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White & Case, LLP
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000000090116679

Boston, MA 02109
Date Mailed: 03/24/2017

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 03/17/2017.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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28120 POWER OF ATTORNEY NOTICE
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PRUDENTIAL TOWER 00000C0S01T6558

800 BOYLSTON STREET
BOSTON, MA 02199-3600

Date Mailed: 03/24/2017

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 03/17/2017.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.
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Approved for use through 11302011, DM $851-0038

LLG. Petent and Tragemark Office; .S, DEFARTMENT OF COMMERGCE

Linder the Paperwark Reduction A of 1885, no persons are required 9 neapond 1o & celiedtion of intorrnation Lniess § dispiays & valkt O8I sondrol numiber,

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTS 3

| hereby revoke all previous powers of attomey given in the application identified In the attachsed statement under
37 CFR 3 730y,

I hareby appoint:

E ¥ é Pracitionors associgisd with the Cusiomesr Numbsr: 48008

&8
E:j Fractitioner{s} named balow {f morg than ten palent pracliionens are to be named, then a cusiomer number must ba ugedy:

Pame Registration
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fame Regiatraiion
iy

g attomevis) or agenlis) o represent the undersigned befors the Urtited Siates Patent and Fradmmar Crhes TR i conmecton win
any and alf paterd applications assigned gnly to the undersigned acounding o the USPTD asslgnmend records of sssignment documents
aitached o fhis form in accordance with 37 OFR 2.73(8),

Please change the sorespondence address for the application identifled In the attached statement undar 57 OFR 373 i

@ The sddress assooiated with Customer Numbser: 145008

{38
Firm or
individial Mame
Addraas

ity SBtate E #in
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Telaphore g Erail

Assignes Name and Addrass:

ECP ENTWICKLUNGSGESELLECHAFT MBH
Mousrholer Weg 3
52074 Aschen GERMANY

& copy of this form, together with & stadement under 37 CFR 3.73(h) Fown PTOSEEE or sguivalent is rmeguired to be
fited in sach application in which this form s used. The siatement under 37 OFR 3.73{b} may be comgpleted by one of
the prsctitionsrs appointed in this fonm if the appointed practitioner is authorized to sot on behalf of the assignes,
and must identify the applization in which ikds Power of Altomey Is o be Sled.

BIGNATURE of Azgignes of Record
o Be individual whose signature and title is supplisd below is authorized (o act on behalf of the ausignee

Sigature | I Pate Lo, By
Marme The:{e‘st@héﬁi&?ss Telaphone Fe ruary 2017
Titke Managing Direclor (Geschifisflihrer), ECP ENTWICKLUNGSGESELLSCHAFT MBH

This onfisciion of inforration i requiesd by 3¥ OFR .31, 1.32 and 1.33. The ivformation i3 required 1o oblain oF rotain @ henef by the puilic wiich is 1o fiis {and
by the USFTY i process) an application. Contidentality is govemned by 235 L.S.0. 122 and 37 CFR 1.11 and .14, This solisction s astimated to iahs 3 mbwiss
i3 compiate, inciuding gathering, sreparing, and submitting the completed application form o the USPTO. Time wili very depending upsn the individus! case. Any
eormnents o the amount of e you s o complets this fonm andior sugaestions for reduding this burden, should be sent to the Chief Information Oifesr,
U, Patemt and Trademsark Office, .8, Depantmeant of Commerce, F.O. Box 1450, Alexandris, VA 22312-14850. DO ROT JEND FEES OR COMPLETED
FURMS TO THIS ADURESS. SERD T0: Commissionsgy for Patents, P.O. Box 1480, Aluxanddia, VA 223931480,

i you need assistance in completing the form, call 1-BO0-PTO- 8188 and selact option 2,
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EFS ID: 28657873
Application Number: 13261361
International Application Number:
Confirmation Number: 3522

Title of Invention:

CONVEYING DEVICE FOR A FLUID USING AN OSCILLATING BODY
ARRANGEMENT

First Named Inventor/Applicant Name:

Reiner Liebing

Customer Number:

28120

Filer:

Anne-Raphaelle Aubry/Regina Brickhouse

Filer Authorized By:

Anne-Raphaelle Aubry

Attorney Docket Number:

103945-0127-301

Receipt Date: 17-MAR-2017
Filing Date: 03-0CT-2012
Time Stamp: 09:18:58

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)ftes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
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2 Power of Attorney ECP-POA.pdf no 1
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Warnings:
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Total Files Size (in bytes): 489048

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: ECP ENTWICKLUNGSGESELLSCHAFT MBH

Application No./Patent No.: 8,814,543 Filed/Issue Date: August 26, 2014
Titled:

CONVEYING DEVICE FOR A FLUID USING AN OSCILLATING BODY ARRANGEMENT

ECP ENTWICKLUNGSGESELLSCHAFT MBH 5  corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.

states that it is:

1. the assignee of the entire right, title, and interest in;

2. |:| an assignee of less than the entire right, title, and interest in
(The extent (by percentage) of its ownership interest is %); or
3. |:| the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made)

the patent application/patent identified above, by virtue of either;

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel 029669 , Frame 0194 , or for which a
copy therefore is attached.

OR
B. |:| A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel ,  Frame , orfor which a copy thereof is attached.

2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel ,  Frame , orfor which a copy thereof is attached.

3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , orfor which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee was,
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Anne-Raphaelle Aubry/ Limited Recognition No. L0955 03/16/2017
Signature Date
Anne-Raphaelle Aubry Representative for Applicant
Printed or Typed Name Title

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark

Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to

opposing counsel in the course of settlement negotiations.
A record in this system of records may be disclosed, as a routine use, to a Member of

Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency's responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which

became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.USPLO. g0V
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/261,361 10/03/2012 Reiner Liebing
CONFIRMATION NO. 3522
28120 POA ACCEPTANCE LETTER
ROPES & GRAY LLP

PP Doskating - For 43 W
PRUDENTIAL TOWER

800 BOYLSTON STREET
BOSTON, MA 02199-3600

Date Mailed: 08/28/2015

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 08/25/2015.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/dtvernon/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/261,361 10/03/2012 Reiner Liebing 1-21942
CONFIRMATION NO. 3522
1678 POWER OF ATTORNEY NOTICE

MARSHALL & MELHORN, LLC
IO 0 LM

FOUR SEAGATE - EIGHTH FLOOR
00007

TOLEDOQ, OH 43604
Date Mailed: 08/28/2015

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 08/25/2015.

* The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/dtvernon/
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PTO/SB/96 (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: ECP ENTWICKLUNGSGESELLSCHAFT MBH

Application No./Patent No.: 8,814,543 Filed/Issue Date: August 26, 2014
Titled: CONVEYING DEVICE FOR A FLUID USING AN OSCILLATING BODY ARRANGEMENT

ECP ENTWICKLUNGSGESELLSCHAFT
MBH ,a Corporation

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.

states that it is:
1. the assignee of the entire right, title, and interest in;
2. D an assignee of less than the entire right, title, and interest in
(The extent (by percentage) of its ownership interest is %); or

3. D the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made)
the patent application/patent identified above, by virtue of either:

A. An assignment from the inventor(s) of the patent application/patent identified above. The assignment was
recorded in the United States Patent and Trademark Office at Reel 29669
Frame 194 , or for which a copy therefore is attached.

OR
B. I:I A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
2. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.
3. From: To:

The document was recorded in the United States Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

|:| Additional documents in the chain of title are listed on a supplemental sheet(s).

As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee
was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division
in accordance with 37 CFR Part 3. to record the assianment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Steven C. Obiajulu/ August 25, 2015
Signature Date
Agent for Applicant
Steven C. Obiajulu Registration No. 71,864
Printed or Typed Name Title

52509766 1
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First Named Inventor/Applicant Name:

Reiner Liebing

Customer Number:

1678

Filer:

Steven Chinedu Obiajulu/bridget mcauliffe

Filer Authorized By:

Steven Chinedu Obiajulu

Attorney Docket Number: 1-21942
Receipt Date: 25-AUG-2015
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File Listing:
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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CONVEYING DEVICE FOR A FLUID USING
AN OSCILLATING BODY ARRANGEMENT

The invention is in the field of mechanical engineering and
relates to conveying devices for fluids, in particular for lig-
uids.

Such conveying devices have become known in the form of
different kinds of pumps in the most varied of embodiments.
Pumps are of particular interest at this point which can be
manufactured in such constructions that they can be used for
more sensitive fluids, in particular fluids having macromol-
ecules. A specific group among such pumps is represented by
the fluid pumps which can be used for medical application
purposes and which can be manufactured in small construc-
tions. Such pumps can also be used inmicro constructions, for
example, for conveying the body’s own fluids, or biocompat-
ible fluids, for example as heart pumps for conveying blood.

In the conveying of such sensitive fluids such as blood
which have large and sensitive molecules, for example, which
satisfy biological functions and which therefore also may not
be damaged at the microscopic level, care must be taken that
the mechanical effect on the fluid by pressure maxima, shear
forces and accelerations is limited as much as possible.

Axial flow pumps have in particular become known in this
connection, for example, for the conveying of blood which
have a rotor which rotates about a longitudinal axis, which has
impeller blades and which continuously conveys blood in the
axial direction.

Since a specific problem for the use of such pumps in the
inside of the body comprises the fact of providing them, on
the one hand, with sufficient conveying capacity, and, on the
other hand, however, of configuring the construction size so
that they can be introduced through a blood vessel, some of
the challenges for such pumps comprise the fact of configur-
ing them from a construction aspect so that they are radially
compressible and expandable again for operation in the body.

A compressible rotor of this kind is known, for example,
from U.S. Pat. No. 6,860,713. Another rotor is known from
U.S. Pat. No. 7,393,181 B2. In the known solutions, the rotors
are compressible and expandable either due to the elasticity
and deformability of the material or on the basis of mechani-
cally movable constructions.

It is unavoidable in this respect that a certain construction
effort is exerted to ensure the compressibility of such a pump
despite a corresponding reliability and conveying capacity. It
must moreover be ensured that large shear forces which can
damage sensitive fluids do not arise due to too high a rota-
tional speed of the rotor or due to unfavorable geometrical
shapes of impeller blades. In addition, care must be taken that
pressure differences within the geometry of such a conveying
device, on the one hand, and over the course of time, on the
other hand, are kept within tight limits.

Under these conditions and against the background of the
prior art, it is the underlying object of the present invention to
provide a conveying device which can be manufactured with
means which are simple from a construction aspectand which
reliably and gently allow the conveying of a fluid.

The object is achieved in accordance with the invention by
the features of claim 1, alternatively by the features of claim
3 orclaim 7.

The conveying device in accordance with the invention,
which serves to move a fluid in a conveying direction, for this
purpose has a drive body which can be driven by means of a
drive system and which can be driven in an oscillating manner
transversely to the conveying direction.
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The drive body is arranged in a channel or in a space in
which the fluid should be conveyed in a preset conveying
direction.

Known conveying mechanisms such as centrifugal pumps
or the above-named axial flow pumps make use of rotating
conveying elements for moving or accelerating a fluid. The
likewise known piston pumps respectively have at least one
piston which is substantially movable in translation and
which conveys the medium in its direction of movement on its
movement.

In contrast to this, in accordance with the present invention,
the drive body is moved transversely to the conveying direc-
tion in the manner of a fin of a fish which is used in nature as
a rule to generate a relative movement between the fin and a
fluid. In the present invention, the fin-like element, the drive
body, is in this respect substantially fixed in the conveying
direction so that the relative movement results in a conveying
movement of the fluid.

The movement of the drive body transversely to the con-
veying direction in this respect, for example, means that at
least one part of the drive body is moved in translation or
along a less curved path substantially perpendicular to the
conveying direction and/or associated with a pivot movement
about an axis which is substantially perpendicular to the
conveying direction. In this respect, the deviation of the direc-
tion of extent of the axis to the perpendicular of the conveying
direction should amount to a maximum of 45°. In this respect,
movement patterns of fin-like bodies in fish and other crea-
tures known from bionics should be reproduced.

The corresponding drive bodies can be adapted in shape
and size to the available space. The relative movement of the
drive body or of different parts of said drive body with respect
to the fluid to be driven can be kept in a range with respect to
the speed which prevents the creation of unpermitted shear
forces. In this respect, the relative speed is to be coordinated
with the viscosity of the medium to be conveyed and accord-
ingly with possibly present compressibilities. The conveying
principle described can be used particularly efficiently with
substantially non-compressible and slightly liquid media
such as blood. Corresponding drive movements can also be
transmitted easily to a drive body to be moved in an oscillat-
ing manner. A rotatable journalling of a rotor does not nec-
essarily have to be provided.

The drive body or bodies are flowed around by the fluid to
be conveyed at multiple sides, in particular at all sides. In
particular when two mutually opposite conveying surfaces
are provided, they are each both in contact with the fluid to be
conveyed.

The drive body or bodies are compressible together with a
housing surrounding them in the radial direction with respect
to the conveying direction. For this purpose, the drive bodies
can be configured as foldable, as elastically compressible as
foam or as inflatable. The housing can likewise be foldable
and can comprise a membrane spanned over a support frame.
The support frame can comprise a plastic or a metallic
memory alloy, for example Nitinol or another superelastic
material. The housing can also be configured as inflatable, in
particular as a double-wall balloon body.

Since a certain periodicity of pressure fluctuations is to be
expected due to the oscillatory movement of the drive body,
with an occasional reversal of the flow direction not always
being able to be precluded on such pressure fluctuations, the
arrangement of a control valve for the flow to be generated in
the conveying channel or in the space in which the drive body
is located can also advantageously be considered. In this
respect, the valve can either be controlled by an intelligent
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control synchronously with the movement of the drive body
orit can be configured as an automatically acting check valve.

The conveying surface or a conveying surface of the drive
body is advantageously aligned so that a partial force acts on
the fluid in the conveying direction on a movement of the
drive body. For this purpose, the direction of movement of the
drive body and the direction of extent of the surfaces of the
drive body at which a pressure increase arises are to be cor-
respondingly coordinated with one another.

In this connection, at least two conveying surfaces can be
provided, for example at a single drive body, which are
aligned so that they each effect a conveying of the fluid in at
least one of the directions of movement of the drive body. A
conveying of the fluid in both drive movement directions orin
a plurality of drive movement directions thus becomes pos-
sible. Two conveying surfaces can be provided at two differ-
ent, mutually opposite outer surfaces of a drive body.

Provision can moreover advantageously be made that at
least one drive body tapers in the conveying direction in the
cross-section disposed parallel to its movement plane.

The drive body can, for example, be configured in the
manner of a fin as a wedge-shaped body whose thickened end
is arranged upstream with respect to the flow to be produced
and whose tapered end is arranged downstream. The tapered
end can converge acutely in the form of a blade edge, with the
blade edge being able to extend perpendicular to the drive
direction of the drive body. The drive body can also be wid-
ened toward its tapered end in the direction of extent of the
cutting blade.

The conveying surfaces at both sides of such a wedge-
shaped fin body can be either planar or convex or concave,
viewed in the direction perpendicular to the movement plane
or to the drive direction of the drive body.

The drive body can be stiff in one type of embodiment of
the invention. In this case, the drive body can be pivotable
about an axis which lies in the region of its thickened end. In
addition, a superimposed movement in translation of the
thickened end can be provided, for example in a straight
manner or along a gate path. The movement portion in trans-
lation takes place in the same plane as the pivot movement in
this respect.

Alternatively to this, provision can also be made that the
drive body is so elastic that it can also be bent in operation in
its end region by the fluid counterpressure by at least 5°, in
particular also by at least 20°, with respect to the undistorted
state.

The drive can in this case be configured in the same manner
as with a stiff drive body, but the alignment of the conveying
surfaces relative to the fluid to be conveyed in the respective
phase of the drive movement can already be optimized and
thus the efficiency of the drive increased by the elasticity and
deformability of the drive body per se.

Such a drive body, whether stiff or elastic, can either be
configured as symmetrically wedge-shaped, with planar, con-
cave or convex conveying surfaces in the cross-section
viewed perpendicular to the plane of the drive movement or a
shape asymmetrical in the named cross-section can also be
provided, for example with elements of an airfoil wing, to
utilize additional flow effects. Such an airfoil section, for
example, provides a convex shape on one side of the drive
body and a convex or straight shape of the conveying surface
on the opposite side.

On the use of such an asymmetrical design of a drive body,
a further drive body can additionally be provided which is
shaped and arranged in mirror form with respect to the first
drive body and which is movably in synchronization with itin
the same or opposite sense.
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Provision can moreover be made to increase the efficiency
of the drive that the drive body, in particular in the region of a
conveying surface, has optimized surface structures.

In an advantageous embodiment of the invention, provi-
sion can moreover be made that the drive body has at least one
hollow space. The provision of a hollow space reduces the
mass of the drive body and thus the energy to be expended for
its acceleration. In addition, the drive body can be configured
as at least partially inflatable so that its outer dimensions in
the non-inflated state can be smaller than in the inflated state.
Such a drive body can then be brought more easily to its
deployment site in the non-inflated state and inflated to the
operating dimensions there. This is in particular advanta-
geous when the conveying device should be manufactured in
very small dimensions and moved within blood vessels.

The drive body can moreover advantageously comprise a
foam, in particular polyurethane. The drive body can thus be
manufactured as elastically deformable and as very light. The
drive body can also comprise a hardenable material or gen-
erally a material whose deformability can be directly changed
by physical influence, e.g. by irradiation, temperature change
or by chemical reactions.

Provision can be made in the conveying device in accor-
dance with the invention by providing a corresponding drive
system that the drive body can be driven by means of a
hydraulic or pneumatic device, in particular by means of a
balloon body, but also by means of an electric and/or mag-
netic device.

Although one or more drive bodies in accordance with the
invention can be moved simply by means of levers or similar
mechanical devices, the drive movement can particularly eas-
ily be conducted to the conveying device by a hydraulic or
pneumatic drive device. Corresponding pneumatic or hydrau-
lic lines can be laid, for example, in the form of a hollow
catheter or also within a hollow catheter, at the distal end of
which the conveying device is provided, and can either act
directly on a piston, bellows or balloon-like drive body in the
region of the conveying device or can be converted into a lever
movement there.

Possible drive movements of the drive body or bodies in
this respect provide that at least one drive body is pivotable in
an oscillating manner about an axis extending transversely to
the conveying direction; and/or that one or more drive bodies
are pivotable in an oscillating manner about an axis extending
in the conveying direction, in particular outside the conveying
bodies.

It is special about such an oscillatory movement that the
pivot movement has a relatively small stroke so that a full
rotation of the drive body does not take place in any case.

A rotation about larger angles can, however, also be pro-
vided on the rotation about an axis extending in the conveying
direction.

To reduce unwanted pressure compensation procedures at
the drive bodies, blocking bodies can be arranged on them
between their conveying surfaces. Said blocking bodies
should be flexible and can in this respect be configured as
pliable or stiff, but bendable. The blocking bodies can also
connect two respective blocking bodies to one another or one
blocking body to a housing wall.

Provision can also be made that the driving force is trans-
mitted to a drive body by means of a blocking body.

The described fin-like drive principle for fluids is novel in
connection with the conveying of liquids and thus allows the
realization of conveying characteristics which cannot be
achieved with the already known conveying devices.

The invention will be shown and subsequently described in
the following with reference to an embodiment in a drawing.
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There are shown

FIG. 1 a drive body in three positions in cross-section;

FIG. 2 a conveying system for fluids having two drive
bodies in a longitudinal section;

FIG. 3 a conveying system having two drive bodies in a
three-dimensional view;

FIG. 4 two drive bodies in a first position with a drive
system;

FIG. § the drive bodies from FIG. 4 in a second position;

FIG. 6 the drive bodies from FIGS. 4 and § in a third
position;

FIG. 7 adrive system in a three-dimensional representation
having a conveying space quadrangular in cross-section;

FIG. 8 two drive bodies which are rotated in an oscillating
manner about an axis extending in the conveying direction;

FIG. 9 a drive system in a three-dimensional view having
two partly cylindrical drive bodies;

FIG. 10 a section through the drive system of FI1G. 9;

FIG. 11 an embodiment as in FIG. 3 with additional block-
ing bodies;

FIG. 12 an embodiment similar to that of FIG. 7 with
blocking bodies;

FIG. 13 a representation of two drive bodies which are
connected by means of blocking bodies;

FIG. 14 the embodiment of FIG. 13 in a front view;

FIG. 15 a view of the embodiment of FIG. 13, with the
effect of a driving force on the blocking bodies being indi-
cated;

FIG. 16 an arrangement in which the blocking bodies have
a stiff, but bendable ring-strip shape;

FIG. 17 a drive body having fin-rays in the neutral state;
and

FIG. 18 a drive body as in FIG. 17 in the loaded state.

FIG. 1 shows in the middle part a drive body 1 in section
which substantially has a wedge shape which is modeled on
the shape of a fin occurring in biology. The drive body 1
extends perpendicular to the plane of the drawing with an
unchanging section, but can also widen perpendicular to the
plane of the drawing toward its tapered end.

The drive body 1 can be moved in an oscillating manner
along the dotted line 2 in the directions indicated by the
arrows 3, 4. The region about the point of attack of the driving
force is in this respect shown as a circle and is marked by 5.
The driving force engages at this point such that the drive
body is moved substantially in translation along the line 2 and
is thus not pivotable in a first variant to avoid an active fluid
counterpressure.

A fluid counterpressure then results in operation, for
example on the movement of the drive body within a liquid,
on the side of the respectively acting conveying surface 6, 7,
said fluid counterpressure resulting in a deformation of the
end 8 of the drive body 1 remote from the drive, i.e. the
tapered end, when this drive body is configured as elastic as in
the example shown. A particularly efficient advance of the
driven fluid in the conveying direction 9 results by this effect.

Alternatively, the drive of the drive body 1 can also be
configured so that it is not driven strictly in translation in the
sense of the directions 3, 4, but rather in a superimposed
movement in translation and in a pivot movement. In this
respect, for example simultaneously with the movement in
the direction of the arrow 3, a pivoting of the drive body takes
place about the point of attack 5 clockwise about a specific
angle, for example 10°, so that the drive body inclines at the
end of the movement in a similar manner as under the effect
of a fluid counterpressure. Optionally, the direction of rota-
tion of the pivot movement can be reversed at the end of the
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movement in translation to beat with the fin. This driving
principle can be combined both with stiff drive bodies and
with flexible drive bodies.

A specific lever drive or a gate drive of the drive body can
be provided for this purpose or it is conceivable to transmit the
driving forces by means of a hydraulic or pneumatic appara-
tus.

FIG. 2 shows in a side view a housing 10 in which a
conveying device in accordance with the invention having
two drive bodies 1, 11 is arranged. The housing 10 is set up
rotationally symmetrically or elliptically in cross-section
about the drive bodies 1, 11 and has an inflow channel 12 as
well as an outflow channel 13. A fluid line 14 which is part of
the drive system and which is connected to a drive bellows 15
projects through the outflow channel 13. The drive bellows 15
can be connected via a pressure control device, not shown, via
the fluid line 14 to an overpressure or to an underpressure so
that said drive bellows can be inflated or deflated by the inflow
of a fluid or the removal of the fluid.

One respective drive body 1, 11 is fastened to the two ends
15a, 15b of the drive bellows 15 and runs through a drive
movement in the direction of the arrows 3, 4 by the volume
changes of the drive bellows. The drive movement in trans-
lation of the drive bellows 15 can be translated into a more
complex movement path of the drive bodies 1, 11, which can
correspond to a superimposition of the movement in transla-
tion with a pivot movement, by a corresponding elastic con-
figuration of the drive bellows 15 or by additional levers
which connect the bellows to the drive bodies 1, 11 or the
drive bodies to a fixed point of the housing 10.

Provision can, however, also be made that the movement of
the drive bodies 1, 11 substantially takes place in translation
and said drive bodies are configured as elastic to carry out the
elastically fin-like overall movement shown with reference to
FIG. 1.

If the pressure in the drive bellows 15 is changed periodi-
cally via the control of the fluid pressure in the fluid line 14,
for example several times per second, this istranslated into an
oscillatory movement of the drive bodies 1, 11. This results in
an acceleration of the fluid located in the housing 10 in the
direction of the arrow 16 which designates the conveying
direction of the fluid. Since pressure fluctuations occur due to
the periodicity of the movement, it may be meaningful to
provide a check valve 17 in the inflow channel 12 which
blocks the inflow channel 12 for the case that an overpressure
arises within the housing 10 in front of the valve and closes it
again as soon as an underpressure is generated there.

The fluid line 14 can be configured as a flexible hose line
provided that the drive bellows 15 is held otherwise in the
housing 10. The drive line 14 can, however, also be config-
ured as a rigid line in the form of a pipe in order simulta-
neously to conduct the fluid and to fix the drive bellows and
the drive bodies 1, 11. The fluid line 14 can in every case be
held and fixed in a holding star 18 or at a holding arm within
the outflow channel 13.

Inthe Figure, three positions are shown for each drive body
1, 11, with a middle neutral position being shown by solid
lines and the extreme positions on the movement path of each
individual drive body 1, 11 being shown by broken lines.

FIG. 3 shows a similar arrangement to FIG. 2, but in a
three-dimensional view, with a second holding star 19 being
provided in addition to the first holding star 18 in direct
vicinity of the drive bellows 15 and of the drive bodies 1, 11.

Arrows 20, 21 and 20", 21' are drawn in which indicate the
directions of movement of the respective thickened ends of
the drive bodies 1, 11 as are arrows 22, 23 and 22', 23' which
indicate the movement of the tapered ends of the drive bodies
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1, 11. The different lengths of the arrows shown should indi-
cate that the thickened ends of the drive bodies 1, 11 facing the
one-way valve 17 carry out a pivot movement whose ampli-
tude is substantially larger than the movement of the tapered
ends of the drive bodies. This is made possible, as will be
shown in more detail with reference to FIGS. 4, 5and 6, by a
special construction of the drive bellows 15.

FIG. 4 shows in a side view in the upper part the two drive
bodies 1, 11 as well as the drive bellows 15 in the deflated, i.e.
compressed, form. The arrow 24 indicates that an underpres-
sure is present in the fluid line 14 in this state to compress the
drive bellows 185,

The drive bellows 15 itself has an asymmetrical structure,
as can be seen more clearly from the lower part of FIG. 4. A
cross-section through the drive bellows 15 along the dashed
line A is shown there which makes clear that the drive bellows
has a smaller wall thickness in its region facing the one-way
valve 17 than in the outflow channel 13.

It is thereby achieved that the movement amplitude is
larger in the front region facing the inflow channel 12 than in
the rear region of the drive bellows facing the outflow channel
13. A pivot movement of the drive bodies 1, 11 therefore
results on a pressure change in the drive bellows 15.

In FIG. 5, the arrangement of FIG. 4 with the drive bodies
1, 11 and a drive bellows 15 inflated further with respect to
FIG. 4 is shown. The drive bodies are approximately in the
straight position shown in FIG. 2.

FIG. 6 finally shows the state of the drive bodies 1, 11 in the
fully inflated state of the drive bellows 15, with it also becom-
ing clear that the thickened ends of the drive bodies 1, 11 have
passed through a larger movement amplitude than the tapered
ends so that a pivot movement of the drive bodies has taken
place in addition to a movement in translation.

FIG. 7 shows in a three-dimensional view from a different
perspective two drive bodies 1', 11' which are configured as
asymmetrical in the manner of an aerodynamic airfoil sec-
tion, but which may additionally also be configured as flex-
ible and which can be driven by means of a drive bellows 15.
The inflow channel 12 is shown in the foreground of the
figure, the outflow channel 13 in the background. In contrast
to the cylindrical housing 10 of the arrangement shown in
FIG. 3, the housing 10" shown in FIG. 7 has a parallelepiped
structure with a rectangular cross-section to implement the
non-cylindrically symmetrical structure of the drive arrange-
ment and of the drive bodies as efficiently as possible. Unlike
the specific representation of FIG. 7, the transition from the
housing 10' to the inflow and outflow channels 12, 13 can take
place with conical or oblique transitions. Provision can
advantageously be made that the drive bodies 1', 11' extend
perpendicular to the plane of the drive movement up to as
close as possible to the side walls 25, 26 of the housing 10'.
Turbulence at the side surfaces of the drive bodies 1', 11' is
thereby reduced.

The drive bodies I', 11' can, just like the drive bodies 1, 11
shown further above, comprise a foam, in particular polyure-
thane, and can be inflatable. For this purpose, the bodies can
have large and/or a plurality of small hollow spaces which
can, for example, be inflated by the drive fluid via the fluid
line 14 and which have check valves to be stabilized in the
inflated state.

A good compressibility in the non-inflated state is hereby
made possible so that the drive bodies can be radially com-
pressed for transport to a deployment site together with the
housing 10, 10' and can be expanded on site before they are
put into operation.

FIG. 8 shows an arrangement in comparison with the Fig-
ures described further above having two drive bodies 1", 11"
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with another drive principle in which the drive bodies are
connected via connection webs 28, 29 to a drive shaft 27
which extends in the conveying direction 30.

The drive shaft 27 can be rotated in an oscillating manner
about the conveying direction 30, and indeed in each case, for
example, at least by an amount of 5°, 10° or at least by 20° or
30°, in each direction, as indicated by the arrows 33, 34.

The longitudinal axes of the drive bodies 1" and 11" are
aligned parallel to the shaft and undergo a movement quasi in
translation in the peripheral direction of the shaft in the direc-
tions which are indicated by the arrows 31, 32 within the
framework of this rotary movement, provided that the length
of the connection webs 28, 29 is sufficient. In this manner, a
corresponding approximately linear movement in translation
of the drive bodies can be realized in a very simple manner by
means of the drive shaft 27. In FIG. 8, a plurality of parallel
microgrooves 41 are also shown by way of example at the
lower drive body 11".

InFIG. 9, an arrangement is shown in a three-dimensional
view which is as largely cylindrically symmetrical as possible
of two drive bodies 1™ and 11" which are connected by a
drive bellows 15' and which can be moved substantially in the
direction of the arrows 35, 36 in the radial direction with
respect to the cylinder axis. The drive bellows 15' is connected
to a pressure generation system by means of a fluid line 14. It
is also conceivable to divide the cylindrically symmetrical
arrangement into a higher number of cylinder segments, for
example 4 or 8 or more and to move them radially in each
case, with a movement pattern resulting which is similar to
the manner of propagation of jellyfish.

A section through the arrangement of FIG. 9 is shown in
FIG. 10 which makes the function clear. The drive body 1" is
shown by way of example with a hollow space 37, the drive
body 11" with a hollow space 38, with the hollow spaces only
being indicated schematically.

Fluid is exchanged via the fluid line 14 with the interior of
the drive bellows 15 and is pumped from there into the hollow
spaces 37, 38, with the hollow spaces 37, 38 of the drive
bodies 1" and 11" being connected to the hollow space of the
drive bellows 15' by means of one-way valves 39, 40 so that
the drive bodies are only inflated once and then thereafter
maintain the increased fluid pressure to be stabilized in shape.
Only the interior of the drive bellows 15' is inflated and
deflated thereafter. The drive bodies 1", 11" thereby alter-
nately move apart in the direction of the arrows 35, 36 and
move together in the opposite direction, whereby a corre-
sponding drive movement is realized.

The efficiency of the conveying device with respect to the
non-cylindrically symmetrical arrangements which are
shown in the aforesaid Figures is increased by the cylindri-
cally symmetrical or approximately cylindrically symmetri-
cal arrangement of the drive bodies.

FIG. 11 shows a cylindrical arrangement of a housing 10
having two drive bodies 11 which are each laterally provided
with blocking bodies 50, 51, 52, 52 which are flexible and
may also be connected to the wall of the housing 10 and which
prevent or reduce a pressure equalization between the lower
side and upper side or the high pressure side and low pressure
side of each drive body during the drive movement.

FIG. 12 shows corresponding blocking bodies 53, 54 for a
housing 10' with flattened side walls.

FIG. 13 shows two blocking bodies in the form of wide,
flexible bands 55, 56 which connect two drive bodies to one
another at both sides. This constellation is shown in a front
view in FIG. 14,

FIG. 15 shows two blocking bodies 55, 56, as in FIG. 13,
which connect two fin-like drive bodies to one another and act
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as an equalization block. The blocking bodies are configured
as strips and can be configured as flexible or stiff and elasti-
cally pliable. In the latter case, a drive movement can be
directly applied to the drive bodies by direct application of a
mechanically, magnetically, pneumatically hydraulically or
electrically generated driving force onto the blocking bodies
from the outside, indicated by the arrows F, and F,’ or from
the inside from the intermediate space of the drive bodies,
indicated by the double arrow F,.

Instead of the blocking bodies, similarly positioned cou-
pling bodies in the form of a scaffold or frame can be provided
to couple the drive movement into the sections.

The principle of the drive via the blocking bodies is addi-
tionally illustrated by way of example by FIG. 16. Two drive
bodies 57, 58 are connected to one another there by two ring
segments 59, 60 of a ring strip in the form of a circular ring.
The cylinders 61, 62 symbolically indicate outwardly engag-
ing driving forces which can apply a traction force or a com-
pression force to the ring segments from the outside. Corre-
sponding inwardly engaging forces are symbolically
designated by 63, 64. A deformation of the ring segments
effects a drive movement of the drive bodies 57, 58. They can
be controlled in a suitable manner by a profiling of the ring
segments 59, 60 or by cut-outs in the ring segments.

In FIGS. 17 and 18, a drive body is shown in a schematic
plan view having so-called fin-rays 65 which have an influ-
ence on the flow of the fluid on the surface as web-like,
groove-like or fin-like structures. They can be shaped and
configured by their inner structure such that they effect a
concave deformation and thus an increase in pressure on the
pressure side on a movement of the drive body. This defor-
mation against the pressure takes place automatically without
any additional external energy supply and thus substantially
differs from the deformation of customary beam structures
which usually yield to a pressure increase on one side and
evade the higher pressure.

The inner structure is formed by struts which preferably
extend in the interior of a drive body from a drive surface toan
oppositely disposed drive surface. The struts can in this
respect be made as bars or also as plates, ribs or equivalent
structures.

The conveying device for fluids in accordance with the
invention allows an efficient configuration thanks to the use of
an oscillatory movement transversely to the conveying direc-
tion of drive bodies, with the disadvantages of only rotating
drive devices being avoided.

The invention claimed is:

1. A conveying device for the conveying of blood in a
conveying direction having at least one drive body which can
be driven by a drive system and which has a conveying sur-
face, the drive body having a thickened upstream end and a
tapered downstream, elastically deformable end, wherein the
drive body can be driven in an oscillating, fin-like manner
transversely to the conveying direction and is flowed around
on a plurality of sides by blood to be conveyed, and wherein
the drive body can be compressed together with a housing
surrounding it.

2. The conveying device in accordance with claim 1,
wherein the drive body/bodies can be driven by a rotatable
shaft.

3. The conveying device in accordance with claim 1,
wherein the at least one drive body is pivotable in an oscil-
lating manner about an axis extending transversely to the
conveying direction.

4. The conveying device in accordance with claim 1,
wherein the conveying surface of the at least one drive body is
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aligned such that a partial force acts on the blood in the
conveying direction on movement of the at least one drive

body.

5. The conveying device in accordance with claim 4,
wherein two conveying surfaces are aligned such that they
effect a conveying of the blood in a respective movement
direction of the at least one drive body.

6. The conveying device in accordance with claim 1,
wherein the at least one drive body tapers in the conveying
direction in the cross-section disposed parallel to its move-
ment plane.

7. The conveying device in accordance with claim 1,
wherein the at least one drive body is configured as stiff.

8. The conveying device in accordance with claim 1,
wherein the at least one drive body is configured as elastic
such that it is bendable in its end region by the fluid counter-
pressure in operation by at least 5° with respect to the non-
deformed state.

9. The conveying device in accordance with claim 8,
wherein the at least one drive body has microgrooves extend-
ing in the conveying direction.

10. The conveying device in accordance with claim 1,
wherein the at least one drive body has at least one hollow
space.

11. The conveying device in accordance with claim 1,
wherein the at least one drive body comprises a foam.

12. The conveying device in accordance with claim 11,
wherein the at least one drive body is at least partly inflatable.

13. The conveying device in accordance with claim 1,
wherein the drive body/bodies is/are deformed in operation
against the fluid pressure on the respective pressure side/
sides.

14. The conveying device in accordance with claim 13,
wherein the deformation of the pressure side/sides takes place
by inner struts of the drive body/bodies without any addi-
tional external energy supply.

15. The conveying device in accordance with claim 1,
wherein the deformation of a pressure side of the at least one
drive body takes place by the so-called fin-ray effect.

16. The conveying device in accordance with claim 11,
wherein the at least one drive body comprises polyurethane.

17. A conveying device for the conveying of a fluid in a
conveying direction having at least one drive body which can
be driven by a drive system and which has a conveying sur-
face, wherein the drive body can be driven in an oscillating
manner transversely to the conveying direction, the convey-
ing device also having blocks which are laterally fastened to
the drive body and which form a barrier between different
conveying surfaces of the drive body, the drive body having a
thickened upstream end and a tapered downstream, elasti-
cally deformable end, and wherein the drive body can be
compressed together with a housing surrounding it.

18. The conveying device in accordance with claim 17,
wherein at least one block is connected either to two drive
bodies or to one drive body and the housing of the conveying
device.

19. The conveying device in accordance with claim 18,

wherein a driving force is applied to the drive body/bodies by
the blocks.
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1
CONVEYING DEVICE FOR A FLUID USING
AN OSCILLATING BODY ARRANGEMENT

BACKGROUND OF THE INVENTION

The invention is in the ficld of mechanical engincering and
relates to conveying devices for fluids, in particular for lig-
uids.

Such conveying devices have become known in the form of
different kinds of pumps in the most varied of embodiments.
Pumps are of particular interest at this point which can be
manufactured in such constructions that they can be used for
more sensitive fluids, in particular fluids having macromol-
ccules. A specific group among such pumps is represented by
the fluid pumps which can be used for medical application
purposes and which can be manufactured in smali construc-
tions. Such pumps can also be used in micro constructions, for
example, for conveying the body’s own fluids, or biocompat-
ible fluids, for example as heart pumps for conveying blood.

In the conveying of such sensitive fluids such as blood
which have large and sensitive molecules, for example, which
satisfy biological functions and which therefore also may not
be damaged at the microscopic level, care must be taken that
the mechanical effect on the fluid by pressure maxima, shear
forces and accelerations is limited as much as possible.

Axial flow pumps have in particular become known in this
connection, for example, for the conveying of blood which
have arotor which rotates about a longitudinal axis, which has
impeller blades and which continuously conveys blood in the
axial direction.

Since a specific problem for the use of such pumps in the
inside of the body comprises the fact of providing them, on
the one hand, with sufficient conveying capacity, and, on the
other hand, however, of configuring the construction size so
that they can be introduced through a blood vessel, some of
the challenges for such pumps comprise the fact of configur-
ing them from a construction aspect so that they are radially
compressible and expandable again for operation in the body.

A compressible rotor of this kind is known, for example,
from U.S. Pat. No. 6,860,713. Another rotor is known from
U.S. Pat. No. 7,393,181 B2. In the known solutions, the rotors
are compressible and expandable either due to the elasticity
and deformability of the material or on the basis of mechani-
cally movable constructions.

It is unavoidable in this respect that a certain construction
effort is exerted to ensure the compressibility of such a pump
despite a corresponding reliability and conveying capacity. It
must moreover be ensured that large shear torces which can
damage sensitive fluids do not arise due to too high a rota-
tional speed of the rotor or duc to unfavorable geometrical
shapes of impeller blades. In addition, care must be taken that
pressure differences within the geometry of such a conveying
device, on the one hand, and over the course of time, on the
other hand, are kept within tight limits.

BRIEF SUMMARY OF THE INVENTION

Under these conditions and against the background of the
prior art, it is the underlying object of the present invention to
provide a conveying device which can be manufactured with
means which are simple from a construction aspect and which
reliably and gently allow the conveying of a fluid.

The object is achieved in accordance with the invention by
the features of claim 1, alternatively by the features of claim
3orclaim 7.

The conveying device in accordance with the invention,
which serves to move a fluid in a conveying direction, for this
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purpose has a drive body which can be driven by means of a
drive system and which can be driven in an oscillating manner
transversely to the conveying direction,

The drive body is arranged in a channel or in a space in
which the fluid should be conveyed in a preset conveying
direction.

Known conveying mechanisms such as centrifugal pamps
or the above-named axial flow pumps make use of rotating
conveying elements for moving or accelerating a fluid. The
likewise known piston pumps respectively have at least one
piston which is substantially movable in translation and
which conveys the medium in its direction of movement on its
movement.

In contrast to this, in accordance with the present invention,
the drive body is moved transversely to the conveying direc-
tion in the manner of a fin of a fish which is used in nature as
a rule to generate a relative movement between the fin and a
fluid. In the present invention, the fin-like element, the drive
body, is in this respect substantially fixed in the conveying
direction so that the relative movement results in a conveying
movement of the fluid.

The movement of the drive body transversely to the con-
veying direction in this respect, for example, means that at
least one part of the drive body is moved in translation or
along a less curved path substantially perpendicular to the
conveying direction and/or associated with a pivot movement
about an axis which is substantially perpendicular to the
conveying direction. In thisrespect, the deviation of the direc-
tion of extent of the axis to the perpendicular of the conveying
direction should amount to a maximum of 45°, In thisrespect,
movement patterns of fin-like bodies in fish and other crea-
tures known from bionics should be reproduced.

The corresponding drive bodies can be adapted in shape
and size to the available space. The rclative movement of the
drive body or of different parts of said drive body with respect
to the fluid to be driven can be kept in a range with respect to
the speed which prevents the creation of unpermitted shear
forces. In this respect, the relative speed is to be coordinated
with the viscosity of the medium to be conveyed and accord-
ingly with possibly present compressibilities. The conveying
principle described can be used particularly efficiently with
substantially non-compressible and slightly liquid media
such as blood. Corresponding drive movements can also be
transmitted easily to a drive body to be moved in an oscillat-
ing manner. A rotatable journalling of a rotor does not nec-
essarily have to be provided.

The drive body or bodies are flowed around by the fluid to
be conveyed at multiple sides, in particular at all sides. In
particular when two mutually opposite conveying surfaces
are provided, they are each both in contact with the fluid to be
conveyed.

The drive body or bodies are compressible together with a
housing surrounding them in the radial direction with respect
to the conveying direction. For this purpose, the drive bodies
can be configured as foldable, as elastically compressible as
foam or as inflatable, The housing can likewise be foldable
and can comprise a membrane spanned over a support frame.
The support frame can comprise a plastic or a metallic
memory alloy, for example Nitinol or another superelastic
material. The housing can also be configured as inflatable, in
particular as a double-we!l balloon body.

Since a certain periodicity of pressure fluctuations is to be
expected due to the oscillatory movement of the drive body,
with an occasional reversal of the flow direction not always
being able to be precluded on such pressure fluctuations, the
arrangement of a control valve for the flow to be generated in
the conveying channel orin the space in which the drive body
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is located can also advantageously be considered. In this
respect, the valve can either be controlled by an intelligent
control synchronously with the movement of the drive body
or it can be configured as an automatically acting check valve.

The conveying surface or a conveying surface of the drive
body is advantageously aligned so that a partial force acts on
the fluid in the conveying direction on a movement of the
drive body. For this purpose, the direction of movement of the
drive body and the direction of extent of the surfaces of the
drive body at which a pressurc increase arises are to be cor-
respondingly coordinated with one another.

In this connection, at least two conveying surfaces can be
provided, for example at a single drive body, which are
aligned so that they each effect a conveying of the fluid in at
least one of the directions of movement of the drive body. A
conveying of the fluid in both drive movement directions or in
a plurality of drive movement directions thus becomes pos-
sible. Two conveying surfaces can be provided at two differ-
ent, mutually opposite outer surfaces of a drive body.

Provision can moreover advantageously bc made that at
least one drive body tapers in the conveying direction in the
cross-section disposed parallel to its movement plane.

The drive body can, for example, be configured in the
manner of a fin as a wedge-shaped body whose thickened end
is arranged upstream with respect to the flow to be produced
and whose tapered end is arranged downstream. The tapered
end can converge acutely in the form of a blade edge, with the
blade edge being able to extend perpendicular to the drive
direction of the drive body. The drive body can also be wid-
ened toward its tapered end in the direction of extent of the
cutting blade.

The conveying surfaces at both sides of such a wedge-
shaped fin body can be either planar or convex or concave,
viewed in the direction perpendicular to the movement plane
or to the drive direction of the drive body.

The drive body can be stiff in one type of embodiment of
the invention. In this case, the drive body can be pivotable
about an axis which lics in the region of its thickened end. In
addition, a superimposed movement in translation of the
thickened end can be provided, for example in a straight
manner or along a gate path. The movement portion in trans-
lation takes place in the same plane as the pivot movement in
this respect.

Alternatively to this, provision can also be made that the
drive body is so elastic that it can also be bent in operation in
its end region by the fluid counterpressure by at least 5°, in
particular also by at least 20°, with respect to the undistorted
state.

The drive can in this case be configured in the same manner
as with a stiff drive body, but the alignment of the conveying
surfaces relative to the fluid to be conveyed in the respective
phase of the drive movement can already be optimized and
thus the efficiency of the drive increased by the clasticity and
deformability of the drive body per se.

Such a drive body, whether stiff or clastic, can either be
configured as symmetrically wedge-shaped, with planar, con-
cave or convex conveying surfaces in the cross-section
viewed perpendicular to the plane of the drive movement ora
shape asymmetrical in the named cross-section can also be
provided, for example with elements of an airfoil wing, to
utilize additional flow effects. Such an airfoil section, for
example, provides a convex shape on one side of the drive
body and a convex or straight shape of the conveying surface
on the opposite side.

On the use of such an asymmetrical design of a drive body,
a further drive body can additionally be provided which is

30

40

45

50

55

60

65

4

shaped and arranged in mirror form with respect to the first
drive body and which is movably in synchronization with it in
the same or opposite sense.

Provision can moreover be made to increase the efficiency
of the drive that the drive body, in particular in the region of a
conveying surface, has optimized surface structures.

In an advantageous embodiment of the invention, provi-
sion can moreover be made that the drive body has at least one
hollow space. The provision of a hollow space reduces the
mass of the drive body and thus the energy to be expended for
its acceleration. In addition, the drive body can be configured
as at least partially inflatable so that its outer dimensions in
the non-inflated state can be smaller than in the inflated state.
Such a drive body can then be brought more easily to its
deployment site in the non-inflated state and inflated to the
operating dimensions there. This is in particular advanta-
geous when the conveying device should be manufactured in
very small dimensions and moved within blood vessels.

The drive body can moreover advantageously comprise a
foam, in particular polyurethane. The drive body can thus be
manufactured as elastically deformable and as very light. The
drive body can also comprise a hardenable material or gen-
erally a material whose deformability can be directly changed
by physical influence, e.g. by irradiation, temperature change
or by chemical reactions.

Provision can be made in the conveying device in accor-
dance with the invention by providing a corresponding drive
system that the drive body can be driven by means of a
hydraulic or pneumatic device, in particular by means of a
balloon body, but also by means of an electric and/or mag-
netic device.

Although one or more drive bodies in accordance with the
invention can be moved simply by means of levers or similar
mechanical devices, the drive movement can particularly eas-
ily be conducted to the conveying device by a hydraulic or
preumatic drive device. Corresponding pneumatic or hydrau-
lic lines can be laid, for cxample, in the form of a hollow
catheter or also within a hollow catheter, at the distal end of
which the conveying device is provided, and can either act
directly on a piston, bellows or balloon-like drive body in the
region of the conveying device or can be converted into a lever
movement there.

Possible drive movements of the drive body or bodies in
this respect provide that at least one drive body is pivotable in
an oscillating manner about an axis extending transversely to
the conveying direction; and/or that one or more drive bodies
are pivotable in an oscillating manner about an axis extending
in the conveying direction, in particular outside the conveying
bodics.

It is special about such an oscillatory movement that the
pivot movement has a relatively small stroke so that a full
rotation of the drive body does not take place in any case.

A rotation about larger angles can, however, also be pro-
vided on the rotation about an axis extending in the conveying
direction.

To reduce unwanted pressure compensation procedures at
the drive bodies, blocking bodies can be arranged on them
between their conveying surfaces. Said blocking bodies
should be flexible and can in this respect be configured as
pliable or stiff, but bendable. The blocking bodies can also
connect two respective blocking bodies to one another or one
blocking body to a housing wall.

Provision can also be made that the driving force is trans-
mitted to a drive body by means of a blocking body.

The described fin-like drive principle for fluids is novel in
connection with the conveying of liquids and thus allows the
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realization of conveying characteristics which cannot be
achieved with the already known conveying devices,

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be shown and subsequently described in
the following with reference to an embodiment in a drawing.

There are shown

FIG. 1 a drive body in three positions in cross-section;

FIG. 2 a conveying system for fluids having two drive
bodies in a longitudinal section;

FIG. 3 a conveying system having two drive bodies in a
three-dimensional view;

FIG. 4 two drive bodies in a first position with a drive
system;

FIG. 5 the drive bodies from FIG. 4 in a second position;

FIG. 6 the drive bodics from FIGS. 4 and 5 in a third
position;

FIG. 7 adrive system in a three-dimensional representation
having a conveying space quadrangular in cross-section;

FIG. 8 two drive bodies which are rotated in an oscillating
manner about an axis extending in the conveying direction;

FIG. 9 a drive system in a three-dimensional view having
two partly cylindrical drive bodies;

FIG. 10 a section through the drive system of FIG. 9;

FIG. 11 an embodiment as in FIG. 3 with additional block-
ing bodies;

FIG. 12 an embodiment similar to that of FIG. 7 with
blocking bodies;

FIG. 13 a representation of two drive bodies which are
connected by means of blocking bodies;

FIG. 14 the embodiment of FIG. 13 in a front view;

FIG. 15 a view of the embodiment of FIG. 13, with thc
effect of a driving force on the blocking bodies being indi-
cated;

FIG. 16 an arrangement in which the blocking bodies have
a stiff, but bendable ring-strip shape;

FIG. 17 a drive body having fin-rays in the neutral state;
and

FIG. 18 a drive body as in FIG. 17 in the loaded state.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 shows in the middle part a drive body 1 in section
which substantially has a wedge shape which is modeled on
the shape of a fin occurring in biology. The drive body 1
extends perpendicular to the plane of the drawing with an
unchanging section, but can also widen perpendicular to the
plane of the drawing toward its tapered end.

The drive body 1 can be moved in an oscillating manner
along the dotted line 2 in the directions indicated by the
arrows 3, 4. The region about the point of attack of the driving
force is in this respect shown as a circle and is marked by 5.
The driving force engages at this point such that the drive
body is moved substantially in translation along the line 2 and
is thus not pivotable in a first variant to avoid an active fluid
counterpressure.

A fluid counterpressure then results in operation, for
example on the movement of the drive body within a liquid,
on the side of the respectively acting conveying surface 6, 7,
said fluid counterpressure resulting in a deformation of the
end 8 of the drive body 1 remote from the drive, i.e. the
tapered end, when this drive body is configured as elastic as in
the example shown. A particularly efficient advance of the
driven fluid in the conveying direction 9 results by this effect.

Alternatively, the drive of the drive body 1 can also be
configured so that it is not driven strictly in translation in the
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sense of the directions 3, 4, but rather in a superimposed
movement in translation and in a pivot movement. In this
respect, for example simuitaneously with the movement in
the direction of the arrow 3, a pivoting of the drive body takes
place about the point of attack § clockwise about a specific
angle, for example 10°, so that the drive body inclines at the
end of the movement in a similar manner as under the effect
of a fluid counterpressure. Optionally, the direction of rota-
tion of the pivot movement can be reversed at the end of the
movement in translation to beat with the fin. This driving
principle can be combined both with stiff drive bodies and
with flexible drive bodies.

A specific lever drive or a gate drive of the drive body can
be provided for this purposc or itis conceivable to transmit the
driving forces by means of a hydraulic or pneumatic appara-
tus.

FIG. 2 shows in a side view a housing 10 in which a
conveying device in accordance with the invention having
two drive bodies 1, 11 is arranged. The housing 10 is set up
rotationally symmetrically or elliptically in cross-section
about the drive bodies 1, 11 and has an inflow channel 12 as
well as an outflow channel 13. A fluid line 14 which is part of
the drive system and which is connected to a drive bellows 15
projects through the outflow channel 13. The drive bellows 15
can be connected via a pressure control device, not shown, via
the tluid line 14 to an overpressure or to an underpressure so
that said drive bellows can be inflated or deflated by the inflow
of a fluid or the removal of the fluid.

One respective drive body 1, 11 is fastened to the two ends
15a, 156 of the drive bellows 15 and runs through a drive
movement in the direction of the arrows 3, 4 by the volume
changes of the drive bellows. The drive movement in trans-
lation of the drive bellows 15 can be translated into a more
complex movement path of the drive bodies 1, 11, which can
correspond to a superimposition of the movement in transla-
tion with a pivot movement, by a corresponding elastic con-
figuration of the drive bellows 15 or by additional levers
which connect the bellows to the drive bodies 1, 11 or the
drive bodies to a fixed point of the housing 10.

Provision can, howevet, also be made that the movement of
the drive bodies 1, 11 substantially takes place in translation
and said drive bodies are configured as elastic to carry out the
elastically fin-like overall movement shown with reference to
FIG. 1.

If the pressure in the drive bellows 15 is changed periodi-
cally via the control of the fluid pressure in the fluid line 14,
for example several times per second, thisis translated into an
oscillatory movement of the drive bodies 1, 11. This results in
an acceleration of the fluid located in the housing 10 in the
direction of the arrow 16 which designates the conveying
direction of the fluid. Since pressure fluctuations occur due to
the periodicity of the movement, it may be meaningful to
provide a check valve 17 in the inflow channel 12 which
blocks the inflow channel 12 for the case that an overpressure
arises within the housing 10 in front of the valve and closes it
again as soon as an underpressure is generated there.

The fluid line 14 can be configured as a flexible hose line
provided that the drive bellows 15 is held otherwise in the
housing 10. The drive line 14 can, however, also be config-
ured as a rigid line in the form of a pipe in order simulta-
neously to conduct the fluid and to fix the drive bellows and
the drive bodies 1, 11. The fluid line 14 can in every case be
held and fixed in a holding star 18 or at a holding arm within
the outflow channel 13.

In the Figure, three positions are shown for each drive body
1, 11, with a middle neutral position being shown by solid
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lines and the extreme positions on the movement path of each
individual drive body 1, 11 being shown by broken lines.

FIG. 3 shows a similar arrangement to FIG. 2, but in a
three-dimensional view, with a second holding star 19 being
provided in addition to the first holding star 18 in direct
vicinity of the drive bellows 15 and of the drive bodies 1, 11.

Arrows 20, 21 and 20', 21' are drawn in which indicate the
directions of movement of the respective thickened ends of
the drive bodies 1, 11 as are arrows 22, 23 and 22', 23' which
indicate the movement of the tapered ends of the drive bodics
1, 11. The different lengths of the arrows shown should indi-
cate that the thickened ends of the drive bodies 1, 11 facing the
one-way valve 17 carry out a pivot movement whose ampli-
tude is substantially larger than the movement of the tapered
ends of the drive bodies. This is made possible, as will be
shown in more detail with reference to FIGS. 4, Sand 6, by a
special construction of the drive bellows 15.

FI1G. 4 shows in a side view in the upper part the two drive
bodies 1, 11 as well as the drive bellows 15 in the deflated, i.e.
compressed, form. The arrow 24 indicates that an underpres-
sure is present in the fluid line 14 in this state to compress the
drive bellows 18,

The drive bellows 15 itself has an asymmetrical structure,
as can be seen more cleatly from the lower part of FIG. 4. A
cross-section through the drive bellows 15 along the dashed
line A is shown there which makes clear that the drive bellows
has a smaller wall thickness in its region facing the one-way
valve 17 than in the outflow channel 13.

It is thereby achieved that the movement amplitude is
larger in the front region facing the inflow channel 12 than in
the rear region of the drive bellows facing the outflow channel
13. A pivot movement of the drive bodies 1, 11 therefore
results on a pressure change in the drive bellows 15.

In FIG. 5, the arrangement of FIG. 4 with the drive bodies
1, 11 and a drive bellows 15 inflated further with respect to
FIG. 4 is shown. The drive bodies are approximately in the
straight position shown in FIG. 2.

FIG. 6 finally shows the state of the drive bodies 1, 11 in the
fully inflated state of the drive bellows 15, with it also becom-
ing clear that the thickened ends of the drive bodies 1, 11 have
passed through a larger movement amplitude than the tapered
ends so that a pivot movement of the drive bodies has taken
place in addition to a movement in translation.

FIG. 7 shows in a three-dimensional view from a different
perspective two drive bodies 1', 11' which are configured as
asymmetrical in the manner of an agrodynamic airfoil sec-
tion, but which may additionally also be configured as flex-
ible and which can be driven by means of a drive bellows 15.
The inflow channel 12 is shown in the foreground of the
figure, the outflow channel 13 in the background. In contrast
to the cylindrical housing 10 of the arrangement shown in
FIG. 3, the housing 10' shown in FIG. 7 has a parallelepiped
structure with a rectangular cross-section to impletnent the
non-cylindrically symmetrical structure of the drive arrange-
ment and of the drive bodies as efficiently as possibie. Unlike
the gpecific representation of F1G. 7, the transition from the
houging 10' to the inflow and outflow channels 12, 13 can take
place with conical or oblique transitions. Provision can
advantageously be made that the drive bodies 1, 11' extend
perpendicular to the plane of the drive movement up to as
close as possible to the side walls 25, 26 of the housing 10"
Turbulence at the side surfaces of the drive bodies 1', 11' 1s
thereby reduced.

The drive bodies 1', 11' can, just like the drive bodies 1, 11
shown further above, comprise a foam, in particular polyure-
thane, and can be inflatable. For this purpose, the bodies can
have large and/or a plurality of small hollow spaces which
can, for example, be inflated by the drive fluid via the fluid
line 14 and which have check valves to be stabilized in the
inflated state.
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A good compressibility in the non-inflated state is hereby
made possible so that the drive bodies can be radially com-
pressed for transport to a deployment site together with the
housing 10, 10' and can be expanded on site before they are
put into operation.

FIG. 8 shows an arrangement in comparison with the Fig-
ures described further above having two drive bodies 1", 11"
with another drive principle in which the drive bodies are
connected via connection webs 28, 29 to a drive shaft 27
which extends in the conveying direction 30.

The drive shaft 27 can be rotated in an oscillating manner
about the conveying direction 30, and indeed in each case, for
cxample, at least by an amount of 5°, 10° or at least by 20° or
30°, in each direction, as indicated by the arrows 33, 34.

The longitudinal axes of the drive bodies 1" and 11" are
aligned parallel to the shaft and undergo a movement quasi in
translation in the peripheral direction of the shaft in the direc-
tions which are indicated by the arrows 31, 32 within the
framework of this rotary movement, provided that the length
of the connection webs 28, 29 is sufficient. In this manner, a
corresponding approximately linear movement in translation
of the drive bodies can be realized in a very simple manner by
means of the drive shatt 27. In FIG. 8, a plurality of paraliel
microgrooves 41 are also shown by way of example at the
lower drive body 11".

InFIG. 9, an arrangement is shown in a three-dimensional
view which is as largely cylindrically symmetrical as possible
of two drive bodies 1™ and 11" which are connected by a
drive bellows 15' and which can be moved substantially in the
direction of the arrows 35, 36 in the radial direction with
respect to the cylinder axis. The drive bellows 15 is connected
to a pressure generation systcm by means of a fluid line 14. It
is also conceivable to divide the cylindrically symmetrical
arrangement into a higher number of cylinder segments, for
example 4 or 8 or more and to move them radially in each
case, with a movement pattern resulting which is similar to
the manner of propagation of jellyfish.

A section through the arrangement of FI1G. 9 is shown in
FIG. 10 which makes the function clear. The drive body 1'" is
shown by way of example with a hollow space 37, the drive
body 11" with a hollow space 38, with the hollow spaces only
being indicated schematically.

Fluid is exchanged via the fluid line 14 with the interior of
the drive bellows 15 and is pumped from there into the hollow
spaces 37, 38, with the hollow spaces 37, 38 of the drive
bodies 1" and 11" being connected to the hollow space of the
drive bellows 15' by means of one-way vatves 39, 40 so that
the drive bodies are only inflated once and then thereafter
maintain the increased fluid pressure to be stabilized in shape.
Only the interior of the drive bellows 15' is inflated and
deflated thercafter. The drive bodies 1", 11'" thereby alter-
nately move apart in the direction of the arrows 35, 36 and
move together in the opposite direction, whereby a corre-
sponding drive movement is realized.

The efficiency of the conveying device with respect to the
non-cylindrically symmetrical arrangements which are
shown in the aforesaid Figures is incrcased by the cylindri-
cally symmetrical or approximately cylindrically symmetri-
cal arrangement of the drive bodies.

FIG. 11 shows a cylindrical arrangement of a housing 10
having two drive bodies 11 which are each laterally provided
with blocking bodies 50, 51, 52, 52 which are flexible and
may also be connected to the wall of the housing 10 and which
prevent or reduce a pressurc equalization between the lower
side and upper side or the high pressure side and low pressure
side of each drive body during the drive movement,

FIG. 12 shows corrcsponding blocking bodies 53, 54 fora
housing 10’ with flattened side walls.
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FIG. 13 shows two blocking bodies in the form of wide,
flexible bands 55, 56 which connect two drive bodies to one
another at both sidcs. This consteilation is shown in a front
view in FIG. 14.

FIG. 15 shows two blocking bodies 58, 56, as in FIG. 13,
which connect two fin-like drive bodies to one another and act
as an equalization block. The blocking bodies are configured
as strips and can be configured as fiexible or stiff and elasti-
cally pliable. In the latter case, a drive movement can be
directly applied to the drive bodies by direct application of a
mechanically, magnetically, pneumatically hydraulically or
electrically generated driving force onto the blocking bodies
from the outside, indicated by the arrows F, and F,' or from
the inside from the intermediate space of the drive bodies,
indicated by the double arrow F,

Instead of the blocking bodies, similarly positioned cou-
pling bodies in the form of a scaffold or frame can be provided
to couple the drive movement into the sections.

The principle of the drive via the blocking bodics is addi-
tionally illustrated by way of example by FIG. 16, Two drive
bodies 57, 58 are connccted to one another there by two ring
segments 59, 60 of a ring strip in the form of a circular ring.
The cylinders 61, 62 symbolically indicate outwardly engag-
ing driving forces which can apply a traction force or a com-
pression force to the ring segments from the outside. Corre-
sponding inwardly engaging forces are symbolically
designated by 63, 64. A deformation of the ring segments
effects a drive movement of the drive bodies 57, 58. They can
be controlled in a suitable manner by a profiling of the ring
segments 59, 60 or by cut-outs in the ring segments.

In FIGS. 17 and 18, a drive body is shown in a schematic
plan view having so-called fin-rays 65 which have an influ-
ence on the flow of the fluid on the surface as web-like,
groove-like or fin-like structures. They can be shaped and
configured by their inner siructure such that they effect a
concave deformation and thus an increase in pressure on the
pressure side on a movement of the drive body. This defor-
mation against the pressure takes place automatically without
any additional external energy supply and thus substantially
differs from the deformation of customary beam structures
which usually yield to a pressure increase on one side and
evade the higher pressure.

The inner structure is formed by struts which preferably
extend in the interior of a drive body from a drive surface to an
oppositely disposed drive surface, The struts can in this
respect be made as bars or also as plates, ribs or equivalent
structures.

The conveying device for fluids in accordance with the
invention allows an efficient configuration thanks to the use of
an oscillatory movement transversely to the conveying direc-
tion of drive bodies, with the disadvantages of only rotating
drive devices being avoided.

The invention claimed is:

1. A conveying device for the conveying of blood in a
conveying direction having at least one drive body which can
be driven by a drive system and which has a conveying sur-
face, the drive body having a thickened upstream end and a
tapered downstream, elastically deformable end, wherein the
drive body can be driven in an oscillating, fin-like manner
transversely to the conveying direction and is flowed around
on a plurality of sides by blood to be conveyed, and wherein
the drive body can be compressed together with a housing
surrounding it.

2. The conveying device in accordance with claim 1,
wherein the drive body/bodies can be driven by a rotatable
shaft.
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3. The conveying device in accordance with claim 1,
wherein the at least one drive body is pivotable in an oscil-
lating manner about an axis extending transversely to the
conveying direction.

4. The conveying device in accordance with claim 1,
wherein the conveying surface of the at least one drive body is
aligned such that a partial force acts on the blood in the
conveying direction on movement of the at least one drive
body.

5. The conveying device in accordance with claim 4,
wherein two conveying surfaces are aligned such that they
effect a conveying of the blood in a respective movement
direction of the at least one drive body.

6. The conveying device in accordance with claim 1,
wherein the at least one drive body tapers in the conveying
direction in the cross-section disposed parallel to its move-
ment plane.

7. The conveying device in accordance with claim 1,
wherein the at least one drive body is configured as stiff.

8. The conveying device in accordance with claim 1,
wherein the at least one drive body is configured as elastic
such that it is bendable in its end region by the fluid counter-
pressure in operation by at least 5° with respect to the non-
deformed state.

9. The conveying device in accordance with claim 8,
wherein the at least one drive body has microgrooves extend-
ing in the coaveying direction.

10. The conveying device in accordance with claim 1,
wherein the at least one drive body has at least one holiow
space.

11. The conveying device in accordance with claim I,
wherein the at least one drive body comprises a foam.

12. The conveying device in accordance with claim 11,
wherein the at least one drive body is at least partly inflatable.

13. The conveying device in accordance with claim 1,
wherein the drive body/bodies is/are deformed in operation
against the fluid pressure on the respective pressure side/
sides.

14. The conveying device in accordance with claim 13,
wherein the deformation of the pressure side/sides takes place
by inner struts of the drive body/bodies without any addi-
tional external energy supply.

15. The conveying device in accordance with claim 1,
wherein the deformation of a pressure side of the at least one
drive body takes place by the so-called fin-ray effect.

16. The conveying device in accordance with claim 11,
wherein the at lcast one drive body comprises polyurethane.

17. A conveying device for the conveying of a fluid in a
conveying direction having at least one drive body which can
be driven by a drive system and which has a conveying sur-
face, wherein the drive body can be driven in an oscillating
manner transversely to the conveying direction, the convey-
ing device also having blocks which arc laterally fastened to
the drive body and which form a barrier between different
conveying surfaces of the drive body, the drive body having a
thickened upsiream end and a tapered downstream, elasti-
cally deformable end, and wherein the drive body can be
compressed together with a housing surrounding it,

18. The conveying device in accordance with claim 17,
wherein at least one block is connected cither to two drive
bodies or to one drive body and the housing of the conveying
device.

19. The conveying device in accordance with claim 18,
wherein a driving force is applied to the drive body/bodies by
the blocks.
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On page 1, line 2, between the title and the first paragraph, insert the following
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--BACKGROUND OF THE INVENTION--.

On page 3, line 10, insert the following heading:
--BRIEF SUMMARY OF THE INVENTION--.

10
Change(s) applied On page 1/ above the first paragraph, insert the following heading:
to document, --BRIEF DESCRIPTION OF THE DRAWINGS--.
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6/1/2014
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3
On page 1,@ line T271ire~28, above the last paragraph, insert the following
heading:
--DETAILED DESCRIPTION OF THE INVENTION--.
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ECP ENTWICKLUNGSEGESELLSCHAFT MBH, BERLIN, GERMANY

Power of Attorney:

D Dolgorukov--26266 Stephen Kimmet--52488
Donald Schurr--34247 Mark Hamilton--56903
Mark Hixon--44766 Jeanette Kuhn--66111

Stephen Evans--47281
Kristene Ragan--48611

Domestic Priority data as claimed by applicant
This application is a 371 of PCT/EP2011/000439 01/27/2011
which claims benefit of 61/298,581 01/27/2010

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)
EUROPEAN PATENT OFFICE (EPO) 10075043.9 01/27/2010

If Required, Foreign Filing License Granted: 10/11/2012
The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 13/261,361

Projected Publication Date: Not Applicable
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Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

CONVEYING DEVICE FOR A FLUID USING AN OSCILLATING BODY ARRANGEMENT
Preliminary Class

417
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to; Mail Mail Stop ISSUE FEE
: Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
ingicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separatec "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

) Fee(s) Transmittal, This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block I for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
ﬁave its own certificate of mailing or transmission. .

Certificate of Mailing or Transmission

1678 7590 05/02/2014 I hereby certify that this Fee(s) Transmittal is being deposited with the United
MARSHALL & MELHORN, LLC S(ti%tes c:istal ngif\:f V{'lgl sugllscis%ljtE pg}sﬁtﬁge (fgr first tSlass mailbir; an gnvglople
addressed to the Mail Sto address above, or being facsimiie
FOUR SEAGATE - EIGHTH FLOOR Hosmitted to the USPTO (571) 273-2885, on the date indicated below.
- TOLEDO, OH 43604
(Depositor's name)
P (Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. J
13/261,361 10/03/2012 Reiner Liebing 1-21942 3522
TITLE OF INVENTION: CONVEYING DEVICE FOR A FLUID
r APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE I PREV, PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0 $0 $480 08/04/2014
f EXAMINER I ART UNIT | CLASS-SUBCLASS J
ZOLLINGER, NATHANC 3746 417-436000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys 1 Marshall & Melhorn, LLC
(L] Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. (2) The name of a single firm (having as a membera 2
(L] "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. Ifnoname is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11, Completion of this form is NOT.a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
ECP Entwicklungsgesellschaft mbH Berlin, Germany
Please check the appropriate assignee category or categories (will not be printed on the patent) : 1 mdividual & Corporation or other private group entity [ Government
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
&1 Tssue Fee [ A check is enclosed.
(3 Publication Fee (No small entity discount permitted) L) Payment by credit card. Form PTO-2038 is attached.
{1 Advance Order - # of Copies {xd The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number 131 % 16 enclose an extra copy of this form).
5. Change in Entity Status (from status indicated above)
Q Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
foe payment in the micro entity amount will not be accepted at the risk of application abandonment.
[ Applicant asserting small entity status, See 37 CFR 1.27 NQTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status,
W Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 131 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

b}
Authorized Signature \ b8 y QA Date Tl’ \jf - ZO‘L‘(

Typed or printed name Stephen P. Evans i ) Registration No. 47281
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Electronic Patent Application Fee Transmittal

Application Number:

13261361

Filing Date:

03-Oct-2012

Title of Invention:

CONVEYING DEVICE FORA FLUID

First Named Inventor/Applicant Name:

Reiner Liebing

Filer:

Stephen P. Evans/Robin Hagemeyer

Attorney Docket Number:

1-21942

Filed as Small Entity

U.S. National Stage under 35 USC 371 Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

Utility Appl Issue Fee 2501 1 480 480

Extension-of-Time:




Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Miscellaneous:

Total in USD ($)

480




Electronic Acknowledgement Receipt

EFSID: 19609175
Application Number: 13261361
International Application Number:
Confirmation Number: 3522
Title of Invention: CONVEYING DEVICE FOR A FLUID
First Named Inventor/Applicant Name: Reiner Liebing
Customer Number: 1678
Filer: Stephen P. Evans/Robin Hagemeyer
Filer Authorized By: Stephen P. Evans
Attorney Docket Number: 1-21942
Receipt Date: 17-JUL-2014
Filing Date: 03-0CT-2012
Time Stamp: 15:12:52
Application Type: U.S. National Stage under 35 USC 371
Payment information:
Submitted with Payment yes
Payment Type Deposit Account
Payment was successfully received in RAM $480
RAM confirmation Number 1425
Deposit Account 131816
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. 1.492 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)




Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document L. . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
1-21942| FeeT ittal 153296
1 Issue Fee Payment (PTO-85B) ssue jfe ransmittal. no 1
p 68092b0a3¢111555125ba2bd8683ddc496f|
69413
Warnings:
Information:
30418
2 Fee Worksheet (SB06) fee-info.pdf no 2
b33af4299aa061a788011f05ddf9fc24a53d
08ef
Warnings:
Information:
Total Files Size (in bytes); 183714

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
1678 7590 05/02/2014
MARSHALL & MELHORN, LLC ZOLLINGER, NATHAN C
FOUR SEAGATE - EIGHTH FLOOR
TOLEDO, OH 43604 | ART UNIT PAPERNUMBER |
3746
DATE MAILED: 05/02/2014
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | ~ CONFIRMATION NO.
13/261,361 10/03/2012 Reiner Liebing 1-21942 3522

TITLE OF INVENTION: CONVEYING DEVICE FOR A FLUID

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $480 $0 $0 $480 08/04/2014

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing
the paper as an equivalent of Part B.

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of

maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commlssmner for Patents

P.O.Box 1

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

1678 7590 05/02/2014

MARSHALL & MELHORN, LLC
FOUR SEAGATE - EIGHTH FLOOR

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

TOLEDO, OH 43604
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/261,361 10/03/2012 Reiner Liebing 1-21942 3522
TITLE OF INVENTION: CONVEYING DEVICE FOR A FLUID
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional SMALL $480 $0 $0 $480 08/04/2014
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
ZOLLINGER, NATHAN C 3746 417-436000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Eee Address" indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list
1

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2

registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE

(B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature

Date

Typed or printed name

Registration No.

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| appcaTonno. | FILING DATE | FIRST NAMED INVENTOR | artorvEY DOCKETNO. | conFrRMATIONNO. |
13/261,361 10/03/2012 Reiner Liebing 1-21942 3522
1678 7590 05/02/2014 | EXAMINER |
MARSHALL & MELHORN, LLC ZOLLINGER, NATHAN C
FOUR SEAGATE - EIGHTH FLOOR
TOLEDO, OH 43604 | ART UNIT PAPERNUMBER |

3746

DATE MAILED: 05/02/2014

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Examiner Art Unit
NATHAN ZOLLINGER 3746

All participants (applicant, applicant’s representative, PTO personnel):

(1) NATHAN ZOLLINGER. (3) .

(2) Steve Evans. GO

Date of Interview: 23 April 2014.

Type: [X Telephonic [ Video Conference
[ Personal [copy given to: [] applicant [ applicant’s representative]

Exhibit shown or demonstration conducted: [ Yes X No.
If Yes, brief description:

Issues Discussed []101 [J112 [J102 []103 []Others

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 23-46.
Identification of prior art discussed: None.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Discussed making minor changes to the claims to avoid antecedent basis issues and improvie clarity such as
changing "a fluid" to "blood", deleting "means" lanquage. etc. (see Examiner's amendment for a complete listing of
changes agreed upon).

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

] Attachment

/NATHAN ZOLLINGER/
Examiner, Art Unit 3746

U.S. Patent and Trademark Office
PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20140423
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Notice of Allowability Elﬁ'ﬂrﬁrZOLLINGER 27”4(L5J " File) Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to an amendment filed on February 21, 2014.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. [X] The allowed claim(s) is/are 23-28,30-38,41-43 and 45. As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more
information, please see hiig://www.uspin.gov/patents/init_evenis/oph/index.jsg or send an inquiry to PEHeedback@uspio.gov. .

4. [ Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a) Al b)[J Some *c)[] None of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.
3. [X] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. X Notice of References Cited (PTO-892) 5. [X] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date 207140423 .

/NATHAN ZOLLINGER/
Examiner, Art Unit 3746

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20140423
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Art Unit: 3746

Detailed Action

Response to Amendment
The amendment filed on February 21, 2014 has been entered. Claims 23, 25

and 43 have been amended and claims 39-40, 44 and 46 have been cancelled.

EXAMINER’S AMENDMENT

An examiner’s amendment to the record appears below. Should the changes
and/or additions be unacceptable to applicant, an amendment may be filed as provided
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be
submitted no later than the payment of the issue fee.

Authorization for this examiner's amendment was given in a telephone interview
with Steve Evans on April 23, 2014.

In claim 23, line 1, the phrase “a fluid” has been changed to —blood—

In claim 23, line 2, the phrase “means of" has been deleted

In claim 23, line 3, the phrase “said drive body" has been changed to —the drive
body—

In claim 24, line 2, the phrase “means of” has been deleted

In claim 25, lines 2-3, the phrase “means of" has been deleted

In claim 25, lines 4-5, the phrase “characterized by" has been changed to —the
conveying device also having—

In claim 25, line 5, the phrase “at least one" has been changed to —the—



Application/Control Number: 13/261,361 Page 3
Art Unit: 3746

In claim 25, line 6, the phrase “a drive body, said drive body" has been changed
to —the drive body, the drive body—

In claim 25, line 7, the phrase “elastically deformable end" has been changed to
—elastically deformable end, and wherein the drive body can be compressed together
with a housing surrounding it—

In claim 26, line 3, the phrase “a housing" has been changed to —the housing—

In claim 27, lines 2-3, the phrase “drive bodies by means of the blocking
body/bodies" has been changed to —drive body/bodies by the blocks—

In claim 28, line 2, the phrase “at least one drive body" has been changed to —the
at least one drive body—

In claim 30, line 2, the phrase “at least one conveying surface" has been
changed to —the conveying surface—

In claim 30, line 2, the phrase “at least one drive body" has been changed to —the
at least one drive body—

In claim 30, line 3, the phrase “the fluid" has been changed to —the blood—

In claim 30, lines 3-4, the phrase “on a movement of the drive body" has been
changed to —on movement of the at least one drive body—

In claim 31, line 3, the phrase “in a respective at least one movement direction of
a drive body" has been changed to —in a respective movement direction of the at least
one drive body—

In claim 31, line 3, the phrase “the fluid" has been changed to —the blood—
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In claim 34, line 2, the phrase “the drive body" has been changed to —the at least
one drive body—

In claim 35, lines 1-2, the phrase “the drive body" has been changed to —the at
least one drive body—

In claim 41, line 2, the phrase “body or bodies" has been changed to —
body/bodies—

In claim 41, line 3, the phrase “side" has been changed to —side/sides—

In claim 42, line 2, the phrase “side" has been changed to —side/sides—

In claim 42, lines 2-3, the phrase “the drive body" has been changed to —the drive
body/bodies—

In claim 43, line 2, the phrase “the pressure side" has been changed to —a
pressure side of the at least one drive body—

Claim 29 has been cancelled.
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Election/Restrictions

Claims 23 and 25 are allowable. The restriction requirement among Species A1-
D, as set forth in the Office action mailed on May 30, 2013, has been reconsidered in
view of the allowability of claims to the elected invention pursuant to MPEP § 821.04(a).
The restriction requirement is hereby withdrawn as to any claim that requires all the
limitations of an allowable claim. Specifically, the restriction requirement of May 30,
2014 is partially withdrawn. Claims 35-36 and 43 are no longer withdrawn from

consideration because the claim(s) requires all the limitations of an allowable claim.

In view of the above noted withdrawal of the restriction requirement, applicant is
advised that if any claim presented in a continuation or divisional application is
anticipated by, or includes all the limitations of, a claim that is allowable in the present
application, such claim may be subject to provisional statutory and/or nonstatutory

double patenting rejections over the claims of the instant application.

Once a restriction requirement is withdrawn, the provisions of 35 U.S.C. 121 are

no longer applicable. See In re Ziegler, 443 F.2d 1211, 1215, 170 USPQ 129, 131-32

(CCPA 1971). See also MPEP § 804.01..8

Allowable Subject Matter
Claims 23-28, 30-38, 41-43 and 45 are allowed.

The following is an examiner’s statement of reasons for allowance:
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Regarding claims 23 and 25, the prior art of record discloses or teaches in
combination a conveying device for the conveying of a fluid/blood in a conveying
direction having at least one drive body which can be driven by means of a drive system
and which has a conveying surface, the drive body having a thickened upstream end
and a tapered downstream, elastically deformable end, wherein the drive body can be
driven in an oscillating, fin-like manner transversely to the conveying direction and is
flowed around on a plurality of sides by fluid/blood to be conveyed, the conveying
device also having blocks which are laterally fastened to the drive body and which form
a barrier between different conveying surfaces of the drive body.

However, the prior art of record does not disclose or teach in combination that
the drive body can be compressed together with a housing surrounding it.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid processing delays, should preferably
accompany the issue fee. Such submissions should be clearly labeled “Comments on

Statement of Reasons for Allowance.”

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to NATHAN ZOLLINGER whose telephone number is
(5671)270-7815. The examiner can normally be reached on Monday - Thursday, 9 a.m. -

4 p.m. EST.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Devon Kramer can be reached on 571-272-7118. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/NATHAN ZOLLINGER/
Examiner, Art Unit 3746
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Examiner-Initiated Interview Summary
Examiner Art Unit
NATHAN ZOLLINGER 3746

All participants (applicant, applicant’s representative, PTO personnel):

(1) NATHAN ZOLLINGER. (3) .

(2) Steve Evans. GO

Date of Interview: 23 April 2014.

Type: [X Telephonic [ Video Conference
[ Personal [copy given to: [] applicant [ applicant’s representative]

Exhibit shown or demonstration conducted: [ Yes X No.
If Yes, brief description:

Issues Discussed []101 [J112 [J102 []103 []Others

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 23-46.
Identification of prior art discussed: None.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Discussed making minor changes to the claims to avoid antecedent basis issues and improvie clarity such as
changing "a fluid" to "blood", deleting "means" lanquage. etc. (see Examiner's amendment for a complete listing of
changes agreed upon).

Applicant recordation instructions: It is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of
the substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

] Attachment

/NATHAN ZOLLINGER/
Examiner, Art Unit 3746

U.S. Patent and Trademark Office
PTOL-413B (Rev. 8/11/2010) Interview Summary Paper No. 20140423
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Fordereinrichtung fir ein Fluid

Die Erfindung liegt auf dem Gebiet des Maschinenbaus
und befasst sich mit Férdereinrichtungen fir Fluide,
insbesondere fUr Flussigkeiten.

Solche Fdrdereinrichtungen sind in Form verschiedener
Arten von Pumpen bereits in vielfdltigsten Aus-
fihrungsformen bekannt geWorden. Insbesondere inter-
essant sind an dieser Stelle Pumpen, die in derarti-
gen Bauformen hergestellt werden kdénnen, dass sie
auch flir sensiblere, insbesondere Fluide mit Makromo-
lekiilen eingesetzt werden kénnen. Eine spezielle
Gruppe unter derartigen Pumpen stellen die fur medi-
zinische Anwendungszwecke verwendbaren und in kleinen
Bauformen herstellbaren Fluidpumpen dar. Solche
Pumpen kénnen in Mikrobauformen beispielsweise auch
zur FOorderung von kérpereigenen oder biovertraglichen
Flissigkeiten eingesetzt werden, beispielsweise als
Herzpumpen zur Férderung von Blut.
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Bei der F&rderung solcher sensibler Flussigkeiten wie
Blut, die beispielsweise groffe und empfindliche
Molekile aufweisen, die biologische Funktionen erful-
len und deshalb auch auf mikroskopischer Ebene nicht
beschiadigt werden durfen, ist darauf zu achten, dass
die mechanische Einwirkung auf die Flussigkeit durch
Druckmaxima, Scherkrifte und Beschleunigungen mog-
lichst begrenzt wird

Insbescondere zur Férderung von Blut sind in diesem
Zusammenhang beispielsweise Axialpumpen bekannt
geworden, die einen um eine Langsachse rotierenden
Rotor mit Férderschaufeln aufweisen, der das Blut in
Axialrichtung kontinuierlich fdérdert.

Da ein spezielles Problem fur den Einsatz solcher
Pumpen im Kd&rperinneren darin besteht, diesen einer-
seits eine ausreichende Férderkapazitat zu verleihen,
andererseits aber die Baugréfle so zu gestalten, dass
sie durch ein BlutgefaR eingefihrt werden kdnnen,
liegen einige der Herausforderungen fur solche Pumpen
darin, sie konstruktiv so zu gestalten, dass sie
radial komprimierbar und zum Betrieb im Kdrper wieder

expandierbar sind.

Ein derartiger komprimierbarer Rotor ist beispiels-
weise aus der US 6 860 713 bekannt. Ein anderer Rotor
ist aus der US 7 393 181 B2 bekannt. Bei den bekann-
ten Ldésungen sind die Rotoren entweder wegen der
Elastizit&t und Verformbarkeit des Materials oder
aufgrund von mechanisch beweglichen Konstruktionen

komprimierbar und expandierbar.

Es ist dabei unvermeidlich, dass ein gewisser kon-

struktiver Aufwand getrieben wird, um die Komprimier-
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barkeit einer solchen Pumpe trotz entsprechender
Zuverlissigkeit und Fdrderkapazitat sicherzustellen.
Zudem muss sichergestellt werden, dass nicht durch
eine zu hohe Rotatlonsgeschw1ndlgke1t des Rotors oder
unglunstige geometrische Formen der Forderschaufeln zu
grofRe Scherkréfte entstehen, die sensible Flussig-
keiten schiédigen kdénnen. 2Zudem ist darauf zu achten,
dass Druckunterschiede innerhalb der Geometrie einer
solchen Fordereinrichtung einerseits und im zeit-
lichen Ablauf andererseits in engen Grenzen gehalten
werden.

Bei diesen Randbedingungen und vor dem Hintergrund
des Standes der Technik liegt der vorliegenden Er-
findung die Aufgabe zugrunde, eine Férdereinrichtung
zu schaffen, die mit konstruktiv einfachen Mitteln
herstellbar ist und zuverldssig und schonend die
Forderung eines Fluids ermdglicht.

Die Aufgabe wird gemé@f der Erfindung mit den Merk-
malen des Patentanspruchs 1 geldst.

Die erfindungsgemidfe F&rdereinrichtung, die dazu

dient, ein Fluid in einer Fdrderrichtung zu bewegen,
weist zu diesem Zweck einen mittels eines Antriebs-
systems antreibbaren Antriebskérper auf, der quer zur
F&rderrichtung oszillierend antreibbar ist.

Der Antriebskdrper ist dazu in einem Kanal oder
einem Raum angeordnet, in dem das Fluid in einer
vorgegebenen Férderrichtung gefédrdert werden soll.

Bekannte Férdermechanismen wie beispielsweise

Kreiselpumpen oder die oben genannten Axialpumpen
bedienen sich rotierender Fdrderelemente zur Bewegung
bzw. Beschleunigung eines Fluids. Die ebenfalls
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bekannten Kolbenpumpen weisen jeweils wenigstens'
einen Kolben auf, der im Wesentlichen translatorisch
bewegbar ist und bei seiner Bewegung das Medium in

seiner Bewegungsrichtung férdert.

Im Gegensatz dazu wird gemdf der vorliegenden Er-
findung der Antriebskdrper quer zur Férderrichtung
nach Art einer Fischflosse bewegt, die in der Natur
regelmaffig zur Erzeugung einer Relativbewegung
zwischen der Flosse und einem Fluid eingesetzt wixd.
Bei der vorliegenden Erfindung steht dabei das flos-
senartige Element, der Antriebskérper in der Forder-
richtung im Wesentlichen fest, so dass die Relativbe-

wegung in einer Fdorderbewegung des Fluids resultiert.

Die Bewegung des Antriebskoérpers quer zur Fdrder-
richtung bedeutet dabei beispielsweise, dass wenigs-
tens ein Teil des Antriebskdédrpers translatorisch oder
entlang einer wenig gekrummten Bahn im Wesentlichen
senkrecht zur F&rderrichtung und/oder verbunden mit
einer Schwenkbewegung um eine Achse bewegt wird, die
im Wesentlichen senkrecht zur Férderrichtung steht.
Dabei sollte die Abweichung der Verlaufsrichtung der
Achse zur Senkrechten der Férderrichtung maximal 45°
betragen. Damit sollen die aus der Bionik bekannten
Bewegungsmuster wvon flossenartigen Kbérpern bei
Fischen und anderen Lebewesen nachgebildet werden.

Die entsprechenden Antriebskdrper kénnen in ihrer
Form und Gréfe an den zur Verfiigung stehenden Raum
angepasst werden. Die Relativbewegung des Antriebs-
kb6rpers bzw. verschiedener seiner Teile gegenitber dem
anzutreibenden Fluid kann beziglich der Geschwindig-
keit in einem Bereich gehalten werden, der das Ent-
stehen von unzulassigen Scherkraften verhindert.
Dabei ist die Relativgeschwindigkeit auf die Viskosi-
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tat des zu foérdernden Mediums und entsprechend ggf.
vorliegende Kompressibilitaten abzustimmen. Das
beschriebene F&érderprinzip ist bei im Wesentlichen
inkompressiblen und leicht flussigen Medien wie
beispielsweise Blut besondérs effizient einsetzbar.
Auch entsprechende Antriebsbewegungen lassen sich zu
einem oszillierend zu bewegenden Antriebskdrper gut
Ubertragen. Es muss nicht notwendig eine drehbare
Lagerung eines Rotors vorgesehen werden.

Da durch die oszillatorische BewegungAdes Antriebs-
kérpers eine gewisse Periodizitdt von Druckschwankun-
gen zu erwarten ist, bei denen eine zeitweise Umkehr
der Strdmungsrichtung nicht immer ausgeschlossen
werden kann, kann vorteilhaft auch die Anordnung
eines Steuerventils fur die zu erzeugende Strdmung im
Forderkanal bzw. in dem Raum, in dem sich der An-
triebskdrper befindet, in Betracht gezogen werden.
Dabei kann das Ventil entweder durch eine intelli-
gente Steuerung synchron zur Bewegung des Antriebs-
kdrpers gesteuert oder als selbsttatig wirkendes
RlUckschlagventil ausgefihrt werden.

Vorteilhaft wird die Fo6rderfliche oder eine F&rder-
fliache des Antriebskdrpers derart ausgerichtet, dass
bei einer Bewegung des Antriebskdrpers auf das Fluid
eine Teilkraft in der Fd6rderrichtung wirkt. Hierzu
sind die Bewegungsrichtung des Antriebskdérpers und
die Verlaufsrichtung der FlAchen des Antriebskbrpers,
an denen eine Druckerhdhung entsteht, entsprechend
aufeinander abzustimmen.

Es kénnen in diesem Zusammenhang auch wenigstens zwei
Fbrderfldchen, beispielsweise an einem einzigen
Antriebskdrper, vorgesehen sein, die derart ausge-

richtet sind, dass sie jeweils in wenigstens einer
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der Bewegungsrichtungen des Antriebskdrpers eine
Forderung des Fluids bewirken. Damit wird eine Férde-
rung des Fluids in beiden oder mehreren Antriebsbewe-
gungsrichtungen méglich.

Es kann auferdem vorteilhaft vorgesehen sein, dass
wenigstens ein Antriebskdrper sich in Fdérderrichtung
in dem parallel zu seiner Bewegungsebene liegenden
Querschnitt verjungt.

Der Antriebskdérper kann beispielsweise flossenartig
als keilfdrmiger KdOrper ausgebildet sein, dessen
verdicktes Ende beziglich der zu erzeugenden Strdémung
stromaufwarts und dessen verjungtes Ende stromabwarts
angeordnet ist. Das verdjungte Ende kann in Form
einer Schneide spitz zulaufen, wobei die Schneide
senkrecht zur Antriebsrichtung des Antriebskdrpers
verlaufen kann. Der Antriebskdrper kann auch in der
Verlaufsrichtung der Schneide zu seinem verjingten

Ende hin verbreitert sein.

Die Forderflichen zu beiden Seiten eines derart
keilfdrmigen Flossenkérpers kénnen entweder eben oder
konvex oder konkav, in Richtung senkrecht zur An-
triebsrichtung des Antriebskdrpers gesehen, ausge-
bildet sein.

Der Antriebskdrper kann in einer Ausfuhrungsart der
Erfindﬁng steif ausgebildet sein. In diesem Fall kann
der Antriebskdrper um eine Achse, die im Bereich
seines verdickten Endes liegt, schwenkbar sein.
Zusitzlich kann eine Uberlagerte translatorische
Bewegung des verdickten Endes, beispielsweise gerade
oder entlang einer Kulissenbahn, vorgegeben sein. Der
translatorische Bewegungsanteil findet dabei in
derselben Ebene statt wie die Schwenkbewegung.
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Alternativ dazu kann auch vorgesehen sein, dass der
Antriebskdrper derart elastisch ausgebildet ist, dass
er durch den Fluidgegendruck im Betrieb in seinem
Endbereich um wenigstens 5°; insbesondere auch we-
nigstens 20° gegenuber dem unverformten Zustand
biegbar ist.

Der Antrieb kann in diesem Fall ebenso ausgebildet
sein wie bei einem steifen Antriebskdrper, jedoch
wird durch die Elastizitat und Verformbarkeit des
Antriebskdrpers an sich schon die Ausrichtung der
Forderfliachen relativ zum zu férdernden Fluid in der
jeweiligen Phase der Antriebsbewegung optimiert und
damit die Effizienz des Antriebs erhdht.

Ein derartiger Antriebskdrper, gleich ob steif oder
elastisch ausgebildet, kann in dem senkrecht zur
Ebene der Antriebsbewegung betrachteten Querschnitt
entweder symmetrisch keilfdrmig, mit ebenen, konkaven
oder konvexen Férderflidchen ausgebildet sein, oder

es kann auch eine in dem genannten Querschnitt
asymmetrische Form, beispielsweise mit Elementen
eines Tragfliigels vorgesehen sein, um zusdtzliche
Strémungseffekte zu nutzen. Ein derartiges Trag-

~ fligelprofil sieht beispielsweise auf einer Seite des

Antriebskdrpers eine konkave Form, auf der gegenuber-
liegenden Seite eine konvexe oder gerade Form der
Forderflache vor.

Bei Verwendung einer derart asymmetrischen Gestaltung
eines Antriebskd4rpers kann ein weiterer Antriebs-
kérper zusatzlich vorgesehen sein, der spiegelbild-
lich zu dem ersten Antriebskdérper geformt und ange-
ordnet ist und synchronisiert mit diesem gleichsinnig

oder gegensinnig bewegbar ist.
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Zur Erhdéhung der Effizienz des Antriebs kann zudem
vorgesehen sein, dass der Antriebskdrper, insbe-
sondere im_Bereich einer Forderflache, optimierte
Oberflachenstrukturen aqueist. .

In einer vorteilhaften Ausfihrungsform der Erfindung
kann auRBerdem vorgesehen sein, dass der Antriebs-
kérper wenigstens einen Hohlraum aufweist. Das Vor-
sehen eines Hohlraums verringert die Masse des An-
triebskdérpers und damit die aufzubringende Energie
fir seine Beschleunigung. Zudem kann der Antriebs-
kdérper wenigstens teilweise aufpumpbar gestaltet
sein, so dass seine auBeren Abmaffe im nicht aufge-
pumpten Zustand geringer sein kdnnen als im aufge-
pumpten Zustand. Ein derartiger Antriebskdérper kann
dann leichter im nicht aufgepumpten Zustand an einen
Einsatzort gebracht und dort auf die Betriebsmafe
aufgepumpt werden. Dies ist insbesondere dann vor-
teilhaft, wenn die Fordereinrichtung in kleinsten
AbmaRen hergestellt und innerhalb von Blutgefafien
bewegt werden soll.

Der Antriebskdérper kann vorteilhaft zudem aus einem
Schaumstoff, insbesondere aus Polyurethan bestehen.
Damit kann der Antriebskdérper elastisch verformbar
und sehr leicht hergestellt werden.

Durch Vorsehen eines entsprechenden Antriebssystems
kann bei der erfindungsgemidfien Férdereinrichtung
vorgesehen sein, dass der Antriebskdrper mittels
eines hydraulischen oder pneumatischen Einrichtung,
insbesondere eines Ballonk&érpers, jedoch auch mittels
einer elektrischen und/oder magnetischen Einrichtung,

antreibbar ist.
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Obwohl einer oder mehrere Antriebskdrper gemaf der
Erfindung mittels Hebeln oder ahnlicher mechanischer
Einrichtungen einfach bewegbar sind, kann durch eine
hydraulische oder pneumatische Antriebseinrichtung
die Antriebsbewegung besonderé einfach zu der
Fordereinrichtung geleitet werden. Entsprechende
pneumatische oder hydraulische Leitungen kdénnen
beispielsweise in Form eines Hohlkatheters oder auch
innerhalb eines Hohlkatheters, an dessen distalem
Ende die Fordereinrichtung vorgesehen ist, verlegt
werden und im Bereich der Férdereinrichtung entweder
direkt auf einen Kolben, Faltenbalg oder ballonarti-
gen Antriebskdrper wirken oder dort in eine Hebelbe-

wegung umgesetzt werden.

Mégliche Antriebsbewegungen des oder der Antriebs-
kérper sehen dabei vor, dass wenigstens ein Antriebs-
kdrper oszillierend um eine quer zur Forderrichtung
verlaufende Achse schwenkbar ist und/oder dass einer
oder mehrere Antriebsk®rper oszillierend um eine in
Forderrichtung, insbesondere auflerhalb der Férderkor-
per, verlaufende Achse schwenkbar sind.

Besonders an einer derartigen oszillatorischen Be-
wegung ist, dass die Schwenkbewegung einen relativen
geringen Hub aufweist, so dass in keinem Fall eine

volle Drehung des Antriebskdrpers erfolgt.

Bei der Drehung um eine in Férderrichtung verlaufende
Achse kann jedoch auch eine Drehung um grdfiere Winkel
vorgesehen sein.

Zur Verringerung von unerwiinschten Druckausgleichs-
vorgingen an den Antriebskdrpern kénnen an diesen
zwischen deren Férderflédchen Sperrkdrper angeordnet

sein. Diese sollten flexibel sein, kénnen dabei
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biegeschlaff oder steif, aber biegsam ausgebildet
sein. Die Sperrkdrper konnen auch jeweils zwei Sperr-
kOrper miteinander oder einen Sperrkdrper mit einer

Gehausewand wverbinden.

Das beschriebene flossenartige Antriebsprinzip far
Fluide ist im Zusammenhang mit der Fdérderung von
Flissigkeiten neu und erlaubt damit die Realisierung
von Fdrdercharakteristiken, die mit den bereits

bekannten FOrdereinrichtungen nicht erreichbar sind.

Im Folgenden wird die Erfindung anhand eines Aus-
fihrungsbeispiels in einer Zeichnung gezeigt und
anschlieflend beschrieben.

Dabei =zeigt

Fig. 1 im Querschnitt einen Antriebskdérper in drei
Stellungen,
Fig. 2 "in einem Langsschnitt ein Férdersystem fur

Fluide mit zwel Antriebskdérpern,

Fig. 3 ein Fordersystem mit zwei Antriebskdrpern
in einer dreidimensionalen Ansicht,

Fig. 4 zwei Antriebskdérper in einer ersten Stel-
lung mit einem Antriebssystem,

Fig. 5 die Antriebskdédrper aus Fig. 4 in einer
zweiten Stellung,

Fig. 6 die Antriebskdérper aus den Fign. 4 und 5 in
einer dritten Stellung,

Fig. 7 ein Antriebssystem in dreidimensionaler
Darstellung mit einem im Querschnitt vier-
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eckigen Fdérderraum,

zwei Antriebskdérper, die oszillierend um
eine in Férderrichtung verlaufende Achse
gedreht werden, ' '

in dreidimensionaler Ansicht ein Antriebs-
system mit zwei teilzylindrisch ausgebilde-
ten Antriebskdrpern,

einen Schnitt durch das Antriebssystem aus
Fig. 9,

eine Ausfihrungsform wie Fig. 3 mit zusatz-

lichen Sperrkorpern,

eine Ausfihrungsform &hnlich der aus Fig. 7

mit Sperrkdrpern,

eine Darstellung von zwei AntriebskOrpern,

die mittels Sperrkdrpern verbunden sind,

die Ausfiihrungsform aus Fig. 13 in einer
Frontansicht,

eine Ansicht der Ausfihrungsform aus Fig.
13, wobei die Einwirkung einer Antriebs-
kraft auf die Sperrkdérper angedeutet ist,

eine Anordnung, bei der die Sperrkdrper
eine steife, aber biegsame Ringstreifenform
aufweisen,

einen Antriebskdérper mit fin-rays im neut-
ralen Zustand sowie
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Fig. 18 einen Antriebskdrper wie in Fig. 17 im be-
lasteten Zustand.

Fig. 1 zeigt_im mittleren Teil einen Antriebskdérper 1
im Profil, der im Wesentlichén eine Keilforﬁ auf-
weist, die der Form einer in der Biologie auftreten-
den Flosse nachgebildet ist. Der AntriebskOrper 1
erstreckt sich senkrecht zur Zeichenebene mit gleich-
bleibendem Profil, kann sich allerdings zu seinem
verjungten Ende hin auch senkrecht zur Zeichenebene

verbreitern.

Der Antriebskdédrper 1 kann entlang der gestrichelten
Linie 2 in den durch die Pfeile 3, 4 angedeuteten
Richtungen oszillierend bewegt werden. Dabei ist der
Bereich um den Angriffspunkt der Antriebskraft als
Kreis dargestellt und mit 5 bezeichnet. An diesem
Punkt greift die Antriebskraft derart an, dass der
Antriebskdrper im Wesentlichen translatorisch entlang
der Linie 2 bewegt wird und in einer ersten Variante
somit nicht schwenkbar ist, um einem wirkenden Fluid-

gegendruck auszuweichen.

Es ergibt sich dann im Betrieb beispielsweise bei

- Bewegung des Antriebskdrpers innerhalb einer Flussig-

keit auf der Seite der jeweils wirkenden Fdrderfléache
6, 7 ein Fluidgegendruck, der zu einer Deformation
des antriebsfernen Endes 8 des Antriebskoérpers 1, d.
h. des verjungten Endes, fuhrt, wenn dieser Antriebs-
ko&rper wie in dem gezeigten Beispiel elastisch ausge-
bildet ist. Durch diesen Effekt ergibt sich ein
besonders effizienter Vortrieb des angetriebenen

Fluids in der F&érderrichtung 9.

Alternativ kann der Antrieb des Antriebskorpers 1
auch so ausgestaltet sein, dass dieser nicht streng
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translatorisch im Sinne der Richtungen 3, 4, sondern
in einer Uberlagerten translatorischen Bewegung und
Schwenkbewegung angetrieben wird. Dabei kann bei-
splelswelse glelchzeltlg mit der Bewegung in Richtung
des Pfeils 3 ein Schwenken des Antrlebskorpers um den
Angriffspunkt 5 im Uhrzeigersinn um einen bestimmten
Winkel, beispielsweise 10°, erfolgen, so dass der
Antriebskdédrper sich dhnlich wie unter der Wirkung
eines Fluidgegendrucks zum Ende der Bewegung hin
neigt. Optional kann zum Ende der Translationsbewe-
gung die Rotationsrichtung der Schwenkbewegung noch
umgekehrt werden, um mit der Flosse zu schlagen.
Dieses Antriebsprinzip kann sowohl mit steifen als
auch mit flexiblen Antriebskdrpern kombiniert werden.

Es kann zu diesem Zweck ein spezieller Hebelantrieb
oder ein Kulissenantrieb des Antriebskdrpers vor-
gesehen sein, oder es ist denkbar, mittels einer
hydraulischen oder pneumatischen Vorrichtung die
Antriebskrafte zu uUbertragen.

Fig. 2 zeigt in einer Seitenansicht ein Gehduse 10,
in dem eine erfindungsgemé&afe F&rdereinrichtung mit
zwei Antriebskdérpern 1, 11 angeordnet ist. Das Ge-
hause 10 ist fotationssymmetrisch oder im Querschnitt
elliptisch um die Antriebskdérper 1, 11 herum aufge-
baut und weist einen Zulaufkanal 12 sowie einen
Ablaufkanal 13 auf. Durch den Ablaufkanal 13 hindurch
ragt eine Fluidleitung 14, die Teil des Antriebssys-
tems ist und die mit einem Antriebsbalg 15 verbunden
ist. Uber eine nicht dargestellte Drucksteuereinrich-
tung kann Uber die Fluidleitung 14 der Antriebsbalg
15 mit einem Uber- oder Unterdruck verbunden werden,
so dass dieser durch Einstrémen eines Fluids oder
Abziehen des Fluids aufgepumpt bzw. geschrumpft
werden kann.



10

15

20

25

30

35

14

An den beiden Enden 15a, 15b des Antriebsbalgs 15 ist
je ein Antriebskdérper 1, 11 befestigt, der durch die

Volumenanderungen des Antriebsbalges eine Antriebs-

bewegung in Richtung der Pfeile 3, 4 durchlauft.
Durch eine entsprechende elastische Ausgestaltung des
Antriebsbalges 15 oder durch zusatzliche Hebel, die
den Balg mit den Antriebskdrpern 1, 11 oder die
Antriebskdérper mit einem festen Punkt des Gehauses 10
verbinden, kann die translatorische Antriebsbewegung
des Antriebsbalges 15 in eine komplexere Bewegungs-
bahn der Antriebskérper 1, 11 Ubersetzt werden, die
einer Uberlagerung der translatorischen Bewegung mit

einer Schwenkbewegung entsprechen kann.

Es kann jedoch auch vorgesehen sein, dass die Be-
wegung der Antriebskdédrper 1, 11 im Wesentlichen
translatorisch erfolgt und diese elastisch ausgebil-
det sind, um die anhand der Fig. 1 dargestellte

elastisch flossenartige Gesamtbewegung auszufihren.

Wenn tber die Steuerung des Fluiddrucks in der Fluid-
leitung 14 der Druck im Antriebsbalg 15 periodisch
geandert wird, beispielsweise mehrmals pro Sekunde,
so wird dies in eine oszillatorische Bewegung der
Antriebskdrper 1, 11 Ubersetzt. Dies resultiert in
einer Beschleunigung des in dem Gehduse 10 befind-
lichen Fluids in Richtung des Pfeils 16, der die
Forderrichtung des Fluids bezeichnet. Da durch die
Periodizitat der Bewegung Druckschwankungen auftreten
werden, kann es sinnvoll sein, ein Rickschlagventil
17 im Einlaufkanal 12 vorzusehen, das fir den Fall,
dass vor dem Ventil innerhalb des Gehduses 10 ein
Uberdruck entsteht, den Einlaufkanal 12 sperrt und
diesen wieder &ffnet, sobald dort ein Unterdruck
erzeugt ist.
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Die Fluidleitung 14 kann als flexible Schlauchleitung
ausgefuhrt werden, sofern der Antriebsbalg 15 ander-
weitig in dem Gehduse 10 gehalten ist. Die Antriebs-
leitung 14'kann jedoch auch als starre Leitung in
Form eines Rohres ausgebildet sein, um gleichzeitig
das Fluid zu leiten und den Antriebsbalg sowie die
Antriebskérper 1, 11 zu fixieren. In jedem Fall kann
die Fluidleitung 14 in einem Haltestern 18 oder an
einem Haltearm innerhalb des Ablaufkanals 13 gehalten

und fixiert sein.

In der Figur sind fir jeden Antriebskérper 1, 11 drei
Positionen gezeigt, wobei eine mittlere neutrale
Position mit durchgezogenen Linien dargestellt ist
und die Extrempositionen auf der Bewegungsbahn jedes
einzelnen Antriebskédrpers 1, 11 gestrichelt darge-
stellt sind.

Die Fig. 3 zeigt eine &hnliche Anordnung wie Fig. 2,
jedoch in dreidimensionaler Ansicht, wobei ein zwei-
ter Haltestern 19 zusatzlich zu dem ersten Haltestern
18 in unmittelbarer Nachbarschaft des Antriebsbalges
15 und der Antriebskdérper 1, 11 vorgesehen ist.

Es sind Pfeile 20, 21 und 20', 21' eingezeichnet, die
die Bewegungsrichtungen der jeweils verdickten Enden
der Antriebskérper 1, 11 andeuten, sowie Pfeile 22,
23 und 22', 23', die die Bewegung der verjungten
Enden der Antriebskdrper 1, 11 andeuten. Die unter-
schiedliche Lange der dargestellten Pfeile soll
andeuten, dass die verdickten, dem Einwegventil 17
zugewandten Enden der Antriebskérper 1, 11 eine
Schwenkbewegung ausfihren, deren Amplitude wesentlich
grbéRBer ist als die Bewegung der verjﬁngten Enden der

Antriebskérper. Dies wird, wie naher anhand der Fign.
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4, 5 und 6 gezeigt wird, durch eine besondere Kon-
struktion des Antriebsbalges 15 ermdglicht.

Die Fig. 4 zeigt in einer Seitenansicht im oberen
Teil die beiden Antriebskdrper 1, 11 sowie den An-
triebsbalg 15 in geschrumpfter, d.h. komprimierter
Form. Der Pfeil 24 deutet an, dass in diesem Zustand
ein Unterdruck in der Fluidleitung 14 besteht, um den

Antriebsbalg 15 zu komprimieren.

Der Antriebsbalg 15 selbst ist asymmetrisch aufge-
baut, wie aus dem unteren Teil der Fig. 4 genauer
hervorgeht. Dort ist ein Querschnitt durch den An-
triebsbalg 15 entlang der gestrichelten Linie A
gezeigt, der ersichtlich macht, dass der Antriebsbalg
in seinem dem Einwegventil 17 zugewandten Bereich
eine geringere Wandstérke aufweist als in dem dem
Abflusskanal 13 zugewandten Bereich.

Dadurch wird erreicht, dass die Bewegungsamplitude im
vorderen, dem Zuflusskanal 12 zugewandten Bereich
grdRer ist als im hinteren, dem Abflusskanal 13
zugewandten Bereich des Antriebsbalges. Dadurch
ergibt sich eine Schwenkbewegung der Antriebskdrper
1, 11 bei einer Druckénderung in dem Antriebsbalg 15.

In der Fig. 5 ist die Anordnung aus der Fig. 4 mit
den Antriebsk&édrpern 1, 11 und einem gegeniber der
Fig. 4 weiter aufgepumpten Antriebsbalg 15 gezeigt.
Die Antriebskdrper befinden sich etwa in der in
Fig. 2 dargestellten geraden Position.

Die Fig. 6 letztlich zeigt den Zustand der Antriebs-
kérper 1, 11 im voll aufgepumpten Zustand des An-
triebsbalges 15, wobei auch deutlich wird, dass die
verdickten Enden der Antriebskdrper 1, 11 eine grdRe-
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re Bewegungsamplitude durchlaufen haben als die
verjlingten Enden, so dass zusatzlich zu einer trans-
latorischen Bewegung eine Schwenkbewegung der An-

triebskdrper erfolgt ist.

Fig. 7 zeigt aus einer anderen Perspektive dreidimen-
sional dargestellt zwei Antriebskdrper 1', 11', die
asymmetrisch nach Art eines aerodynamischen Tragfla-
chenprofils ausgebildet sind, jedoch zusatzlich
gegebenenfalls flexibel ausgefihrt sein kénnen und
die mittels eines Antriebsbalgs 15 antreibbar sind.
Im Vordergrund der Figur ist der Einlaufkanal 12, im
Hintergrund der Auslaufkanal 13 dargestellt. Im
Gegensatz zu dem in Fig. 3 dargestellten zylindri-
schen Gehduse 10 der Anordnung ist das in der Fig. 7
dargestellte Gehduse 10' quaderfédrmig mit rechtecki-
gem Querschnitt aufgebaut, um den nicht zylindersym-
metrischen Aufbau der Antriebsanordnung und der
Antriebskdrper mdglichst effizient umzusetzen. Im
Unterschied zu der konkreten Darstellung der Fig. 7
kann der Ubergang von dem Gehéuse 10' zu den Einlauf-
und Auslaufkanilen 12, 13 mit konischen oder schragen
Ubergingen erfolgen. Es kann vorteilhaft vorgesehen
sein, dass sich die Antriebskdérper 1', 11' senkrecht
zur Ebene der Antriebsbewegung bis mdéglichst nah an
die Seitenwdnde 25, 26 des Gehduses 10' erstrecken.
Dadurch werden Verwirbelungen an den Seitenfliachen
der Antriebskdérper 1', 11' reduziert.

Die Antriebskérper 1', 11' kénnen ebenso wie die
weiter oben dargestellten Antriebskdédrper 1, 11 aus
einem Schaumstoff, insbesondere Polyurethan, bestehen
und aufpumpbar sein. Dazu kénnen die Kérper grofie
und/oder viele kleine Hohlrdume aufweisen, die bei-
spielsweise durch das Antriebsfluid uUber die Fluid-
leitung 14 aufgepumpt werden kénnen und die Uber
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Rickschlagventile verfigen, um im aufgepumpten Zu-

stand stabilisiert zu sein.

Hierdurch wird eine gute Komprimierbarkeit im nicht
aufgepumpten Zustand erméglicht, so dass die An-
triebskdérper zum Transport an einen Einsatzort ge-
meinsam mit dem Gehduse 10, 10' radial komprimiert
und vor Ort expandiert werden kénnen, bevor sie in

Betrieb genommen werden.

Fig. 8 zeigt im Vergleich zu den weiter oben be-
schriebenen Figuren eine Anordnung mit zwei Antriebs-
kérpern 1'', 11'' mit einem anderen Antriebsprinzip,
bei dem die Antriebskdérper uUber Verbindungsstege 28,
29 mit einer Antriebswelle 27 verbunden sind, welche

in der Férderrichtung 30 verlauft.

Die Antriebswelle 27 kann um die F&6rderrichtung 30
herum oszillierend gedreht werden, und zwar jeweils
beispielsweise mindestens um einen Betrag von 5°, 10°
oder mindestens um 20° oder 30° in jede Richtung, wie
durch die Pfeile 33, 34 angedeutet.

Die Antriebskdérper 1'' und 11'' sind mit ihren Langs-
achsen parallel zur Welle ausgerichtet und durchlau-
fen im Rahmen dieser rotatorischen Bewegung, sofern
die Lange der Verbindungsstege 28, 29 ausreichend
ist, eine guasitranslatorische Bewegung in Umfangs-
richtung der Welle in den Richtungen, die mit den
Pfeilen 31, 32 angedeutet sind. Auf diese Weise lasst
sich mittels der Antriebswelle 27 auf sehr einfache
Weise eine entsprechende annahernd lineare translato-
rische Bewegung der Antriebskérper realisieren. In
Figur 8 sind beispielhaft am unteren Antriebskdrper
11’’ auch eine Mehrzahl von parallelen Mikrorillen 41
dargestellt.
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In der Fig. 9 ist in dreidimensionaler Ansicht eine
méglichst weitgehend zylindersymmetrische Anordnung
von zwei Antriebskérpern 1'''" und 11''' dargestellt,
die mit einem Antriebsbalg 15' verbunden sind und im
Wesentlichen in Richtung der Pfeile 35, 36 in radia-
ler Richtung beztGglich der Zylinderachse bewegt
werden kdnnen. Der Antriebsbalg 15' ist mittels einer
Fluidleitung 14 mit einem Druckerzeugungssystem ver-
bunden. Es ist auch denkbar, die Zylindersymmetrische
Anordnung in eine hdéhere Anzahl von beispielsweise 4
oder 8 oder mehr Zylindersegmenten zu unterteilen und
diese jeweils radial zu bewegen, wobei sich ein
Bewegungsmuster ergibt, das der Fortbewegungsart von
Quallen ahnelt.

In Fig. 10 ist ein Schnitt durch die Anordnung aus
Fig. 9 dargestellt, der die Funktion deutlich macht.
Der Antriebskdérper 1''' ist beispielhaft mit einem
Hohlraum 37 dargestellt, der Antriebskorper 11''' mit
einem Hohlraum 38, wobei die Hohlraume nur schema-
tisch angedeutet sind.

Uber die Fluidleitung 14 wird Fluid mit dem Inneren
des Antriebsbalgs 15 ausgetauscht und von dort in die
Hohlrdume 37, 38 hineingepumpt, wobei die Hohlraume
37, 38 der Antriebskdédrper 1''' und 11''' mittels
Einwegventilen 39, 40 mit dem Hohlraum des Antriebs-
balgs 15*' verbunden sind, so dass die Antriebskdrper
nur einmal aufgepumpt werden und danach den erhdhten
Fluiddruck halten, um sich in der Form zu stabilisie-
ren. Danach wird lediglich das Innere des Antriebs-
balgs 15' aufgepumpt und geschrumpft. Dadurch bewegen
sich die Antriebskdérper 1''', 11''' abwechselnd in
Richtung der Pfeile 35, 36 auseinander und in ent-
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gegengesetzter Richtung zusammen, wodurch eine ent-

sprechende Antriebsbewegung realisiert wird.

Durch die zylindersymmetrische oder anndhernd zylin-
dersymmetrische Anordnung dér Antriebskérpér wird der
Wirkungsgrad der Fdordereinrichtung gegenUber den
nicht zylindersymmetrischen Anordnungen, die in den

oben genannten Figuren dargestellt sind, erhdht.

Fig. 11 zeigt eine zylindrische Anordnung eines
Gehduses 10 mit zwei Antriebskdrpern 11, die seitlich
jeweils mit Sperrkdrpern 50, 51, 52, 52 versehen
sind, die flexibel sind und auch mit der Wand des
Gehduses 10 verbunden sein kénnen und die wahrend der
Antriebsbewegung einen Druckausgleich zwischen Unter-
und Oberseite bzw. der Hochdruck- und Niederdrucksei-

te jedes Antriebskdrpers verhindern oder verringern.

Fig. 12 zeigt entsprechende Sperrkdrper 53, 54 fur

ein Gehiuse 10' mit abgeflachten Seitenwanden.

Fig. 13 zeigt zwei Sperrkdérper in Form von breiten,
flexiblen Bandern 55, 56, die zwei AntriebskOrper zu
beiden Seiten miteinander verbinden. Diese Konstella-

tion ist in Fig. 14 in einer Frontansicht gezeigt.

Fig. 15 zeigt zwei Sperrkdérper 55, 56 wie in Fig. 13,
die zwei flossenfdérmige Antriebskdrper miteinander
verbinden und als Ausgleichssperre wirken. Die Sperr-
kérper sind als Streifen ausgebildet und kdénnen
biegeschlaff oder steif und elastisch biegbar ausge-
bildet sein. Im letzten Fall kann durch gezieltes
Aufbringen einer mechanisch, magnetisch, pneumatisch,
hydraulisch oder elektrisch erzeugten Antriebskraft
auf die Sperrkdrper von aufien, angedeutet durch die
Pfeile F, und F;', oder von innen aus dem Zwischen-
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raum der Antriebskd4rper, angedeutet durch den Doppel-
pfeil F., eine Antriebsbewegung auf die Antriebs-
kdrper gezielt aufgebracht werden.

Anstelle dér Sperrkdérper kénnen auch éhnlich positio-
nierte Kopplungskérper in Form eines Gerustes oder
Rahmens zur Einkopplung der Antriebsbewegung in die
Profile vorgesehen sein.

Das Prinzip des Antriebs uber die Sperrkdrper ist
beispielhaft zusatzlich durch Fig. 16 verdeutlicht.
Dort sind zwei Antriebskdérper 57, 58 durch zwei
Ringsegmente 59, 60 eines Ringstreifens in Form eines
Kreisrings miteinander verbunden. Die Zylinder 61, 62
deuten symbolisch aufen ansetzende Antriebskrafte an,
die von aufen auf die Ringsegmente eine Zug- oder
Druckkraft aufbringen k&énnen. Mit 63, 64 sind sym-
bolisch entsprechende, innen ansetzende Krafte be-
zeichnet. Eine Verformung der Ringsegmente bewirkt
eine Antriebsbewegung der Antriebskdrper 57, 58.
Diese kann in geeigneter Weise durch eine Profilie-
rung der Ringsegmente 59, 60 oder durch Ausnehmungen
in den Ringsegmenten gesteuert werdeﬁ.

In Fig. 17 und 18 ist in einer schematischen Drauf-
sicht ein Antriebskdérper mit sogenannten fin-rays 65
gezeigt, die als steg-, nut- oder flossendhnliche
Strukturen auf der Oberfliche einen Einfluss auf die
Strémung des Fluids nehmen. Diese kdnnen derart
geformt und gestaltet sein, dass sie bei Bewegung des
Antriebskdrpers auf der Druckseite eine konkave

Verformung und damit eine Druckerhéhung bewirken.

Die erfindungsgemidfe Fdrdereinrichtung fir Fluide
erlaubt durch den Einsatz einer oszillatorischen
Bewegung quer zur Férderrichtung von Antriebskdérpern
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eine effiziente Ausgestaltung, wobei die Nachteile
von ausschliefflich rotierenden Antriebseinrichtungen
vermieden werden.
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Patentanspruiche

Férdereinrichtung zur F6rderung eines Fluids in
einer FOrderrichtung mit wenigstens einem
mittels eines Antriebssystems antreibbaren An-
triebskdrper (1,1°,1‘‘,1°°‘,11,11’,11’‘,11""'"),
dadurch gekennzeichnet, dass der Antriebskdrper
quer zur Férderrichtung (9) oszillierend

antreibbar ist.

Férdereinrichtung nach Anspruch 1, dadurch ge-
kennzeichnet, dass wenigstens eine Fdrderflache
(6,7) wenigstens eines Antriebskérpers
(L,r2",2",1"*7,11,11’,11"',11''') derart aus-
gerichtet ist, dass bei Bewegung des Antriebs-
kdrpers auf das Fluid eine Teilkraft in der
FOrderrichtung (9) wirkt.

Fdrdereinrichtung nach Anspruch 2, dadurch ge-
kennzeichnet, dass zwei FOrderflachen (6,7) der-
art ausgerichtet sind, dass sie in jeweils we-
nigstens einer Bewegungsrichtung (3,4) eines An-
triebskdérpers (1,1’,1'°,21°°',11,11’,11"",11""‘")
eine Fdorderung des Fluids bewirken.

Fordereinrichtung nach Anspruch 1, 2 oder 3,
dadurch gekennzeichnet, dass wenigstens ein
Antriebskd4rper (1,1’,1°’,1’‘",11,11’,11"’,11'"'")
sich in Férderrichtung (9) in dem parallel zu
seiner Bewegungsebene liegenden Querschnitt ver-
jungt.

F6rdereinrichtung nach Anspruch 1 oder einem
der folgenden, dadurch gekennzeichnet, dass der
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wenigstens eine Antriebskdrper
(p,2’,2°",1**",11,11’,11’",11'’") steif ausge-
bildet ist.

Férdereinrichtung'nach einem der Anspriche 1 bis-
4, dadurch gekennzeichnet, dass der Antriebs-
kérper (1,2',2°°,1°‘’,11,11°,11’‘,11’' ') derart
elastisch ausgebildet ist, dass er durch den
Fluidgegendruck im Betrieb in seinem Endbereich
um wenigstens 5° gegenuber dem unverformten 2zu-
stand biegbar ist.

F&6rdereinrichtung nach einem der Anspriche 1 bis
6, dadurch gekennzeichnet, dass der Antriebs-
kérper in Fdérderrichtung (9) verlaufende Mikro-
rillen (41) aufweist.

Férdereinrichtung nach Anspruch 1 oder einem der
folgenden, dadurch gekennzeichnet, dass der An-
triebskérper(1,1‘,1°,1*’,11,11°,11"",11"'" ")
wenigstens einen Hohlraum (37,38) aufweist.

Férdereinrichtung nach Anspruch 8, dadurch ge-
kennzeichnet, dass der Antriebskdérper
(r,1°,2’°,27°7,211,211°,11*",11°’’) aus einem
Schaumstoff, insbesondere PolYurethan, besteht.

FOordereinrichtung nach Anspruch 8 oder 9, da-
durch gekennzeichnet, dass der Antriebskdrper
wenigstens (1,1°,1°‘,1°‘’,11,11°,11°’,11°"")

teilweise aufpumpbar ist.

Fordereinrichtung nach Anspruch 1 oder einem der
folgenden, dadurch gekennzeichnet, dass der An-
triebskdérper mittels einer hydraulischen oder
pneumatischen Einrichtung (15,15’), insbesondere
eines Ballonkdrpers, antreibbar ist.
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13.

14.

15.

16.

17.
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Férdereinrichtung nach einem der Anspruche 1 bis
10, dadurch gekennzeichnet, dass der Antriebs-
kdrper mittels einer elektrischen und/oder
magnetischen Einrichtung antreibbar ist.

Férdereinrichtung nach Anspruch 1 oder einem der
folgenden, dadurch gekennzeichnet, dass wenigs-
tens ein Antriebskdrper
(0,2°,2°",1*"7,11,11°,11'',11’ ") oszillierend
um eine quer zur F&érderrichtung (9) verlaufende
Achse schwenkbar ist.

Fdrdereinrichtung nach einem der Anspriche 1 bis
13, dadurch gekennzeichnet, dass der/die An-
triebskédrper (1’’, 11’’) oszillierend um eine in
Férderrichtung (9), insbesondere aufierhalb
des/der Antriebskdérper(s) verlaufende Achse
schwenkbar sind.

Fdérdereinrichtung nach einem der Ansprlche 1 bis
14, gekennzeichnet durch seitlich an wenigstens
einem Antriebskoérper befestigten Sperren, die
eine Barriere zwischen verschiedenen F&rder-
flachen eines Antriebskorpers bilden.

F&rdereinrichtung nach Anspruch 14, dadurch ge-
kennzeichnet, dass wenigstens eine Sperre ent-
weder mit zwei Antriebskdérpern oder mit einem
Antriebskdrper und einem Gehduse der Foérder-

einrichtung verbunden ist.

Férdereinrichtung'nach Anspruch 15 oder 16, da-
durch gekennzeichnet, dass die Antriebskraft auf
die Antriebskdérper mittels des/der Sperr-
kérper (s) aufgebracht wird.
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Zusammenfassung

Fordereinrichtung fir ein Fluid

Die Erfindung bezieht sich auf eine Férdereinrichtung
zur Fé6rderung eines Fluids in einer Forderrichtung
(9) mit einem oder mehreren Antriebskdrpern
(2,1°,2°’,27*",11,11",11’',11’'"), die mittels eines
Antriebssystems (15,15‘) oszillierend quer zur
Fdérderrichtung antreibbar sind. Durch entsprechende
translatorische oder teils schwenkende Bewegung der
Antriebskérper wird nach Art des aus der Biologie

(z. B. Aerodynamik und Hydrodynamik) bekannten
Flossenprinzips eine Beschleunigung des Fluids er-

reicht.

(Fig. 3)
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matter, applicant responds as follows. Specification amendments begin on page 2,

claim amendments begin on page 3, and remarks begin on page 7.
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Il. Specification Amendment
Please replace the title with the following title:

CONVEYING DEVICE FOR A FLUID USING AN OSCILLATING BODY

ARRANGMENT
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Ill. Claim Amendments

Claims 1-22 (Cancelled).

2'3. (Currently Amended) A conveying device for the conveying of a fluid in a

conveying direction having at least one drive body which can be driven by means of

a drive system and which has a conveying surface, said drive body having a

thickened upstream end and a tapered downstream, elastically deformable end,

wherein the drive body can be driven in an oscillating, fin-like manner transversely to
the conveying direction and is flowed around on a plurality of sides by blood the-fluid
to be conveyed, and wherein the drive body can be compressed together with a

housing surrounding it.

24. (Previously Presented) The conveying device in accordance with claim 23,

wherein the drive body/bodies can be driven by means of a rotatable shaft.

25. (Currently Amended) Fhe A conveying device for the conveying of a fluid in
a conveying direction having at least one drive body which can be driven by means
of a drive system and whic'h has a conveying surface, wherein the drive body can be
driven in an oscillating manner transversely to the conveying direction, characterized
by blocks which aré laterally fastened to at least one drive body and which form a

barrier between different conveying surfaces of a drive body, said drive body having

a thickened upstream end and a tapered downstream, elastically deformable end.

26. (Previously Presented) The conveying device in accordance with claim 25,
wherein at least one block is connected either to two drive bodies or to one drive

body and a housing of the conveying device.
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27. (Previously Presented) The conveying device in accordance with claim 26,
wherein a driving force is applied to the drive bodies by means of the blocking
body/bodies.

28. (Previously Presented) The conveying device in accordance with claim 23,
wherein at least one drive body is pivotable in an oscillating manner about an axis

extending transversely to the conveying direction.

29. (Withdrawn) A conveying device for the conveying of a fluid in a conveying
direction having at least one drive body which can be driven by means of a drive
system and which has a conveying surface, wherein the drive body can be driven in
an oscillating manner transversely to the conveying direction, wherein the drive
body/bodies is/are pivotable in an oscillating manner about an axis extending in the

conveying direction, in particular outside the drive body/bodies.

30. (Previously Presented) The conveying device in accordance with claim 23,
wherein at least one conveying surface of at least one drive body is aligned such
that a partial force acts on the fluid in the conveying direction on a movement of the

drive body.

31. (Previously Presented) The conveying device in accordance with claim 30,
wherein two conveying surfaces are aligned such that they effect a conveying of

fluid in a respective at least one movement direction of a drive body.

32. (Previously Presented) The conveying device in accordance with claim 23,
wherein the at least one drive body tapers in the conveying direction in the cross-

section disposed parallel to its movement plane.
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33. (Previously Presented) The conveying device in accordance with claim 23,

wherein the at least one drive body is configured as stiff.

34. (Previously Presented) The conveying device in accordance with claim 23,
wherein the drive body is configured as elastic such that it is bendable in its end
region by the fluid counterpressure in operation by at least 5° with respect to the

non-deformed state.

35. (Withdrawn) The conveying device in accordance with claim 34, wherein the

drive body has microgrooves extending in the conveying direction.

36. (Withdrawn) The conveying device in accordance with claim 23, wherein the

at least one drive body has at least one hollow space.

37. (Previously Presented) The conveying device in accordance with claim 23,

wherein the at least one drive body comprises a foam.

38. (Previously Presented) The conveying device in accordance with claim 37,

wherein the at least one drive body is at least partly inflatable.
39. (Cancelled).
40. (Cancelled).
41. (Previously Presented) The conveying device in accordance with claim 23,

wherein the drive body or bodies is/are deformed in operation against the fluid

pressure on the respective pressure side.
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42. (Previously Presented) The conveying device in accordance with claim 41,
wherein the deformation of the pressure side takes place by inner struts of the drive

body without any additional external energy supply.

43. (Currently Amended) The conveying device in accordance with claim 23 20,
wherein the deformation of the pressure side takes place by the so-called fin-ray
effect.

44. (Cancelled).

45. (Previously Presented) The conveying device in accordance with claim 37,

wherein the at least one drive body comprises polyurethane.

46. (Cancelled).
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V. Remarks

The October 21, 2013 Office Action indicated the withdrawal of claims 35-36 and
29 as being drawn to a nonelected species. Claim 43 was withdrawn by the Examiner
since it depended from a cancelled claim. Claim 43 is amended herewith to change it
dependency so it is now an active claim.

Applicant thanks the Examiner for the reminder regarding the certified copy of
the 10075034.9 application. A certified copy will be submitted in due course.

The drawings were objected to for allegedly failing to show certain means in
claims 39-40. Claims 39-40 have been cancelled so the objection is moot.

A new title for the application\was required and Applicant thanks the Examiner
for the suggested title which is requested to be utilized herewith.

Claim 25 and its dependent claims were objected to because claim 25 should be
amended from “The conveying device” to “A co’nveying device”. Claim 25 has been
amended as suggested.

Claims 23-28, 30-34 and 41 are rejected under pre-AlA 102(b) as being
anticipated by Shafer (US 2,728,298).

The Office Action indicates Shafer teaches that with respect to independent
claim 23, the alleged drive body can be compressed together with a housing
surrounding it in Shafer’'s Figs. 3-4 and via the Examiner’s note that moving liquid
within/around the housing during operation will exert compressive forces on the housing

and drive body. Applicant respectfully disagrees.
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Applicant respectfully submits that the Office Action, and Shafer, are silent on
what the alleged housing might be.. More particularly, the Action and the references do
not identify the alleged housing with particularity — no reference number in the
reference is used to identify the alleged housing, the figure in the reference was not
annotated to depict the alleged housing and no portion of the written description of the
reference was cited as describing the alleged housing.'

For at least these reasons, the Office Action does not properly reject
independent claim 23. “A claim is anticipated only if each and every element as set forth
in the claim is found, either expressly or inherently described, in a single prior art
reference.” Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 628, 631, 2
USPQ2d 1051, 1053 (Fed. Cir. 1987); The identical invention must be shown in as
complete detail as is contained in the ... claim.” Richardson v. Suzuki Motor Co., 868
F.2d 1226, 1236, 9 USPQ2d 1913, 1920 (Fed. Cir. 1989).

Independent claim 23 currently requires a drive body that can be compressed
with a housing surrounding it. Both the drive body and the housing must be
compressed so that both can fit within a person’s body. More particularly, the housing
and the drive body have to be compresséd to fit within a blood vessel so the drive body
can pump blood. See, for example, paras. 0002, 0005 and 0015 of applicant’s
published patent application. |

The Shafer reference is silent on its alleged drive body, or its alleged housing,

being compressible. In fact, one of the highly related embodiments in Shafer, shown in
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Figs. 1 and 2, indicates that the alleged drive bodies are made of spring sheet metal.
Spring sheet metal is not compressible the slightest amount unless subjected to
extreme pressures and no such pressures are suggested or contemplated by Shafer, or
the present invention.

Assuming, arguendo, that Shafer’s structure 7 is the claimed compressible
housing, there is nothing in Shafer to teach or suggest that structure 7 is compressed.
In fact, it'would be the opposite. If fluid were located between the two structure 7 walls,
which is it required to be for Shafer’s structure to work, the fluid would not compress
structure 7, but rather it would expand it.

Independent claim 23 has also been amended to indicate that the fluid is blood.
Shafer is entirely silent on blood. Further, it is clear by the crude design, ‘dangerous
moving parts and gears immersed in the alleged fluid that Shafer is not designed to be
a blood conveying device. Applicant’s disclosure discusses that blood must be carefuliy
conveyed so that its large and sensitive molecules are not damaged. See, for example,
paragraph 0003 of applicant’s published application. And, Applicant’s claimed blood
conveying device accomplishes this goal. Thus, for at least this reason as well,
Shafer’s disclosure does not teach or suggest Applicant’s independent claim 23 as now
amended.

Independent claim 25 requires, among other limitations, “blocks which are
laterally fastened to at least one drive body and which form a barrier between different

conveying surfaces of a drive body....” The Office Action indicates that Shafer teaches
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blocks “upon 10 and 17”. Applicant respectfully disagrees.

Shafer’s Fig. 4 clearly shows that structures 10 and 17 are spindles to which the
alleged fins (e.g.,8 are attached). The alleged blocks are the structures that attach the
fins to the spindles. Fig. 4 shows thevalleged blocks centered on each of the spindles,
that the spindies extend through the alleged blocks and that the alleged blocks are only
approximately double the width of the spindle. Fig. 4 also suggests that the alleged
blocks are pivotally attached to the alleged drive bodies, such as through a hinge-type
- structure.

Based on the above, Shafer clearly does not depict the alleged blocks being
laterally fastened to at least one drive body. Instead, Shafer shows the alleged drive
bodies trailing behind each of the alleged blocks.

Further, Shafer's alleged blocks do not at all form a barrier between different
conveying surfaces of the alleged drive bodies. As seen in Shafer’s Figs. 3 and 4, the
alleged blocks are centered both horizontally and vertically with the alleged drive
bodies, they are only slightly thicker than the alleged drive bodies, and they connect
with the alleged drive bodies with an unobtrusive hinge-like connection. Fluid is freely
permitted to flow over and around the alleged blocks to any and all surfaces of the
alleged drive body. Additionally, Shafer is silent the alleged blocks forming any kind of
a barrier against any surface of the any drive body. It is therefore respectfully submitted
that Shafer's alleged blocks do not form any barrier between different conveying

surfaces of the alleged drive bodies.
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Claims 23 and 41-42 are rejected under pre-AlA 35 USC 102(b) as being
anticipated by Panthoefer (GB 2041447).

Independent claim 23 now requires, among other limitations, that the drive body
has a thickened upstream end and a tapered downstre‘am, elastically deformable end,
where the drive body can be driven in an oscillating, fin-like manner, where the drive
body is flowed around on a plurality of sides by blood.

The Panthoefer reference is silent on conveying blood. Instead, it indicates that
it is used for aquaria (lines 8, 36). For at least this reason, the reference does not teach
all the limitations of amended independent claim 23.

The alleged drive body in the reference is indicated at structure 6, 7, 8 in the
Office Action. Alleged drive body 6, 7, 8 in the reference does not teach or suggest a
thickened upstream end and tapered downstream, elastically deformable end. Instead,
structure 6, 7, and 8, if it has an upstream end, is likely adjacent part 7. Part 7 appears
in Fig. 1 to be the thinnest component of the alleged drive body 6, 7 and 8. Parts 6 and
8 are near the outlet 4, making them the downstream end. Parts 6 and 8 are clearly
" “thicker than part 7. Thus, the reference does not teach or suggest that its alleged drive
- body 6, 7, 8 has a thickened upstream end and a tapered downstream end as now
required by amended claim 23. In view of the fact that the reference does not teach or
suggest all of the limitations of independent claim 23 as amended, it is requested that.
the rejection be removed.

Claims 23, 38-29, 44 and 46 were rejected under pre-AlA 35 USC 102(b) as



12 1-21942
Serial No. 13/261,361
being anticipated by Kung (GB 2041447).

Independent claim 23 has been amended to require that it has a drive dey with
a thickened upstream end and a tapered downstream, elastically deformable end,
wherein the drive body can be driven in an oscillating, fin-like manner transversely to
the conveying direction, among other limitations.

The Office Action indicates that Kung teaches a drive body at 102 and 104,
including structure 122 or the side walls of 102.

Structures 104 or 122 do not drive fluid. Instead; structure 104 is the cannula in
the reference. Structure 122 is merely a one way valve (column 6, line 35-37) where its
flap is either pushed open or falls closed. There is no teaching or suggestion in the
reference that either the cannula or the one way valve, together or separately, drive
fluid. Thus, for at least this reason it is respectfully submitted that structures 104 or 122
are not drive bodies.

Independent claim 23 now requires that the drive body be driven in an oscillating,
fin-like manner transversely to the conveying direction. None of the alleged drive
bodies 102, 104, or 122 oscillate in a fin-like manner. As stated above, structure 104 is
simply a cannula and structure 122 is an open/close valve. Structure 102 is taught to
inflate and deﬂate,}but the reference is silent on it doing anything other than that; the
reference has no teaching or suggestion that that structure 102 oscillates in a fin-like

manner.
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Additionally, independent claim 23 requires that the alleged drive bodies 102,
104, or 122 move in a fin-like manner transversely to the conveying direction. Applicant
respectfully submits that if the reference does not teach or suggest drive bodies moving
in a fin like manner, it also does not teach or suggest that fjn-like movement being
transverse to the conveying direction.

Based on the foregoing, it is respectfully submitted that the amended
independent claims and remarks define over the cited art. Since the independent
claims are allowable, the claims which depend from them are allowable.

The fee for a one month extension of time is being submitted herewith. No
additional fees are believed due with this response. In the event that additional fees
are due, please charge them to Deposit Account No. 13-1816. Kindly credit any
overpayment to the same account. In either case, please associate P159600-
21942001 with any credit or debit of the Deposit Account.

. Please do not hesitate to contact the undersigned with any questions.

Respectfully submitted,
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Detailed Action

Election/Restrictions
Claims 35-36 withdrawn from further consideration pursuant to 37 CFR 1.142(b)
as being drawn to a nonelected species, there being no allowable generic or linking
claim. Claim 29 is also withdrawn as it applies to a nonelected species C. Claim 43 has
also been withdrawn as it depends on a cancelled claim. Election was made without

traverse in the reply filed on June 20, 2013.

Priority
Acknowledgment is made of applicant's claim for foreign priority based on an
application filed 1/27/2010. It is noted, however, that applicant has not filed a certified

copy of the 10075043.9 application as required by 37 CFR 1.55.

Drawings
The drawings are objected to under 37 CFR 1.83(a). The drawings must show
every feature of the invention specified in the claims. Therefore, the
hydraulic/pneumatic/electric/magnetic means of claims 39-40 and balloon body of claim
46 for operating the drive body must be shown or the feature(s) canceled from the
claim(s). No new matter should be entered.
Corrected drawing sheets in compliance with 37 CFR 1.121(d) are required in

reply to the Office action to avoid abandonment of the application. Any amended
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replacement drawing sheet should include all of the figures appearing on the immediate
prior version of the sheet, even if only one figure is being amended. The figure or figure
number of an amended drawing should not be labeled as “amended.” If a drawing figure
is to be canceled, the appropriate figure must be removed from the replacement sheet,
and where necessary, the remaining figures must be renumbered and appropriate
changes made to the brief description of the several views of the drawings for
consistency. Additional replacement sheets may be necessary to show the renumbering
of the remaining figures. Each drawing sheet submitted after the filing date of an
application must be labeled in the top margin as either “Replacement Sheet” or “New
Sheet” pursuant to 37 CFR 1.121(d). If the changes are not accepted by the examiner,
the applicant will be notified and informed of any required corrective action in the next

Office action. The objection to the drawings will not be held in abeyance.

Specification
The title of the invention is not descriptive. A new title is required that is clearly
indicative of the invention to which the claims are directed.
The following title is suggested: Conveying device for a fluid using an oscillating

drive body arrangement.
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Claim Objections
Claim 25 and its dependents are objected to because of the following
informalities: in claim 25, line 1, the phrase “The conveying device” should be changed

to “A conveying device”. Appropriate correction is required.

Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of pre-AlA 35 U.S.C.

102 that form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country
or in public use or on sale in this country, more than one year prior to the date of application
for patent in the United States.

Claims 23-28, 30-34 and 41 are rejected under pre-AlA 35 U.S.C. 102(b) as
being anticipated by Shafer (US 2,728,298).

Claim 23: Shafer discloses a conveying device for the conveying of a fluid in a
conveying direction (Figs. 3-4) having at least one drive body (8, 9, 10, etc.) which can
be driven by means of a drive system (5/6/13/20/21) and which has a conveying surface
(note top/bottom surface of 8, 8, 10, etc.), wherein the drive body can be driven in an
oscillating manner transversely to the conveying direction and is flowed around on a
plurality of sides by the fluid to be conveyed (Figs. 3-4), and wherein the drive body can
be compressed together with a housing surrounding it (Figs. 3-4, Examiner noting that
during operation, the moving liquid pressures involved within/around the housing during

pump operation will exert compressive forces on the housing and drive body;
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alternatively, when the device is submerged in liquid, a slight compressive force will be
exerted upon all the submerged components).

Claim 24: Shafer further discloses that the drive body/bodies can be driven by
means of a rotatable shaft (Figs. 3-4, Examiner noting any of the shafts for 5, 6, 10, 21).
28. (new) The conveying device in accordance with claim 23, wherein at least one drive
body is pivotable in an oscillating manner about an axis extending transversely to the
conveying direction.

Claim 25: Shafer discloses a conveying device for the conveying of a fluid in a
conveying direction (Figs. 3-4) having at least one drive body (8, 9, 10, etc.) which can
be driven by means of a drive system (5/6/13/20/21) and which has a conveying surface
(note top/bottom surface of 8, 8, 10, etc.), wherein the drive body can be driven in an
oscillating manner transversely to the conveying direction (Figs. 3-4), characterized by
blocks (note blocks upon 10 and 17) which are laterally fastened to at least one drive
body and which form a barrier between different conveying surfaces of a drive body
(Examiner notes that these blocks can act to stop flow from between the two sides of a
drive body).

Claim 26: Shafer further discloses that that at least one block is connected
either to two drive bodies or to one drive body and a housing of the conveying device
(Figs. 3-4).

Claim 27: Shafer further discloses that a driving force is applied to the drive

bodies by means of the blocking body/bodies (Figs. 3-4).
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Claim 28: Shafer further discloses that at least one drive body is pivotable in an
oscillating manner about an axis extending transversely to the conveying direction (Figs.
3-4).

Claim 30: Shafer further discloses that at least one conveying surface of at least
one drive body is aligned such that a partial force acts on the fluid in the conveying
direction on a movement of the drive body (Figs. 3-4).

Claim 31: Shafer further discloses that two conveying surfaces are aligned such
that they effect a conveying of fluid in a respective at least one movement direction of a
drive body (Figs.3-4).

Claim 32: Shafer further discloses that the at least one drive body tapers in the
conveying direction in the cross-section disposed parallel to its movement plane (Figs.
3-4).

Claim 33: Shafer further discloses that the at least one drive body is configured
as stiff (Figs. 3-4, col. 2, line 30).

Claim 34: Shafer further discloses that the drive body is configured as elastic
(Figs. 3-4, col. 2, line 30) such that it is bendable in its end region by the fluid
counterpressure in operation by at least 5° with respect to the non-deformed state
(Examiner notes bended drive bodies in Fig. 3, which exhibit more than a 5° bend).

Claim 41: Shafer further discloses that the drive body or bodies is/are deformed
in operation against the fluid pressure on the respective pressure side (Figs. 3-4,

Examiner noting this result when a more flexible material is used per col. 2, line 30).
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Claims 23, 40 and 44 are rejected under pre-AlA 35 U.S.C. 102(b) as being
anticipated by Riepe (US 4,063,826).

Claim 23: Shafer discloses a conveying device for the conveying of a fluid in a
conveying direction (Figs. 1-2) having at least one drive body (9) which can be driven by
means of a drive system (8/10) and which has a conveying surface (note top/bottom
surface of 9), wherein the drive body can be driven in an oscillating manner transversely
to the conveying direction and is flowed around on a plurality of sides by the fluid to be
conveyed (Figs. 1-2), and wherein the drive body can be compressed together with a
housing surrounding it (Figs. 3-4, Examiner noting that during operation, the moving
liquid pressures involved within the housing during pump operation will exert
compressing forces on the housing and drive body; alternatively, if the device is
submerged in liquid, a slight compressive force will be exerted upon all the submerged
components).

Claim 40: Shafer further discloses that the drive body can be driven by means
of an electric and/or magnetic device (8/10).

Claim 44: Shafer further discloses that the conveying device can convey liquid.
While Shafer does not explicitly recite conveying blood; such omission is immaterial
since it has been held that the recitation with respect to the matter in which a claimed
apparatus is intended to be employed does not differentiate the claimed apparatus from
a prior art apparatus satisfying the claimed structural limitations. Ex part Masham, 2

USPQ2d 1647 (1987).
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Claims 23 and 41-42 are rejected under pre-AlA 35 U.S.C. 102(b) as being
anticipated by Panthoefer (GB 2041447).

Claim 23: Panthoefer discloses a conveying device for the conveying of a fluid
in a conveying direction (Figs.1-2 direction by 4) having at least one drive body (6, 7, 8)
which can be driven by means of a drive system (3) and which has a conveying surface
(note top/bottom surface of 8), wherein the drive body can be driven in an oscillating
manner transversely to the conveying direction and is flowed around on a plurality of
sides by the fluid to be conveyed (Figs. 1-2), and wherein the drive body can be
compressed together with a housing surrounding it (Figs. 1-2, Examiner noting that
during operation, the moving liquid pressures involved within/around the housing during
pump operation will exert compressive forces on the housing and drive body;
alternatively, when the device is submerged in liquid, a slight compressive force will be
exerted upon all the submerged components).

Claim 41: Panthoefer further discloses that the drive body or bodies is/are
deformed in operation against the fluid pressure on the respective pressure side (Fig. 1,
Examiner noting the deformed direction indicated by 9).

Claim 42: Panthoefer further discloses that the deformation of the pressure side
takes place by inner struts (Examiner notes that the spring can be viewed as having
different “Strut” portions indicated at 13, 14, 7 and 12 which bears most of the
deformation) of the drive body without any additional external energy supply.

Claims 23, 38-39, 44 and 46 are rejected under pre-AlA 35 U.S.C. 102(b) as

being anticipated by Kung (GB 2041447).
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Claim 23: Kung discloses a conveying device for the conveying of a fluid in a
conveying direction (Figs. 1A, 1B) having at least one drive body (Examiner notes
elements of 102 and 104, including 122 or side walls of 102) which can be driven by
means of a drive system (106) and which has a conveying surface (Examiner notes
conveying side wall surfaces of 102 as well as the valve portions 122, which open to
allow conveyance of fluid), wherein the drive body can be driven in an oscillating
manner transversely to the conveying direction (Examiner notes that the valves and
side walls oscillate in a general side to side direction) and is flowed around on a plurality
of sides by the fluid to be conveyed (Figs. 1A-1B), and wherein the drive body can be
compressed together with a housing surrounding it (Figs. 1A-1B).

Claim 38: Kung further discloses that the at least one drive body is at least
partly inflatable (elements of 104/102 are inflatable).

Claim 39: Kung further discloses that the drive body can be driven by means of
a hydraulic or pneumatic device (106).

Claim 44: Kung further discloses that the conveying device can convey blood
(Title).

Claim 46: Kung further discloses that the at least one drive body can be driven

by a balloon body (102).

Claim Rejections - 35 USC § 103
The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:
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(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

Claims 37 and 45 are rejected under pre-AlA 35 U.S.C. 103(a) as being
unpatentable over Kung (GB 2041447) in view of Lichtenstein (US 20060253193).

Claim 37: Kung discloses the limitations of claim 23, discussed previously.
Kung discloses using polyurethane for the drive body (col. 7, line 23) but is not explicit
about it being a foam. Lichtenstein teaches an expandable body which uses a foam as
it provides good elasticity (paragraph 26). It would have been obvious at the time the
invention was made to a person having ordinary skill in the art to employ a foam as
taught by Lichtenstein into the apparatus of Kung because it will offer good elastic
properties for the drive body to inflate/deflate.

Claim 45: Kung and Lichtenstein teach the limitations of claim 37, discussed
previously. Kung further discloses that the at least one drive body comprises

polyurethane (col. 7, line 23).

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to NATHAN ZOLLINGER whose telephone number is
(5671)270-7815. The examiner can normally be reached on Monday - Thursday, 9 a.m. -

4 p.m. EST.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Devon Kramer can be reached on 571-272-7118. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/NATHAN ZOLLINGER/
Examiner, Art Unit 3746
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»UK Patent Application «GB «» 2041 447 A

(21) Application No 7943001  (74) Agents cured to the housing.
(22) Date of filing Potts Kerr & Co
13 Dec 1979
(30) Priority data (54) Oscillating armature pump for
(31) 79027580 liquids
(32) 1 Feb 1979
(33) '(:S(:E)Rep of Germany (57) The pump has a.housing'
(43) Application published defining a pump cavity 1 having
10 Sep 1980 alternating current operating coils
(51) INT CL3 FO4D 33/00 mounted laterally of the cavity on
(52) Domestic classification block 3. The oscillating armature 6
F1C 1D is mounted on a plate spring 7
(56) Documents cited which is secured to the pump hous-
None ing, and the armature is also pro-

(58) Field of search
F1C
(71) Applicant

vided with a resiliently flexible plate
8 for executing the pumping move-

Tetra Werke Dr Rer Nat ment. . . .
Ulrich Baensch GmbH The plate spring 7 is substantially
Herrenteich ‘U’ or Omega-shape so that it takes
4520 Melle up the minimum space, and also
Federal Republic of provides a favourable transition be-
Germany tween the active oscillating end 11
(72) Inventor of the spring plate and the static
Rudalf Panthoefer end 13 of the spring plate 7 se-

12 !

FIG.1

The drawing(s) originally filed was/were informal and the print here reproduced is taken from a later filed formal copy.
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SPECIFICATION
Oscillating armature pump

The present invention relates to an oscillating
armature pump operated by alternating cur-
rent, more especially a circulating pump for
aquaria, in which the armature is secured to a
plate spring which is provided with a thin
plate made of rubber or rubber-like plastics
material and which for carrying out the pump-
ing movement is reciprocatable in the manner
of a fishtail. .

In known pumps of this kind, an elongate
plate spring is provided in the form of a flat
plate which is clamped at one end and at its

free end supports the armature. Since, in
these springs, a hmh snecific continuous loa-

exe Sppelinie Lo LEL8LE 4]

dablllty is requtred a predetermined minimum
cross-sectional dimension is required. As a
result of this, however, the rigidity of the
spring can be obtained only by varying the
length of the spring if the amplitude and
hence that of the said plate is to be increased.
Such a step, however, in small pumps causes
difficulties.

The object of the invention is based on
increasing the active length of the plate spring
without having to substantially modify the
dimensions of the pump housing. At the same
time the aim is to obtain a simplified clamping
of the plate spring on the pump housing.

According to the present invention there is
provided an oscillating armature pump oper-
ated with alternating current, more especially
a circulating pump for aquaria, in which an
armature is secured to a plate spring, the
armature being provided with a resiliently flex-
ible thin plate, which, for carrying out a
pumping movement, is reciprocated in the
manner of a fishtail, wherein the plate spring
is substantially U-shaped. It is also possible to
provide a fishhook shape or omega-shape.

In these embodiments one end of the plate
spring is connected to the pump housing and
the other end is connected to the armature,
which in known manner may be produced by
clamping, screwing thereon or the like. For
the purpose of improved securing the shanks
may also be provided with small bends, if for
securing reasons this leads to a simplification.

hasA £
The present invention will be described fur-

ther, by way of example, with reference to the
accompanying drawings in which:

Figure 1 shows a plan view of a circulating
pump for aquaria; and

Figure 2 shows a section taken on the line
lI-1I of Fig. 1.

The pump housing is a plastics material
body having a pump cavity 1 defined by a
rigid base plate 2 and by side blocks 3, which
are used to receive, preferably moulded-in,
alternating current coils (not shown in detail).
At the front end of the pump cavity 1 there is
the outlet 4 at the end of a taper or constric-

10/17/2013,

EAST Version:

tion 5. The pump housing is open at its upper
side.
Between the two blocks 3, or the alternat-
ing current coils located there, an armature 6
70 is arranged, which is secured to a plate spring
7 of steel or the like, and at its front end the
armature supports a thin rubber plate 8.
This rubber plate 8 is reciprocated in the
manner of a fishtail in accordance with the
75 double arrow 9, in order so tc draw in aquar-
ium water via the open top side of the pump
housing and to eject it through the outlet 4,
(see arrows 10). It is, however, also possible
for a proportion of the inflow to occur also via
80 the rear end of the pump cavity 1.
The plate spring 7 is arcuate, and thus
substantially U-shaped, with one end 11 of

one shank 12 secured tc the armature 8 and

one end 13 of the other shank 14 secured to
85 one of the blocks 3. Whilst the end 11 is

retained by clamping in a slot in the armature

6, the end 13 is preferably secured to the

block 3 by screwing or riveting. The rear end

of the pump cavity 1 may also be provided
90 with a yoke 15, the ends of which are also
connected to the blocks 3, to provide a rear
closure of the pump cavity 1.

The pre-shaped plate spring 7 not only
permits a predetermined spring characteristic
in the narrowest space to be obtained, but
moreover, from a strength point of view,
provides a favourable transition between the
active, oscillating part of the plate spring 7
and the securing point or the part of the plate
spring 7 (end 13), which is constantly at rest.
Thus, a substantial increase of service life of
the dynamically highly-stressed plate spring 7
is attained. Furthermore, the mounting of the
clamped plate spring end is simplified. The
said shaping of the plate spring 7 provides
end portions of this spring (ends 11, 13)
which assume right angles relative to ane
another. '

95

100

105

110 CLAIMS

1. An oscillating armature pump operated
with alternating current, more especially a
circulating pump for aquaria, in which an
armature is secured to a plate spring, the

115 armature being provided with a resiliently flex-
ible thin plate, which, for carrying out a
pu'mp.ng movement, is reCiprocateu in the
manner of a fishtail, wherein the plate spring
is substantially U-shaped.

120 2. A pump according to claim 1, in which
the plate spring is substantially omega-
shaped.

3. A pump according to claim 1, in which
the plate spring is substantially shaped in the

125 manner of a fishhook.

4. A pump according to claim 1, in which
the shanks of the plate spring or the ends
thereof extend at least at right angles to one
another.

130 5. A pump according to claim 1, in which

3.1.2.2
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one end of the plate spring is secured to the
rear end face of the pump housing, which
extends substantially at right angles to the
longitudinal extension of the armature of the
thin plate supported thereby.

6. A pump according to claim 1, in which
the plate spring projects arcuately to the rear
beyond the pump housing.

7. A pump according to claim 1, in which
the pump cavity hollow space towards the
rear is closed by a yoke enclosing the plate
spring.

8. A pump according to claims 1 and 7,
in which an end of the yoke and an end of the
plate spring are mutually secured to the pump
housing. :

9. A pump as claimed in any preceding
claim in which the resiliently flexible thin plate
is made of rubber or rubber-like plastics
material. )

10. An oscillating armature pump for lig-
uids substantially as herein described with
reference to and as illustrated in the accompa-
nying drawings.

Printed for Her Majesty’s Stationery Office

by Burgess & Son (Abingdon) Ltd.—1980.

Published at The Patent Office, 25 Sauthampton Buildings,
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
REINER LIEBING Group Art Unit: 3746
Filing Under 35 USC 371 in DO/EO/
US of PCT/EP2011/000439 filed

27 January 2011

Examiner: Zollinger, Nathan C.

Serial No. 13/261,361

Filed 10/3/2012

[ NSDEY R N O WOURE T [ S U [ SO VR [ SR gy S [ Sy R

For. CONVEYING DEVICE FOR A FLUID Attorney Docket 1-21942

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO ELECTION REQUIREMENT

Honorable Sir:

In response to the Office Action dated May 30, 2013, it is respectfully
requested that the following remarks be considered in the above-captioned application.
Claims 22-46 are pending in the application and these claims are subject to restriction.

The Examiner indicated that the application contains claims directed to the

following patentably distinct species:

Species A1: Figs. 1-6, 11, 17-18
Species A2: Figs. 1-6, 13-15, 17-18
Species A3: Figs. 1-6, 16, 17-18
Species B1: Figs. 7,12,17-18

Species B2: Figs. 7, 13-15, 17-18



2 1-21942
' Serial No. 13/261,361

Species B3: Figs 7, 16, 17-18
Species C: Fig. 8

Species D: Figs. 9-10

The Examiner indicated that Applicant is required under 37 CFR 1.475 et al to
elect a single species for prosecution on the merits to which the claims shall be
restricted if no generic claim is finally held to be allowable. The Examiner indicated that
currently no claim is generic. The Examiner also required Applicant to identify the
claims encompassing the elected species.

Applicant elects without traverse Species A1 drawn to Figs. 1-6, 11, 17-18. The
claims which read on the elected species comprise 23-34, and 37-46. Applicant has
made the above election to comply with 37 CFR 1.475 et al for the sole purpose of
prosecution on the merits. Applicant’s election should not be construed in any way to
limit the scope or spirit of any of the embodiments of the present invention disclosed in
the application. Applicant reserves the right to file any divisional or continuation
application as necessary on any nonelected species.

No fees are believed due with this response. In the event that additional fees
are due, please charge them to Deposit Account No. 13-1816. Kindly credit any
overpayment to the same account. In either case, please associate P159600-

21942001 with any credit or debit of the Deposit Account.
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Please do not hesitate to contact the undersigned with any questions.

ATTORNEYS

Customer Number 00001678
MARSHALL & MELHORN, LLC
Four SeaGate - 8" Floor
Toledo, Ohio 43604

Phone: (419) 249-7138
Fax: (419) 249-7151
Email: evans@marshall-melhorn.com

Respecitfully submitted,

Stepheﬁ P. Evans

Registration No. 47,281
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Application No. Applicant(s)
13/261,361 LIEBING, REINER

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
NATHAN ZOLLINGER 3746 ,S\l*gt”s

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) fledon
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon _____ .
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
5)X Claim(s) 22-46is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7) [0 Claim(s) ____is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[X Claim(s) 22-46 are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/eatents/init_events/pph/indax.jsp or send an inquiry to PPHfeadback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[JSome* c)[]None of the:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
Interim copies:
a)[] Al b)[JSome c¢)[JNone of the: Interim copies of the priority documents have been received.

Attachment(s})

1) |:| Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)

2) [ Information Disclosure Statement(s) (PTO/SB/08 Paper No(s)Mail Date. __
) nformation Disclosure Statement(s) ( ) 4) D Other:

Paper No(s)/Mail Date

U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-13) Office Action Summary Part of Paper No./Mail Date 20130529
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Detailed Action

Election/Restrictions

This application contains claims directed to more than one species of the generic
invention. These species are deemed to lack unity of invention because they are not so
linked as to form a single general inventive concept under PCT Rule 13.1.

The species are as follows:

Species A1: Figures 1-6, 11, 17-18

Species A2: Figures 1-6, 13-15, 17-18

Species A3: Figures 1-6, 16, 17-18

Species B1: Figures 7,12, 17-18

Species B2: Figures 7, 13-15, 17-18

Species B3: Figures 7, 16, 17-18

Species C: Figure 8

Species D: Figures 9-10

Applicant is required, in reply to this action, to elect a single species to which the
claims shall be restricted if no generic claim is finally held to be allowable. The reply
must also identify the claims readable on the elected species, including any claims
subsequently added. An argument that a claim is allowable or that all claims are generic
is considered non-responsive unless accompanied by an election.

Upon the allowance of a generic claim, applicant will be entitled to consideration

of claims to additional species which are written in dependent form or otherwise require
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all the limitations of an allowed generic claim. Currently, none of the claim(s) are

generic.

REQUIREMENT FOR UNITY OF INVENTION

As provided in 37 CFR 1.475(a), a national stage application shall relate to one
invention only or to a group of inventions so linked as to form a single general inventive
concept (“requirement of unity of invention”). Where a group of inventions is claimed in
a national stage application, the requirement of unity of invention shall be fulfilled only
when there is a technical relationship among those inventions involving one or more of
the same or corresponding special technical features. The expression “special technical
features” shall mean those technical features that define a contribution which each of

the claimed inventions, considered as a whole, makes over the prior art.

The determination whether a group of inventions is so linked as to form a single
general inventive concept shall be made without regard to whether the inventions are
claimed in separate claims or as alternatives within a single claim. See 37 CFR

1.475(e).
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WHEN CLAIMS ARE DIRECTED TO MULTIPLE CATEGORIES OF
INVENTIONS

As provided in 37 CFR 1.475(b), a national stage application containing claims to
different categories of invention will be considered to have unity of invention if the
cl