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Radially compressible and expandable rotor for a pump having an impeller blade

The invention is in the field of mechanical engineering and mechanics and relates

to rotors for pumps.

US provisional application serial no. 61/364,559 (attorney's docket ECP 27(1)

US), US provisional application serial no. 61/364,595 (attorney's docket ECP

27(2) US), and US provisional application serial no. 61/364,578 (attorney's docket

ECP 28 US) are hereby incorporated by reference.

Rotor pumps can be used in a versatile manner and are very powerful with a

corresponding design and speed of the rotor. The rotors can generally be

designed as axially conveying or centrifugally conveying rotors and have

corresponding impeller blades.

Such pumps are of particular interest when they are made very small in

relationship with their conveying power in that they can be compressed for

transport and expanded for operation. A specific application of such pumps in the

medical field relates to invasive pumps which can be conveyed into the body of a

patient in the radially compressed state and can be expanded there to achieve

the desired conveying power.

Such pumps can be used, for example, as heart-assisting blood conveying

pumps and can be conveyed through a blood vessel into a bodily cavity in order

to be radially expanded there. Typically for this purpose, both the rotor and,



where present, also a corresponding pump housing are radially compressible and

expandable.

Such a pump is known, for example, from the US patent 7,393,181 B2. With a

rotor, a plurality of vanes are manufactured in one piece with a hub there and can

be folded onto said hub in the transport state due to their material elasticity in

order to compress the rotor radially. In operation, the vanes erect themselves so

that the conveying power is increased accordingly. The material of the rotor there

has to be selected carefully with respect to its elasticity properties and

deformability properties in order, on the one hand, to be able to be pressed easily

to the hub and, on the other hand, to be able to exert sufficient force on the liquid

to be conveyed in operation.

A very similar pump is known from the US patent application US 2008/01 14339

A 1, where a corresponding rotor additionally cooperates with a housing which is

likewise compressible and expandable. The housing is said to be expanded by

the force effect of the erecting rotor vanes in the operation of the rotor.

Against the background of this prior art, it is the underlying object of the present

invention to provide a rotor for a pump which can be radially compressed with as

little exertion of force as possible and which, on the other hand, can be expanded

just as easily in operation and has the required stability for the thrust effect in the

expanded state.

The object is achieved in accordance with the invention by the features of claim

1.

There is provided for this purpose in accordance with the invention a radially

compressible and expandable rotor for a pump having at least one impeller

blade, wherein the impeller blade has an impeller blade body whose material is

elastically deformable as well as at least one stiffening strut which is at least

partially embedded in the material of the impeller blade body.



The rotor in accordance with the invention preferably shows a support structure

(= struts) which does not have any closed edge structure or edge curve. This

means that, in the present invention, individual struts or blades are preferably

provided which can be deformed largely independently of one another and

thereby enable a good compression of the rotor, on the one hand, but also

enable a sufficient stabilization/stiffness in pump operation, on the other hand.

The impeller blade body has geometry-maintaining properties with respect to

deformations in pump operation which are locally stiffened by stiffening struts.

In this respect, the surface of the impeller blade body is not pierced by the struts

so that no interference in the fluid flow is caused. The impeller blade thickness

(i.e. the total thickness of the impeller blade including any hollow spaces)

preferably amounts to at least 80%, in particular 100%, advantageously more

than the largest thickness of the struts adjacent thereto or connected thereto,

measured in the direction of the thickness of the impeller blade, i.e. between the

pressure side and the suction side. The vane wall thickness in the region in which

the struts are positioned, including the region disposed between the struts in the

direction transverse to the longitudinal direction of the struts, in particular viewed

substantially perpendicular to the longitudinal direction of the struts, is

advantageously substantially or completely constant.

The thickness of the struts can be designed variably, for example radially

outwardly reducing with respect to the rotor axis, along its longitudinal direction.

In this case, the thickness of the impeller blade can also reduce in this direction.

In addition, the thickness of the impeller blade can also increase or reduce

outside the region reinforced by struts, for example at the lateral ends of the

impeller blade.



An optimization of the flow along the impeller blade without any larger eddies and

a minimized impeller blade surface is achieved by the largely constant thickness

development of the impeller blade/blades.

The respective strut is thereby covered at all sides by the plastic material of the

impeller blade and (unlike, for example, in film-covered metal structures) a

homogeneous vane surface favorable for the flow is produced. A considerably

more shape-stable rotor which deflects under pressure in the flow field less and

more uniformly and which thereby also behaves less sensitively toward

production tolerances is also produced with respect to film-covered metal

structures or similar rotors in which the thickness of the membrane between the

struts rarely achieved 10%, in extreme cases a maximum of 50% of the strut

thickness.

The different mechanical demands on the rotor or on the impeller blade can be

distributed over different materials or construction elements by this construction.

The struts can be built and positioned so that they do not impede the

compression of the impeller blade from the first state into the second state, but

that they, on the other hand, stabilize the rotor sufficiently in the third, expanded

state. The struts thus take over the tensions, whereas the material of the impeller

blade body has the required stretchability. In this respect, the total mass and the

total volume of the rotor or of the impeller blade can also be minimized by the use

of a composite material. This results in a small diameter in the second,

compressed state.

The struts typically comprise a stiffer material than the impeller blade body, for

example a stiff plastic or a metal alloy or a metal.

The construction is designed so that the rotor adopts a first state without an

external force effect from which it can be moved, on the one hand, by a radial

compression into a second, compressible state for purposes of transport,



whereas it can be moved equally from the first state in operation by erecting the

impeller blade/blades into a third, expanded state.

Since the first state of the rotor is already partially compressed with respect to the

operating state, the radial forces required for the final compression should be

minimized as much as possible. The impeller blade/blades moreover adopt(s) a

preferred position in the first state which provides for an erection of the impeller

blades under the effect of the fluid counter-pressure as well as for the fact that

their position is optimized in the second, compressed state.

The rotor can advantageously be designed hubless and the struts can extend in

the radial direction with respect to the axis of rotation from a first axial spacing to

a second axial spacing. This means that the struts do not have to extend radially

inwardly up to the axis of rotation, but rather extend at a finite spacing starting

therefrom radially outwardly in the impeller blade. They can extend radially

outwardly up to the end of the impeller blade or end at a second axial spacing

before the end of the impeller blade. The impeller blade itself can be divided and

leave the region close to the axis of rotation free or a single, throughgoing vane

can extend beyond the central region, for example, as a single, spiral vane.

On the other hand, a hub can be provided to which the impeller blade is

connected and with respect to which the impeller blade is pivotable. In this case,

the introduction of the drive forces into the impeller blade through the hub is

possible in a simplified manner, whereas with a hubless rotor the driving force

has to be introduced into the impeller blades at the end face.

At least one strut, in particular also a plurality of struts or all struts, can

advantageously extend radially up to and into the hub. The struts can, for

example, be plugged into the hub body as individual bodies or as a connected

structure or can be pulled into a groove of the hub body to form the support

structure of the impeller blade. Such a groove-like recess of the hub body



typically extends helically along its jacket surface. In cross-section, the groove

can, for example, be formed in the manner of a dovetail to hold the struts reliably.

However, provision can also advantageously be made that at least one strut, in

particular a plurality of struts or all struts, extend radially from a first axial spacing

outside the hub up to a second axial spacing. In this case, the folding of the

impeller blade onto the hub can be facilitated, for example. A folding in by a

correspondingly optimized design is, however, also easily possible with struts

which extend into the hub body or run through the hub in one piece.

The struts can all be connected to one another or can be connected to one

another in groups, with them advantageously being able to be connected to one

another within the half of their radial extent close to the axis of rotation, viewed in

the expanded state of the rotor. They can in particular also be connected to one

another at their ends close to the axis of rotation, advantageously also

exclusively there. Provision can also be made that the struts are each connected

to one another pairwise at their ends remote from the axis of rotation and thus

form loops, with the loops each being connected on one another in the region

close to the axis. A good stiffening of the impeller blade in the direction

perpendicular to the thrust load hereby results and a good deformability within the

plane of the impeller blade so that, in operation, a good stabilization is enabled by

the struts, but the struts can have a corresponding movability among one another

in the axially remote region of the impeller blade for the compression. The struts

can be formed as strand-like bodies, for example in the form of a wire, but also as

flat parts of a sheet metal-like body. In an advantageous embodiment, they can,

for example, be punched out of a full metal sheet or can be cut out by

corresponding cutting techniques, for example, laser cutting, etching or erosion.

The struts are advantageously insert molded or cast around with the material of

the impeller blade body or are wetted by it in the liquid state, with a subsequent

hardening accordingly being able to be provided.



Provision can furthermore advantageously be made that the struts are arranged

in recesses of the impeller blade body which are larger in the longitudinal

direction and/or transverse direction of the respective strut than the outer

dimensions of the strut(s).

Since the recesses in the impeller blade body are larger in at least one direction

of extent than the dimensions of the respective strut, the strut can be disposed in

different positions in the respective recess in the different states of the rotor.

Different degrees of stiffness of the impeller blade can thus be realized in the

different states so that, on the one hand, the impeller blade can exert a strong

stiffening effect in the extended state of the impeller blade in a first position and,

on the other hand, can surroundingly support the same strut on the compression

of the rotor within its recess such that it only insignificantly impairs the

compression.

Provision can also advantageously be made that at least one strut adheres to the

material of the impeller blade body on its surface facing the pressure side of the

impeller blade and/or on its surface facing the suction side. For example, when

the strut is adhesively connected to the material of the impeller blade body only

on the surface facing the suction side and the material of the impeller blade is not

compressible, a high stiffness can be achieved in the extended state. Depending

on the requirements of the construction, the respective strut can only be

adhesively connected to the impeller blade body on surface facing the suction

side or on the pressure side or the strut can adhere to the impeller blade body all

round at all of its surfaces.

In a further embodiment, the adhesion between the impeller blade body and the

strut(s) can be different. The rotor can, for example, be designed so that the

impeller blade body is fixedly connected to the struts in the region of the hub,

whereas it does not adhere in the region of the struts remote from the hub and

can thus slide with respect to the struts on compression. This can be done e.g. by

the local use of adhesive means or separating means or by a different surface



design (i.e. roughness, shape matching). Any desired embodiments are possible

here: e.g. the rotor can also be designed so that the impeller blade body slides

with respect to the struts in the region of the hub and is fixedly connected to the

struts in the region remote from the hub. It can also vary over the length of the

rotor.

The strut(s) can at least partially comprise a super elastic material, in particular a

super elastic polymer, or a memory alloy, in particular nitinol. In this respect, a

super elastic material is understood as a material which at least withstands an

elastic stretching by 2% and afterward returns in a force-free manner

substantially into its starting position.

The material of the impeller blade body can also comprise a super elastic

material, for example to minimize or prevent crack formation, particularly at the

radially outer tips of the impeller blade and in the region of the impeller blade root

at the hub.

The strut or struts could be arranged at least partially obliquely with respect to the

axial direction of the axis of rotation so that they adopt an angle of less than 90°

toward the axial direction. In this case, on the compression into the second state,

the respective impeller blade cannot only be placed onto the hub in the peripheral

direction but can also be partially folded in in the direction of the axis of rotation.

This has the advantage that a compression movement takes place partially in the

plane of the impeller blade since usually no stiffening of the impeller blade by the

struts is necessary in this direction. The struts can therefore permit a limited

movement in the impeller blade plane despite the good stiffening properties.

A further advantageous embodiment of the invention provides that the impeller

blade has at least one element with tensile strength in the form of a band or of a

film which is connected at at least one radially outer fastening point and at at

least one radially inner fastening point to a strut and/or to the impeller blade body.



Such an element with tensile strength stabilizes the impeller blade in the third,

extended state without noticeably preventing or making more difficult the

compression into the first state. The corresponding element with tensile strength

can extend either directly in the radial direction or also obliquely to the axis of

rotation, in particular parallel or substantially parallel to the struts.

Provision can moreover advantageously be made that the rotor has at least at the

pressure side of the impeller blade at least one element with tensile strength in

the form of a band or of a film which is fastened to a strut and/or to the impeller

body at a radial spacing from the axis of rotation, on the one hand, and is

fastened to a hub, on the other hand. The element with tensile strength can thus

also be fastened to the hub at the foot of the respective impeller blade spaced

apart from its root. The element with tensile strength can also continue the

contour of the impeller blade as a film.

The element with tensile strength can moreover advantageously contain glass

fibers, polycarbonate fibers or other reinforcing fibers. They have a very high

tensile strength and resistance to stretching with a low weight and volume.

Provision can moreover be made that the element with tensile strength at least

partially adheres to the surface of a strut or of the impeller blade body. In this

case, the element with tensile strength becomes an additional layer of the strut or

of the impeller blade body and a composite body is created locally having the

desired mechanical properties such as flexural strength in one direction of load

and, optionally, flexibility in the opposite direction.

The element with tensile strength can, for example, efficiently be adhered,

sprayed on molded or printed onto the strut or onto the impeller blade.

The pressing on can take place using all common techniques which are also

used for applying optically recognizable symbols on printable surfaces. It is



moreover possible to apply the element with tensile strength by welding or firing

in by means of a laser.

The element with tensile strength can extend, for example, winding in the manner

of a meander in the first state of the rotor. The corresponding windings should be

characterized so that the element with tensile strength can extend in the course

of the stretching of the impeller blade on the shaping into the third state and can

thus effectively bound the further movement of the impeller blade.

It is, for example, also conceivable to provide a pattern of elements with tensile

strength spreading out in ray shape on an impeller blade, said elements starting,

for example, from a common base at the root of the impeller blade and moving

away from one another radially toward the outside of the impeller blade.

The curve of the force lines within the impeller blade on adopting the desired

geometrical three-dimensional shape in the third state can also be calculated by

corresponding calculations and can be mapped by corresponding positioning of

the elements with tensile strength.

A further advantageous embodiment of the invention provides that the impeller

blade is pivotably supported in a recess of a hollow cylindrical hub at the jacket

side. It is the point of this arrangement to limit the material deformation at the root

of the impeller blade as much as possible on the deformation between the first

and third states of the impeller blade to avoid crack formation and other fatigue

phenomena of the material. For this purpose, the stretching forces acting in the

region of the root of the impeller blade are minimized. Corresponding holding

forces on the impeller blade are not produced by connecting the impeller blade to

the hub, but by other structures. The impeller blade can be held, for example, by

a film hinge or by weakening the material of the hub in the region of the hub.

The invention can moreover advantageously provide that an inner end of the

impeller blade projects through the opening into the cylindrical hollow space of



the hub. The impeller blade is then supported in the wall of the hub body in the

manner of a two-arm lever.

Provision can then also be made that the inner end cooperates with a fixed

abutment in the hollow space of the hub in the third state.

The hollow space within the hub can be designed by integration of a fixed

abutment such that a movement of the inner end of the impeller blade is limited

there after reaching the third state.

On the compression of the rotor and of the impeller blade, a movement takes

place in the opposite direction so that the inner end of the impeller blade also

moves away from the fixed abutment in the interior of the hub and moves as

freely as possible in order not to impede the movement of the impeller blade.

Provision can also be made that at least one strut of the impeller blade projects

into the cylindrical hollow space of the hub.

The strut or struts of the impeller blade can project into the interior of the hub

within the impeller blade body or also separately therefrom. In the latter case, the

impeller blade body can end at the wall of the hub and only the struts can project

into the interior of the hollow cylindrical hub. The individual struts can then, for

example, each have an abutment body at their ends projecting into the hollow

space of the hub and said abutment body cooperating with a fixed abutment of

the hub in the third state.

A corresponding abutment body at the ends of the struts can in each case be

formed as a sheet metal part which is disposed perpendicular to the axis of

rotation and which can also be contiguous in one piece with the respective strut.

The respective strut and abutment body can thus be manufactured simply in

continuous form, e.g. by punching out of a flat body such as a metal sheet.



The abutment can, however, also be formed by the strut of the oppositely

disposed impeller blade.

The abutment within the hub can advantageously be formed in one piece on the

manufacture of the hub and integrated with it.

An embodiment of the (preferably super elastic) struts is preferably such that the

permitted elastic stretching is not exceeded (not even locally) at any point of the

struts either on the compression or in the operating state. This has to be taken

into account in the geometrical design of the struts, for example that they are of a

meandering kind.

A further development of the invention provides that the at least one impeller

blade has a flow pressure side and a flow suction side and at least one stiffening

strut is designed so that the stiffening strut has a mechanical abutment on

reaching the third, expanded state. This mechanical abutment can be designed in

different manner. It is, for example, possible that the stiffening strut is weakened

on the flow suction side. On a radial compression of the rotor (into the supported

introduction state), the compression is hereby facilitated, whereas a self-stiffening

effect occurs on the movement against the fluid pressure (that is in the conveying

operation).

This can, for example, be ensured in that the slits applied transversely to the

longitudinal web direction represent the weakening. In the above-named third

state in which the abutment is present, the inner walls of these slits can either be

directly pressed onto one another or, if plastic or other embedding material is

present here, a corresponding compression can be present so that an abutment

situation results here. It is only important that the rotor unfolds in the fluid such

that a mechanical "abutment" is present here. "Abutment" is here understood as

a disproportionate exertion of force which is opposed to the fluid pressure; a

defined position is hereby possible in the third state (operating state).



A further advantageous further development provides that the stiffening strut has

a stiffening curvature, preferably in the region radially close to the hub. This can

be a "knee" which ensures additional stability in the one direction here with a

simultaneously improved deformability in the opposite direction. This can be

optimized within the framework of the ability of the skilled person, for example

such that the stretching of the components amounts to less than 8% overall. It

can thus be prevented with a material, for example with a shape memory

material, from which the stiffening strut is formed that the plastic region of the

deformation is entered here.

A further advantageous further development provides that the stiffening strut is

attached in the region of the rotor front edge, in the region of the rotor rear edge

and/or at another point of the rotor. This means that a plurality of blades do not

have to be applied distributed axially over the length of the rotor here, but that

stiffening struts at spots are also sufficient here, in particular at points which are

important for the technical flow shape of the rotor.

A further development provides that the stiffening strut comprises a preferably

ring-shaped hub part as well as a radial outlier. The hub part can preferably also

be connected to a shaft, etc., in a shape matched manner. In addition, in

particular a material agglomeration in the transition region from the hub part to

the radial outlier can be prevented in order here to achieve an even higher

elasticity and an avoidance of plastic deformation; in addition, elastic counter

tension forces are hereby prevented with a suitable design.

The stiffening strut can generally comprise all materials which can influence a

shaping or deformability in a favorable manner, preferably metals or plastics.

All embodiments of the rotor preferably have three states. That is a first state in

which the rotor is free of force and the stiffening strut or the impeller blade

protrudes radially. In a second state, the impeller blade is radially compressed or

lies tangentially at the hub/axle.



In the third state, a deformation from the first state takes place by fluid counter-

pressure or centrifugal forces. In this respect, the rotor / the stiffening strut / the

impeller blade is preferably to be designed so that, considered from the first state,

the deformation into the second state takes place in an opposite direction (of

rotation) than on the deformation from the first state into the third state.

This is in particular useful in the aforesaid weakened embodiments of the

stiffening strut since the weakening here provides that particularly small forces

are required on the compression and, on the other hand, a defined working

position is present here by the stiffening / the abutment in the operating state

(third state) which is favorable from a technical flow aspect and serves the good

design of the rotor / of a pump.

It must again be noted that all the rotors/impeller blades proposed here are in

particular suitable for use in intraventricular blood pumps. These pumps have a

compressed state (second state, see above) in which the rotor is introduced into

a lock, for example. In this "introduction state", the blood pump is then introduced

into a vessel of the body, for example into the left ventricle of a human or of an

animal. The rotor is then conducted out of the lock before the pump operation so

that the third state is then adopted after the start of the rotary movement. At the

end of the pump operation, the repeated introduction of the rotor into the lock and

the removal of the pump takes place.

The invention will be shown and subsequently described in the following with

reference to embodiments in a drawing. There are shown

Fig. 1 schematically, a rotor blood pump which is introduced into the left

ventricle of a heart by means of a hollow catheter:

Fig. 2 the pump, in a more detailed representation:



Fig. 3 schematically, an embodiment of a rotor with a hub;

Fig. 4 an embodiment of a rotor with a hubless impeller blade:

Fig. 5 the structure of a rotor with a hub and reinforcement struts for the

impeller blade body;

Fig. 6 a configuration of struts for a rotor, with the struts projecting

perpendicularly from the longitudinal axis of the rotor;

Fig. 7 a configuration with struts which are inclined with respect to the axis

of rotation;

Fig. 8 a cross-section through a rotor with a solid hub;

Fig. 9 a cross-section through a rotor with a hollow hub;

Fig. 10 a cross-section through a rotor with a hollow hub and two impeller

blades which are suspended in recesses of the hub;

Fig. 11 a rotor in cross-section with a hollow hub and abutment bodies;

Fig. 12 a rotor in cross-section with a hollow hub and struts of two impeller

blades projecting into said hollow hub with a corresponding

abutment configuration;

Fig. 13 in cross-section, a rotor with two impeller blades and struts

embedded therein;

Fig. 14 in partial cross-section, a rotor with two impeller blades into which

the struts are integrated within hollow spaces;



Fig. 15 in cross-section, a rotor with an impeller blade and a strut integrated

therein in a hollow space which is longer than the strut;

Fig. 16 a three-dimensional outside view of a rotor with impeller blades and

elements with tensile strength for supporting the impeller blades;

and

Fig. 17 a rotor with a plurality of impeller blades and various tensile

elements supporting them;

Figs. 18 an embodiment of a reinforcement strut in

to 20 different states, wherein the strut has recesses on the flow suction

side for better compressibility, with the recesses being largely

closed in the operating state and forming an abutment together with

the embedded base material;

an embodiment of a reinforcement strut in different

states, with the strut being optimized with respect to uniform stress

distributions in the material;

an embodiment of a reinforcement strut in different

states, with the strut and a flexible tensile element being formed in

one part.

Fig. 1 schematically shows the left ventricle 1 of a cardiac chamber 1 as well as a

blood vessel 2 opening into it into which a hollow catheter 4 can be introduced by

means of a lock 3 . Said hollow catheter holds a pump 5 at its distal end and said

pump projects at least partially into the ventricle 1. The pump 5 has a suction

cage 8 at its distal end into which blood is sucked, as indicated by the arrows 6,

7. Said blood is pressed out by outflow openings 9 within the blood vessel 2

behind the cardiac valve. The pump 5 has a rotor having conveying elements

which is rotatably drivable about its longitudinal axis by means of a flexible shaft



11 which extends through the hollow catheter 4 and is connected to a drive motor

10 outside the body of the patient. The typical speed of the rotor in operation is at

some thousand up to approx. 50,000 r.p.m.

The pump 5 having the rotor 13 is shown in more detail in Fig. 2. The rotor 13 is

in each case rotatably supported within a pump housing 2 by means of a rotor

shaft 14 at the proximal end 15 , i.e. at the end closer to the lock 3 , as well as at

the distal end 16. Past the bearing at the distal end 16 or between the distal end

and the rotor 13 itself, suction openings for the blood are provided, for example in

the form of a suction cage, i.e. a piercing of the housing 12.

The rotor 13 itself is made in one part, having a hub and two helical impeller

blades connected in one piece to said hub.

An outflow hose 17 starts at the pump housing 12 and is positioned, on a correct

positioning of the pump within the cardiac valve, at the transition between the

blood vessel 2 and the ventricle 1 so that the outflow openings 18 lie within the

blood vessel 2 . At the distal end of the pump 5, there is an additional spacer part

which is bent over at the free end, for example of spiral shape, to prevent the

crashing of the pump at the body tissue and moreover to facilitate the pushing of

the pump through a blood vessel. In addition, the element should prevent the

pump from sucking tight to vessel walls or to the inner walls of the cardiac

chamber.

Fig. 3 shows a rotor 13a having two helical impeller blades 19, 20 which are

made from plastic, are made in one piece with the hub 2 1 and can, for example,

receive support struts in their interior. The impeller blade body of the impeller

blades 19, 20 can be made, for example, from polyurethane in solid form or from

a foam and the struts can be integrated into the body. The manufacture can take

place in that the struts are insert molded with a corresponding plastic.



Fig. 4 schematically shows in a three-dimensional view a rotor without a hub with

a single impeller blade 22. Corresponding struts can also be embedded in it. The

impeller blade 22 is driven at the end face via a shaft piece 23.

Fig. 5 shows a rotor 13b having a hub 24 as well as two rows of struts 25, 26, 27

which are distributed circumferentially at the hub in the form of a helix in each

case and project radially from said hub. The struts 26, 26, 27 can, for example,

each comprise a pair of two individual struts which are connected to one another

at their end remote from the axis of rotation. The axis of rotation is marked by 29

in Fig. 5 .

Loops which can be anchored easily in an impeller blade body are formed by the

struts 25, 26, 27 in this manner.

The struts can, for example, be fastened together on a respective rail per impeller

blade, with the rail being flexible and being able to be drawn into a recess 28

which runs around the hub 24.

In the named example, respectively directly adjacent struts are thus connected to

one another pair-wise and the pairs are connected to one another in their region

close to the axis of rotation.

Fig. 7 shows struts 30, 3 1 , 32, 33 which are each connected to one another pair-

wise in their region remote from the axis of rotation 29 and are connected by

means of a throughgoing rail 34 in the region close to the axis of rotation. The

individual struts 30, 3 1 , 32, 33 extend at an inclination with respect to the axis of

rotation 29, for example at an angle of approximately 30° to 60°. In contrast to

this, Fig. 6 shows struts which project radially perpendicularly from the axis of

rotation 29.

Fig. 8 shows a cross-section through a rotor having a solid hub 35 at whose

surface at the jacket side two impeller blades 36, 37 are shown located in the



second state, i.e. in a slightly pre-curved form. In operation, i.e. on rotation of the

rotor in the direction of the arrow 38, the impeller blades 36, 37 are erected

further almost up to extension.

The rotor can also be further compressed with respect to the configuration shown

in Fig. 8 in that the impeller blades are pressed more closely toward the hub 35.

Fig. 9 shows two impeller blades 36a, 37a which project into a hollow space 39 of

a hub 35a. The impeller blades 36a, 37a thereby form two-arm levers which are

each supported in the wall of the hollow hub 35a.

Fig. 10 shows a further development of the embodiment of Fig. 9 in that the wall

thickness is weakened in the hub 35b in the region 40, 4 1 where the impeller

blades 36b, 37b pass through the wall of the hub 35b. The impeller blades are

thereby pivotably supported in kinds of film hinges in corresponding regions of

the hub.

Fig. 11 shows a corresponding constellation in which inner ends and abutment

bodies 42, 43 fastened thereto of the two impeller blades 36c, 37c each project

into the hollow space 44 of a hub 35c. In the inner space of the hub, the

abutment bodies 42, 43 cooperate in the direction of the arrows 45, 46 in the

operation of the rotor with corresponding abutments 47, 48 so that the impeller

blades 36c, 37c are supported in the third state and so adopt the desired

operation state.

On the compression movement, the abutment bodies 42, 43 release from the

abutments 47, 48 and the impeller blades 36c, 37c can be brought into the

positions drawn in dashed lines in Fig. 11. In this respect, the impeller blades are

pivoted within the corresponding weakened regions of the hub body 35c.



The sense of rotation of the rotor shown in operation is shown in Fig. 11 by the

arrow 49, whereas the fluid counter-pressure on the impeller blades is

symbolized by the arrows 50, 5 1 .

Fig. 12 shows a further embodiment of a rotor having a hub body 35d and two

impeller blades 36d, 37d which each have the struts 52, 53. In the embodiment,

the impeller blades end at the outer jacket surface of the hub 35d and only the

struts 52, 53 project into the interior of the hub. The strut 53 there abuts an

abutment 55 in the direction of the arrow 54 in the inner space of the hub when

the third state of the rotor is reached. The corresponding impeller blade 37d is

thereby supported.

Another configuration is shown oppositely disposed with reference to the impeller

blade 36d. The representation of different configurations of impeller blades at a

rotor is only done by way of example here.

The strut 52 of the impeller blade 36d extends in the interior of the hub 35d in an

abutment body 52a of the shape of a circular disc which can be made in one

piece with the strut 52 and can, for example, be stamped out of a metal sheet.

The abutment body 52a is shaped so that, on a corresponding load in the third

state, it abuts an abutment 56 which in this case does not require any special

design for limiting the movement of the impeller blade 36d.

A plurality of the abutments 52a can also be connected to one another within a

rotor to form a structure for the struts 52 and to hold them while they are, for

example, being insert molded with the material of the impeller blade body.

Fig. 13 shows a rotor having a hub 35e in a solid construction, having two

impeller blades 36e, 37e into which respective struts 547, 58 are integrated. The

strut 57 extends from a first axial spacing, shown by the dashed line 59, up to a

second axial spacing, shown by the line 60. The strut 57 accordingly does not

extend up to the hub 35e.



The strut 58 extends up to and into the hub 35e and ends at the axial spacing 6 ,

i.e. it is radially shorter than the impeller blade 37e with respect to the rotor axis.

The differences of the struts 57, 58 are only shown by way of example in a single

rotor.

In the named examples, the struts are each insert molded with the material of the

impeller blade body and adhere partially or at all sides to the material.

In Fig. 14, a hub 35f is shown having two exemplary impeller blades 36f, 37f

which each receive a strut 62, 63. The strut 62 is smaller with respect to the

length and to the width than the hollow space 64 in which it is located within the

impeller blade 36f. The strut 63 is fixedly surrounded at its radially outer end 65

by the material of the impeller blade 37f and can move in the region 66 close to

the axis or rotation within the hollow space of the impeller blade 37f and there

adopt different positions in dependence on the state of compression or

expansion, i.e. lie at different walls of the hollow space. This hollow space can be

of asymmetrical design.

It is made possible by this constellation that in a position, for example, in the third

state of the rotor, the corresponding strut 63 can support the impeller blade 37f,

whereas the rotor can be highly compressed without a support effect of the strut

in that the strut can escape within the impeller blade. Provision can

correspondingly also be made that that strut is fixedly surrounded and is fixed in

the impeller blade only at its end close to the axis and has movement play in the

region remote from the axis.

In Fig. 15, a rotor having a hub 35g as well as an impeller blade 36g with a strut

67 integrated therein is shown. The strut 67 is made shorter in the radial direction

than the hollow space 68 within the impeller blade 36g so that in operation the

strut can slip, for example by centrifugal forces, radially outwardly and can there

support the impeller blade. On a compression movement, for example by



corresponding slopes at the radially outer end of the strut, said strut can then be

displaced radially inwardly so that it impedes a compression less than in the

radially outer region. The slopes are shown at the radially outer end of the strut

67 and are marked by 69. The rotary movement of the rotor is symbolized by the

arrow 70 and the fluid counter-pressure against the impeller blade 36g by the

arrow 7 1.

Fig. 16 shows in a three-dimensional view a rotor 72 which rotates in the direction

of the arrow 73 in operation. Forces result accordingly at the impeller blades 74

as a consequence of the fluid counter-pressure which are shown by the arrows

75, 76.

In the Figure, tensile elements 77, 78, 79, 80 are shown which represent different

examples for their alignment and fastening. The tensile elements 77, 78 extend,

for example, from a radially outer point at the impeller blade 74 to a radially inner

point close to the hub 8 1. The tensile element 79 is, on the one hand, fastened to

a point 82 at the impeller blade 74; on the other hand, to the point 83 on the

surface of the hub 8 1 at a distance from the foot of the impeller blade. The tensile

element 80 is formed areally as a thin film and is fastened at a point 84 to the

impeller blade, whereas the base 85 is fastened on the surface of the hub 8 1 at a

spacing from the foot of the impeller blade 74. The film 80 can be aligned such

that it does not impede the fluid flow.

In the compressed second state or in the first state of the rotor, the corresponding

tensile elements are slack and do not impede any movement of the impeller

blades 74. In the third state, when the impeller blades are extended, the tensile

elements limit a further overextension and thus stabilize the impeller blades.

The tensile elements can, for example, comprise a band having glass fiber

reinforcement or can substantially comprise only glass fibers or also

polycarbonate fibers, for example Kevlar, to achieve a thickness which is as low

as possible with a correspondingly high tensile force and strength. The tensile



elements can, however, also comprise a polymer film, for example PEEK or also

a metal film, for example nitinol or titanium, to achieve the desired effect.

Basically, those materials or material combinations are particularly suitable for

these flexible tensile elements which are also used for so-called non-compliant

balloon catheters, since these usually combine the mechanical properties desired

here with the likewise required biocompatible and blood-compatible properties.

In addition, two tensile elements 86, 87 are drawn at the impeller blade 74, with

the tensile element 86 being adhered, printed on or fastened in another way on

the surface of the impeller blade 74 and having a winding form which is only

present in this form in the first or second states of the impeller blade. If the

impeller blade is extended to the third state, this tensile element adopts the

extended form marked by 87 in order then to be taut and to prevent a further

movement of the impeller blade beyond the extended state.

In Fig. 17, a rotor having a plurality of impeller blades 88, 89, 90 is shown which

each run around the hub 9 1 only in part and which can individually be supported

by means of tensile elements 92, 93, 94. The tensile elements 92 can be formed

as films and continue the contour of the corresponding impeller blades 88 in a

hydrodynamically favorable manner. They are positioned and tensioned so that

they support the impeller blades in the extended state. In addition, the impeller

blades 88, 89, 90 can have struts 95 integrated in them.

The named variants in the embodiment of the invention represent, individually

and in combination with one another, efficient measures for supporting impeller

blades built as composite bodies at a rotor of a pump.

The corresponding rotors can each be arranged in a compressible and

expandable housing which can be expanded, for example, by means of the

erecting impeller blades.



Figures 18 to 20 show a further embodiment of a stiffening strut. In this respect,

the first state is shown in Fig. 18, that is the force-free state. In Fig. 19, the

second state is shown, that is the state in which the stiffening strut / the impeller

blade / the rotor is radially compressed.

This is primarily done in the present case by a tilting of the stiffening strut in Fig.

19 to the left, i.e. counter clockwise. In Fig. 20, the third state is shown, that is the

operating state of the rotor / of the impeller blade / of the stiffening strut in which

fluid is actually conveyed. In this respect, the fluid counter-pressure acts

clockwise, i.e. the direction of rotation of the rotor is counter-clockwise. In this

respect, a weakening on the flow suction side is shown (to be seen at the bottom

in Fig. 20 at the radial outlier of the stiffening strut). The flow pressure side is not

weakened in this case.

In Figures 18 to 20, only the stiffening strut is shown, without any additional

material in which the stiffening strut is embedded. In the present case, this

stiffening strut is attached to the axial front flow edge of the rotor and the radial

outlier of the stiffening strut projecting to the right in Fig. 8 is completely

surrounded by the embedding material, plastic in the present case. This is also

the case between the weakening slits. The impeller blade surface is in this

respect of a property such that no weakening is visible from the outside. It must

additionally be noted that the compression (see Fig. 19) is particularly simple,

whereas a "mechanical abutment" is present in the state shown in Fig. 20. In this

respect, the inner walls of the slits do not have to abut one another since the

embedding compound / embedding material / plastic located in this intermediate

region is compressed and thus a deformation limitation is guaranteed.

Fig. 2 1 in turn shows the first state in which the deformation strut / the rotor

projects in a force-free manner. All the features are formed as in the aforesaid

embodiment in accordance with Figs. 18 - 20, provided that nothing is otherwise

stated in the following. In the embodiments in accordance with Figs. 2 1 - 23 (Fig.

22 shows the second state; Fig. 23 in turn the third state), no weakening in the



form of slits is shown; instead a kink is shown close to the circular hub region

which shows a "reinforcement curvature". This is designed so that, on the one

hand, on the elastic deformation into the state shown in Fig. 22, a slight bending

over is possible and, on the other hand, in the state in accordance with Fig. 23, a

mechanical abutment is present without the plastic region of the material ever

being entered, on which irreversible deformations would occur.

Figures 24 to 26 show a further embodiment which is similar to the embodiment

in accordance with Figs. 2 1 - 23, with, however, a radially inwardly weakening

located in the hub ring being shown in the transition region from the annular hub

region toward the radial outlier, said weakening facilitating the elasticity of the

outlier above all on the movement from the first state shown in Fig. 24 to the

second state shown in Fig. 25. In addition, the ensuring of the mechanical

abutment in the third state shown in Fig. 26 is also ensured by a suitable

configuration, said third state being able to take place, for example, by the design

of the tapered region (100) as a tensile strut. The tapered region (100) is thereby

easily bendable on the adoption of the first state, but adopts in the third state an

approximately extended form which sets an increased resistance toward

deflection under the flow pressure.

It must again be mentioned that it is in each case assumed in Figures 20, 23 and

26 that the direction of rotation of the rotor is counter clockwise and that thereby

an expansion of the radial outlier in the clockwise direction results. The outline of

an impeller blade 101 is furthermore schematically shown in Fig. 26 which

completely surrounds the strut in the embodiment shown such that the fluid

comes into contact with a homogeneous surface which is as uniform as possible.

This ensures that the fluid undergoes an acceleration in the operating state which

is as smooth as possible with small shear tension peaks.



Aspects of the invention are inter alia:

A radially compressible and expandable rotor (13, 13a, 13b) for a pump

having at least one impeller blade (19, 20, 22, 36, 36a, 36b, 36c, 36d, 36e,

36f, 36g, 37, 37a, 37b, 37c, 37d, 37e, 37f, 74, 88, 89, 90), wherein the

impeller blade has an impeller blade body whose material is elastically

deformable as well as at least one stiffening strut (25, 26, 27, 30, 3 1, 32,

52, 53, 57, 58, 62, 63, 67, 95) which is at least partially embedded in the

material of the impeller blade body.

A rotor in accordance with aspect 1, characterized in that it adopts a first

state without any external force effect, starting from which it can be moved

by radial compression into a second state.

A rotor in accordance with either of aspects 1 or 2, characterized in that it

adopts a first state without any external force effect, starting from which

the at least one impeller blade can be erected to at third, expanded state

in operation in particular by the fluid counter pressure and/or centrifugal

forces which occur on the rotation.

A rotor in accordance with one of the aspects 1 to 3, characterized in that

it is mad hubless and the strut(s) extend(s) in the radial direction with

respect to the axis of rotation from a first axial spacing up to a second axial

spacing.

A rotor in accordance with one of the aspects 1 to 3 , characterized in that

the at least one impeller blade is connected to a hub (24, 35, 35a, 35b,

35c, 35d, 35e, 35f, 35g, 8 1, 91) and is pivotable with respect to it.

6 . A rotor in accordance with aspect 5, characterized in that at least one strut

(52, 53) extends up to and into the hub (35d).



A rotor in accordance with aspect 5 , characterized in that the at least one

strut (57) extends radially from a first axial spacing (57) radially outside the

hub (35e) up to a second axial spacing (60).

A rotor in accordance with aspect 1 or one of the following aspects,

characterized in that a plurality of struts (25, 25, 27, 30, 3 , 32, 33) are

provided which are connected to one another.

A rotor in accordance with aspect 8 , characterized in that the struts (25,

26, 27, 30, 3 1, 32, 33) are connected to one another within the half of their

radial extent close to the axis of rotation, in particular at their ends close to

the axis of rotation.

A rotor in accordance with aspect 9 , characterized in that the struts (25,

26, 27, 30, 3 1, 32, 33) are connected to one another only within the half of

their radial extent close to the axis of rotation.

A rotor in accordance with aspect 1 or one of the following aspects,

characterized in that the struts (25, 26, 27, 30, 3 1, 32, 52, 53, 57, 58, 62,

63, 67, 95) are insert molded with the material of the impeller blade body.

A rotor in accordance with aspect 1 or one of the following aspects,

characterized in that the struts (62, 63) are arranged in recesses (64, 65)

of the impeller blade body which are larger in the longitudinal direction

and/or in the transverse direction of the respective strut than the external

dimensions of the strut.

A rotor in accordance with aspect 1 or one of the following aspects,

characterized in that at least one strut adheres to the material of the

impeller blade body on its surface facing the pressure side of the impeller

blade and/or on its surface facing the suction side.



A rotor in accordance with aspect 1 or one of the following aspects,

characterized in that a respective two adjacent struts (30, 3 1 , 32, 33) are

connected pair-wise to one another in their radially outer regions.

A rotor in accordance with aspect 1 or one of the following aspects,

characterized in that the strut(s) (25, 26, 27, 30, 3 1 , 32, 52, 53, 57, 58, 62,

63, 67, 95) comprise(s) at least partially a super elastic material, in

particular a super elastic polymer, or a memory alloy, in particular nitinol.

A rotor in accordance with aspect 1 or one of the following aspects,

characterized in that the strut(s) (30, 3 1 , 32, 33) extend(s) at least partially

at an angle of at least 90° to the axial direction of the axis of rotation (29).

A rotor in accordance with aspect 1 or one of the following aspects,

characterized in that the impeller blade (74) has on its pressure side at

least one element with tensile strength (77, 78, 79, 80, 86, 87) in the form

of a band or of a film which is connected to a strut and/or to the impeller

blade body at at least one radially outer fastening point (83, 85) and at at

least one radially inner fastening point (83, 85).

A rotor in accordance with aspect 1 or one of the following aspects,

characterized in that the rotor has on the pressure side of the impeller

blade at least one element with tensile strength (79, 80) in the form of a

band or of a film which is fastened, on the one hand, to a strut and/or to

the impeller blade body (74) at a radial spacing from the axis of rotation as

well as, on the other hand, to a hub (81).

A rotor in accordance with either of aspects 17 or 18, characterized in that

the element with tensile strength (77, 78, 79, 80, 86, 87) contains glass

fibers or polycarbonate fibers.



20. A rotor in accordance with aspect 17, 18 or 19, characterized in that the

element with tensile strength (86, 87) adheres at least partially to the

surface of a strut or of the impeller blade body (74).

2 1. A rotor in accordance with claim 20, characterized in that the element with

tensile strength is adhered, sprayed on or printed on.

22. A rotor in accordance with one of the aspects 17 to 2 1, characterized in

that the element with tensile strength (86, 87) extends in a meandering

manner in the first state of the rotor.

23. A rotor in accordance with aspect 1 or one of the following aspects with

the exception of aspect 4 , characterized in that the impeller blade (36b,

36c, 36d, 37b, 37c, 37d) is pivotably supported in a recess of a hollow

cylindrical hub (35b, 35c, 35d) at the jacket side.

24. A rotor in accordance with aspect 23, characterized in that an inner end of

the impeller blade projects through the recess into the cylindrical hollow

space (44) of the hub (35c).

25. A rotor in accordance with aspect 24, characterized in that the inner end

cooperates in the third state with an abutment (42, 43, 55, 56) in the

hollow space of the hub.

26. A rotor in accordance with aspect 23, 24 or 25, characterized in that at

least one strut of the impeller blade projects into the cylindrical hollow

space of the hub.

27. A rotor in accordance with aspect 26, characterized in that an abutment

body (52a) is provided at the end of the strut (52) projecting into the hollow

space of the hub and cooperates with the abutment (56) in the third state.



28. A rotor in accordance with aspect 1 or one of the following aspects,

characterized in that at least one of the struts of an impeller blade is

designed as at least one stand-shaped body extending in a meandering

manner.

29. A rotor in accordance with one of the aspects 1 to 27 with the exception of

aspect 4 , characterized in that each of the struts (52) projects into a

central hollow space of the hub and is connected there to an abutment

body (52a) which is designed as a sheet metal part disposed

perpendicular to the axis of rotation and is in particular connected in one

piece to the respective strut.

30. A rotor in accordance with one of the preceding aspects, in particular

aspect 3, characterized in that the at least one impeller blade has a flow

pressure side and a flow suction side and at least one stiffening strut is

designed so that the stiffening strut has a mechanical abutment on the

reaching of the third, expanded state.

3 1. A rotor in accordance with aspect 30, characterized in that the stiffening

strut is weakened on the flow suction side.

A rotor in accordance with aspect 3 1, characterized in that the weakening

is designed as slits applied transversely to the longitudinal direction of the

stiffening struts.

A rotor in accordance with one of the preceding aspects, characterized in

that the stiffening strut has a stiffening curvature in the region radially

close to the hub.

34. A rotor in accordance with one of the aspects 3 1 to 33, characterized in

that the stiffening strut is embedded in the impeller blade body such that



the weakening and/or the stiffening curvature is/are not visible externally at

the impeller blade body.

A rotor in accordance with one of the preceding aspects, characterized in

that the stiffening struts are attached in the region of the rotor front edge,

in the region of the rotor rear edge and/or to another point of the rotor.

A rotor in accordance with one of the preceding aspects, characterized in

that the stiffening struts comprise a preferably annular hub part as well as

a radial outlier (the actual stiffening strut which shows its stiffening effect in

the impeller blade body).

A rotor in accordance with one of the preceding aspects, characterized in

that the stiffening strut comprises metal and/or plastic.
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Claims

. A radially compressible and expandable rotor ( 3 , 3a, 13b) for a pump

having at least one impeller blade (19, 20, 22, 36, 36a, 36b, 36c, 36d, 36e,

36f, 36g, 37, 37a, 37b, 37c, 37d, 37e, 37f, 74, 88, 89, 90), wherein the

impeller blade has an impeller blade body whose material is elastically

deformable as well as at least one stiffening strut (25, 26, 27, 30, 3 , 32,

52, 53, 57, 58, 62, 63, 67, 95) which is at least partially embedded in the

material of the impeller blade body, and wherein the impeller blade

thickness between the pressure side and the suction side amounts to at

least 80%, in particular 100%, advantageously more than the thickness of

the struts in the same direction, in particular more than the respective

largest thickness of a strut.

2. A rotor in accordance with claim 1, characterized in that the thickness of

the impeller blade / blades is substantially or completely constant in the

region in which the struts are positioned, including the region disposed

between the struts in the direction transversely to the longitudinal direction

of the struts, in particular viewed substantially perpendicular to the

longitudinal direction of one or more of the struts.

3 . A rotor in accordance with claim 1, characterized in that it adopts a first

state without any external force effect, starting from which it can move by

radial compression into a second state, and starting from which the at

least one impeller blade can be erected in operation in particular by the

fluid counter pressure and/or centrifugal forces which occur on the rotation

up to a third, expanded state.



A rotor in accordance with one of the claims 1 to 3 , characterized in that it

is made hubless and the strut(s) extend(s) in the radial direction with

respect to the axis of rotation from a first axial spacing to a second axial

spacing; or in that the at least one impeller blade is connected to a hub

(24, 35, 35a, 35b, 35c, 35d, 35e, 35f, 35g, 8 1, 91) and is pivotable with

respect to it.

A rotor in accordance with claim 4 , characterized in that the at least one

strut (52, 53) extends up to and into the hub (35d); and/or in that the at

least one strut (57) extends radially from a first axial spacing (57) radially

outside the hub (35e) up to a second axial spacing (60).

A rotor in accordance with claim 1 or one of the following claims,

characterized in that a plurality of struts (25, 25, 27, 30, 3 , 32, 33) are

provided which are connected to one another.

A rotor in accordance with claim 6 , characterized in that the struts (25, 26,

27, 30, 3 1, 32, 33) are connected to one another within the half of their

radial extent close to the axis of rotation, in particular at their ends close to

the axis of rotation.

A rotor in accordance with claim 7, characterized in that the struts (25, 26,

27, 30, 3 1 , 32, 33) are connected to one another only within the half of

their radial extent close to the axis of rotation.

A rotor in accordance with claim 1 or one of the following claims,

characterized in that the struts (25, 26, 27, 30, 3 1 , 32, 52, 53, 57, 58, 62,

63, 67, 95) are insert molded with the material of the impeller blade body;

and/or

in that the struts (62, 63) are arranged in recesses (64, 65) of the impeller

blade body which are larger in the longitudinal direction and/or in the



transverse direction of the respective strut than the external dimensions of

the strut; and/or

in that at least one strut adheres to the material of the impeller blade body

on its surface facing the pressure side of the impeller blade and/or on its

surface facing the suction side; and/or

in that two respective struts (30, 3 1, 32, 33) are connected to one another

pair-wise in their radially outer regions; and/or

in that the strut(s) (25, 26, 27, 30, 3 1, 32, 52, 53, 57, 58, 62, 63, 67, 95)

comprise(s) at least partially a super elastic material, in particular a super

elastic polymer, or a memory alloy, in particular nitinol; and/or

in that the strut(s) (30, 3 1 , 32, 33) extend at least partially at an angle of at

least 90° to the axial direction of the axis of rotation (29); and/or

in that the impeller blade (74) has on its pressure side at least one element

with tensile strength (77, 78, 79, 80, 86, 87) in the form of a band or of a

film which is connected to a strut and/or to the impeller blade body at at

least one radially outer fastening point (83, 85) and at at least one radially

inner fastening point (83, 85); and/or

in that the rotor has on the pressure side of the impeller blade at least one

element with tensile strength (79, 80) in the form of a band or of a film,

which is fastened, on the one hand, to a strut and/or to the impeller blade

body (74) at a radial spacing from the axis of rotation as well as, on the

other hand, to a hub (81).

A rotor in accordance with claim 9 , characterized in that the element with

tensile strength (77, 78, 79, 80, 86, 87) contains glass fibers or

polycarbonate fibers.

A rotor in accordance with claim 9, characterized in that the element with

tensile strength (86, 87) adheres at least partially to the surface of a strut

or of the impeller blade body (74).



12. A rotor in accordance with claim 11, characterized in that the element with

tensile strength is adhered, sprayed on or printed on.

13. A rotor in accordance with one of the claims 9 to 12, characterized in that

the element with tensile strength (86, 87) extends in a meandering manner

in the first state of the rotor.

14. A rotor in accordance with claim 1 or one of the following claims with the

exception of claim 4 , first alternative, characterized in that the impeller

blade (36b, 36c, 36d, 37b, 37c, 37d) is pivotably supported in a recess of a

hollow cylindrical hub (35b, 35c, 35d) at the jacket side.

15. A rotor in accordance with claim 14, characterized in that an inner end of

the impeller blade projects through the recess into the cylindrical hollow

space (44) of the hub (35c).
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