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(57) Abstract: The invention relates to a dispensing device (1) containing at least one chamber (5,5") for receiving a fluid (B,B"), a
plunger unit (6) comprising at least one piston (7,7"), locking means and counter-locking means as well as catching means and
counter-catching means. The locking means and the counter-locking means can be brought into a locking position (L), in which a
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brought into the locking position (L). Furthermore, the invention relates to a kit (19) containing the dispensing device (1) and to a
method of operating the device (1) or kit (19).
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Dispensing device, kit containing the device, and method of op-

erating the device

The present invention relates to a dispensing device, a kit con-
taining the device, and a method of operating the device. Such a
device may be used for receiving, storing, and ejecting at least
one fluid, in particular several fluids. In some embodiments,
the device may be used for ejecting several fluids to be mixed

directly upon ejection.

A comparable dispensing device in the form of a syringe is shown
in DE 1 053 143. This device has a main body with a front end,
an opposite rear end, and a chamber between the front end and
the rear end for receiving a fluid. Furthermore, the device con-
tains a plunger comprising a piston, which is arranged slidingly

in the chamber.

The chamber can be filled with an injection fluid by directly or
indirectly connecting it with a fluid reservoir and retracting
the plunger. The plunger contains several locking teeth which
can be locked relative to the main body with the help of a lock-
ing lever. With these locking means and counter-locking means, a
locking position may be obtained, in which a movement of the
plunger in the direction from the rear end to the front end is
prevented, thereby also preventing the ejection of the fluid. In
order to release this locking, the locking lever is activated,
which releases the plunger again and thereby allows the ejection

of the fluid.

However, the device disclosed in this document has several dis-
advantages. Inter alia, the operation of this device is rather
complicated. In particular, the locking lever has to be acti-

vated for the entire period of time during which the plunger is

to be moved.
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Moreover, EP 420 126 discloses a blood sample removal device
comprising locking teeth which are engageable with a resilient
locking stop, which prevents a movement of the piston in one di-
rection. However, the engagement of the locking teeth and the
locking stop cannot be reversed during a proper operation of the
device. Consequently, the plunger cannot be re-inserted into the
chamber, thereby preventing a re-ejection of the fluid through

the inlet opening.

It is therefore an object of the present invention to provide a
dispensing device which overcomes the drawbacks of the prior

art, which in particular allows for an easy operation.

This goal is achieved by a dispensing device containing at least
one chamber, a plunger unit, locking means, and counter locking
means, wherein, according to the invention, the device further

comprises catching means and counter-catching means.

The dispensing device may contain only a single chamber such as
the device described in DE 1 053 143. However, preferably, the
device is a multi-chamber dispensing device or, more preferably,
a two-chamber dispensing device. Such a two-chambered dispensing

device is known, for example, from WO 2007/131371.

The dispensing device contains a main body comprising a front
end and an opposite rear end. Between the front end and the rear
end, there is arranged at least one chamber for receiving a
fluid. Each of the chambers comprises an opening at the front
end of the main body, which serves as a fluid inlet and/or out-
let. The fluid may be a gas. However, preferably, the fluid to
be received is a liquid. The viscosity of the liquid can vary

over a wide range, i. e. from paste-like to liquid.

The plunger unit comprises at least one piston, wherein each
piston is arranged slidingly in one of the chambers. Preferably,

the pistons are rigidly connected to each other.
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The locking means and the counter-locking means can be brought
into a locking position. In the locking position, a movement of
the plunger unit in one or both directions is substantially pre-
vented. Thereby, a relative fixation of the plunger unit with
respect to the main body is achieved, so that the injection of a
fluid into the chamber or chambers and/or the ejection of a
fluid out of the chamber or chambers is prevented. Such a fixa-
tion can be desirable when at least one of the chambers is sub-

jected to an over-pressure or an under-pressure.

According to the invention, the catching means and the counter-
catching means can be brought into an engagement position, in
which the locking means and the counter-locking means cannot be

brought into the locking position.

Therefore, when the catching means and the counter-catching
means are in the engagement position, the engagement of the
catching means and the counter-catching means releases the lock-
ing induced by the locking means and the counter-locking means.
Thus, in the engagement position, the relative movement of the
plunger unit with respect to the main body is not restricted in
one or both directions. Consequently, the relative movability of
the plunger unit with respect to the main body can be controlled
by the position of the catching means and the counter-catching

means.

In some embodiments, the device may contain several locking
means and/or corresponding counter-locking means, wherein dif-
ferent combinations of locking means and counter-locking means
define different locking positions. Thus, the device may be se-
lectively brought into one of the locking positions, which may
define different relative positions of the plunger unit and the

main body.
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Preferably, the locking means and the counter-locking means can
not only be brought into a locking position, but also into a re-
leasing position. In this releasing position, a movement of the
plunger unit is possible in both directions. Even more prefera-
bly, the catching means and the counter-catching means can be
designed such that when they are in the engagement position, the
locking means and the counter-locking means can be brought into

the releasing position.

Therefore, when the catching means and the counter-catching
means are in the engagement position, the plunger unit can be
moved in both directions, which allows both an injection and an

ejection of fluids by a respective movement of the plunger.

Preferably, the catching means and the counter-catching means
may not only obtain an engagement position, but also a disen-
gagement position in which the locking means and the counter-

locking means can be brought into the locking position.

Consequently, when the catching means and the counter-catching
means are in the disengagement position, the locking position
may be obtained, in which the movement of the plunger unit in
one or both directions is substantially prevented. Thus, the in-

jJection and/or the ejection of fluids are prevented.

In a preferred embodiment, in the locking position, a movement
of the plunger unit in the direction from the rear end to the
front end is prevented. Thus, when this locking position is ob-
tained, a movement of the plunger is prevented when at least one
of the chambers is subject to an under-pressure so that the
ejection of a fluid or fluids out of the chambers is prevented.
Such an under-pressure in a chamber can occur when fluids are

inserted from a fluid reservoir having under-pressure.

Preferably, the catching means are different from the locking

means and/or the counter-catching means are different from the
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counter-locking means. Thus, the mechanisms provided by the
locking means and the counter-locking means on the one hand and
by the catching means and the counter-catching means on the

other hand may be different from one another.

In summary, the relative position of the catching means and the
counter-catching means determines whether the locking means and
the counter-locking means can be brought into the locking posi-
tion or not, i. e. whether the movement of the plunger unit can
be prevented in one direction or not. Therefore, when the catch-
ing means and the counter-catching means are in the engagement
position, the plunger unit cannot be locked relative to the main
body of the device unintentionally, which facilitates the injec-

tion and/or ejection of the fluid or fluids.

In a preferred embodiment, the device may contain stopping means
which are arranged such that a movement of the plunger unit is
limited in the direction from the front end to the rear end of
the device. In any case, the stopping means do not prevent the
achievement of the locking position. Therefore, the plunger unit
may be retracted from the main body to such an extent that the
locking position is obtained. Preferably, the stopping means
prevent the complete removal of the plunger unit from the main

body of the device.

According to a preferred embodiment, the stopping means are ar-
ranged such that when the locking means and the counter-locking
means are in the locking position, the plunger unit is still
movable in the direction from the front end to the rear end by a

pre-defined distance.

Due to this construction, a fluid or fluids may be inserted from
a fluid reservoir or fluid reservoirs into the chamber or cham-
bers of the device by retracting the plunger unit until the

locking position is obtained. From this locking position, the
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plunger unit can be further retracted from the main body by the
pre-defined distance, whereby an excess of fluid or fluids is
temporarily inserted into the chamber or chambers. This ensures
that the openings of the device and, possibly, ducts of a con-
necting adapter connecting the openings and the reservoirs are
completely flooded with the fluids. The plunger unit is then re-
leased again, so that it moves back to the locking position due

to the under-pressure.

Preferably, the stopping means contain a first stopping surface
and a second stopping surface. In one embodiment, the first
stopping surface is arranged on the plunger unit, whereas the
second stopping surface is arranged on the main body, in par-

ticular on the inside of one of the chambers of the device.

According to a preferred embodiment, the locking means and the
counter-locking means are arranged in such a way that in the
disengagement position, the following two states may be ob-
tained: In the releasing position, the locking means and/or the
counter-locking means are resiliently supported by a tensioned
supporting element, in particular radially. In the locking posi-

tion, the supporting element is less tensioned.

Thus, in the disengagement position, the locking position may be
obtained from the releasing position by a release of tension of
the supporting element, wherein this release of tension may oc-
cur automatically during retraction of the plunger unit. By this
release, the locking means and/or the counter-locking means can
move automatically, in particular radially, so that the locking

position is obtained.

Preferably, the locking means comprise at least one radial pro-
trusion, in particular at least one radially extending tooth. In

one embodiment, the protrusion, in particular the tooth, is en-
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gageable with counter-locking means arranged on the main body of

the device.

According to one embodiment, the plunger unit contains the
catching means and the counter-catching means. However, it is
also conceivable that the main body of the device contains the

catching means and/or the counter-catching means.

In a preferred embodiment, the plunger unit comprises the sup-
porting element. The supporting element may be designed as at
least one retaining arm. With preference, the retaining arm is
flexible and bendable in a radial direction, in particular in a
radial direction. The retaining arm may further contain a tip
forming the catching means and a retaining surface forming the
counter-catching means. Preferably, the plunger unit, in par-
ticular the retaining arm, contains the locking means, as for

example a tooth, which may be extending radially outwardly.

In one embodiment, the retaining arm extends in a longitudinal
axis of the device and is fixed to a main portion of the plunger
unit at one of its ends which points in the direction of the
rear end of the device. In this embodiment, the tip points in

the direction of the front end.

Preferably, the catching means and the counter-catching means
can be brought from the disengagement position into the engage-
ment position by exerting an inward radial force on the plunger
unit, in particular on the retaining arm. When the engagement
position is obtained, the catching means and the counter-catch-
ing means remain in this position even when the force is re-
moved, which simplifies the operation of the device signifi-

cantly.

In one embodiment, a cavity is formed radially between the re-
taining arm and a main portion of the plunger unit. This cavity

can receive the retaining arm in a bent position.
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In certain embodiments, the retaining arm may lose its tension
due to a fatigue of material when it has been maintained in a
bent position over a certain time, for example during storage of
the device. Therefore, the cavity between the retaining arm and
the main portion of the plunger unit may be partly or completely
filled with an additional elastic supporting element. The addi-
tional elastic supporting element can maintain an additional
tension and provide an additional radial support of the retain-

ing arm and the protrusion.

In some embodiments, the device may contain two or more retain-
ing arms, each one containing at least one radially extending

tooth serving as locking means. Thus, each retaining arm corre-
sponds to a different locking position defining different rela-

tive positions of the plunger unit and the main body.

In a further alternative, instead of a retaining arm, a metal
spring member can be clipped into a corresponding receptacle of

the plunger unit.

During filling the device with one or more fluids from one or
more fluid reservoirs, air may be unintentionally entrapped in
the one or more chamber of the device. This may occur, for exam-
ple, when the fluids are injected via an adapter having ducts
which are initially filled with air. In order to eject this un-
intentionally entrapped air, the device is usually held in an at
least approximately vertical position, and the plunger unit is
at least partially re-inserted into the chambers until the air

has left the chambers through the openings.

However, when the device is not held exactly vertical, the air
entrapments in only some of the chambers are removed, or only
parts of the air entrapments are removed. In those chambers in
which, due to the tilting of the device, the air entrapment is

not adjacent to the opening in this chamber, only fluid is
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ejected, but not the air. This problem may occur, for example,

with the device shown in WO 2007/131371.

The document US 4,040,420 discloses a two-chamber device com-
prising a tapered nozzle and an off-set conical transition sec-
tion joining the nozzle to the chambers. A similar device is
disclosed in DE 20 2006 005 663. The shapes of the chambers
shown in these two documents facilitate the removal of air en-
trapments occurring during an unintentional tilting. However,
the devices shown there are disadvantageous since the chambers
cannot be completely emptied, which means a waste of fluid.
Moreover, already before filling the chambers with the fluids,

there are air entrapments in these chambers.

Therefore, according to another and independent aspect of the
present invention, a tip surface of at least one piston is es-
sentially complementary to an end surface of the respective
chamber which contains the opening. Consequently, prior to in-
jecting the fluids into the chambers, when the pistons are com-
pletely inserted, there are essentially no air entrapments in
the chambers. Furthermore, during re-ejection of the fluids by
re-inserting the pistons, essentially no fluids can remain in

the chambers.

According to the invention, at least one of the chambers, in
particular the end surface of at least one of the chambers, is
designed such that its cross-sections is reduced in the direc-
tion of a respective opening, i. e. in the direction of the
front end. The device exhibits an (imaginary) tilting axis which
is perpendicular to a longitudinal axis of the device. The lon-
gitudinal axis of the device may be tilted from the vertical di-
rection about this tilting axis in two opposed (rotational)
tilting directions. According to the invention, the device ex-
hibits a critical tilting angle such that the following property

is satisfied for a tilting in at least one of the two tilting
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directions: When the device is tilted by a tilting angle not ex-
ceeding a critical tilting angle, all chambers have essentially
no dead volume. A chamber has “no dead volume” for a specific
tilting angle when no air entrapment can be formed which is not
adjacent to the opening in the end surface. In other words, when
the chamber has no dead volume for a specific tilting angle, all
possible air entrapments are situated adjacent to this opening
and can therefore be removed by moving the piston arranged in

this chamber.

However, when the tilting angle exceeds the critical tilting an-
gle and is maintained during the ejection of the fluid, the air
entrapment in the chamber can only escape through the opening
when the piston is completely inserted into the chamber, i. e.
when its tip surface contacts the end surface of the chamber.
Therefore, the entrapped air can only escape when the entire

fluid has already been ejected through the opening.

In preferred embodiments, the critical tilting angle is at least
10°, more preferably at least 15°, even more preferably at least

20°, most preferably about 25°.

Furthermore, according to the invention, the openings are ar-
ranged adjacent to one another. Particularly, the openings may
have a distance from each other which is smaller than one-half
of the sum of the inner dimensions of the chambers in a plane
perpendicular to their longitudinal axis. This embodiment allows
the ejection of fluids from nearby positions and can therefore
facilitate an optional subsequent mixing of the fluids, thereby

diminishing the necessary size of a mixing assembly to be used.

In one embodiment, the end surface of at least one chamber is
essentially planar. Preferably, the end surfaces of all chambers
are essentially planar. At least one of the planar end surfaces

is inclined by an angle with respect to a plane which is perpen-
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dicular to a longitudinal axis of the device. The surfaces are
inclined such that when the device is in an upright position,
the opening is adjacent to the topmost portion of the surface.
Here, the device is in an upright position when its longitudinal
axis is vertical and the front end is directed upwards. Prefera-
bly, this angle is at least 10°, more preferably at least 15°,
even more preferably at least 20°, most preferably about 25°. In
these embodiments, this angle corresponds to the critical tilt-

ing angle of the device.

It is conceivable that the device exhibits several tilting di-
rections, such that for any tilting angle in any of these tilt-
ing directions, which does exceed the critical tilting angle,
all chambers have essentially no dead volume. For example, the
device may be tiltable about a tilting axis in both opposite

tilting directions.

A further aspect of the invention is directed to a multiple con-
necting adapter, in particular a double connecting adapter. Such
a multiple connecting adapter can be used for indirectly con-
necting each of at least two openings of a multi-chamber dis-
pensing device with a respective fluid reservoir simultaneously.
Moreover, it can be used for simultaneously transferring fluids
contained in the fluid reservoirs to respective chambers of the
device via the openings. The multi-chamber dispensing device may

have some or all of the properties described above.

According to the invention, the multiple connecting adapter com-
prises at least two ducts. A first end of each duct opens out
into a regpective device-facing opening, which is connectable or
connected with a respective opening of the device. Furthermore,
a second end of each duct, which is opposite to the regpective
first end of the duct, opens out into a respective reservoir-
facing opening, which is connectable or connected with a respec-

tive fluid reservoir.
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Preferably, the first ends of ducts of the adapter are adapted
to the openings of the device. In some embodiments, the first
ends of the ducts are conical, and also the openings of the de-
vice are conical. This facilitates the connection of the adapter

and the device.

In some embodiments, the second ends of the ducts of the adapter
are male or female Luer lock connectors. In certain embodiments,
one second end may be a male Luer lock connector, and another

second end may be a female Luer lock connector.

In some embodiments, the first ends may be identical. In other

embodiments, they may be different from one another.

Moreover, at least one of the first ends and/or at least one of
the second ends of the adapter may be coded connectors. For ex-
ample, they may be visually or geometrically coded in order to

avoid a confusion of the connectors. For the same purpose, also
the openings of the dispensing device and/or the reservoir con-

nectors may be coded.

A further aspect of the invention is concerned with a kit con-
taining a device according to the present invention as well as

at least one of the following components:

The kit may contain a multiple connecting adapter, in particular

a multiple connecting adapter as described above.

Furthermore, the kit may contain a mixing assembly for mixing
fluids ejected from the chambers. Additionally, the kit may con-
tain a spray assembly for spraying fluids to be ejected from the
chambers. Such mixing assemblies and spray assemblies are de-

scribed, by way of example, in WO 2007/131371.
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A further aspect of the invention relates to a method of operat-
ing a device or a kit containing the device according to the in-

vention. The method comprises the following steps:

i) providing at least one fluid reservoir, at least one of

the fluid reservoirs containing a fluid;

ii) directly or indirectly connecting openings of each chamber
of the device with a respective fluid reservoir, in par-

ticular by a multiple connecting adapter;

iii) at least partially retracting the piston or pistons of the

device from the chamber or chambers;

iv) allowing the locking means and the counter-locking means

to obtain the locking position;

V) disconnecting the openings from the respective fluid res-

ervoirs;

vi) Dbringing the catching means and the counter-catching means
into the disengagement position, in particular by a one-

hand operation;

vii) at least partially inserting the pistons into the cham-
bers, thereby ejecting the fluids, in particular through a

mixing assembly and/or a spray assembly.

Preferably, prior to step i), the device is provided in a state
in which the pistons are essentially completely inserted in the
chambers. Alternatively, the device may be brought into this

state.

Preferably, between steps iv) and v), the piston or pistons
is/are further retracted, in particular until the stopping means
are in a position in which the plunger unit is not further re-

tractable in the direction from the front end to the rear end of
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the dispensing device, and the piston or pistons is/are then re-
inserted, in particular until the tooth and the rear surface are
in contact. By performing these optional, additional steps, the
amount of fluids contained in the chamber or chambers can be ad-
justed, and possible air entrapments can be removed from the

chamber or chambers.

The dispensing device according to the invention may also be
used in methods differing from the one described above. For ex-
ample, when one chamber of the dispensing device is already
filled, another chamber may be filled with the aid of a single
connecting adapter containing only one duct with two openings.
Moreover, in order to suck in a liguid, such as blood, a needle
may be connected to one of the openings of the dispensing de-
vice, for example with the aid of a Luer connector. In these
methods, in which only one of the chambers is filled from a res-
ervoir, the plunger unit has to contain two pistons which are

separately moveable but connectable to be moveable together.

The invention will now be explained in more detail by non-

limiting examples and figures, wherein

Figure 1 shows a first dispensing device according to the
present invention in the simultaneous releasing

position and disengagement position;

Figure 2 shows the dispensing device of Figure 1 in the
simultaneous locking position and disengagement

position;

Figure 3 shows the dispensing device of Figure 1 in the
simultaneous locking position and disengagement
position, wherein the first stopping surface and

the second stopping surface are in contact;
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Figure 4 shows the dispensing device of Figure 1 in the
simultaneous releasing position and engagement

position;

Figures 5a to 5c¢ show a portion of the dispensing device of Fig-
ure 1 at different tilting angles with filled-in

fluids and air entrapments;

Figure © shows a first kit according to the invention
containing a dispensing device and a connecting

adapter;

Figure 7 show a first kit according to the invention con-
taining a dispensing device, a mixing device,

and a spraying device;

Figure 8 shows a second kit according to the invention
containing a second dispensing device in a si-
multaneous releasing position and disengagement

position, a connecting adapter, and two fluid

reservoirs;

Figure 9 show the connecting adapter of the kit shown in
Figure 8;

Figure 10 shows the second kit of Figure 8 wherein the

second dispensing device is in a simultaneous

releasing position and disengagement position;

Figure 10A show a detailed view of the tip of a retaining

arm depicted in Figure 10;

Figure 11 shows the second kit of Figure 8 wherein the
second dispensing device is in a simultaneous
locking position and disengagement position and
wherein a tooth of the retaining arm is not in

contact with a rear surface of the device;
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Figure 12 shows the second kit of Figure 8 wherein the
second dispensing device is in the simultaneous
locking position and disengagement position and
wherein the tooth of the retaining arm not in

contact with the rear surface of the device;

Figure 12A show a detailed view of the tip of a retaining

arm depicted in Figure 12;

Figure 13 shows the second dispensing device of Figure 8
and a mixing device, wherein the dispensing de-
vice is in the simultaneous engagement position

and releasing position;

Figure 13A show a detailed view of the tip of a retaining

arm depicted in Figure 13;

Figure 14 shows the second dispensing device of Figure 8
and a mixing device, wherein the dispensing de-
vice is in the simultaneous engagement position
and releasing position and the plunger unit is

inserted into the chambers;

The dispensing device 1 depicted in Figures 1 through 4 has a
main body 2 comprising a front end 3 and an opposite rear end 4.
The main body 2 comprises two chambers 5,5’ between the front
end 3 and the rear end 4 for receiving a fluid. The chambers
5,5’ have a length of 85 mm. Both chambers 5,5’ have a circular
cross section, wherein the cross section of the first chamber 5
is larger than the cross section of the second chamber 5’ . The
ratio of the cross section may be, for example, 1:1, 4:1 or
10:1. In particular, the cross sections may be 10/11 cm? and
1/11 cm?. It is to be noted that the figures are not drawn to
scale. Each of the chambers 5,5’ has an opening 17,17’ at the
front end 3, which serves as a fluid inlet and/or outlet. The

device 1 further comprises a plunger unit 6 comprising two pis-
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tons 7,7', each of which is arranged slidingly in one of the
chambers 5,5’ . Both pistons 7,7’ are rigidly connected to each
other. In particular, the entire plunger unit 6 including the
pistons 7,7’ may be an integral part. Each of the pistons 7,7’
carries a respective o-ring 29,29’, which serve to seal the

chambers 5,57.

The plunger unit 6 comprises a retaining arm 13, which extends
in the longitudinal axis of the device 1 and is fixed to a main
portion 26 of the plunger unit 6 at its end pointing in the di-
rection of the rear end 4. The retaining arm 13 contains a tip
14 pointing in the direction of the front end 3. The tip 14
forms catching means according to the invention. Radially be-
tween the retaining arm 13 and the main portion 26 of the
plunger unit 6, a cavity 25 is formed. Furthermore, the plunger
unit 6 comprises a retaining surface 15, which forms counter-
catching means. Additionally, the retaining arm 13 contains a
protrusion in the form of a radially extending tooth 12, which

forms locking means according to the invention.

Moreover, the plunger unit 6 contains a first stopping surface
27, and the first chamber 5 contains a second stopping surface
28. The first stopping surface 27 is formed as a portion of the
surface of a cam 30. The opposite surface 31 of the cam 30 is
chamfered in order to allow the assembly of the device 1. The
first stopping surface 27 and the second stopping surface 28
form stopping means which limit the movement of the plunger unit
6 in the direction from the front end 3 to the rear end 4 of the
device 1. In particular, the first stopping surface 27 and the
second stopping surface 28 are arranged such as to prevent the
complete removal of the plunger unit 6 from the main body 2 of
the device 1. It is obvious that the device 1 may contain more
than one cam 30 containing first stopping surfaces 27. Moreover,

the cam or cams 30 may be arranged at any angle around the lon-
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gitudinal axis A of the device 1. In particular, at least one of
the cams 30 may be arranged outside the plane defined by the
longitudinal axis A and the retaining arm 13, i. e. outside the

drawing plane in Figures 1 to 4.

The main body 2 and/or the plunger unit 6 comprising the pistons
7,7" are composed of or contain a plastic material. They can be
manufactured, for example, by injection molding. In one embodi-
ment, the plunger unit 6 containing the pistons 7,7’ and the re-
taining arm 14 may be injection-molded as an integral part. In a
particular embodiment, the plunger unit 6 may be made from a fi-

ber-glass reinforced plastic material.

In the state shown in Figure 1, the tip 14 of the retaining arm
13 is situated on the radially outwardly directed side of the
retaining surface 15. Hence, the tooth 12 arranged on the re-
taining arm 13 is in contact with the inner surface of the first
chamber 5. Due to the contact of the tooth 12 with the inner
wall of the first chamber 5, the retaining arm 13 is bent. Ac-
cordingly, the tooth 12 is resiliently radially supported
against the inner surface of the first chamber 5. The tip 14 and
the retaining surface 15 are in a disengagement position D,
which allows a locking position (cp. Figure 2 and the corre-
sponding description below). However, the contact between the
tooth 12 and the inner surface of the first chamber 5 does not
significantly prevent the movement of the plunger unit 6 in both
directions, so that, in Figure 1, the releasing position R is

present.

When the plunger unit 6 is retracted from the main body 2 to a
certain extent, the tooth 12 snaps behind a rear surface 9 of
the main body 2, whereby the rear surface 9 forms counter-
locking means. The outward radial movement of the tooth 12 is
automatically initiated by a release of tension of the retaining

arm 13. Thus, the retaining arm 13 functions as supporting ele-
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ment. In the state shown in Figure 2, the tooth 12 and the rear
surface 9 are engaged in a locking position L, in which a move-
ment of the plunger unit 6 in the direction from the rear end 4
to the front end 3 is prevented. Thus, even when an under-
pressure is present in one of the chambers 5,5’, the pistons
7,7" cannot be pulled back into the chambers 5,5’. As can be
seen from Figure 2, the arrangement of the first stopping sur-
face 27 and the second stopping surface 28 do not prevent the

achievement of the locking position L.

In certain embodiments, the retaining arm 13 may lose its ten-
sion due to a fatigue of material when it has been maintained in
the bent position as shown in Figure 1. This fatigue may prevent
the movement to the locking position L shown in Figure 2. There-
fore, the cavity 25 may be partly or completely filled with an
additional elastic supporting element, which is not shown in the
drawings. The additional elastic supporting element can maintain
an additional tension, thereby eliminating the above-mentioned
problem of fatigue. Preferably, the additional elastic support-
ing element is an elastic pad, such as a silicone pad, or a

spring.

The disengagement position D of the tip 14 and the retaining
surface 15 is still maintained, even when the locking position L

is obtained as in Figure 2.

From the locking position (L) according to Figure 2, the plunger
unit 6 can be further moved in the direction from the front end
3 to the rear end 4 until the first stopping surface 27 and the
second stopping surface 28 are in contact, so that the position
shown in Figure 3 is obtained. The arrangement of the first
stopping surface 27 and the second stopping surface 28 deter-
mines the distance by which the plunger unit 6 is further re-

tractable.
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Furthermore, the retaining arm 13 is dimensioned and arranged
relative to the first stopping surface 27 and the second stop-
ping surface 28 such that its tip 14 does not leave the first
chamber 5, which facilitates the insertion of the plunger unit 6

to be performed in a later step (see below).

By exerting an inward radial force F on the retaining arm 13,
the latter is pushed radially inwardly and further into the cav-
ity 25. As a result, the tip 14 snaps behind the retaining sur-
face 15, whereby an engagement position E is obtained between
the tip 14 and the retaining surface 15 (cp. Figure 4). This
force F may be applied with a single finger, which significantly

facilitates the operation.

Once the engagement position E is obtained, the tooth 12 cannot
contact the rear surface 9 of the main body 2 and the locking
position cannot be obtained anymore. Therefore, even when the
operator’s finger is removed and, thereby, the force F is also
removed, the engagement position is maintained, which further

simplifies the operation.

In the engagement position E thus obtained, the plunger unit 6
is moveable again in both directions (with the limitation in-
duced by the first stopping surface 27 and the second stopping
surface 28), so that the releasing position R is obtained again
and maintained. In this releasing position R, the plunger unit ©
may be re-inserted into the main body 2 again, so that the state
shown in Figure 4 can be obtained. In this state depicted in
Figure 4, the tooth 12 is not in contact with the inner surface

of the first chamber 5.

Concludingly, in the engagement position E, the tooth 12 forming
the locking means and the rear surface 9 forming the counter-
locking means cannot be brought into the locking position I,

since the tip 14 of the retaining arm 13 forming the catching
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means and the retaining surface 15 forming the counter-catching

means are engaged with each other.

As shown in Figures 1 through 4 and also in Figures b5a through
5c, the end surface 16 of the first chamber 5 is inclined from a
plane which is perpendicular to the longitudinal axis A of the
device 1. Hence, the cross-section of the first chamber 5 is re-
duced in the direction of the opening 17, i. e. in the direction
of the front end 3. The end surface 16’ of the second chamber 5’
is perpendicular to the longitudinal axis A. Both end surfaces
16,16’ are essentially planar and are adjacent to the openings
17,17". The openings 17,17’ are arranged adjacent to one an-
other, so that the distance between the openings 17,17’ is
smaller than one-half of the sum of the inner dimensions of the
chambers 5,5’ in the drawing plane. In particular embodiments,
the distance between the centers of the openings may be 3.2 mm
or 4 mm. This allows the ejection of fluids at positions which
are close to each other and can therefore facilitate an optional
subsequent mixing of the fluids, in particular by a relatively

small mixing assembly.

The tip surfaces 18 of the pistons 7,7’ are complementary to the
end surfaces 16 of the respective chambers 5,5’. Therefore,
prior to injecting fluids into the chambers 5,5’, when the pis-
tons 7,7’ are completely inserted, there are esgsentially no air
entrapments in the chambers 5,5’. Furthermore, during re-
ejection of fluids through the openings 17,17’ by re-inserting
the pistons 7,7’, essentially no fluid can remain in the cham-

bers 5,5’.

The purpose of the inclination of the end surface 16 is illus-
trated in Figures 5a to 5c. Each of the two chambers 5,5’ con-
tains a ligquid B,B’ and an air entrapment T,T’. The air entrap-
ments T,T’ may originate from air enclosures in a connecting

adapter (cp. Fig. 6 and the description relating thereto). In
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Figure b5a, the longitudinal axis A of the device 1 is tilted
from the vertical axis V in the tilting direction C about a
tilting axis by an angle «. The tilting axis is perpendicular to
the drawing plane. In Figure b5a, the tilting angle o does not
exceed a critical tilting angle dgrit, which i1s approximately 50°.
For this tilting angle o shown in Figure 5a, the air entrapments
T,T’ are adjacent to the openings 17,17’ in the end surfaces
16,16’ . Therefore, by inserting the plunger unit (of which only
the pistons 7,7’ are shown in Figures 5a and 5b), the air en-
trapments T,T’ are ejected through the openings 17,17’ simulta-

neously, leaving no dead volume of air entrapments.

In Figure 5b, the longitudinal axis A is tilted from the verti-
cal axis V in the tilting direction C by an angle o which is
equal to the critical tilting angle ogrir. For this tilting angle
o, the surface of the fluid B in the first chamber 5 is parallel
to the end surface 16 of this first chamber 5. Thus, this is the
maximum tilting angle for which the air entrapment T is adjacent
to the opening 17 and can therefore be ejected through the open-
ing 17 by inserting the plunger unit 6.

Finally, Figure b5c depicts a situation in which the tilting an-
gle o exceeds the critical tilting angle orir. With this tilting
angle o, the air entrapment T in the first chamber 5’ can only
egscape through the opening 17 when the piston 7 is completely
inserted into the chamber 5, so that its tip surface 18 contacts
the end surface 16. However, in this position, the entire fluid

B has already been ejected through the opening 17.

The specific embodiment disclosed above exhibits catching means
and counter-catching means as well as corresponding surfaces of
the piston tips and chambers, along with the respective advan-
tages described above. However, it is clear that both aspects
are independent from one another and that the omission of one of

the aspects does not impede the function and advantages of the
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other aspect. For example, the device may exhibit catching means
and counter-catching means according to the invention but have
chambers with plane end surfaces which are perpendicular to the

longitudinal axis of the device.

Figure 6 shows a kit 19 containing a dispensing device 1, a con-
necting adapter 20, and two fluid reservoirs 21,21'. For sim-
plicity, only a part of the device is shown. The connecting
adapter 20 contains two ducts 24,24', each of which connects one
of the openings 17,17’ of the device 1 with a respective fluid
reservoir 21,21’ . More explicitly, a first end of each duct
24,247 opens out into a respective device-facing opening 32,327,
which is connectable or connected with a respective opening
17,17’ of the device 1. Furthermore, a second end of each duct
24,247, opposite to the respective first end of the duct 24,247,
opens out into a respective reservoir-facing opening 33,33/
which is connectable or connected with a respective fluid reser-
voir 21,21’. The connecting adapter 20 thereby allows a simulta-

neous filling of the first chamber 5 and the second chamber 5'.

According to the method of the invention, the pistons 7,7’ are
retracted from the respective chambers 5,5’, in particular by
retracting the plunger unit 6 from the main body 2. During this
retraction, air which was initially contained in the openings
17,17’ and/or the connecting adapter 20 enters the chambers
5,5’, which leads to air entrapments as shown in Figures 5a to
5c. By an optional reciprocating motion of the plunger unit 6,
these air entrapments can be successively moved out of the cham-
bers 5,5, through the openings 17,17’ and the ducts 24,24’ and

into the reservoirs 21,21'.

When the fluid reservoirs 21,21' and the adapter 20 are sealed
from the environment, this retraction has to be performed
against a force induced by an under-pressure. The retraction is

performed at least until the tooth 12 and the rear surface 9 of
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the main body 2 enter the locking position L shown in Figure 2.
In this locking position L, the plunger unit 6 cannot be pulled

back into the main body 2 by the under-pressure.

Preferably, the plunger unit 6 is then further retracted from
the main body 2 until the first stopping surface 27 and the sec-
ond stopping surface 28 come into contact, as shown in Figure 3.
Thus, an excess of fluids B,B’ is temporarily inserted into the
chambers 5,5’, which ensures that the openings 17,17’ of the de-
vice 1 and the ducts 24,24’ of the connecting adapter 20 are
completely flooded with the respective fluids B,B’. The distance
covered by the plunger unit 6 during this further retraction is
pre-defined by the arrangement of the first stopping surface 27

and the second stopping surface 28.

According to a preferred embodiment, the first stopping surface
27 and the second stopping surface 28 are arranged such that the
excess volume temporarily inserted in the chambers 5,5’ is about
0.3 ml. This value has shown to be an advantageous compromise
which guarantees that, on the one hand, the openings 17,17’ and
the ducts 24,24’ are completely flooded with the respective flu-
ids B,B’ and, on the other hand, the under-pressure is not in-
creased to such an extent that environmental air can enter the

system through possible leaks.

In a next stop, the plunger unit 6 is released again, so that it
moves back to the locking position due to the under-pressure

which is present in the chambers 5,5’.

Subsequently, the openings 17,17’ are disconnected from the re-
spective fluid reservoirs 21,21’ by removing the connecting
adapter 20 from the openings 17,17’. Due to the remaining under-
pressure in the fluid reservoirs 21,21, the fluids B,B’ within
the ducts 24,24’ of the connecting adapter 20 will be sucked

back into the respective fluid reservoirs 21,21'. Therefore, the
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fluids B,B’ cannot drop out of the connecting adapter 20 during
or after the process of disconnecting. This prevents an uninten-
tional mixing and, possibly, a curing of the fluids B,B’, which

could lead to a clogging of the openings 17,17'.

In the next step (which is not illustrated), the tip 14 of the
retaining arm 13 is pushed behind the retaining surface 15 by
exerting a force on the retaining arm 13. This operation may be
performed with a single finger, which simplifies the process.
Thus, the engagement position E is obtained, in which the lock-
ing position is disabled, so that the plunger unit 6 is again
movable in both directions, as was described above in relation
to Figures 2 to 4. When the force is removed, the engagement po-
sition is maintained, so that a return to the locking position
is further impeded. Since at this time, an under-pressure is not
present in the chambers 5,5’ anymore, the pistons 7,7’ cannot be

pulled back into the chambers 5,5’ unintentionally.

In a next (optional) step, possible air entrapments which might
still be contained in the chambers 5,5’ are ejected, as was de-

scribed above in relation to Figures 5a and 5b.

In a further (optional) step, a mixing assembly 22 and a spray
assembly 23 are connected to the openings 17,17’ . However, it is
also conceivable that the openings 17,17’ are already discon-
nected from the multiple connecting adapter 20 and the mixing
assembly 22 and the spray 23 assembly are connected to the open-
ings 17,17’ before the disengagement position is obtained, i. e.
before the tip 14 of the retaining arm 13 is pushed behind the
retaining surface 15 by exerting a force on the retaining arm

13.

Finally, by at least partially inserting the pistons 7,7’ into
the chambers 5,5’, the fluids are ejected through the openings
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17,17" and (optiocnally) through the mixing assembly 22 and the

spray assembly 23, as shown in Figure 7.

Figures 8 through 14 show a second kit containing a second dis-
pensing device 1 according to the invention, a connecting

adapter 20, and two fluid reservoirs 21,21’, wherein the refer-
ence numerals correspond to those used for the first embodiment

depicted in Figures 1 through 7.

As opposed to the first embodiment, the chambers 5,5’ of the
second embodiment shown in Figure 8 have identical cross-
sections. Moreover, the cross-sections of the chambers 5,5’ are
not reduced in the direction of the respective openings 17,177,
and the end surfaces 16,16’ of the chambers 5,5’ as well as the
tip surfaces 18,18’ of the pistons 7,7’ are perpendicular to the
longitudinal axis A of the device. Furthermore, the dispensing
device 1 contains no stopping means arranged such that a move-
ment of the plunger unit is limited in the direction from the
front end to the rear end of the device; i. e. the plunger unit
6 contains no first stopping surface, and none of the chambers
5,5’ contains a second stopping surface, as it is the case for
the embodiment shown in Figures 1 through 7. The openings 17,177

are conical.

The connecting adapter 20 contains two ducts 24,24, each of
which connects one of the openings 17,17’ of the device 1 with a
respective connector 35,35’ of a fluid reservoir 21,21’ . More
explicitly, a first end of each duct 24,24’ opens out into a re-
spective device-facing opening 32,32’, which is connected with a
respective opening 17,17’ of the device 1. Furthermore, a second
end of each duct 24,24’, opposite to the respective first end of
the duct 24,24’, opens out into a respective reservoir-facing
opening 33,33’ which is connected with a respective fluid reser-
voir 21,21’. The connecting adapter 20 thereby allows a simulta-

neous filling of the first chamber 5 and the second chamber 5'.
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A more detailed view of the connecting adapter 20 is provided in
Figure 9. It contains a disc-shaped main body 34. On one of the
sides of the main body 34, two device-facing openings 32,32’ are
arranged for connection with the respective openings of the dis-
pensing device. On the opposite side of the main body 34, two
reservoir-facing openings 33,33’ are arranged for connection
with two respective reservoir connectors 35,35’. The conical de-
vice-facing opening 32 and the reservoir-facing opening 33 are
connected by the duct 24, whereas the conical device-facing
opening 32’ and the reservoir-facing opening 33’ are connected
by the duct 24’ . The reservoir-facing opening 33 is designed as
a female Luer lock connector, whereas the reservoir-facing open-

ing 33’ is designed as a male Luer lock connector.

Figures 10 through 14 show the filling, adjusting, and ejecting
of two liquid components. Figure 10 depicts the original posi-
tion in which the dispensing device 1 is connected to one side
of the connecting adapter 20 and the two reservoirs 21,21’ are
connected to the other side of the connecting adapter 20. Both
reservoirs 21,21’ are filled, and in the original position, the
pistons 7,7’ are completely inserted in the chambers 5,5’ . The
retaining arm 13 is in the simultaneous releasing position R and

disengagement position D, as shown in more detail in Figure 10A.

In the situation shown in Figure 11, the plungers 7,7’ have been
retracted so that the liquids have been sucked from the reser-

voirs 21,217 into the respective chambers 5,5’ of the dispensing
device 1. The retaining arm 13 has obtained the locking position

L.

In order to adjust the amount of liguids contained in the cham-
bers 5,5’, the pistons 7,7’ are re-inserted into the chambers

5,5 until the position shown in Figures 12 and 12A is obtained.
In this position, the tooth 12 is in contact with the rear sur-

face 12 of the dispensing device 1, thereby preventing a further
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insertion of the pistons 7,7’ into the chambers 5,5’. As evident
from Figure 12, the air as well as a portion of the ligquids has
been re-introduced into the respective reservoirs 21,21’, so
that the chambers 5,5’ are completely filled with the liguids

and contain no air entrapments.

Prior to ejection, the two reservoirs 21,21’ and the connecting
adapter 20 are removed from the dispensing device 1, and a mix-
ing assembly 22 is connected to the openings 17,17’, as shown in
Figure 13. The mixing assembly 22 contains two mixer inlets
36,367, the conicity of which is adapted to that of the openings
17,17". By exerting an inward radial force onto the retaining
arm 13, the tip 14 of the retaining arm 13 snaps behind the re-
taining surface 15, as depicted in Figure 13A. Thus, the retain-
ing 13 has obtained the simultaneous engagement position E and
releasing position R. In this position the pistons 7,7’ can be
further inserted into the chambers 5,5’, so that the liquids are

ejected (see Figure 14).



WO 2009/144085 PCT/EP2009/054498
29

Claims

1. A dispensing device (1), preferably a multi-chamber dispens-
ing device, more preferably a two-chamber dispensing device,

containing

— at least one chamber (5,5’) for receiving a fluid

(B,B"),

— a plunger unit (6) comprising at least one piston
(7,7"), each piston (7,7') being arranged slidingly in

one of the chambers (5,5'),

~ locking means and counter-locking means, wherein the
locking means and the counter-locking means can be
brought into a locking position (L) in which a move-
ment of the plunger unit (6) in one or both directions

is substantially prevented,

characterized by

catching means and counter-catching means which can be
brought into an engagement position (E) in which the locking
means and the counter-locking means cannot be brought into

the locking position (L).

2. The device (1) according to claim 1,
characterized in that
the locking means and the counter-locking means can be
brought into a releasing position (R) in which a movement of

the plunger unit (6) is possible in both directions.

3. The device (1) according to one of claims 1 to 2,
characterized in that
the catching means and the counter-catching means can be

brought into a disengagement position (D) in which the lock-
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ing means and the counter-locking means can be brought into

the locking position (L).

The device (1) according to one of claims 1 to 3,

characterized in that

the device has a front end (5) and a rear end (4), be-
tween which ends the at least one chamber (5,5’) ex-
tends,

in the locking position (L), a movement of the plunger
unit (6) in the direction from the rear end (4) to the

front end (5) is substantially prevented.

The device (1) according to claim 4,

characterized in that

when the catching means and the counter-catching means
are in the disengagement position (D) and the locking
means and the counter-locking means are in the releas-
ing position (R), the locking means and/or the
counter-locking means are resiliently supported by a

tensioned supporting element, in particular radially;

when the catching means and the counter-catching means
are in the disengagement position (D) and the locking
means and the counter-locking means are in the locking
position (L), the supporting element is less ten-

sioned.

The device (1) according to one of claims 1 to 5,

characterized by

stopping means which are arranged such that
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~ a movement of the plunger unit (6) is limited in the
direction from the front end (3) to the rear end (4)

of the device (1);

~ when the locking means and the counter-locking means
are in the locking position (L), the plunger unit (6)
is movable in the direction from the front end (3) to

the rear end (4) by a pre-defined distance.

The device (1) according to one of claims 1 to 6,
characterized in that
the locking means comprise at least one radial protrusion

(12), in particular at least one radially extending tooth.

The device (1) according to one of claims 1 to 7,
characterized in that
the plunger unit (6) contains the catching means and the

counter-catching means.

The device (1) according to claim 8,
characterized in that

the plunger unit (6) comprises

— at least one retaining arm (13) containing a tip (14)

forming the catching means and

- a retaining surface (15) forming the counter-catching

means.

The device (1) according to claim 9,
characterized in that

the retaining arm (13) forms the supporting element.

The device (1) according to one of claims 1 to 10,

characterized in that
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the plunger unit (6), in particular the retaining arm (13),
contains the locking means.
12. Multi-chamber dispensing device (1), in particular dispensing

device (1) according to one of claims 1 to 11, containing

— at least two chamberg (5) for receiving a fluid

(B,B"),

— a plunger unit (6) comprising at least two pistons
(7), each piston (7) being arranged slidingly in one

of the chambers (5),
wherein

- each chamber (5,5’) has an end surface (16,1€¢’) having

an opening (17,17'),

— at least one of the chambers (5,5’) is designed such

that

o 1its cross-section i1s reduced in the direction of

the respective opening (17,17’) and

o when the device (1) is tilted in a tilting di-
rection (C) by a tilting angle (o) not exceeding
a critical tilting angle (ccerit), all chambers

(5,5’) have essentially no dead volume,

~ the openings (17,17’) are arranged adjacent to one an-

other,
characterized in that

a tip surface (18,18’) of at least one piston (7,7') is es-
sentially complementary to the end surface (16,16’') of the

respective chamber (5,57).



WO 2009/144085 PCT/EP2009/054498
33

13. The device (1) according to claim 12,
characterized in that
the at least one surface (16,16'), in particular all end sur-
faces (16,16’) are essentially planar and inclined by an an-
gle with respect to a plane which is perpendicular to a lon-

gitudinal axis (A) of the device (1).

14. A kit (19) containing a device (1) according to one of claims

1 to 13 and at least one of the following components:

- a multiple connecting adapter (20), in particular a

double connecting adapter, for directly or indirectly

connecting openings (17,17’) of each of the chambers
(5,5") with a respective fluid reservoir (21) simulta-
neously;

—- a mixing assembly (22) for mixing fluids (B,B’) to be

ejected from the chambers (5,5');

- a spray assembly (23) for spraying fluids (B,B’') to be

ejected from the chambers (5,5').

15. A method of operating a device (1) according to one of claims
3 to 13 or a kit (19) according to claim 14, wherein the

method comprises the following steps:

i) providing at least one fluid reservoir (21,21'), at
least one of the fluid reservoirs (21,21’) containing

a fluid (B,B');

ii) directly or indirectly connecting openings (17,17')
of each chamber (5,5’) of the device (1) with a re-
spective fluid reservoir (21,21'), in particular by a

multiple connecting adapter (20);
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iii) at least partially retracting the piston or pistons
(7,7") of the device (1) from the chamber or chambers

(5,5");

iv) allowing the locking means and the counter-locking to

obtain the locking position (L) ;

V) disconnecting the openings (17,17’) from the respec-

tive fluid reservoirs (21,21');

vi) Dbringing the catching means and the counter-catching
means into the disengagement position (D), in par-

ticular by a one-hand operation;

vii) at least partially inserting the pistons (7,7’) into
the chambers (5,5'), thereby ejecting the fluids
(B,B’), in particular through a mixing assembly (22)

and/or a spray assembly (23).



WO 2009/144085 PCT/EP2009/054498

1/12

1G]




PCT/EP2009/054498

WO 2009/144085

2/12

1S
\

RN VNN NN NN

1/ 4




PCT/EP2009/054498

WO 2009/144085

3/12

9

vn\l

NN

////// NN
ﬂum(x, Q\

LN

S\ Y/
ﬂ\ 7//////

- / sz’

\




PCT/EP2009/054498

WO 2009/144085

4/12

Hy
/
SAN

~ ../ N

ﬂwﬂ\\ﬁ\\\\/

NN

. \ \ \v, S /\

&

\&\\\\\\

N

rv

//V/ ////@

E s

(2)




WO 2009/144085 C 5/12 PCT/EP2009/054498




WO 2009/144085 PCT/EP2009/054498

6/12




PCT/EP2009/054498

WO 2009/144085

7/12

-1G. 6




PCT/EP2009/054498

WO 2009/144085

8/12

L DI

///g//// //z

/
es

/

/s

5
4

N S NN

(7 277 L

/

ﬁ ==

SN //Q/ NN N N
N Y

N

9

7

e



WO 2009/144085 PCT/EP2009/054498

9/12
FIG. 8 aX
V— A ).
% |~ -
35 2k i QLHJ\S 35’
20 .

A7

2y > < 33

N
N
N
@

32 > 32




PCT/EP2009/054498

10/12

WO 2009/144085

) e ,_,,.E./,/%\/\/Q\\\\\\\\\“\\\\\\\M
2

~| ]
=&
A .
<
=

A%
E



WO 2009/144085 PCT/EP2009/054498

11/12




PCT/EP2009/054498

WO 2009/144085

12/12

//////////

\___~ <

\\\\\\\\\\\\\\\\

A

H




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings

