHBRE 226 hotiems it phitscvipge b@%@é&ﬁﬁ@ﬁ&#@, Otﬁ?feoqﬁwgttond&%@taé ®ent
232 incl . h' Daer ' [

col |l ecti ;i%e‘?ﬂ%,ﬁ?@r&%f%ﬁ%&g&%ﬁ % rive tg?gﬁn}é%tmﬁz)%ﬂd Fﬁr%csﬁ’ggggbg@%?llﬁnanq or 20
246 t héat ths hpfdentatit fames anbgtthrough ehey druptR24sibern Ribfinateded hresed safficidae tot her .

As can be seen, he bare 246 _and .t he stem 240 ine .a fluid reservQir 248,
wi t hi n wHEss the Fﬁiﬂi; Hpye Jorse a%eiomgfhwga dﬂé]@éﬁﬂ%&ﬁi&t this pping ther s dd¥fown)

IS provi | ' ;”Fkﬁ-mp ' i Pt at ed,
serves tgeq%gélgu%’:agb%dﬂgﬁl%e S eev@gﬁifgg%%rgrﬂ é@g%ﬂéﬁ%ﬁ’ﬁ? wngit to
move r el difchufretlo Dyantio Usctieh dtBvacndihe bl 2021 aphde efrifigre bddy A 6spad ng
230. The operatjon of the device is then as follows. Initially, the drive
spring 23udmesiatls fopres @Pﬁ%f@@%@e simg 2240 be pdisimistered are howswire suffigient 30

first (driye el 2 ..an -firs | - t e d
ar e 18] cifciof J50 el gl 30 i il dorek 80 RAEELY e PR ARRCERN

ar 233, retdns ekbmds®cond drive elenent 234 noves and, by virtue of static
friction and hydrostatic forces acting through the drug 224 to be

adm ni stered, noves the syringe body 216 agai nst the action of the WD
2005/ 115 PCT/ 5 r r ' . rn.. ing 226
conpr essg%g1D rnecclt-ﬁf3 %&%‘3‘ p%'g'grzer}néném%ézéé Irgé%g ﬂ?eg‘%{edp‘gfels ?"a"ﬁ‘ﬁﬁ‘g Eeh:% [ Ssmggéetr)?%’r e 228

of the hopis, Bgbeibz: thé Rbbitese BE LU Sinpd have fullg distharped, thoflexibleddich Bahs 03B out
or the syringe body 216 neets some other obstruction that retards its

not i orl> Béddng dhe Hissts and jsecand; drive relarernie it R4 pigagh 22c0nsfirtione23r Thrye

body 216 1h I,LC forc | h t

adr ni st R Rgr b R HEfRREAbY G RBaCR O BB gR i M a8 B i e by
the dri veoth@ tdrgpodifits, Bit bl B @aktiinéd Beiseennbe dyrint flalge M0t andtidiRgiahs t O
nove within the syringe body 216 and the drug 224 begins to be discharged.

Dynani ¢ fR¢xdble samb dddeen thentecouh drive zlepant t%g- 3‘%&%@;%&%@{/ llexibleapraps 247

overlie the flexible arms 235 on the first drive element 232, by means of which drive is

20 transmitted to the second drive element 234. Figure 3 illustrates the injection device 210 at
the position where the additional flexible arms 247 are just making contact with the

constriction 237 in the component 262.

The constriction 237 moves the additional flexible arms 247 inwards, aided by the bevelled
25 surfaces on both, and the additional flexible arms 247 in turn move the flexible arms 235,
by means of which drive is transmitted from the first drive element 232 to the second drive
element 234, inwards from the position shown to a position at which they no longer couple
the first and second drive elements together. Once this happens, the first drive element 232
acts no longer on the second drive element 234, allowing the first drive element 232 to

30 move relative to the second drive element 234.

Because the highly viscous fluid is contained within a reservoir 248 defined between the
end of the first drive element 232 and the blind bore 246 in the second drive element 234,



hydrostatic forces acting through the drug 224 to be adninistered are,
however, sufficient 10 to retain the return spring 226 in its conpressed
state, swatves/mgpoder mi ¢ needl e 218 remai ns extended. mef/geeooklogisecond
drive element 234 reaches the end of its travel within the syringe body

216, so before the contents of the syringe have fully discharged, the
flexible latch arns 235 15 linking theidirst and second drive el enents 232,
234 reach a constriction 237. The constriction 237 is formed by a conmponent
262 that s vohintd &f th¥ réde@oit 94M?tan@|tatde&%a§eoasaché firPRE RRERP NP hfovelut
that is constrained between the syringe flange 220 and additional flexible
anus 247 miativhéo Secsoehdidiiveeclemnentedt Wikh, thT lieseer aglatited wponl by thexdrbespangs 247

I t f i bl th t. d t 23 f
OhCeh ar oA B radai 2 F go st chithl ohin’this Gl uF Tolted 155y, 1ol fi2H5a°
i ['lustrat &ﬁ.ﬁﬂé@zmﬁﬁfsl SitednY negibielAtchtarmk P85 PRASE Béé?ﬂel@ﬂ%d?tﬁél%r&@de&b@nm

flexible arns 247 are just making contact with t constriction 237 in the
conponent b2 8@, drieespeing SB0i does ovork 37 tho lighly macﬁlmdmaaBmgllém Hdw imoube 247

et bf o Galfeetomeamber did aaivasn #is Ridsoaai treSasge i nEuntiat-ghon
drive i Szgét@@éfmhetfggt f;r{ A txggd[w SbmBhis Y gz eiﬁ;%c@%% th sddd8d AT Rknflint Ve

el enent I nwar position s a position at which they no
| onger co2il. d.ostebasdaciaddd with theHowdhfdhe hight emtssﬂmd)gemblaaﬁemmtbdhe lhorse

o bnent 2ine.An B 991 0Tcbe SPERECI ¢ ErON GRS, Y5 TS oG JRE £2h JYRS £ o
the s n viscous fluid is contained
W t hi ﬁﬁp &@%ﬂﬁ%ﬁhgg@ﬂ@é&%@@%@ﬁ%ﬁ% Egdtéﬁuc‘j&of the first drive el enent

2327and the blind bore 246 in the second drive elenent 234, WO 2005/ 115516
PCT/ GB20051002117 14 the volupe of the reservoir 248 wil] tend to decrease
as the fipder yimpethesespngrdivgslomeni 34 pemg e#i?é’“&‘@"‘?%‘@*@éé%%ﬁ’”%?&"@ dg ¢ ront
234 when I | t rvoir
248 col | a%lgiés&pﬁ?g%cf m%c%(gs gmgyl%tg?cg%e P?\It?%! tgﬂéng%gﬁ‘le?ﬁ té%ﬁpre r?rber
242. Thusdiscireged qiel fheefordal ce(ehadi dly the miive 3pring 280 esnor etafia dedsecoind dfmea ce
exerted 5 by the drive spring 230 does work on the highly viscous flg

causi nlp i glemngnk 23n He dermiral nogitica i da contneto cavse thenbizhlysysenus flui

hydr ost at | P\ﬁeg st
and secongg‘grlflﬁ\éeﬁlgl enen otn%lb%g?%ﬁhen H}%f%lfs{ lg&és%%gﬁ@ei ri vrbotélpgurr%ain

234. Lossasvasasnci ated with the flow of the highly viscous fluid do not
attenuate the force acting on the body of the syringe to a great extent.
Thus, the return spring 226 remains 10 conpressed and the hypoderm c needl e

remai ns eﬁiﬁﬁ‘&@ 990 on the rear of the second drive element 234 normally retains the flexible arms

20 233 in engagement with the drive sleeve 231. However, before the reservoir 248 of highly
viscous fluid is exhaunsted, the flexible latch arms 233 linking the drive sleeve 231 with the
first drive element 232 move sufficiently far forward relative to the second drive element
234 that the flange 270 is brought to register with a rebate 272 in the flexible arms 233,
whereupon it ceases fo be effective in retaining the flexible arms 233 in engagement with

25 the drive sleeve 231. Now, the drive sleeve 231 moves the flexible latch arms 233 inwards
from the position shown to a position at which they no longer couple the drive sleeve 231
1o the first drive element 232, aided by the bevelled latching surfaces 274 on the flexible
arms 233. Once this happens, the drive sleeve 231 acts no longer on the first drive element
232, aliowing them to move relative to each other. At this point, of course, the syringe 214

30 is released, because the forces developed by the drive spring 230 are no longer being
transmitted to the syringe 214, and the only force acting on the syringe will be the return
force from the return spring 226. Thus, the syringe 214 now returns to its retracted position

and the injection cycle is complete.



After a time, the second drive el enment 234 conpletes its travel within the
syringe body 216 and can go no further. At this point, the contents of the
syringe wWDRoas/els6onpl etely discharged and the force expctesngobhigrdrive
spring 230 acts to retain the second drive 15 elenent 234 in its term nal
position and to continue to cause the highly viscous fluid to flowinto the
col l ection chanber 142, allowing the fifst drive elenent 232 to continue its
novenent. A flange 270 on the rear of the second drive elenment 234 nornally
retains the flexible arns 20 233 in engagenent with the drive sleeve 231.
However, before the reservoir 248 of highly viscous fluid is exhausted, the
f1 exi bl e Thahe injestive d23B:-ek idakdribgd) drel Wranyenpkctey ded@d asotding le thef invedtiody | ve
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t he fl exidndesiticons 2i33se awhexauplon oftfhodades may be ssfdctast to dave ar kinaimaiing t he
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the flexible "arns Once t ens drive sleéve 231 acts no
lZQiQ

| onger orseeerd émv%@emmvlé sippleda dill bejfore %w@ﬁn%ﬁftsh drive slemspbisipushed o t o
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ecause ces evel ope re no nger e
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will be tlﬁi@re"s@bﬂilﬂorfoﬁ{e@@oﬁtéﬁﬁﬁdnmmﬁéd&ldﬂeﬁ@tdﬂgcl&%@ Thus, the syringe 214
now;returns toits retracted position and the injection cycle is conplete.

005/ 115516 PCT/ G112005/ 002117 15 In the injection devices described,
and i n aniithjghgireforred dxnpmganediatisig ushgtataghlnwisebuofiuid Hahebdsﬁxgiebmbd@cous
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into place e vol unme of need accurately controlled, since
excess fluid will be 10 expelled into the collection chanber. The Fluid wll

then fid | A diliGicHAN éﬂﬂnﬁbﬁﬂﬁr&yﬁmhﬁewsdo S8 ﬁ%hﬂ»ﬁécoﬁg ﬂﬂﬁfﬁeget BPiHeaREdant s
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embodiments just described, it 1s unlikely that dynamic viscosities in excess of 150,000

centiPoise would be effective. Even fluids with dynamic viscosities in excess of 60,000
) cenfiPoise would appear to have limited applicability.
25



i't-will of course be understood that other danping nechani sns that use a
hi ghly viscous 15 fluid are possible. Thus, the highly viscous fluid may be
used to WapodhHssigovenent of conponents of the device qtdq%Biolag,ﬂoﬁiﬁnents
that transmt drive fromthe drive actuator to the syringe. Many of the
advant ages associated with the use of a highly viscous fluid are

i ndependent of the other details of thejglanpi ng nechanism 20 A functional
upper limt on the dynam c viscosity of the highly viscous fluid is set by

the?eed )&t—l\fiﬁ’ ] E}QIT@E- i @@msnl practical enbodi nents of
this i nv%rn’c#u% n@“@%@g%ml—a%scri bed, it is unlikely
that dynam c viscosities in excess of 150,000 centiPoise would be
effective. Even fluids with dynam c viscosities in excess of 60,000

cent i Poi sk wouNTBERAATON have |inited applicability. 25 WD 2005/ 115516

PCT/ GB200f/ Qﬁﬁﬁﬂed aﬁnﬁé\"\ﬁ% Mo opldREMEN hstin BENAMi&e. MiheClaalphy codsists of a
| NTRODUCTI ui d nper. has, been ropo fﬂ foraIHse in the device.

The daépeﬁmq!bh@ie Ledowﬂaﬂ'@? @ﬂimh%l@wemrsiom‘@a i el Poledn4Re centifol WBSR i st on
Wth a sniide 19@% Sliddthé N8idCs férced thyhigh the hbRIRE ihtd tAPRrtRbfithepikioal d s
forced through the hole and into the centre of the piston. Th| s docunent
describes a test nethod by which the dynam c viscosity of the fluid may be
det er m nefhis B@c@aer@ﬁ&ﬁlﬁlbegh ¢t letHo@NIERhich the dyidRREIsctity JiREATIMENha@be FLOWV
THROUGH 4&% H%E 3.1 DERI VATION 15 The followi ng analysis is applied to

| anmi nar fYOWRBR*F 1 uid in an axi symretric pipe, in this case the bleed hole
in tthpl ston. Resolving forces on a cylindrical elenent: ZJLYLT = WA A=RAP

ro.. T’\(l) ' Lbd is Newonian and referencing flow from
theycentr D%g = 1@ Pt AML

3. THEORETICAL TREATMENT OF FL.OW THROUGH BLEED HOLE

3.1  DERIVATION

15 The following analysis is applied to laminar flow of fluid in an axisymmetric pipe, in this
case the bleed hole in the piston.

Resolving forces on a cylindrical element:

LAFLT = AIA
drmirr ®
: ) 20 Assumijcllg the fluid is Newtonian and referencing flow from the centreline:
u "
- T=—ll— 11
H (i)

Equaimg 52) and (ii):

P AR



Equating (i) and (ii): -AP du 24uL dr WO 2005/115516 PCT/ GB20051002117 17
Integrating: 4pL Boundary conditions: u7--Oat r--R5 u=max at r=0 APR

- C =7 ALlwezosAissi@) (iii) Exam ning an annul ar el enenper@roedions & enent al
volunetric flowrate SA 2m Sr SQ 2U (R2_r2}r 10 Integrating between r=0

and r=R 4P)r AAR, AU 4 QAV Q 128pL Volunetric flow rate For the case of
the danper, neglecting friction in the ghpston, nmass of the piston and assu
, perfect seal between piston and bore: 128,uL (iv) | Volunetric flow rate

t hrough bleed hol e WO 2005/ 115516 PCTI GB20051002117 18 AP 47- F1 (v) n d2
-d; Press tﬁg_rfi ¥ pi ston above atnospheric Q = Aplsmvpislw pressure 4Q

Vol unetri a; £ at@ equal to rate at vp's _)r(d2 -dl) which piston

di spl aces fl uftgl

Boundary conditions:
=0 at =R

5 wu=max at =0

u=2F (i _2) | (i)

Examining an annular element:
) 60 = udA Elemental volumeitric flow rate
OA =~ 27rdr

~80= fﬂ’;" (R?—r*)or

10 Integrating between r=0 and =R:
APm 2 2
= r(R —r br

= Volumetric flow rate

For the case of the damper, neglecting friction in the piston, mass of the piston and
assumA%lg a,perfect seal between piston and bore:
0 . (iv)

“128
3 AL Volumetric flow rate through bleed hole




a'(vi) Vpsl.n = 32 uLno dZdFda Substituting (iv) for Q~ vp,r = *

Substituting (v) for P | ' ' a Tine delay per unit of piston travel
vpi sl anvwalbood1158RPARATUS AND METHOD 5 The test appar at gersimbés/@onsi st of
two rigid, rotationally symretrical, coaxial bodies as are illustrated

schematically in figure 5. One contains a cylindrical bore having an
internal dianeter in the range 4.45 tqg8.55 mm Let this dianeter be d2. It
al so includes a coaxial, circular bleed hole having a dianeter in the range
0.65 to 0.75 nm Let this dianeter be di. The length of the bleed hole is
inthe range 1.97 to 2.05 nm Let this Iength be L. The 10 bleed hole |eads
to a coII@BFEﬁEEtﬁﬁgber, al so of diamet(®r d2. The second coaxial body has a
hol I ow cylin cal*igi ston that fornms a 1.Ct 0 e 1 t he bore
in the other body that there is no sig%? FE%ﬁFsﬁégfug%gg?ﬁi%h%gwkggh t he

cyl i ndri @F 4ustaees of the bodies duripigfs¥i§e course of the test. Any force

necessary to 15 ovgpconme dynam c frictiyifjuRelieenw HeteCkiudldid ¢ab surfaces
of the bodbp%gn:e asured in the presence of an anpunt of test fluid

sufficient to | #ifscake the interface. Wthpisha HBrplasiBid t enporarily
stopped, the first coaxial body is invegyfjed and a sanple of the fluid to be
tested is introdu,t_md;‘i nto the cylindri cg: bore to ? gfpth of at least 6 nm
The 20 s%eerT Z;r;: sAody is then in Ang ) (i rst. The appar at us
is then rxipgfht Andz #1a )bl eed_ hol e unstmﬁg@t@ﬁngb@ﬁepond coaxi al body is

[]
hel d st at i’afhar Saelbd e -£28%2)i s Iowerelg until the fluid energes from the
r mﬁ‘lf@i

bl eed holg, Where I T fgicollected. The YRsT HitpE BsforsTavgh, of ¢ ravel
remai ni ng A% this stagé. 25 A downward force is applied to the first coaxial

body causj ng ngé &5&1{& ;mﬁ E f this force is such that the net force
actib?/ng 04' —ﬁi‘ig,ﬁv\/nichisthe applied force, less the
force necessary to overcone dynamic friction between the cylindrical
he T angelt g Appitges Sl POy bP i Bbilorlprbll? sohleRbiggR Fhh o (fdas e ' 1
PCT/ GB200Hrg6eid schegotidalyosi figomr 3.r@ms domteins| s cylindsiichle Horechaving s dutavhal
coaxi al re b : igh I I f-ijon vs.
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circular bleed hole having a diameter in the range 0.65 to (.75 mm. Let this diameter be 4.

The length of the bleed hole is in the range 1.95 to 2.05 mm. Let this length be L. The

10 bleed hole leads to a collection chamber, also of diameter d.

The second coaxial body has a hollow cylindrical piston that forms a sufficiently good seal
with the bore in the other body that there is no significant loss of fluid between the
cylindrical surfaces of the bodies during the course of the test. Any force necessary to

) 15 overcome dynamic friction between the cylindrical surfaces of the bodies can be measured
in the presence of‘an amount of test fluid sufficient to lubricate the interface.

With the bleed hole temporarily stopped, the first coaxial body is inverted and a sample of
the fluid to be tested is introduced into the cylindrical bore to a depth of at least 6 mm. The

20 second coaxial body is then inserted into the first. The apparatus is then righted and the
bleed hole unstopped. The second coaxial body is held stationary and the first is lowered
until the fluid emerges from thé bleed hole, where it is collected. There must be at least 5
mimn of travel remaining at this stage.

25 A downward force is applied to the first coaxial body causing it to move. The size of this
force is such that the net force acting on the surface of the fluid, which is the applied force,
less the force necessary io overcome dynamic friction between the cylindrical surfaces of
the bodies, plus the weight of the first coaxial body, is in the range 9.95 to 10.05 N. Let
this net force be F.



by at least 1.5 nmin response to the applied force, the tinme taken for it
to nove by a 5 further 2.0 mmis neasured fromthe position vs. tinme plot.
At | east WO 2008 ssis travel nust remain after this 2 nm patrginsedseoIfizs ti me
nmeasured is divided by two to yield an average tinme to travel 1.0 mm Let
this time be t1. According to the anal~yy i presented a> ve, if vpston is
nmeasured in SI units, ,uLd2+dl -2d?d2) 10 1 1000t -Bx - vpiston Fdta O,
in other words P _ 125t 1Fdd gLd2+dt-2d;dZ 15 Thus is the dynam c viscosity
determ ned. The test procedure is to be repeated another four tinmes with
different sanples of the fluid and the nmean of the five results obtained is
t aken as thposityoraimansdwies costachedfo thhecdondicdaxialbboflyi andpgo eclktiuoegdrsbapphicabl e
to both z [
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di mensi on®dyot ledse 1dppan an m@pamt mh@eappliéééomar@e tisho tak¢ntfer etx@cmbye &y a he
m d- poi ait gy, dr '260 min{i9he s&%e\ﬂgﬂﬂorﬁf%ﬂé’ ositidn %0 lﬂb{f‘%ﬁjieasﬁ'i‘ 5 BILGH QR ANt Ce
conprising: a housing a ap ed to retelve a aving a arge
nozzl e, tEemyB@icngus 2 menisiengl e §erdﬂea§pw§| ing l‘flﬁ‘?ﬂ By e géyre}dm aw:rage
ext ended pas iRl N0 WMthCHetlthi€ tintl RChar ge nozzl e extends fromthe housing to
a retracted position in which the discharge nozzle is contained within the
housi ng; an actuator; a drive acted upon by the actuator and in tam acting
on the Syrﬁlo@@ﬂﬂg)todhéﬁﬁlﬁ rekdr¥ed TS, iMebutdiendiisahar ge nozzle; a
decouplbng lT'EChfcﬂ)l smS@Lg(q atied the drive has been advanced to a
nom na ouﬁf &lp'OSI TToNg 40 decoupl e a first conponent of the device
fromacti ng’“ﬁn a second conpbnent and allow the first conmponent to nove
relative t theigsecgadd a rel ease nmechani sm activated when the said first
a¥

conponent
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15 Thus is the dynamic viscosity determined.

The test procedure is to be repeated another four times with different samples of the fluid
and the mean of the five results obtained is taken as the dynamic viscosity of the fluid.

20 This procedure is applicable to both Newtonian and non-Newtonian fluids. Especially in
the case of fluids that depart considerably from Newtonian behaviour, the various
dimensions of the apparatus and the applied force should be exactly at the mid-point of the
ranges given above.



nom nal rel ease position relative to the second, to release the syringe from
the action of the actuator, whereupon the biasing neans restores the
syringe to its retracted position; and a highly viscous fluid danping the
novenent of the said first conponent relative to the second, so that the
rel ease of the syringe is delayed aft@d the activation of the decoupling
mechani smto allow the remaining contents of the syringe to be discharged
before the syringe is released. 2. An injection device according to claim1
in which the first and second yonponents of the device are first and second
el ements oflaie drive, of which the first is acted upon by the actuator and
the second acts upon the syringe to advance it fromits retracted position
to its extende positti o and di scharge its contents through the discharge
nozzl e, th& fir gt gFiVS ErerBM e ng capabl e of novenent relative to the
second when t he lfousing: pdipteddotrectiveposyripge bdvingax disctuge rmezletthehdminger is
restrai nedm@mgﬁa@%eﬁyrfwgssing-thAQﬁ@e%gm% a&eﬁug@ pd ﬁ&;% %@%@' aim2
further cogpri S| n&g rgq%gs%mr c&gq i.ned 1n gﬁrt X ‘%‘b't e first, drive el enent
and in par 858E? ARrzless Pt Jhe hausing 19r2 retpacied pasitioReingyhich e discharge o

t endi ng t onatelerszastainad withia the hasinglr i ve el enent noves relative to the second
when acted upon,bQu.ihe actuator, the reservoir containing the highly viscous
fluid and having, a vépt t rough whi ch the fluyid escapes as the vol une of
the reservoir A&EVEadeEUPoR bYARE agtpatonand i e Acing ebihg syanasde dischaegsi ng

adapt ed t oity @olenty threughythd digthatgawnozzty; a di scharge nozzle, the housing 21

i ncl udi ng nean i3Sl : WAl VLK LE Ly i i n which
the dischar ge%né)égé ﬂghg?béel%gg%’r garfnirv 1e%’ﬁglfjgt|mngﬂ¥eoﬁ%as E%ﬁ?agg@%gé ngi tion in
whi ch t he BmaH dpcouprhingpsitign, tg decoupls p Aest cuProREm of fs devics fremg acting oact uat or ;
first and Sﬁhgﬁrﬂd:oﬁhpbnbﬂt &ideiiowithe firsf comporeht tb idové kelaive tsthasdcasl; upon by the
actuator and t C s t ; i its
retracted posi tﬁh%ﬁﬁ%()&?{i\gﬁx glrgxta %{ﬁ'@{é}é p%rslﬁ%{elr %)ﬁn@%ﬁ%gaﬁg%%gfgaes Il;cf{%llé%)?ntents

t hrough t hBorgind a¢lesse positipnyrelative todhy sepand, (@rreloase the syringn frosatheqediensdbl e of
novement r gk aithater, herelinIRE bRGngARINs réiRrésQhdBringS toold RAFadiIbsitiby, t he

act uat or a% the latter is restrained by the syringe; a reservoir defined in
part by the first drive element and in part by the second drive elenent,
the vol ume of tahishheyiaqous flpididamping shamovgmentofthe said firsi gompansat relativge el enent
nmoves r el atd #i€ sdcond, RE thfGhe) cbladte Bf hels@thgd 10 Gelyedtdfer Grtdeavion of iR reservoir

cont ai ni N9 4&oupling mechanism to allow the remaining contents of the syringe to be discharged
before the syringe is released.

2. An injection device according to claim 1 in which the first and second
‘yomponents of the device are first and second elements of the drive, of which the first is
"acted upon by the actuator and the second acts upon the syringe to advance it from its

retracted position to its extended position and discharge its contents through the

discharge nozzle, the first drive element being capable of movement relative to the
second when the former is acted upon by the actuator and the latter is restrained by the
syringe.

K An injection device according to claim 2 further comprising a reservoir defined
in part by the first drive element and in part by the second drive element, the volume of
the reservoir tending to decrease as the first drive element moves relative to the second
when acted upon by the actuator, the reservoir containing the highly viscous fluid and
having a vent through which the fluid escapes as the volume of the reservoir decreases.

4, An injection device comprising:
a housing adapted to receive a syringe having a discharge nozzle, the housing



hi ghly viscous fluid and having a vent through which the fluid escapes as
the volune of the reservoir decreases; a release nechanism activated when
the first drive elenent has been advanced to a nomnal release position,
ahd adapted to rel ease the syringe fromthe action of the actuator,

wher eupon the biasing neans restor@3 the syringe to its retracted position;
and a coupling that prevents the first drive elenent fromnoving relative to
the second until they have been advanced to a nom nal decoupling position

that is less,. advanced than the said nom nal release positiop.. 5. An
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to the sgaiLf.Q 'tggﬁgdgﬁﬁgmlﬁ\?ﬁgnqgosition. 6. An injection device according
to any one o? claims 3-5in I ch: the coupling is a third drive el ement
acting upon t A& Y; and second drive elements; the decoupling mechani sm
I s adapt ed t ofitke anligdcend drévetdiimtesitsdofl wieictethe ifienntis 4ctednopot: thg tieewbntdr So t hat t he

third dri SIEN Yeerrks : t [ ' decoupl i ng
position %gs}ﬁébeen‘ T %‘g%hg%{,)mtehsagﬁgg[k?oéﬁﬁlg@gthﬁe)&?ﬁtrssr?& %f?élav% S{eﬁlgg]rtrgﬁ% to nove
rel ative tndsdgogitionars disgharse e contqnisaroughdhe discharaeingzzle dun firet drige decoupl e t he
third drieélencat efmdapitl oo hidremehtirslativeso the Betbnd Wher the fodmer'is ¥@edalpeent act s
thus el X BUEl SRER: LG B el N bR U e act uator . 7. an i nj et o
devi ce accor danggerveirgefinghin nart by the fiest dow ¢lemenhiaadin pakby hepriond conpri ses
?90p§r?t | dHye eRMER] B2 vafuniehsT thd tt@iei'voﬁﬂﬁnd dwfROO Aekrebisé wmg%rstgﬁmaﬁ@tgl Itovw' ng the
irs 0 u econd: e n c [.sm.i 0
decoupl e 'ﬁ_?ﬁ‘}ees E?aﬁg? Eog‘_?’?a\gleecgre‘ _‘dé'rr}eenn?’&fjruggﬁoﬁﬁ%é a%éa(@%h ggeosepﬁlét% lﬁ%%% ?r st drive
el ement aldghly riscous Anidrand favinga yent Srensh nduchtthreflyid eeraprsies fhel volume@bupl i ng o
polsi : | on t?aﬁ,g@ﬁﬁm&mgd, thﬁs all owi ng the f! rst dri \ée el ement dto m)?/e . j
relative e_second: _an rel ease nechani apted.to_decoupl e the
first dri aQ/gf’q.eeﬂ'ib'ee ﬁi%&?’%.qﬁl&fv%teea ‘@’5? Sﬁﬁ grrS?g%vet ﬂ%‘f‘f"? [Rg; §3%u5$’%’?°g%é?§ upon it no
| onger oneeainghgeleasp dopitiph.nad adapted de releass theomyringen fomelin actiarchlthe t hus :

r el easi NQachiaRr, Whetebfith the BIAkhH MR rdsRiies U shhpeas its'Alubted Fositidl; dnlj €ction
devi ce accordi

ng to a one of .cl ai .3-7|n%|chthev t |S,in
Communi cat | on ACPRITE ) PREes, e FtRae sleapoin Xmp st SR OB e within
whi ch second until they have been advanced to a nominal decoupling position that is less
+advanced than the said nominal release position.

5. An injection device according to claim 4 in which the coupling comprises a
decoupling mechanism, activated when the drive elements have been advanced to the
" said nominal decoupling position.

6. An injection device according to any one of claims 3-5 in which:
the coupling is a third drive element acting upon the first and second drive
elements;

the decoupling mechanism is adapted to decouple the third drive element from
the second so that the third drive element acts only it no longer once the said nominal
decoupling position has been reached, thus allowing the first drive element to move
relative to the second; and

the release mechanism is adapted to decouple the third drive element from the
first s0 that the third drive element acts upon it no longer once the said nominal release
position has been reached, thus releasing the syringe from the action of the actuator.

7. An injection device according to any one of claims 3-5 in which:
the coupling comprises cooperating features of the first and second drive



the escaped fluid is collected. 9. An injection device according to any one
of claims 3-8 in which one drive elenent includes a stemand the other

i ncludes a bore that is open at one end to receive the stem the bore and
the stemthus defining the fluid reservoir. 10. An injection device
according to claim8 in which one d22Zve el enent includes a stem and defines
the vent and the collection chanber and the other drive elenent includes a
blind bore that is open at one end to receive the stemand cl osed at the

ot her, qe bore anpd t stemthu defining the fluid reservoir. 11. An

i nj ect i onCleRRRFS °‘é(’(9§(5‘?eo‘ferﬁ‘d°f“9“8?’hﬁ A5%°%k claim 10 in which the coll ection

. chanber is déeifeideeniphyg mednnismiinadapted Sajechupledhecfirsndrive elchentitprothen at one end
and cl Osegcon?tsom&hgtflﬂﬁ pé’élera ta%}t?%%ﬁé%on%se(ﬁ%ﬂa'omqu %a%o‘ﬁ‘n ﬂce according

to any on cl al - on rive elenment 1s the first
driv ey el efrspppling posrzrtilson has been reached thus allowing the Erst drive element to move

relative to the second; and

the release mechanism is adapted to decouple the first drive element from the
actuator so that the actuator acts upon it no longer once the said nominal release position
has been reached, thus releasing the syringe from the action of the actuator.

8. An injection device according to any one of claims 3-7 in which the vent is in
communication with a collection chamber defined by one drive element, within which
the escaped fluid is collected.

9. An injection device according to any one of claims 3-8 in which one drive
element includes a stem and the other includes a bore that is open at one end to receive
the stem, the bore and the stem thus defining the fluid reservoir.

10.  An injection device according to claim 8 in which one dnive element includes a
stem and defines the vent and the collection chamber and the other drive element
includes a blind bore that is open at one end to receive the stem and closed at the other,
the bore and the stem thus defining the fluid reservoir.

11.  An injection device according to claim 8 or claim 10 in which the collection
chamber is defined by a bore in the said one element, being open at one end and closed
at the other but for the vent.

12.  An injection device according to any one of claims 2-11 in which the said one
drive element is the first drive element.



