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(54) Title: FLEXIBLE PISTON ROD

W) (57) Abstract: A flexible piston rod 2, particularly for use in medicine dispensing devices, comprising a piston 1 and a row of
X clements 3 each having a top surface and a bottom surface as well as a lateral surface, the top surface of one element being connected
to the bottom surface of the adjacent element by a hinge means 4 adapted to allow the two adjacent elements to pivot from a first
position where at least a portion of a top surface of one element abuts a corresponding portion of the bottom surface of the adjacent
element, the first position corresponding to a rectilinear, relatively stiff configuration of the piston rod2, to a second position wherein
the top surface of one element is spaced from the bottom surface of he adjacent element corresponding to a curved configuration of
the piston rod, the lateral surface of each element having a first and a second mutually opposed circular cylindrical surface portions
incorporating a screw thread 6 for meshing with a corresponding screw thread of an actuator for displacing the piston rod in the
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longitudinal direction thereof.
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FLEXIBLE PISTON ROD

The present invention relates to a flexible piston rod, particularly for use in

medicine dispensing devices.

So as to render devices and applications where a piston rod is to linearly
displace an object more compact it is desirable to avoid the space
requirements necessary for allowing a rigid rectilinear piston rod to travel the
entire displacement length along its axis. Several flexible piston rods have been
conceived embodying a coil spring supported by an internal curved mandrel or
guide rod or various elements collaborating with one another. All the known
flexible piston rods are either too complicated or require relatively large forces

to be displaced.

An object of the present invention is to provide a flexible piston rod that is
simple to manufacture and operate and requires relatively small displacement
forces.

According to the invention this object is achieved by the piston rod comprising a
row of elements each having a top surface and a bottom surface as well as a
lateral surface, the top surface of one element being connected to the bottom
surface of the adjacent element by a hinge means located and adapted to allow
the two adjacent elements to pivot from a first position where at least a portion
of a top surface of one element abuts a corresponding portion of the bottom
surface of the adjacent element, said first position corresponding to a
rectilinear, relatively stiff configuration of the piston rod, to a second position
wherein said top surface of one element is spaced from said bottom surface of
the adjacent element corresponding to a curved configuration of said flexible

piston rod.

In the currently preferred embodiment of a flexible piston rod according to the
invention, said lateral surface has first and a second mutually opposed circular

cylindrical surface portions incorporating a screw thread for meshing with a
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corresponding screw thread of an actuator for displacing the piston rod in the
longitudinal direction thereof. Hereby a simple displacement mechanism which

is self supporting and self centering is achieved.

Preferably, at least one surface portion disposed between said first and second
surface portion is plane so as to allow co-operation with means to prevent
rotation of the piston rod around the longitudinal axis thereof when said screw
threads on the lateral surface of said elements are engaged by said actuator

screw threads.

Preferably, said portions of said top and bottom surfaces are spaced from said
hinge. Hereby a particularly stable rectilinear configuration of the piston rod is
achieved.

Advantageously, said elements and said hinges form an integrally moulded
piston rod moulded in one piece from a mouldable material, preferably a plastic
material such as Nylon or POM.

In another aspect, the present invention relates to a flexible piston rod
comprising a strip of relatively stiff and resilient material such as steel having in
the relaxed state an arcuate cross section taken transversely to the longitudinal
direction of said strip, a longitudinal row of evenly space apertures being
provided along the length of said strip for receiving projection of an actuator for
displacing said strip in the longitudinal direction thereof, and preferably the

major portion of the said strip is rolled into a roll when the piston rod is in its

least extended condition.

In the following, the invention will be described and explained more in detail
with reference to embodiments thereof shown, solely by way of example, in the
accompanying drawings, where

Fig. 1 is a schematic view of a first embodiment of a flexible piston rod
according to the invention,
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Figs. 2-4 are schematic enlarged scale views of the hinge mechanism of the
flexible piston rod according to Fig. 1,

Figs. 5-8 are schematic enlarged scale views from different angles of an

element of the flexible piston rod of Fig. 1,

Fig 9 is a schematic isometric view of a medicine dispensing device
incorporating a flexible piston rod as shown in Fig. 1, and ‘

Fig. 10 is a schematic isometric view of second embodiment of a flexible piston

rod applied to a medicine dispensing device.

Referring now to Figs. 1-8, a piston 1 is attached to one end of a flexible piston
rod 2 constituted by a series of elements 3 interconnected by hinges 4. The
elements 3 are integral with each other by means of the hinges 4 which allow
mutually adjacent elements to pivot relative to one another from the position
abutting one another shown in Fig. 2 wherein the elements 3 together form a
rectilinear piston rod with abutment surfaces 5 and hinges 4 affording rigidity
and thus rendering the piston rod 2 capable of exerting a pressure on the
piston 1 without deflecting laterally, to the position shown in Fig. 4 wherein the
elements 3 are pivoted way from one another so as to allow the curvature of
the piston rod 2.

This ability to curve allows the compact configuration of any device utilizing the
flexible piston rod 2 to linearly displace an object because the initially major
part of the piston rod may extend along the intended path of travel of the piston
1 during such displacement of said object, see Fig. 9 and the corresponding
explanation.

The material of the flexible piston rod 2 may any suitable mouldable material,
but it is preferred that it be a plastic material such as Nylon or POM. The
elements, hinges and piston are moulded in one piece in a single moulding

operation which reduces the manufacturing cost considerably.
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Each element 3 is provided with exterior threads 6 on two opposed portions 7
and 8 of the elements having a circular cylindrical configuration. At least the
side 9 of the elements 3 coinciding with the hinges 4 is flat to allow practical
moulding of the hinge. A further function of the flat side 9 or preferably two
opposed flat sides 9 and 10 is to allow preventing rotation of the piston rod 2
around its axis when being axially displaced by the threads of an actuator

meshing with the threads 6, see for instance Fig. 9.

Referring now to Fig. 9, the flexible piston rod 2 is shown in use for dispensing
insulin from a carpule 11 shown before being placed in operational position for
greater clarity and having a not shown internal piston for being abutted and
displaced by the piston 1. The piston rod 2 is arranged for movement between
two guide walls 12 and 13 in a housing 14 of the device. The piston 1 abuts the
not shown displaceable wall or piston of the carpule 11 such that axial
displacement of the piston 1 will press insulin out of the carpule 11 into a not

shown needle for injection into a patient.

A gear 15 mounted for rotation in the housing 14 is provided with a central
aperfure through which the elements 3 of the piston extend. The internal
aperture is provided with a not shown screw thread meshing with the screw
thread 6of the piston elements 3 such that rotation of the gear 15 entails

displacement of the piston 1 into the carpule 11.

The gear 15 is rotated by a shape memory alloy actuator comprising a wire 16
of a shape memory alloy such as Nitinol, one end of which is attached to a rivet
17 and the other end of which is attached to the free end of an actuator spring
rod 18.

The free end of the actuator spring rod 18 is located such that it meshes with
the teeth of the gear 15 and is biased by the spring force of the rod to exert a

spring force in the tangential direction and in the radial direction.



10

15

20

25

30

WO 2004/056411 PCT/DK2003/000915

A pawl spring rod 19 is located such that the end thereof meshes with the teeth
of the gear 15 and is biased to exert a spring force in the radial direction. This
end of the pawl spring rod 19 is constrained to substantially only move in the
radial direction by two not shown stop pins.

A not shown battery supplies power to the ends of the nitinol wire 16 for heating

it so as to cause it to contract.

Rotation of the gear 15 is brought about by alternatingly heating and cooling
the nitinol wire 16 so that it contracts and cocks the spring rod 18 while the
pawl spring rod holds the gear 13 against rotation and thereafter expands and

allows the spring rod to turn the gear and advance the piston rod 2.

The flat surface 9 and 10 of the elements 3 abut the flat surfaces of the guide
walls 12 and 13 and prevent the piston rod 2 from rotating around the
longitudinal axis 20 thereof under the influence of the rotating gear 15.

The flexible piston rod 2 could also be displaced by means of another actuator,

for instance a worm gear:

Referring now to Fig.1, a carpule 11 identical to the one described in
connection with Fig. 9 is located adjacent an actuator generally referenced by
the numeral 21 with a piston 22 of the actuator abutting the not visible piston of
the carpule.

The piston 22 is attached to the end of a steel strip 23 having an arcuate cross
section taken at right angles to the longitudinal direction of the strip 23. This
arcuate shape entails a rigidity of the strip 23 against lateral deflection such
that the strip can transmit pressure forces to the piston 22 without collapsing
because of lateral deflection.

A row of evenly spaced elongate apertures 24 are provided in the strip 23 for

receiving ribs 25 of a roller 26 having a gear 27 meshing with a worm gear 28.



WO 2004/056411 PCT/DK2003/000915

The worm gear is actuated by an actuator that may be similar to the shape
memory alloy actuator of Fig 9.

By rotating the worm gear 28 the gear 27 and roller 26 are rotated whereby the
ribs 25 received in the slits 24 unwind the strip 23 from the roll and displace it
into the carpule 11 whereby the piston 22 displaces the carpule piston and
dispenses the insulin from the carpule 11 that is located in the dispensing

device in the same manner as the carpule 11 of Fig. 9.
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Claims

1. A flexible piston rod, particularly for use in medicine dispensing devices,
comprising a row of elements each having a top surface and a bottom surface
as well as a lateral surface, the top surface of one element being connected to
the bottom surface of the adjacent element by a hinge means located and
adapted to allow the two adjacent elements to pivot from a first position where
at least a portion of a top surface of one element abuts a corresponding portion
of the bottom surface of the adjacent element, said first position corresponding
to a rectilinear, relatively stiff configuration of the piston rod, to a second
position wherein said top surface of one element is spaced from said bottom
surface of the adjacent element corresponding to a curved configuration of said

flexible piston rod.

2. A piston rod according to claim 1, wherein said lateral surface has a first and
a second mutually opposed circular cylindrical surface portions incorporating a
screw thread for meshing with a corresponding screw thread of an actuator for
displacing the piston rod in the longitudinal direction thereof.

3. A piston rod according to claim 2, wherein at least one surface portion
disposed between said first and second surface portion is plane so as to allow
co-operation with means to prevent rotation of the piston rod around the
longitudinal axis thereof when said screw threads on the lateral surface of said

elements are engaged by said actuator screw threads.

4. A piston rod according to any of the preceding claims, wherein said portions

of said top and bottom surfaces are spaced from said hinge.

5. A piston rod according to any of the preceding claims, wherein said elements
and said hinges form an integrally moulded piston rod moulded in one piece
from a mouldable material, preferably a plastic material such as Nylon or POM.
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6. A flexible piston rod comprising a strip of relatively stiff and resilient material
such as steel having in the relaxed state an arcuate cross section taken
transversely to the longitudinal direction of said strip, a longitudinal row of
evenly space apertures being provided along the length of said strip for
receiving projection of an actuator for displacing said strip in the longitudinal
direction thereof.

7. A piston rod according to claim 7 wherein the major portion of the said strip

is rolled into a roll when the piston rod is in its least extended condition.
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