UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

ﬁaﬂ;\;&;ﬁ,g\&:gxma 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/577,797 03/27/2007 Ruediger Pfaff 095309.57635US
CONFIRMATION NO. 5226
35690 POA ACCEPTANCE LETTER
MEYERTONS, HOOD, KIVLIN, KOWERT & GOETZEL, P.C.
P.O. BOX 398 A0 A AR
AUSTIN, TX 78767-0398 000000053210148

Date Mailed: 03/21/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 03/13/2012.

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.

/snguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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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

ﬁaﬂ{‘\;ﬂg,g\éﬁgxma 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
10/577,797 03/27/2007 Ruediger Pfaff 095309.57635US
CONFIRMATION NO. 5226
23911 POWER OF ATTORNEY NOTICE
CROWELL & MORING LLP

INTELLECTUAL PROPERTY GROUP

e
P.O. BOX 14300

WASHINGTON, DC 20044-4300

Date Mailed: 03/21/2012

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 03/13/2012.

+ The Power of Attorney to you in this application has been revoked by the assignee who has intervened as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).

/snguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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DECLARATION REGARDING AUTHORITY TO SIGN
O BEHALF OF A LEGAL ENTITY

37 CER BT

I Peter Kawvon (whose title is suppled below), hereby declare that T amvauthovized to
sign docaments on behalf of Burand Consulting Limited Liability Company.
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Electronic Acknowledgement Receipt

EFS ID: 12297530
Application Number: 10577797
International Application Number:
Confirmation Number: 5226

Title of Invention:

DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE

First Named Inventor/Applicant Name:

Ruediger Pfaff

Customer Number:

23911

Filer:

Dean M. Munyon/Dawn Deluca

Filer Authorized By:

Dean M. Munyon

Attorney Docket Number: 095309.57635US
Receipt Date: 13-MAR-2012
Filing Date: 27-MAR-2007
Time Stamp: 21:14:15

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)(tes)/ Multl. 'Pages
Number Message Digest | Part/.zip| (ifappl.)
Assi howing of hi 37 485574
ssignee showing of ownership per
1 CFR 3.73(b). 373b.pdf no 2
7b2273c98496981ce7348f958fdf195302b2)
049b

Warnings:

Information:
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1077663
2 Power of Attorney POA_Drats.pdf no 2

€9a6133225b81133a831365d7bb5e3aaeb
74e5¢5

Warnings:

Information:

Total Files Size (in bytes):i 1563237

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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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: BURANI CONSULTING LIMITED LIABILITY COMPANY

Application No./Patent No.: 7513238 Filed/Issue Date: 04/07/2009
Titled:

DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE

BURANI CONSULTING LIMITED LIABILITY COV 5  Limited Liability Company

(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 , Frame , 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: Ruediger Pfaff; Martin Schnabel; Joachim Sue: T,- Daimlerchrysler AG

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

Reel 019124 ,  Frame 0896 , orforwhich a copy thereof is attached.

2. From: Daimlerchrysler AG To: Daimler AG

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

Reel 020976 , Frame 0889 or for which a copy thereof is attached.

3. From: Daimler AG To: Burani Consulting Limited Liability Company

The document was recorded in the United States Patent and Trademark Office at
Reel 027624 . Frame 0585

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 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.

/Dean M. Munyon/ March 13, 2012
Signature Date

Dean M. Munyon Attorney (Reg. No. 42,914)
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-PT0-9199 and select option 2.
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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. Arecord 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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% UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

\)\/WW.USplO gov

i
i)

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
10/577,797 04/07/2009 7513238 095309.57635US 5226
23911 7590 03/18/2009
CROWELL & MORING LLP

INTELLECTUAL PROPERTY GROUP
P.0. BOX 14300
WASHINGTON, DC 20044-4300

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 115 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

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
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

Ruediger Pfaff, Stuttgart, GERMANY;
Martin Schnabel, Aalen, GERMANY
Joachim Suess, Ludwigsburg, GERMANY;

IR103 (Rev. 11/05)
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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
ommissioner 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
in(ficated 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
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) 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
ﬁapers Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

23911 7590 01/13/2009
Certificate of Mailing or Transmission
CROWELL & MORING LLP IS hereb ce;lti that this t}ljee%s& Transmittal isf befipg dtiposited lwith the Unlited
tates Postal Service with sufficient postage for first class mail in an envelo
INTELLECTUAL PROPERTY GROUP addressed to the Mail Stog ISSUE EEE address above, or bein facsimfl):
P.O. BOX 14300 transmitted to the USPTO (571) 273-2885, on the date indicated below.
WASHINGTON, DC 20044-4300 R
(Signature)
(Date}
APPLICATION NO. FILING DATE l FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. l CONFIRMATION NO.
10/577,797 03/27/2007 Ruediger Pfaff 095309.57635US 5226
TITLE OF INVENTION: DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE
I APPLN, TYPE ] SMALLENTITY | ISSUEFEEDUE  |PUBLICATION FEE DUE I PREV, PAID ISSUE FEE I TOTAL FEE(S) DUE | DATE DUE I
nonprovisional NO $1510 $300 $0 $1810 04/13/2009
l EXAMINER I ART UNIT l CLASS-SUBCLASS I
WOLEFE JR, WILLIS RAY 3747 123-276000
1. Change of comrespondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list i
CFR 1.363). (13 the names of up to 3 registered patent attorneys ~ 1crowell & Moring LLP
[ 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 member a 2
[J "Pee 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 Cust 2 reg; ed patent attorneys or agents. If noname 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 assi%nee is identified below, no assignee data will appear on the patent. If an assignee is ideatified 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)
Daimler AG Stuttgart, Germany

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity 3 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 T A check is enclosed.
Publication Fee (No small entity discount permitted) & Payment by credit card. Form PTO-2038 is attached.
Advance Order - # of Copies -5- The Director is hereby authorized to charge the reg-uired fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number _05~1323  (enclose an extra copy of this form).

5. Change in Entity Status (from stgtus indicated above)
da. Applicant claims SMALL, ITY status. See 37 CFR 1.27. e Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publicafipn Fee (if yeduired) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records ofythe Unit tates Patent and Trademark Office.

Authorized Signature ML— Date February 23, 2009
R

Typed or printed nam Jal?(es F. McKeown Registration No. 25,406

This collection of infornjatioy is required by 37 CFR 1.311. The information is rﬁxired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentigily 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 completedapplication form to the USPTO. Time will vafhy 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,%‘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,

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. ‘OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number:

10577797

Filing Date:

27-Mar-2007

Title of Invention:

DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE

First Named Inventor/Applicant Name:

Ruediger Pfaff

Filer:

James Mckeown/Alison Field

Attorney Docket Number:

095309.57635US

Filed as Large Entity

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

Description Fee Code Quantity Amount Suﬁ;l';(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl issue fee 1501 1 1510 1510
Publ. Fee- early, voluntary, or normal 1504 1 300 300
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Description Fee Code Quantity Amount Suﬁ-;l's(tsa)l in
Extension-of-Time:
Miscellaneous:
Printed copy of patent - no color 8001 5 3 15
Total in USD ($) 1825
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Electronic Acknowledgement Receipt

EFS ID: 4838533
Application Number: 10577797
International Application Number:
Confirmation Number: 5226

Title of Invention:

DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE

First Named Inventor/Applicant Name:

Ruediger Pfaff

Customer Number:

23911

Filer:

James Mckeown/Alison Field

Filer Authorized By:

James Mckeown

Attorney Docket Number: 095309.57635US
Receipt Date: 23-FEB-2009
Filing Date: 27-MAR-2007
Time Stamp: 14:58:09

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes

Payment Type Credit Card
Payment was successfully received in RAM $1825

RAM confirmation Number 321

Deposit Account 051323

Authorized User MC KEOWN,JAMES F.

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

File Listing:

D t o . File Size(Byt Multi P
ocumen Document Description File Name ile Size( y es)/ Y I. . ages
Number Message Digest | Part/.zip| (ifappl.)

92859
1 Issue Fee Payment (PTO-85B) 10577797if.pdf no 1
dc03b911829f39141b2786abc23e696ac76)
de498
Warnings:
Information:
33893
2 Fee Worksheet (PTO-06) fee-info.pdf no 2
9f873dd0ede17d8581675bf4c80edda5033)
Warnings:
Information:
Total Files Size (in bytes):‘ 126752

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 applicationas 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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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWWYUSP[O.gOV

NOTICE OF ALLOWANCE AND FEE(S) DUE

23911 7590 01/13/2009 | EXAMINER |
CROWELL & MORING LLP WOLFE IR, WILLIS RAY
INTELLECTUAL PROPERTY GROUP | ART UNIT PAPER NUMBER |

P.O. BOX 14300

WASHINGTON, DC 20044-4300 Sad

DATE MAILED: 01/13/2009

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

10/577,797 03/27/2007 Ruediger Pfaff 095309.57635US 5226
TITLE OF INVENTION: DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE

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

nonprovisional NO $1510 $300 $0 $1810 04/13/2009

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 SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)

and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2
the ISSUE FEE shown above.

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.

Page 1 of 3
PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010.
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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

indicated 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
maintenance fee notifications.

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

23911 7590 01/13/2009
Certificate of Mailing or Transmission
CROWELL & MORING LLP 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
INTELLECTUAL PROPERTY GROUP addressed to the Mail Stop ISSUE FEE address above, or being facsimile
P.O. BOX 14300 transmitted to the USPTO (571) 273-2885, on the date indicated below.

WASHINGTON, DC 20044-4300

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
10/577,797 03/27/2007 Ruediger Pfaff 095309.57635US 5226
TITLE OF INVENTION: DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1510 $300 $0 $1810 04/13/2009
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
WOLFE JR, WILLIS RAY 3747 123-276000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
[ Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . ! . 2
(2) the name of a single firm (having as a member a
[J "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. If no name 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 assi[gnee 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) : [ Individual [ 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 [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) (| Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Ja Applicant claims SMALL ENTITY status. See 37 CFR 1.27. b Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is recLuired 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 Cﬁief 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.

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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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.0.Box 1450

Alexandria, Virginia 22313-1450

WWWYUSP[O.gOV

| APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
10/577,797 03/27/2007 Ruediger Pfaff 095309.57635US 5226
23911 7590 01/13/2009 | EXAMINER |
CROWELL & MORING LLP WOLFE JR, WILLIS RAY
INTELLECTUAL PROPERTY GROUP | ART UNIT PAPER NUMBER |

P.O. BOX 14300
WASHINGTON, DC 20044-4300

3747
DATE MAILED: 01/13/2009

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

The Patent Term Adjustment to date is 115 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 115 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

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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Application No. Applicant(s)

. . 10/577,797 PFAFF ET AL.
NOtlce Of Allowablllty Examiner Art Unit
Willis R. Wolfe, Jr. 3747

-- 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 amendment filed December 19. 2008.

2. [X] The allowed claim(s) is/are 11-18 and 22-27.

3. Xl Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

a)X] Al b)[J Some* c¢)[]None ofthe:
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 resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4.[] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER’S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [] to Paper No./Mail Date _____.
(b) [ 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. [] Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application
2. [[] Notice of Draftperson's Patent Drawing Review (PT0-948) 6. [ Interview Summary (PTO-413),
Paper No./Mail Date .
3. X Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment
Paper No./Mail Date 4/28/06
4. [] Examiner's Comment Regarding Requirement for Deposit 8. [ Examiner's Statement of Reasons for Allowance
of Biological Material
9. [ other .
/ Willis R. Wolfe, Jr./
Primary Examiner
Art Unit: 3747
U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20090105
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PFAFF ET AL.

Examiner
Willis R Wolfe, Jr.

Art Unit

3747

v Rejected
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Non-Elected A Appeal
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Interference o) Objected
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09/15/2008

01/05/2009

AlO(N|DD|O|W|IN]|=
N
9]

10 23

11 24

12 25

13 26

14 27

<fafsfafapspsps]s]s]s] sl <<«

U.S. Patent and Trademark Office

Part of Paper No. : 20090105

Page 19 of 196




Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

10577797 PFAFF ET AL.
Willis R Wolfe, Jr. 3747
ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
123 276 Flo]|2]8 19 /08 (2006.01.01)
Flo|2]|F 3/26 (2006.01.01)
CROSS REFERENCE(S)
Flo]|2]|8B 19 /14 (2006.01.01)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
123 299 305
O Claims renumbered in the same order as presented by applicant O CPA O T.D. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
1 8 17
2 4 18
3 19
4 20
5 21
6 9 22
7 10 23
8 11 24
9 12 25
10 13 26
1 11 14 27
2 12
3 13
5 14
6 15
7 16
NONE
Total Claims Allowed:
14
(Assistant Examiner) (Date)
/Willis R Wolfe, Jr./
Primary Examiner.Art Unit 3747 1/5/2009 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Part of Paper No. 20090105
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UNITED STATES PATENT AND TRADEMARK OFFICE

Page 1 of 1

BIB DATA SHEET

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

P.0. Box 1450

Alexandria, Virginia 22313-1450
WWW.USpLO.govV

CONFIRMATION NO. 5226

SERIAL NUMBER
10/577,797

FILING or 371(c)
DATE
03/27/2007
RULE

CLASS
123

GROUP ART UNIT
3747

ATTORNEY DOCKET
095309.57635US

APPLICANTS
Ruediger Pfaff, Stuttgart, GERMANY;
Martin Schnabel, Aalen, GERMANY;

GERMANY 103 50 795.7 10/29/2003

05/11/2007

Joachim Suess, Ludwigsburg, GERMANY;

*k CONTINUING DATA khkhhkkkkhhhkkhhhkkhkkkkksk YES
This application is a 371 of PCT/EP04/11637 10/15/2004

*k FOREIGN APPLICATIONS hkkkkkkhhkhkkkkkhkkkkkkkkk YES

JWRW/

JWRW/

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **

Foreign Priority claimed aYes D No

35 USC 119(a-d) conditions met aYes D No

Verified and /WILLIS RAY WOLFE
JR/

Examiner's Signature

D Met after
Allowance

Acknowledged Tnitials

STATE OR
COUNTRY

GERMANY

SHEETS
DRAWINGS

TOTAL
CLAIMS

4 20

INDEPENDENT
CLAIMS

1

ADDRESS

CROWELL & MORING LLP
INTELLECTUAL PROPERTY GROUP
P.0. BOX 14300

WASHINGTON, DC 20044-4300
UNITED STATES

TITLE

Directly injecting internal combustion engine

FILING FEE

FEES: Authority has been given in Paper

U All Fees

U 1.16 Fees (Filing)

U 1.17 Fees (Processing Ext. of time)

RECEIVED |No.___ tocharge/credit DEPOSIT ACCOUNT
1030 No. for following: U 1.18 Fees (Issue)
|EI Other ‘
|Q Credit |

BIB (Rev. 05/07).
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IAP17 Rec'd PCT/PTO 2 8 APR 2006~

PTO/SB/08a (08-03)
Approved for use through 07/31/2006. 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 contains a valid OMB controf number.

. Complete if Known
Substitute for form 1449A/PTO 4 A8

=2

Application Number Not Yet Assighie -]
INFORMATION DISCLOSURE Filing Date Herewith
STATEMENT BY APPLICANT First Named Inventor Ruediger PFAFF
Art Unit Not Yet Assigned
(use as many sheets as ) Examiner Name Not Yet Assigned
Sheet | 1 [ of | 1 Attorney Docket Number 095309.57635US
U.S. PATENT DOCUMENTS
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials’ No.! MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number-Kind Code? (if known) Figures Appear
ANEW/ T a US - 2002/0117146 A1 08-29-2002 Gatellier et al.
A2 Us-
us-
uUs-
us-
FOREIGN PATENT DOCUMENTS
Publication Date Name of Patentee or
Foreign Patent Document MM-DD-YYYY Applicant of Cited Document Pages, Columns, Lines, T
Examiner Cite Where Relevant Passages
Initials’ No.' Country Code®~Number*~Kind Code °(if known) or Relevant Figures Appear
WRW/ | B1 EP 1291 516 A2 03-12-2003 Shimazaki et al.
WRW/ | B2 DE 1 219 283 06-16-1966 Boettger
WRW/ | B3 DE 196 49 052 A1 05-28-1998 Velji et al.
NON PATENT LITERATURE DOCUMENTS
F’.“.’"I‘i':er ﬁitﬁ Include name of the author {in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, T
nitials o magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or
country where published.
/WRW/ | C1 | International Search Report January 28, 2005.
Examiner /Willis Wolle, Jr/ Date U1/08/2008
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant. 1 Applicant’s unique citation designation number (optional). 2 See Kinds Codes of USPTO
Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPQ Standard ST.3). 4 For Japanese patent
documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. § Kind of document by the appropriate symbols
as indicated on the document under WIPO Standard ST.16 if possible. 6 Applicant is to place a check mark here if English language Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. 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 2 hours 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.

Page 22 of 196



EAST Search History

EAST Search History

Search Query

Default
Operator

Plurals

Time Stamp

engine and
cylinder with
piston with
recess with
inject$3 with
surface

US-PGPUB

OR

ON

2009/01/05
09:08

§|_19

engine and
cylinder with
piston with
recess with
inject$3 with
surface with
ascend$3

US-PGPUB

OR

ON

2009/01/05
09:08

120

engine and
cylinder with
piston with
recess with
inject$3 with
surface with
(jet or nozzle)

US-PGPUB

OR

ON

2009/01/05
09:08

L2

engine and
cylinder with
piston with
recess with
inject$3 with
surface with
(jet or nozzle)
with cent$4

US-PGPUB

OR

ON

2009/01/05
09:09

22

56

(123/276).
CCLS.

US-PGPUB

OR

OFF

2009/01/05
09:09

23

file:///Cl/Documents%20and %208Settings/wwolfe/My%20Docu...77797/EASTSearchHistory.10577797_Accessible Version.htm (1 of 2)1/5/09 9:13:30 AM
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engine and
cylinder with
piston with
recess with
inject$3 with
surface with
(jet or nozzle)
with cent$4
with eleva$4

US-PGPUB

OR

ON

2009/01/05
09:09




EAST Search History

24

engine and
cylinder with
piston with
(bowl or
recess) with
inject$3 with
(ris$3 or elevat

$3)

US-PGPUB

OR

ON

2009/01/05
09:10

25

engine and
cylinder with
piston with
((bowl or
recess) near3
edge) with
inject$3 with
(ris$3 or elevat

$3)

US-PGPUB

OR

ON

2009/01/05
09:10

1/5/09 9:13:24 AM
C:\ Documents and Settings\ wwolfe\ My Documents\ EAST\ workspaces
\ 10577797 Piston with recess with elevated portion.wsp

file:///Cl/Documents%20and %208Settings/wwolfe/My%20Docu...77797/EASTSearchHistory.10577797_Accessible Version.htm (2 of 2)1/5/09 9:13:30 AM
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Search Notes

Application/Control No.

Applicant(s)/Patent Under
Reexamination

10577797 PFAFF ET AL.
Examiner Art Unit
Willis R Wolfe, Jr. 3747
SEARCHED
Class Subclass Date Examiner
123 263, 276, 278, 298-300, 304, 305 9/15/2008 /WRW/
ABOVE UPDATED 1/5/2009 /WRW/
123 266, 267, 275, 279 1/5/2009 /WRW/
SEARCH NOTES
Search Notes Date Examiner
INVENTOR NAME/EAST WORD SEARCH - see printout 9/15/2008 IWRW/
INVENTOR NAME/EAST WORD SEARCH UPDATE - see printout 1/5/2009 /WRW/
Interference Search History Printout 1/5/2009 /WRW/
INTERFERENCE SEARCH
Class Subclass Date Examiner
SEARCHED ALL OF THE ABOVE 1/5/2009 /WRW/
PGPUB TEXT SEARCH - see printout 1/5/2009 /WRW/

U.S. Patent and Trademark Office

Part of Paper No. : 20090105
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EAST Search History

EAST Search History

Ref Hits {Search Query DBs Default Plurals {Time Stamp
W Operator
L1 8 ((RUEDIGER) near2 US-PGPUB; OR ON 2009/01/05
(PFAFF)).INV. USPAT; USOCR 08:57
) 32  |((RUEDIGER) near2 US-PGPUB; OR ON 2009/01/05
(PFAFF)).INV. USPAT; 08:57
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
i3 13 {((MARTIN) near2 US-PGPUB; OR ON 2009/01/05
(SCHNABEL)).INV.  {USPAT; USOCR 08:57
L4 23  {((MARTIN) near2 US-PGPUB; OR ON 2009/01/05
(SCHNABEL)).INV. {USPAT; 08:57
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
5 5 ((JOACHIM) near2 {US-PGPUB; OR ON 2009/01/05
(SUESS)).INV. USPAT; USOCR 08:58
L6 28  {((JOACHIM) near2 {US-PGPUB; OR ON 2009/01/05
(SUESS)).INV. USPAT; 08:58
USOCR; FPRS;
EPO; JPO;
DERWENT;
IBM_TDB
iy 148 \engine and cylinder {US-PGPUB; OR ON 2009/01/05
! with piston with USPAT; 08:59
recess with inject$3 USOCR; FPRS;
with surface EPO; JPO;
DERWENT;
IBM_TDB
L8 0 engine and cylinder iUS-PGPUB; OR ON 2009/01/05
with piston with USPAT; 08:59
recess with inject$3 (USOCR; FPRS;
with surface with EPO; JPO;
ascend$3 DERWENT;
IBM_TDB
19 53  iengine and cylinder {US-PGPUB; OR ON 2009/01/05
55 with piston with USPAT; 09:00
recess with inject$3 USOCR; FPRS;
with surface with EPO; JPO;
(jet or nozzle) DERWENT;
IBM_TDB

file:///Cl/Documents %20and%20Settings/wwolfe/My%20Docu...77797/EASTSearchHistory.10577797_Accessible Version.htm (1 of 3)1/5/09 9:13:09 AM
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EAST Search History

1L10 16  iengine and cylinder {US-PGPUB; OR ON 2009/01/05
with piston with USPAT; 09:01
recess with inject$3 USOCR; FPRS;
with surface with EPO; JPO;
jet DERWENT;
IBM_TDB
AL 27  iengine and cylinder {US-PGPUB; OR ON 2009/01/05
with piston with USPAT; 09:02
recess with inject$3 USOCR; FPRS;
with surface with EPO; JPO;
(jet or nozzle) with {DERWENT;
5 cent$4 IBM_TDB
L2 1 engine and cylinder US-PGPUB; CR ON 2009/01/05
! with piston with USPAT; 09:03
recess with inject$3 USOCR; FPRS;
with surface with EPO; JPO;
(jet or nozzle) with {DERWENT;
: cent$4 with eleva$4 {IBM_TDB
RET engine and cylinder US-PGPUB; OR ON 2009/01/05
! with piston with USPAT; 09:03
recess with inject$3 (USOCR; FPRS;
with surface with EPO; JPO;
(jet or nozzle) with {DERWENT;
: eleva$4 IBM_TDB
L4 1 engine and cylinder {US-PGPUB; OR ON 2009/01/05
: with piston with USPAT:; 09:04
recess with inject$3 USOCR; FPRS;
with surface with EPO; JPO;
eleva$4 DERWENT;
55 IBM_TDB
L1515 lengine and cylinder {US-PGPUB; OR ON 2009/01/05
with piston with USPAT; 09:04
(bowl or recess) USOCR; FPRS;
with inject$3 with  {EPO; JPO;
(ris$3 or elevat$3) DERWENT;
IBM_TDB
16 {673 |(123/276).CCLS. US-PGPUB; OR OFF 2009/01/05
USPAT; 09:05
USOCR; FPRS;
EPO; JPO;
DERWENT;
: IBM_TDB
L7 2 engine and cylinder {US-PGPUB; OR ON 2009/01/05
with piston with USPAT; 09:06
((bowl or recess) USOCR; FPRS;
near3 edge) with EPO; JPO;
inject$3 with (ris$3 DERWENT;
or elevat$3) IBM_TDB

file:///Cl/Documents %20and%20Settings/wwolfe/My%20Docu...77797/EASTSearchHistory.10577797_Accessible Version.htm (2 of 3)1/5/09 9:13:09 AM
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1/5/09 9:12:43 AM
C:\ Documents and Settings\ wwolfe\ My Documents\ EAST\ workspaces\ 10577797
Piston with recess with elevated portion.wsp
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application No. : 10/577,797 Confirmation No. : 5226
First Named Inventor : Ruediger PFAFF

Filed : March 27, 2007

TC/A.U. 1 3747

Examiner : WOLFE JR, WILLIS RAY

Docket No. : 095309.57635US

Customer No. ¢ 23911

Title : Directly Injecting Internal Combustion Engine

AMENDMENT AND REPLY UNDER 387 CFR §1.111
Mail Stop AMENDMENT
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
The following amendments and remarks are respectfully submitted in

response to the Office Action dated September 19, 2008.

Amendments to the Claims are reflected in the listing of claims which
begins on page 2 of this paper. No additional claims fees are due.

Remarks begih on page 5 of this paper.
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Serial No. 10/577,797

Amendment Dated: December 19, 2008

Reply to Office Action Mailed: September 19, 2008
Attorney Docket No. 095309.57635US

Amendments to the Claims:
The listing of claims will replace all prior versions, and listings, of claims
in the application:

Listing of Claims:

Claims 1-10 (canceled).

Claim 11 (Currently Amended): A directly injecting internal
combustion engine, comprising at least one cylinder which ahs a combustion
space in which a piston executes an oscillating movement, and an injection
nozzle for injection of fuel into the combustion space, wherein the piston ahs-has
a piston recess, which, in a central region thereof, has an elevation extending in
a cylinder head direction, and a surface of the piston recess adjoining the
elevation in a recess edge direction is connected to the elevation via a radius so
that an injection jet impinging in-thisregion the surface and injected as early as
possible is distributed both in a elevation direction and in the recess edge
direction, and the surface is substantially planar and has an extent-ascending
gradient in the recess edge direction such that an injection jet injected as late as
possible impinges onto the surface, the last-mentioned injection jet being

distributed both in the elevation direction and in the recess edge direction.

Claim 12 (Previously Presented): The directly injecting internal
combustion engine as claimed in claim 11, wherein a surface connected to the

recess edge adjoins the surface of the piston recess.
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Amendment Dated: December 19, 2008

Reply to Office Action Mailed: September 19, 2008
Attorney Docket No. 095309.57635US

Claim 13 (Previously Presented): The directly injecting internal
combustion engine as claimed in claim 12 ,wherein the surface connected to the

recess edge is connected via a radius to the surface of the piston recess.

Claim 14 (Previously Presented): The directly injecting internal
combustion engine as claimed in claim 12, wherein the surface connected to the

recess edge forms an acute angle with an upper surface of the piston.

Claim 15 (Previously Presented): The directly injecting internal
combustion engine as claimed in claim 14, wherein the surface connected to the

recess edge is connected via a radius to the surface of the piston recess.

Claim 16 (Previously Presented): The directly injecting internal
combustion engine as claimed in claim 12, wherein the surface connected to the

recess edge forms an obtuse angle with an upper surface of the piston.

Claim 17 (Previously Presented): The directly injecting internal
combustion engine as claimed in claim 16, wherein the surface connected to the

recess edge is connected via a radius to the surface of the piston recess.

Claim 18 (Previously Presented): The directly injecting internal
combustion engine as claimed in claim 12, wherein the surface connected to the

recess edge merges in a radius into an upper surface of the piston.

Claims 19-21 (Canceled)
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Amendment Dated: December 19, 2008

Reply to Office Action Mailed: September 19, 2008
Attorney Docket No. 095309.57635US

Claim 22 (Previously Presented): The directly injecting internal
combustion engine as claimed in claim 11, wherein an injection angle of the

injection nozzle is between 50° and 120°.

Claim 23 (Previously Presented): The directly injecting internal
combustion engine as claimed in claim 22, wherein a surface connected to the

recess edge adjoins the surface of the piston recess.

Claim 24 (Previously Presented): The directly injecting internal
combustion engine as claimed in claim 23, wherein the surface connected to the

recess edge is connected via a radius to the surface of the piston recess.

Claim 25 (Previously Presented): The directly injecting internal
combustion engine as claimed in claim 23, wherein the surface connected to the

recess edge forms an acute angle with an upper surface of the piston.

Claim 26 (Previously Presented): The directly injecting internal
combustion engine as claimed in claim 23, wherein the surface connected to the

recess edge forms an obtuse angle with an upper surface of the piston.

Claim 27 (Previously Presented): The directly injecting internal
combustion engine as claimed in claim 23, wherein the surface connected to the

recess edge merges in a radius into an upper surface of the piston.

Claims 28-30 (Canceled)
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Amendment Dated: December 19, 2008

Reply to Office Action Mailed: September 19, 2008
Attorney Docket No. 095309.57635US

REMARKS

The rejections of Claims 11, 12, 16-24 and 26-30 as being anticipated by
Nakakita et al under 35 U.S.C. §102(b), of Claims 11-15, 18-25 and 27-30 as
being anticipated by Kataocka et al under 35 U.S.C. §102(e), and of Claims 11, 12,
16-24 and 26-30 as being anticipated by Quigley et al under 35 U.S.C. §102(e)
are each respectfully traversed. Reconsideration is requested in view of the
foregoing amendments and following comments.

The amendments to Claim 11 are based upon the features disclosed in
paragraphs [0026] and [0028] of the Specification, two of which were found in
now canceled Claims 19 and 20. The claimed geometry allows the directly
injecting engine to operate with both a homogenous operator and a conventional
combustion operation by ensuring that the injection jet impinges at the piston
recess for optimal intermixing of fuel and air independently of the injection time
point as described at paragraph [0009] of the Specification. The three cited
references do not show or suggest the claimed geometry in amended Claim 11.

Nakakita et al's piston does not have a surface with an ascending
gradient. The Kataoka et al piston does not have a substantially planar surface

anywhere in the recess. The Quigley et al piston does not have the claimed

surface adjoining the elevation in texrms of an ascending gradient. Nothing in
the teachings of the cited documents would have led to the present invention.

Accordingly, early and favorable action is earnestly solicited.
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Amendment Dated: December 19, 2008

Reply to Office Action Mailed: September 19, 2008
Attorney Docket No. 095309.57635US

If there are any questions regarding this amendment or the application in
general, a telephone call to the undersigned would be appreciated since this
should expedite the prosecution of the application for all concerned.

If necessary to effect a timely response, this paper should be considered as
a petition for an Extension of Time sufficient to effect a timely response, and
please charge any deficiency in fees or credit any overpayments to Deposit
Account No. 05-1323 (Docket #095309.57635US).

Respectfully submitted,

December 19, 2008 SL;)( i/:

dJ meNcKeown

egistration No. 25,406

CROWELL & MORING LLP
Intellectual Property Group
P.O. Box 14300

Washington, DC 20044-4300
Telephone No.: (202) 624-2500
Facsimile No.: (202) 628-8844
JFM/cee
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Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

10/577,797 PFAFF ET AL.
Office Action Summary Examiner Art Unit

Willis R. Wolfe, Jr. 3747

-- 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 3 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)IX] Responsive to communication(s) filed on 28 April 2006.
2a)[] This action is FINAL. 2b)X] This action is non-final.
3)[] 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

4K Claim(s) 11-30 is/are pending in the application.
4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s)_____is/are allowed.
6)X] Claim(s) 171-30 is/are rejected.
7)[] Claim(s) _____is/are objected to.
8)[] Claim(s) _____are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[_] 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).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)X] Al b)[] Some * ¢)[] None of:
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)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) & Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413)

2) ] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. __

3) [X] Information Disclosure Statement(s) (PTO/SB/08) 5) L] Notice of Informal Patent Application
Paper No(s)/Mail Date 4/28/06. 6) |:| Other: _____

U.S. Patent and Trademark Office
PTOL-326 (Rev. 08-06) Office Action Summary Part of Paper No./Mail Date 20080915
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Art Unit: 3747

DETAILED ACTION

Claim Rejections - 35 USC § 102

This application currently names joint inventors. In considering patentability of
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of
the various claims was commonly owned at the time any inventions covered therein
were made absent any evidence to the contrary. Applicant is advised of the obligation
under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was
not commonly owned at the time a later invention was made in order for the examiner to
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (9)
prior art under 35 U.S.C. 103(a).

The following is a quotation of the appropriate paragraphs of 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.

(e) the invention was described in a patent granted on an application for patent by another filed in the
United States before the invention thereof by the applicant for patent, or on an international application

by another who has fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this
title before the invention thereof by the applicant for patent.

The changes made to 35 U.S.C. 102(e) by the American Inventors Protection Act
of 1999 (AIPA) and the Intellectual Property and High Technology Technical
Amendments Act of 2002 do not apply when the reference is a U.S. patent resulting
directly or indirectly from an international application filed before November 29, 2000.
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Therefore, the prior art date of the reference is determined under 35 U.S.C. 102(e) prior
to the amendment by the AIPA (pre-AIPA 35 U.S.C. 102(e)).

Claims 11, 12, 16-24 and 26-30 are rejected under 35 U.S.C. 102(b) as being
anticipated by Nakakita et al. Note Figures 1, 4 and 7 and column 9, line 28 through

column 10, line 39.

Claims 11-15, 18-25 and 27-30 are rejected under 35 U.S.C. 102 (e) as being

anticipated by Kataoka et al. Note Figure 3.

Claims 11, 12, 16-24 and 26-30 are rejected under 35 U.S.C. 102(e) as being

anticipated by Quigley et al. Note Figures 2and 4 and paragraphs 0016-0019.

Conclusion

The prior art made of record and not relied upon is considered pertinent to

applicant's disclosure. The references of Onc et al and Chmela et al are cited to show

direct injection engines with pistons having recesses with raised portions.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Willis R. Wolfe, Jr. whose telephone number is (571)
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272-4855. The examiner can normally be reached on Monday through Thursday (6:00
AM-4:30 PM).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Stephen K. Cronin can be reached on (571) 272-4536. 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.

/ Willis R. Wolfe, Jr. /
Willis R. Wolfe, Jr.
Primary Examiner
Art Unit 3747

WRW
September 19, 2008
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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.
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BIB DATA SHEET

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

P.0. Box 1450

Alexandria, Virginia 22313-1450
WWW.USpLO.govV

CONFIRMATION NO. 5226

SERIAL NUMBER
10/577,797

FILING or 371(c)
DATE
03/27/2007
RULE

CLASS
123

GROUP ART UNIT
3747

ATTORNEY DOCKET
095309.57635US

APPLICANTS
Ruediger Pfaff, Stuttgart, GERMANY;
Martin Schnabel, Aalen, GERMANY;

GERMANY 103 50 795.7 10/29/2003

05/11/2007

Joachim Suess, Ludwigsburg, GERMANY;

** CONTINUING DATA **srssssssrrrrrrssssriss YES
This application is a 371 of PCT/EP04/11637 10/15/2004
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/WRW/

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **

Foreign Priority claimed aYes D No
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Verified and /WILLIS RAY WOLFE
JR/
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Allowance
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DRAWINGS

TOTAL
CLAIMS
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INDEPENDENT
CLAIMS

1

ADDRESS

CROWELL & MORING LLP
INTELLECTUAL PROPERTY GROUP
P.0. BOX 14300

WASHINGTON, DC 20044-4300
UNITED STATES

TITLE

Directly injecting internal combustion engine

FILING FEE
RECEIVED |No.
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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

PO. Box 1450

Alexandria, Virginia 223131450

Www.uspto.gov

APPLICATION NUMBER FILING OR 371(c) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

10/577,797 03/27/2007 Ruediger Pfaff 095309.57635US

CONFIRMATION NO. 5226

23911

CROWELL & MORING LLP
INTELLECTUAL PROPERTY GROUP
P.O. BOX 14300

WASHINGTON, DC20044-4300

Title: Directly injecting internal combustion engine

Publication No. US-2007-0193556-A1
Publication Date: 08/23/2007

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication
pursuant to 37 CFR 1.211, et seq. The patent application publication number and publication date
are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases
via the Internet at www.uspto.gov. The direct link to access the publication is currently
http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the
publication to applicant. A copy of the publication may be obtained from the Office upon payment
of the appropriate fee set forth in 37 CFR 1.19(a)(1). Orders for copies of patent application
publications are handled by the USPTO's Office of Public Records. The Office of Public Records
can be reached by telephone at (703) 308-9726 or (800) 972-6382, by facsimile at (703) 305-8759,
by mail addressed to the United States Patent and Trademark Office, Office of Public Records,
Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions
and the dates of receipt of correspondence filed in the Office, may also be accessed via the
Internet through the Patent Electronic Business Center at www.uspto.gov using the public side of
the Patent Application Information and Retrieval (PAIR) system. The direct link to access this
status information is currently http://pair.uspto.gov/. Prior to publication, such status information is
confidential and may only be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling
the Patent Electronic Business Center at 1-866-217-9197.

Pre-Grant Publication Division, 703-605-4283
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UNITED 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 F“—'NSAOT’S” © larP ARTUNIT | FILFEERECD ATTY.DOCKET.NO TOTCLAMS | IND GLAIMS
10/577,797 03/27/2007 3747 1030 095309.57635US 20 1
CONFIRMATION NO. 5226
23911 FILING RECEIPT

CROWELL & MORING LLP
INTELLECTUAL PROPERTY GROUP
P.O. BOX 14300

WASHINGTON, DC20044-4300

Date Mailed: 05/15/2007
Receipt is acknowledged of this regular Patent Application. It will be considered in its order and you will be
notified as to the results of the examination. Be sure to provide the U.S. APPLICATION NUMBER, FILING
DATE, NAME OF APPLICANT, and TITLE OF INVENTION when inquiring about this application. Fees
transmitted by check or draft are subject to collection. Please verify the accuracy of the data presented on
this receipt. If an error is noted on this Filing Receipt, please mail to the Commissioner for Patents
P.O. Box 1450 Alexandria Va 22313-1450. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please
submit any corrections to this Filing Receipt with your reply to the Notice. When the USPTO
processes the reply to the Notice, the USPTO will generate another Filing Receipt incorporating the
requested corrections (if appropriate).

Applicant(s)
Ruediger Pfaff, Stuttgart, GERMANY;;
Martin Schnabel, Aalen, GERMANY;
Joachim Suess, Ludwigsburg, GERMANY;

Assignment For Published Patent Application
DAIMLERCHRYSLER AG, STUTTGART, GERMANY
Power of Attorney: The patent practitioners associated with Customer Number 23911
Domestic Priority data as claimed by applicant
This application is a 371 of PCT/EP04/11637 10/15/2004
Foreign Applications
GERMANY 103 50 795.7 10/29/2003

If Required, Foreign Filing License Granted: 05/11/2007

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, is

US10/577,797
Projected Publication Date: 08/23/2007
Non-Publication Request: No

Early Publication Request: No
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Title
Directly injecting internal combustion engine
Preliminary Class
123

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 (1-866-999-4158).

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
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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).
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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
PO. Box 1450
Alexandria, V‘umnu 22313-1450

WWw.splo.gov
| U.S. APPLICATION NUMBER NO. | FIRST NAMED APPLICANT | ATTY. DOCKET NO. ]
10/577,797 Ruediger Pfaff 095309.57635US
{ INTERNATIONAL APPLICATION NO. |
PCT/EP04/11637

éi!g(;&VELL & MORING LLP | LA FILING DATE | prioriTY DATE |
INTELLECTUAL PROPERTY GROUP 10/15/2004 107292003
P.O. BOX 14300 -
WASHINGTON, DC 20044-4300 CONFIRMATION NO. 5226

371 ACCEPTANCE LETTER

T ARG 003 0 CAENVEN ECA AR Rk

*0C000000023839363"

Date Mailed: 05/15/2007

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a
Designated / Elected Office (37 CFR 1.485), has determined that the above identified international application has
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the Umted
States Patent and Trademark Office.

The United States Application Number assigned to the application is shown above and the relevant dates are:

03/27/2007 ~ 03/27/2007
DATE OF RECEIPT OF 35 U.S.C. 371(c)(1), (c})(2) and DATE OF COMPLETION OF ALL 35 U.S.C. 371
(c)(4) REQUIREMENTS : REQUIREMENTS

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING
ON THE FILING RECEIPT AS THE " FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35 U.S.C.
371 (c)(1), (c)(2) and {c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE IS SHOWN
ABOVE. The filing date of the above identified application is the international filing date of the international
application (Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all
correspondence to the Group Art Unit designated thereon.

The following items have been received:

Copy of the International Application filed on 04/28/2006
English Translation of the |A filed on 04/28/2006

Copy of the international Search Report filed on 04/28/2006
Preliminary Amendments filed on 04/28/2006

Information Disclosure Statements filed on 04/28/2006
Oath or Declaration filed on 03/27/2007

Request for Immediate Examination filed on 04/28/2006
U.S. Basic National Fees filed on 04/28/2006

Substitute Specification filed on 04/28/2006

Priority Documents filed on 04/28/2006
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Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)

TERRY M JOHNSON VESSELS
Telephone: (703) 308-9140 EXT 221

PART 3 - OFFICE COPY

FORM PCT/DO/EO/S03 (371 Acceptance Notice)
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PTO-1390 (Rev. 07-2005)
Approved for use through 3/31/2007. OMB 0651-0021
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

ATTORNEY'S DOCKET NUMBER

TRANSMITTAL LETTER TO THE UNITED STATES 095309.57635US

DESIGNATED/ELECTED OFFICE (DOIEOIUS) U.S. APPLICATION NO. (If known, see. 37 CFR 1.5)
CONCERNING A SUBMISSION UNDER 35 U.S.C. 371 10/577.797

INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE PRIORITY DATE CLAIMED

PCT/EP2004/011637 October 15, 2004 October 29, 2003

TITLE OF INVENTION

DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE

APPLICANT(S) FOR DO/EO/US

Ruediger PFAFF, et al.

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information:

1.
2.
3.

10.

11.
12.
13.
14.
15.
16.
17.
18.
18.
20.

OX XXO

O

ORO

This is a FIRST submission of items concerning a submission under 35 U.S.C. 371.
This is a SECOND or SUBSEQUENT submission of items concerning a submission under 35 U.S.C. 371.

This is an express request to begin national examination procedures (35 U.S.C. 371(f)). The submission must include items (5), (6), (9)
and (21) indicated below.

The US has been elected (Article 31).

A copy of the International Application as filed (35 U.S:C. 371(c)(2))

a. Ej is attached hereto (required only if not communicated by the international Bureau).

b. D has been communicated by the International Bureau.

c. C] Is not required, as the application was filed in the United States Receiving Office (RO/US).
An English language transiation of the International Application as filed (35 U.S.C. 371(c)(2)).

a. [ is attached hereto.

b. [:] has been previously submitted under 35 U.S.C. 154(d)(4).

Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3))

a. E] are attached hereto (required only if not communicated by the International Bureau).

b. [:] have been communicated by the International Bureau.

c. D have not been made; however, the time limit for making such amendments has NOT expired.
d. [[] have not been made and will not be made.

An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)).
An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)) (One (1) page).

An English language translation of the annexes of the International Preliminary Examination Report under PCT Article 36 (35 U.S.C.
371(c)(5)).

items 11 to 20 below concern document(s) or information included:

XOOOOOOOod

An Information Disclosure Statement under 37 CFR 1.97 and 1.98.

An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included.
A preliminary amendment.

An Application Data Sheet under 37 CFR 1.76.

A substitute specification.

A power of attorney and/or change of address letter.

A computer-readable form of the sequence listing in accordance with PCT Ruie 13ter.2 and 37 CFR 1.821- 1.825.

A second copy of the published International Application under 35 U.S.C. 154(d)(4).

A second copy of the English language translation of the international application under 35 U.S.C. 154(d)(4).

Other items or information: A copy of Notification of Missing Requirements dated March 6, 2007.

This collection of information is required by 37 CFR 1.414 and 1.491-1.492. 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 15 minutes to
complete, including gathering information, preparing, and submitting the completed 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.0O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Mail Stop PCT, C« it for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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PTO-1380 (Rev. 02-2005)

Aﬁproved for use through 3/31/2007. OMB 0651-0021
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

INTERNATIONAL APPLICATION NO.
PCT/EP2004/011637

U.S. APPLICATION NO. (if known, see 37 CFR 1.5)
10/5677,797

ATTORNEY'S DOCKET
095309

NUMBER
.57635US

The following fees have been submitted
21. D Basic national fee (37 C.F.R. §1.492()) .....ccocoiiiiiiriiiiriniiieceeee e $300.00

CALCULATIONS

PTO USE ONLY

$

22, [] Examination fee (37 C.F.R. §1.492(c))

If the written opinion prepared by ISA/US or the international preliminary

examination report prepared by IPEA/US indicates all claims satisfy

provisions of PCT Article 33(1)-(4) «.ceeiiiiiiiiiiiieceeete et ree e e e $0.00
Ali other situations

23. D Search fee (37 C.F.R. §1.482(b))

If the written opinion of the ISA/US or the Internationai preliminary examination

report prepared by IPEA/US indicates all claims satisfy provisions of PCT

ATHCIE 33(1J(4) .neeerreenteen ettt ettt ettt e e e s s e e an e aeas et e paene $0
Search fee (37 CFR 1.445(a)(2)) has been paid on the international application to

the USPTO as an International Searching Authority
International Search Report prepared by an ISA other than the US and provided to

the Office or previously communicated to the US by the IB...........c.ooooiiiiiiiininnnnne $400
All Other SHUBHIONS L. .uiii ettt ettt e se et et ir e ettt e s e sen s cee s s cneesonnees s nrneessans $500

TOTAL OF 21,22 AND 23 =

|

D Additional fee for specification and drawings filed in paper over 100 sheets (excluding
sequence listing or computer program listing filed in an electronic medium). The fee is

$250 for each additional 50 sheets of paper or fraction thereof.

Total Sheets

Number of each additional 50 or fraction

thereof {round up to a whole number) RATE

Extra Sheets

- 100

/50 = x 250 $

Surcharge of $130.00 for furnishing the oath or declaration later than 30 months from the earliest
claimed priority date (37 CFR 1.492(h)).

“»

CLAIMS

NUMBER FILED NUMBER EXTRA RATE

Total claims

-20 x 50

Independent claims

-3 x 200

MULTIPLE DEPENDENT CLAIM(S) (if applicable)

+ 360

AR |¢n

TOTAL OF ABOVE CALCULATIONS =

D Applicant claims small entity status. See 37 CFR 1.27. Fees above are reduced by %.

SUBTOTAL =

Processing fee of $130.00 for furnishing the English translation later than 30 months from the
earliest claimed priority date (37 CFR 1.492(1)). ....uvieiiiiiiiiiniiiiini it e e +

TOTAL NATIONAL FEE =

Fee for recording the enclosed assignment (37 CFR 1.21 (h)). The assignment must be
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property .............. +

© N (h|en &

TOTAL FEES ENCLOSED =

Amount to be
refunded: | $

Amount to be
charged: | $

X OO

O

A check in the amount of $§  to cover the above fees is enclosed.

Please charge my Deposit Account No. 05-1323 {Attorney Docket No. 095309.57635US) in the amount of $  to cover the above fees.

A duplicate copy of this sheet is enclosed.

The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment to Deposit
Account No. 05-1323 (Attorney Docket No. 095309.57635US). A duplicate copy of this sheet is enclosed.

Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038.

NOTE: Where an appropriate time limit under 37 CFR 1.4385 has not been met, a petition to revive (37 CFR 1.137(a) or {b)) must be filed
and granted to restore the International Application to pending status.

SEND ALL CORRESPONDENCE TO:

JFM/mc

Crowell & Moring, LLP
Intellectual Property Group
P.O. Box 14300

Washington, D.C. 20044-4300
Tel. No. (202) 624-2500

Fax No. (202) 628-8844

James F. McKeown

NAME
25,406

REGISTRATION NUMBER
March 27, 2007

DATE

FORM PTO-1380 (REV. 02-2005)
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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 72313-1450

WWW,USPLO.gOV

| U.S. APPLICATION NUMBER NO. | FIRST NAMED APPLICANT | ATTY. DOCKET NO. ]
10/577,797 Ruediger Pfaff 095309.57635US
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NOTIFICATION OF MISSING REQUIREMENTS UNDER 35 U.S.C. 371 IN THE UNITED
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The following items have been submitted by the applicant or the IB to the United States Patent and Trademark
Office as a Designated / Elected Office (37 CFR 1.495).

o Copy of the International Application filed on 04/28/2006

e English Translation of the |A filed on 04/28/2006

e Copy of the International Search Report filed on 04/28/2006

¢ Preliminary Amendments filed on 04/28/2006 )

o Information Disclosure Statements filed on 04/28/2006 Action Mues. Pea:

¢ Request for Immediate Examination filed on 04/28/2006 Due Date S b-077

e U.S. Basic National Fees filed on 04/28/2006 Eocket # 5‘;1;55‘\-15‘

e Substitute Specification filed on 04/28/2006 ftorney =) }

e Priority Documents filed on 04/28/2006 - Docketing ﬁ;’l ﬁéﬁf’ 68

The following items MUST be furnished within the period set forth below in order to complete the requirements for
acceptance under 35 U.S.C. 371:

e Oath or declaration of the inventors, in compliance with 37 CFR 1.497(a) and (b), identifying the application
by the International application number and international filing date.

ALL OF THE ITEMS SET FORTH ABOVE MUST BE SUBMITTED WITHIN TWO (2) MONTHS FROM THE
DATE OF THIS NOTICE OR BY 32 MONTHS FROM THE PRIORITY DATE FOR THE APPLICATION,
WHICHEVER IS LATER. FAILURE TO PROPERLY RESPOND WILL RESULT IN ABANDONMENT.

The time period set above may be extended by filing a petition and fee for extension of time under the provisions
of 37 CFR 1.136(a). :

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)
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Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

if you are not using EFS-Web to submit your reply, you must include a copy of this notice.

VIRGINIA L IRBY

Telephone: (703) 308-9140 EXT 229

PART 1 - ATTORNEY/APPLICANT COPY

{ U.S. APPLICATION NUMBER NO. | INTERNATIONAL APPLICATION NO. | ATTY. DOCKET NO. ]
10/577,797 PCT/EP04/11637 095309.57635U8S

FORM PCT/DO/EO/I05 (371 Formalities Notice)

Page 59 of 196



7 POICEI/ ks (4

Attorney Docket No. 095309 57635U8S

DECLARATION AND POWER OF ATTORNEY

(For Use with Application Data Sheet)

Title Of

Invention Directly Injecting Internal Combustion Engine

As the below named inventor(s), I/we declare that:

This declaration is directed to: R
rr{, 4 -

[l The attached application, or s

X PCT international application Number PCT/EP2004/011637, filed October 15,2004

[] Application No. , filed K N
as amended on (if applicable); 3 -

1 believe that I am the original, first and sole inventor (if only one name is list‘eélt;belqw)' oran original,
first and joint inventor (if plural names are listed below) of the subject matter which‘is claimed and
for which a patent is sought.

I/we have reviewed and understand the contents of the above-identified application, including the
claims, as amended by any amendment specifically referred to above;

I/we acknowledge the duty to disclose to the United States Patent and Trademark Office all
information known to me/us to be material to patentability as defined in 37 CFR 1.56, including
material information which became available between the filing date of the prior application and the
National or PCT Intemational filing date of the continuation-in-part application, if applicable;

I/we hereby appoint the practitioners at CROWELL & MORING L.L.P., whose Customer Number
is:

23911

as my/our attorneys to prosecute the application identified above, and to transact all business in the
United States Patent and Trademark Office connected therewith; and

All statements made herein of my/our own knowledge are true; all statements made herein on
information and belief are believed to be true, and further these statements were made with the
knowledge that willful false statements and the like are punishable by fine or imprisonment, or both,
under 18 U.S.C. 1001, and may jeopardize the validity of the application or any patent issuing
thereon.

FULL NAME(S) of INVENTOR(S)

Signature: il Date: / / /A. ﬁ 5

Inventor one: Ruediger PFAFF

Citizen of: German

Signature: 1 L{ ; ;; é S( 2 Date: ()?0 7 O(
Inventor two: Martin EL -

Citizen of: German

N

I S R W4 o 370

Inventor three: El;fachim SUESS 4
Citizen of: rman

___Additional Inventors on Attached sheet if checked
DN#2755934_1
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WIPO PUBLICATION INFORMATION :

Publication No.: w2005 /4 7667 Publication Language: QO English ﬁ{ennan Q Japanese O Chinese O Koreen
Q French O Spanish O Russian Q Other ;

Publication Date : 26 M 2005 Not Published : O US. only designated 3 EP request Published : O EP request
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Eﬂ/-lnternatlonal Application (RECORD COPY) Q pcriBr306
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QO PCcT/ISA237: Qe Or Oss Qav m/Priority Document (s) No. __|
Qus O Ocny Oes Oru Qar Okr O ___ ONA
{1 PCTAPEA/09 or PCTASA/237 was NOT AVAILABLE st the time Q3 Priority Document was NOT AVAILABLE at the time of paralegal review
of parategal review .
O Other:
Z RECEIPTS FROM THE APPLICANT (other than checked above) :
@/Baslc National Fee (or authorization to charge) . Q/.Preliminary Amendment(s) Filed on :
% g 1. Gigame as 371 request date 2. 3.
Q/ Description %aims '@‘Abstract . E/Ingymation Disclosure Siatement(s) Filed on :
. 1. O'same as 371 request date 2. 3.
@/ Drawing Figure(s) - (# of drwgs. 4 ) Q Assignment Document (forwarded to Assignment Branch)
O Translation of Article 19 Amendments a Assignee Statement Under 37 CFR 3.73(b)
Q entered U not entered : 0]  Assignee PG Publication Notice
O not a page for page substitution
O replaced by Article 34 Amendment @ substitute Specification Filed on :
O Annexes to 409 . 1. & Same us 371 request date 2. ] 3,
Q entered 0 not entered : Q) Verified Small Status Statement
Q not a page for page substitution
O noranslation O other: O  Oath/ Declaration (executed)
E/ Application Data Sheet [ Oath/Declaration O unsigned O no citizenship O other
Power of Attorney Cl DNA Diskette 0 Sequence Listing
QO  Change of Address O other:

NOTES: O LA. used as Specification QO Other :

35 US.C. 371 : Receipt of Request (PTO-1390)

2F Poril/ 200%

DatgAccepmhte Oath/ Declaration Received

Date of Completion of requirements under 35 U.S.C. 371

Date of Completion of DO/ EO 903 - Notification of Accept;lce

Date of Complction of DO/ EO 905 - Notiflcation of Missing Requirements ‘) 5 /770 ,06 200 7
‘Date of Completion of DO/ EO 909 - Notiflcation of Abandonment

Date of Completion of DO/ EO 916 - Notification of Defective Response

Date of Completion of DO/ EO 922 - Notification to Comply w/ Requirements for Patent
Applications Containlng Nucleotide and/or Amino Acid Sequence Disclosures
Date of Completion of DO/ EQ 923
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UNITED STATES PATENT AND TRADEMARK OFFIGE

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

P.O. Box 1450

Alexendria, Virginis 22313-1450

o gV
| U.S. APPLICATION NUMBER NO. | FIRST NAMED APPLICANT | ATTY. DOCKET NO. |
10/577,797 Ruediger Pfaff 095309.57635US
l INTERNATIONAL APPLICATION NO. |
PCT/EP04/11637
23911 | LA. FILING DATE | prioriTY DATE |

CROWELL & MORING LLP
INTELLECTUAL PROPERTY GROUP
P.O. BOX 14300

WASHINGTON, DC 20044-4300 , CONFIRMATION NO. 5226

371 FORMALITIES LETTER

JULE UGG ER A

*0C000000022750070"

10/15/2004 10/29/2003

Date Mailed: 03/06/2007

NOTIFICATION OF MISSING REQUIREMENTS UNDER 35 U.S.C. 371 IN THE UNITED
STATES DESIGNATED/ELECTED OFFICE (DO/EO/US)

The following items have been submitted by the applicant or the IB to the United States Patent and Trademark
Office as a Designated / Elected Office (37 CFR 1.495).

Copy of the International Application filed.on 04/28/2006
English Translation of the A filed on 04/28/2006

Copy of the International Search Report filed on 04/28/2006
Preliminary Amendments filed on 04/28/2006

Information Disclosure Statements filed on 04/28/2006
Request for Immediate Examination filed on 04/28/2006
U.S. Basic National Fees filed on 04/28/2006

Substitute Specification filed on 04/28/2006

Priority Documents filed on 04/28/2006

¢ & @ & o o o o 0

The following items MUST be furnished within the period set forth below in"order to complete the requirements for
acceptance under 35 U.S.C, 371:

.o Oath or declaration of the inventors, in compliance with 37 CFR 1.497(a) and (b}, identifying the application
by the International application number and international filing date. ’

ALL OF THE ITEMS SET FORTH ABOVE MUST BE SUBMITTED WITHIN TWO (2) MONTHS FROM THE
DATE OF THIS NOTICE OR BY 32 MONTHS FROM THE PRIORITY DATE FOR THE APPLICATION,
WHICHEVER IS LATER. FAILURE TO PROPERLY RESPOND WILL RESULT IN ABANDONMENT.

The time period set above may be extended by filing a petition and fee for extension of time under the provisions
of 37 CFR 1.136(a).

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5)
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Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF .html '

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

VIRGINIA L IRBY

Telephone: (703) 308-9140 EXT 229

PART 2 - OFFICE COPY

| U.S. APPLICATION NUMBER NO. | INTERNATIONAL APPLICATION NO. | ATTY. DOCKET NO. |
10/5717,797 PCT/EP04/11637 095309.57635US

FORM PCT/DO/EO/805 (371 Formalities Notice)
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1806 Rec’d PCT/PTO 2.8 APR 2005
bR & ved PTO-1390 (Rev. 07-2005)
Approved for use through 3/31/2007. OMB 0651-0021
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 uniess it displays a valid OMB contral number.

TRANSMITTAL LETTER TO THE UNITED STATES ATTORNEY'S DOCKET NUMBER

DESIGNATED/ELECTED OFFICE (DO/EO/US) 095309.52635U§
CONCERNING A SUBMISSION UNDER 35 U.S.C. 371 | U.S.APPLICATION NO. (if known, see 3{CRRILY by 7 7 7 O3 =
INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE PRIORITYDATECLAMED® 7 & ¥ 7 §F
PCT/EP2004/011637 October 15, 2004 October 29, 2003

TITLE OF INVENTION
DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE

APPLICANT(S) FOR DO/EO/US
Ruediger PFAFF, et al.

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information:

1. g This is a FIRST submission of items concerning a submission under 35 U.S.C. 371.

2. D This is a SECOND or SUBSEQUENT submission of items conceming a submission under 35 U.S.C. 371.

3. X] Thisis an express request to begin national examination procedures (35 U.S.C. 371(f)). The submission must include items (5}, (6}, (9)
and (21) indicated below.

4. [C] The US has been elected {Article 31).

S, g A copy of the Intemnational Application as filed (35 U.S.C. 371(c}(2))

a. D is attached hereto (required only if not communicated by the International Bureau).
b. [X] has been communicated by the International Bureau.
C. D Is not required, as the application was filed in the United States Receiving Office (RO/US}).
6. E An English language translation of the International Application as filed (35 U.S.C. 371(c)(2)).
a. [ is attached hereto.
b. {:] has been previously submitted under 35 U.S.C. 154(d)(4).
7. [[1 Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3))
a. D are attached hereto {required only if not communicated by the International Bureau).
b. D have been communicated by the Internationai Bureau. )
c. [:] have not been made; however, the time limit for making such amendments has NOT expired.
d. D have not been made and will not be made.
D An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)).
D An oath or declaration of the inventor(s) (35 U.S.C. 371(c)}4)).

10. D An English language translation of the annexes of the Intemational Preliminary Examination Report under PCT Article 36 (35 U.S.C.
371(c)(5))

Items 11 to 20 below concern document(s) or information included:

1. g An Information Disclosure Statement under 37 CFR 1.97 and 1.98 (Int'l. Search Report; refs.)

12. D An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included.

13. g A preliminary amendment.

14. [X] AnApplication Data Sheet under 37 CFR 1.76.

15. @ A substitute specification (clean/marked-up versions)

16. D A power of atterney and/or change of address letter.

17. [J A computer-readable form of the sequence listing in accordance with PCT Rule 13fer.2 and 37 CFR 1.821- 1.825.

18. D A second copy of the published Intemational Application under 35 U.S.C. 154(d)(4).

19. E] A second copy of the English language translation of the international application under 35 U.S.C. 154(d}(4).

20. [] Otheritems or information: PCT/IB/308; Credit Card Payment Form; four (4) sheets of drawings consisting of Figs. 1-10.

This collection of information is required by 37 CFR 1.414 and 1.491-1.492. 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 govemed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 15 minutes to
complete, including gathering information, preparing, and submitting the completed 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: Mail Stop PCT, C issi for P , P.O. Box 1450, Alexandria, VA 22313-1450.
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' 1AP17 Rec'd PET/PTO 2.8 APR 2006

PTO-1390 (Rev. 02-2005)
Approved far use through 3/31/2007. OMB 0651-0021

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1895, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

u.Ss. APPUCATIT rﬁ (ym . 0731 g) INTERNATIONAL APPLICATION NO. ATTORNEY'S DOCKET NUMBER
?77 ; PCT/EP2004/011637 095309.57635US
The following fees have been submitted CALCULATIONS PTO USE ONLY
21. g Basic national fee (37 C.F.R. §1.492(a)).......ccccoiriri s $300.00 $ 300.00
22. & Examination fee (37 C.F.R. §1.492(c))
if the written opinion prepared by ISA/US or the international preliminary
examination report prepared by IPEA/US indicates all claims satisfy
provisions of PCT Article 33(1)(4) ......cccoeeeeneee
All other situations $ 200.00
23. E Search fee (37 C.F.R. §1.492(b))
If the written opinion of the ISA/US or the International preliminary examination
report prepared by IPEA/US indicates all claims satisfy provisions of PCT
Article 33(1)-(4) ....
Search fee (37 CFR 1.445(a)(2)) has been paid on the international application to
the USPTO as an Intemational Searching AUthOrity............ooceii i $100
International Search Report prepared by an ISA other than the US and provided to
the Office or previously communicated to the US by the IB
All other situations $ 400.00
TOTAL OF 21,22 AND 23 = $ 900.00
D Additional fee for specification and drawings filed in paper over 100 sheets (excluding
sequence listing or computer program listing filed in an electronic medium). The fee is
$250 for each additional 50 sheets of paper or fraction thereof.
Number of each additional 50 or fraction
Total Sheets Extra Sheets thereof (round up to a whole number) RATE
- 100 /50 = x 250 $
Surcharge of $130.00 for furnishing the oath or declaration later than 30 months from the earliest
claimed priority date (37 CFR 1.492(h)). $ 130.00
CLAIMS NUMBER FILED NUMBER EXTRA RATE
Total claims ' 18 0 x 50 $ 0.00
Independent claims 1 0 x 200 $ 0.00
MULTIPLE DEPENDENT CLAIM(S) (if applicable) + 360 $ 0.00
TOTAL OF ABOVE CALCULATIONS = $ 1030.00
D Applicant claims small entity status. See 37 CFR 1.27. Fees above are reduced by %z.
SUBTOTAL = $ 1030.00
Processing fee of $130.00 for furnishing the English transiation later than 30 months from the
earliest claimed priority date (37 CFR 1.492(1))- ooeeeieeiiiieee e + $
TOTAL NATIONAL FEE = $ 1030.00
Fee for recording the enclosed assignment (37 CFR 1.21 (h)). The assignment must be
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property .............. + $
TOTAL FEES ENCLOSED = $ 1030.00
Amount to be
refunded: | $
Amount to be
charged: | $
a. D A check in the amountof $  to cover the above fees is enclosed.
b. D Please charge my Deposit Account No. 05-1323 (Attorney Docket No. 095309.57635US) in the amount of §  to cover the above fees.
A duplicate copy of this sheet is enclosed.
c. @ The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment to Deposit
Account No. 05-1323 {Attorney Docket No. 095309.57635US). A duplicate copy of this sheet is enclosed.
d. & Fees are to be charged to a credit card. WARNING: Information on this form may become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038.
NOTE: Where an appropriate time limit under 37 CFR 1.495 has not been met, a petition to revive (37 CFR 1.137(a) or (b)) must be filed
and granted to restore the international Application to pending status.
SEND ALL CORRESPONDENCE TO: ./
Crowell & Moring, LLP Lo
Intellectual Property Group
P.O. Box 14300 James F. McKeown
Washington, D.C. 20044-4300 25.406
Tel. No. (202) 624-2500 REGISTRATION NUMBER
Fax No. (202) 628-8844 April 28, 2006
Ixxx {(doc no.) DATE
FORM PTO-1390 (REV. 02-2005) Page 2 of 2

2760229
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DaimlerChrysler AG

Directly injecting internal combustion engine

The invention relates to a directly injecting internal
combustion engine with at least one cylinder which has
a combustion space and in which a piston executes an
oscillating movement, according to the type defined in
more detail in the preamble of claim 1.

A generic internal combustion engine is known from
US 2002/0117146 Al. In this case, the fuel is injected
at a relatively steep injection angle into the
combustion space, and the piston recess is adapted at
least partially to the injection angle.

In an internal combustion engine described in
DE 196 49 052 Al, a special shape of the piston recess
is likewise provided, in order to achieve an additional
reduction in the pollutants emitted by the internal

combustion engine.

When early homogenization is to be achieved within the
combustion space when an internal combustion engine, in
particular a diesel internal combustion engine, is in
operation, then injection time points of approximately
130 to 30° before the top dead center of the piston
must be selected, since, at this time point, the
combustion space pressure 1is still relatively low, so
that the injected fuel can penetrate very deeply into
the combustion space. In order to prevent the injection
jet from impinging onto the cylinder wall or the liner,
as steep an injection angle as possible at the
injection nozzle should be selected, in order to ensure
as long a free Jjet 1length as possible. This also
requires the shape of the piston recess to be adapted

to this injection, as 1is the case, for example, in

Page 66 of 196

IAP17 Rec'd PCT/PTO 28 APR 2006



10

15

20

25

30

35

P803662/W0O/1

US 2002/0117146 Al.

Since, however, it 1is not possible to operate the
internal combustion engine with a homogeneous
combustion process over its entire characteristic map,
the piston recess must be designed both for homogeneous
and for conventional mixture formation. This 1is not

easily possible in known solutions.

The object of the present invention, therefore, is to
provide a directly injecting internal combustion
engine, in which the shape o©f the piston recess is
designed such that the internal combustion engine can
be operated by means of both a homogeneous and a

conventional combustion process.

This object is achieved, according to the invention, by

means of the features mentioned in claim 1.

The solution according to the invention ensures that
the injection jet always impinges on the piston recess
such that the injected fuel can be intermixed optimally
with the air 1located in the <combustion space,
specifically independently of the time ©point of
injection. Particularly the fact that an injection jet
injected at the 1latest possible time point always
impinges onto the surface adjoining the elevation
ensures that the momentum of the impinging injection
jet is not nullified, with the result that it could no
longer be used optimally for mixture formation, which,
in turn, would entail an increased formation of black
smoke.

An internal combustion engine is thus afforded which
can easily be operated by means of both a homogeneous

and a conventional combustion process.

Advantageous refinements of the invention may be
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gathered from the subclaims. An exemplary embodiment of

the invention is illustrated below, in principle, by

means of the drawing in which:

fig.

fig.

fig.

fig.

fig.

fig.

fig.

fig.

1

10

shows an internal combustion engine according
to the invention with a piston oscillating in a
combustion space of the latter and with an
injection jet impinging on the piston recess of
the piston;

shows the configuration of the piston recess. of

the piston from fig. 1 in a first region;

shows the configuration of the piston recess of
the piston from fig. 1 in a second region;

shows the configuration of the piston recess of
the piston from fig. 1 in a third region;

shows the deflection of the injected fuel jet
into that region of the piston recess which is
illustrated in fig. 4;

shows the configuration of the piston recess of

the piston from fig. 1 in a fourth region;

shows the air capture in a sixth region of the
piston recess;

shows a first embodiment of a fifth region of a
piston from fig. 1;

shows a second embodiment of a fifth region of

a piston from fig. 1; and

shows a third embodiment of a fifth region of a
piston from fig. 1.
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Fig. 1 shows an internal combustion engine 1 which has
a crankcase 2 and a cylinder head 3. Within the
crankcase 2 of the internal combustion engine 1 is
located at least one cylinder 4 which has a combustion
space 5 and in which a piston 6 executes an oscillating
movement in a way known per se. In the cylinder head 3
is arranged an injection nozzle 7 having a plurality of
injection orifices 8 from which an injection jet 9
emerges. In the present case, the opening angle a of
the injection jet ¢ is relatively steep and lies in a
range of between 50° and 120°. Thus, fuel is thereby
injected directly into the combustion space 5, so that
this is a directly injecting internal combustion engine
1.

Fig. 1 depicts two different injection Jjets, to be
precise an injection jet 9a, which is obtained when the
piston 6 is at a top dead center, and an injection jet
9b, which is obtained in the case of fuel injection at
the latest possible injection time point. The injection
jets 9a and 9b are in each case illustrated merely as
axes of an injection cone being distributed within the
combustion space 5.

The piston 6 has a piston recess 10 in its side facing
the cylinder head 3. In the following figures, the
contour of the piston recess 10 and its adaptation to
the injection jets 9 are explained in more detail, for
the sake of clarity the individual figures in each case
indicating only those reference symbols which are
relevant for describing the respective figure. The

piston recess 10 is identical in all the figures.

As can be seen in fig. 2, the piston recess 10 has in
its central region an elevation 11 extending in the
direction of the cylinder head 3. The elevation 11 in
this case has an angle P with respect of the axis of
the piston which is smaller than half the injection
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angle o, so that the outermost .edge of the injection
jet 9a, illustrated here as a mid-axis, does not come
into contact with the elevation 11.

As can be seen in fig. 2 and fig. 3, the elevation 11
has adjoining it in the direction of a recess edge 12,
that is to say the end of the piston recess 10, a
surface 13 which is connected to the elevation 11 via a
radius 14 in such a way that the injection Jjet 9a
injected at the earliest possible time point impinges
onto the surface 13 at an impingement point 15 and 1is
distributed both in the direction of the elevation 11
and in the direction of the recess edge 12. This
distribution of the injection jet Sa is important in
order to intermix the fuel as effectively as possible
with the air located in the combustion space 5. Owing
to the above-described steeper angle [ of the elevation
11, as compared with the injection angle o, there is
still sufficient free space in the region £from the
impingement point 15 of the injection jet 9a on the
surface 13 to the elevation 11 to ensﬁre that the fuel
quantity deflected in the direction of the elevation 11
can be ‘effectively distributed. The fuel deflected in
the direction of the elevation 11 is designated by the
arrow 16, whereas the fuel deflected in the direction
of the recess edge 12 is designated by the arrow 17. It
can be seen here that the fuel quantity . deflected or
distributed in the direction of the recess edge 12 is
greater than the fuel quantity deflected in the
direction of the elevation 11. The radius 14 should be
selected, in this respect, such that an accumulation of
the fuel flowing back is avoided.

It can be seen in fig. 4 that the surface 13 adjoining
the elevation 11 in the direction of the recess edge 12
is of essentially planar design and has an ascending
gradient in the direction of the recess edge 12. In
other words, the surface 13 forms a plane which is at a
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constant angle y to the injection jet 9 over the entire
maximum injection duration. The angle y may be varied
as a function of the regquired momentum deflection of an
injection jet 9c¢ in this case impinging in the middle
region of the surface 13, the main momentum taking
place in the direction of the recess edge 12, as
already mentioned above. If appropriate, it may also be
expedient for the surface 13 adjoining the elevation 11
in the direction of the recess edge 12 to have a curved

design.

Fig. 5 illustrates by means of arrows 18 and 19 that,
during the entire fuel injection, a smaller fraction of
the injection Jjet 9 1is thereby conducted in the
direction of the elevation 11 and a larger fraction is
thereby conducted in the direction of the recess edge
12. The arrow 18 in this case shows the fuel quantity
conducted in the direction of the elevation 11, whereas
the arrow 19 shows the fuel quantity conducted in the
direction of the recess edge 12.

The distance of the surface 13 from the injection
nozzle 7 should be selected such that the injection jet
9 can achieve a sufficiently free Jjet 1length and
therefore an optimum jet velocity and the optimum
momentum. Depending on the number of injection orifices
8 of the injection nozzle 7, an interaction of the fuel
deflected on the piston recess 10 between two injection
jets 9 is possible, thus additionally contributing to
the capture of air in the combustion space 5. 1In
addition, the division of the fuel may also be assisted
by swirl.

Fig. 6 illustrates the injection jet 9b injected at the
latest possible time point. In this case, it can be
seen that the surface 13 has an extent in the direction
of the recess edge 12 such that the injection jet 9b

injected at the latest possible time point impinges
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onto the surface 13. In this region, too, the surface
13 is designed in such a way that the injection jet 9b
is distributed both in the direction of the elevation
11 and in the direction of the recess edge 12. The fuel
quantity distributed in the direction of the elevation
11 is designated by an arrow 20 and the fuel quantity
distributed in the direction of the recess edge 12 is
designated by an arrow 21. Thus, a vertical impingement
cf the injection jet 9 on the piston recess 10 is
prevented, and it is ensured that the momentum of the

injection jet 9b is maintained.

It is apparent from fig. 7 that the surface 13 has
adjoining it a surface 23 connected to the recess edge
12 via a radius 22. At the recess edge 12, a pinch gap
region 24, as it may be referred to, at or above an
upper surface 25 of the piston 6 occurs, which pinches
the fuel/air mixture in the edge region in the
direction of the piston recess 10 and thereby reduces
the emission of hydrocarbons and carbon monoxide. The
pinch gap region 24 selected should not be too large,
since, even in this region, an air capture is required.
The surface 23 contributes to the fact that the fuel
jet following the arrow 21 is deflected such that an
increased introduction of fuel into the pinch gap
region 24 is prevented.

Figs 8, 9 and 10 illustrate various tie-ups of the
surface 23 to the upper surface 25 of the piston 6.

In the embodiment according to fig. 8, the surface 23
connected to the recess edge 12 forms an acute angle
with the upper surface 25 of the piston 6. The supply
of fuel to a glow plug or spark plug, not illustrated,'
can thereby be improved.

In the version according to fig. 9, the surface 23

merges at a radius 26 into the upper surface 25 of the
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Fig. 10 illustrates a version in which the surface 23

connected to the recess edge 12 forms an obtuse angle
with the upper surface 25 of the piston 6.
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Patent claims

1. A directly injecting internal combustion engine,
with at least one cylinder which has a combustion space
and in which a piston executes an oscillating movement,
and with an injection nozzle for the injection of fuel
into the combustion space, the piston having a piston
recess which has in its central region an elevation
extending in the direction of a <c¢ylinder Thead,
characterized in that a surface (13) of the piston
recess (10) which adjoins the elevation (11) in the
direction of the recess edge (12) is connected to the
elevation (11) wvia a radius (14) in such a way that an
injection jet (9a) impinging in this region and
injected at the earliest possible time point is
distributed both in the direction of the elevation (11)
and in the direction of the recess edge (12), and in
that the surface (13) adjoining the elevation (11) in
the direction of the recess edge (12) has an extent in
the direction of the recess edge (12) such that an
injection jet (9b) injected at the latest possible time
point impinges onto the surface (13), the injection jet
(9b) injected at the latest possible time point being
distributed both in the direction of the elevation (11)
and in the direction of the recess edge (12).

2. The directly injecting internal combustion engine
as claimed in claim 1, characterized in that a surface
(23) connected to the recess edge (12) adjoins the
surface (13) adjoining the elevation (11) in the

direction of the recess edge (12).

3. The directly injecting internal combustion engine
as claimed in claim 2, characterized in that the
surface (23) connected to the recess edge (12) 1is
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connected via a radius (22) to the surface (13)
adjoining the elevation (11) in the direction of the
recess edge (12).

4. The difectly injecting internal combustion engine
as claimed in claim 2 or 3, characterized in that the
surface (23) connected to the recess edge (12) forms an
acute angle with the upper surface (25) of the piston
(6) .

5. The directly injecting internal combustion engine
as claimed in claim 2 or 3, characterized in that the
surface (23) connected to the recess edge (12) forms an
obtuse angle with the upper surface (25) of the piston
{(6).

6. The directly injecting internal combustion engine
as claimed in one of claims 2 to 5, characterized in
that the surface (23) connected to the recess edge (12)
merges in a radius (26) into the upper surface (25) of
the piston (6).

7. The directly injecting internal combustion engine
as claimed in one of c¢laims 1 to 6, characterized in
that the surface (13) adjoining the elevation (11) in
the direction of the recess edge (12) has an ascending

gradient in the direction of the recess edge (12).

8. The directly injecting internal combustion engine
as claimed in claim 7, characterized in that the
surface (13) adjoining the elevation (11) in the

direction of the recess edge (12) is of essentially
planar design.

S. The directly injecting internal combustion engine
as c¢laimed in claim 7, characterized in that the
surface (13) adjoining the elevation (11) in the

direction of the recess edge (12) is of curved design.
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10. The directly injecting internal combustion engine
as claimed in one of claims 1 to 9, characterized in
that the injection angle (o) of the injection nozzle
(7) is between 50° and 120°.
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Abstract

A directly injecting internal combustion engine (1) has
at least one cylinder (4) which has a combustion space
(5) and in which a piston (6) executes an oscillating
movement, and an injection nozzle (7) for the injection
of fuel into the combustion space (5). A piston (6) has
a piston recess (10) which has in its central region an
elevation extending in the direction of a cylinder head
(3). A surface (13) of the piston recess (10) which
adjoins the elevation (11) in the direction of the
recess edge {(12) is connected to the elevation (11) via
a radius (14) in such a way that an injection jet (9a)
impinging in this region and injected at the earliest
possible  time point is distributed both in the
direction of the elevation (11) and in the direction of
the recess edge (12). The surface (13) adjoining the
elevation (11) in the direction of the recess edge (12)
has an extent in the direction of the recess edge (12)
such that an injection jet (9b) injected at the latest
possible time point impinges onto the surface (13). The
injection jet (9b) injected at the latest possible time
point is distributed both in the direction of the
elevation (11) and in the direction of the recess edge
(12) .

(Fig. 1)
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PRELIMINARY AMENDMENT

Mail Stop PCT
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Sir:
Please enter the following amendments to the specification, claims and
abstract prior to the examination of the application.
Amendments to the Specification begin on page 2 of this paper. (4

Substitute Specification with marked wup version is submitted

concurrently herewith).

Amendments to the Claims are reflected in the listing of claims which

begins on page 3 of this paper.

Amendments to the Abstract are noted on page 7 and attached hereto

as a separate unnumbered page.

Remarks begin on page 8 of this paper.
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Amendments to the Specification:

Submitted concurrently herewith is a substitute specification and marked

up version thereof. No new matter has been added.
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Preliminary Amendment
Atty. Dkt. No.: 095309.57635US

IAP17 Rec’d PCT/PTO 28 APR 2006

Amendments to the Claims:
The listing of claims will replace all prior versions, and listings, of claims

in the application:

Listing of Claims:

Claims 1-10 (canceled).

Claim 11 (new): A directly injecting internal combustion engine,
comprising at least one cylinder which ahs a combustion space in which a piston
executes an oscillating movement, and an injection nozzle for injection of fuel
into the combustion space, wherein the piston ahs a piston recess, which, in a
central region thereof, has an elevation extending in a cylinder head direction,
and a surface of the piston recess adjoining the elevation in a recess edge
direction is connected to the elevation via a radius so that an injection jet
impinging in this region and injected as early as possible is distributed both in a
elevation direction and in the recess edge direction, and the surface has an
extent in the recess edge direction such that an injection jet injected as late as
possible impinges onto the surface, the last-mentioned injection jet being

distributed both in the elevation direction and in the recess edge direction.

Claim 12 (new): The directly injecting internal combustion engine as
claimed in claim 11, wherein a surface connected to the recess edge adjoins the

surface of the piston recess.

Page 30of 8
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Claim 13 (new): The directly injecting internal combustion engine as
claimed in claim 12 ,wherein the surface connected to the recess edge is

connected via a radius to the surface of the piston recess.

Claim 14 (new): The directly injecting internal combustion engine as
claimed in claim 12, wherein the surface connected to the recess edge forms an

acute angle with an upper surface of the piston.

Claim 15 (new): The directly injecting internal combustion engine as
claimed in claim 14, wherein the surface connected to the recess edge is

connected via a radius to the surface of the piston recess.

Claim 16 (new): The directly injecting internal combustion engine as
claimed in claim 12, wherein the surface connected to the recess edge forms an

obtuse angle with an upper surface of the piston.

Claim 17 (new): The directly injecting internal combustion engine as
claimed in claim 16, wherein the surface connected to the recess edge is

connected via a radius to the surface of the piston recess.

Claim 18 (new): The directly injecting internal combustion engine as
claimed in claim 12, wherein the surface connected to the recess edge merges in

a radius into an upper surface of the piston.

Page 4 of 8
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Claim 19 (new): The directly injecting internal combustion engine as
claimed in claim 11, wherein the surface of the piston recess has an ascending

gradient in the recess edge direction.

Claim 20 (new): The directly injecting internal combustion engine as
claimed in claim 19, wherein the surface of the piston recess in the recess edge

direction is substantially planar.

Claim 21 (new): The directly injecting internal combustion engine as
claimed in claim 19, wherein the surface of the piston recess in the recess edge

direction is curved.

Claim 22 (new): The directly injecting internal combustion engine as
claimed in claim 11, wherein an injection angle of the injection nozzle is between

50° and 120°.

Claim 23 (new): The directly injecting internal combustion engine as
claimed in claim 22, wherein a surface connected to the recess edge adjoins the

surface of the piston recess.

Claim 24 (new): The directly injecting internal combustion engine as
claimed in claim 23, wherein the surface connected to the recess edge is

connected via a radius to the surface of the piston recess.

Page 5 0of 8
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Claim 25 (new): The directly injecting internal combustion engine as
claimed in claim 23, wherein the surface connected to the recess edge forms an

acute angle with an upper surface of the piston.

Claim 26 (new): The directly injecting internal combustion engine as
claimed in claim 23, wherein the surface connected to the recess edge forms an

obtuse angle with an upper surface of the piston.

Claim 27 (new): The directly injecting internal combustion engine as
claimed in claim 23, wherein the surface connected to the recess edge merges in

a radius into an upper surface of the piston.

Claim 28 (new): The directly injecting internal combustion engine as
claimed in claim 22, wherein the surface of the piston recess has an ascending

gradient in the recess edge direction.

Claim 29 (new): The directly injecting internal combustion engine as
claimed in claim 28, wherein the surface of the piston recess in the recess edge

direction is substantially planar.

Claim 30 (new): The directly injecting internal combustion engine as
claimed in claim 28, wherein an injection angle of the injection nozzle is between

50° and 120°.

Page 6 of 8
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Amendments to the Abstract:

Please substitute the new Abstract of the Disclosure submitted herewith

on a separate page for the original Abstract presently in the application.
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REMARKS

Entry of the amendments to the specification, claims and abstract before
examination of the application is respectfully requested. These claims have been

amended to remove multiple dependencies.

If there are any questions regarding this Preliminary Amendment or the
application in general, a telephone call to the undersigned would be appreciated

since this should expedite the prosecution of the application for all concerned.

If necessary to effect a timely response, this paper should be considered as
a petition for an Extension of Time sufficient to effect a timely response, and
please charge any deficiency in fees or credit any overpayments to Deposit
Account No. 05-1323 (Docket # 095309.57635US).

Respectfully submitted,

April 28, 2006

JamesE. McKeown
Registration No. 25,406
CROWELL & MORING LLP
Intellectual Property Group
P.O. Box 14300

Washington, DC 20044-4300
Telephone No.: (202) 624-2500
Facsimile No.: (202) 628-8844
JFM:aw

2760230
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ABSTRACT OF THE DISCLOSURE

A directly injecting internal combustion engine has at least one cylinder
which has a combustion space and in which a piston executes an oscillating
movement, and an injection nozzle for the injection of fuel into the combustion
space. The piston has a piston recess which has in its central region an elevation
extending in the direction of a cylinder head. A surface of the piston recess which
adjoins the elevation in the direction of the recess edge is connected to the
elevation via a radius so an injection jet impinging in this region and injected at
the earliest possible time point is distributed both in the elevation direction and
in the recess edge direction. The surface adjoining the elevation in that direction
has an extent in that direction such that an injection jet injected at the latest
possible time point impinges onto the surface and is distributed both in the

elevation direction and in the recess edge direction.
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DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE

BACKGROUND AND SUMMARY OF THE INVENTION

[o001] This application is a National Phase of PCT/EP2004/011637,
filed October 15, 2004, and claims the priority of German patent
document DE 103 50 795.7, filed October 29, 2003, the disclosure of

which is expressly incorporated by reference herein.

[0002] The present invention relates to a directly injecting internal
combustion engine with at least one cylinder which has a combustion

space and in which a piston executes an oscillating movement.

[0003] A known internal combustion engine is described in U.S.
patent publication No. 2002/0117146 Al. In this case, the fuel is
injected at a relatively steep injection angle into the combustion space,

and the piston recess is adapted at least partially to the injection angle.

{0004] In an internal combustion engine described in
DE 196 49 052 A1, a special shape of the piston recess is likewise
provided, in order to achieve an additional reduction in the pollutants

emitted by the internal combustion engine.

[0005] When early homogenization is to be achieved within the

combustion space of an operating internal combustion engine, in
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particular a diesel internal combustion engine, then injection time
points of approximately 130 to 30° before the top dead center of the
piston must be selected, since, at this time point, the combustion space
pressure is still relatively low, so that the injected fuel can penetrate
very deeply into the combustion space. In order to prevent the injection
jet from impinging onto the cylinder wall or the liner, as steep an
injection angle as possible at the injection nozzle should be selected, in
order to ensure as long a free jet length as possible. This also requires
the shape of the piston recess to be adapted to this injection, as is the

case, for example, in US 2002/0117146 A1.

[0006] Since, however, it is not possible to operate the internal
combustion engine with a homogeneous combustion process over its
entire characteristic map, the piston recess must be designed both for
homogeneous and for conventional mixture formation. This is not easily

possible in known solutions.

[00607] An object of the present invention, therefore, is to provide a
directly injecting internal combustion engine, in which the shape of the
piston recess is configured such that the internal combustion engine can
be operated by both a homogeneous and a conventional combustion

process.
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[0008] This object has been achieved, according to the invention
providing that a surface of the piston recess which adjoins the elevation
in the direction of the recess edge is connected to the elevation vi a
radius in such a way that an injection jet impinging in this region and
injected at the earliest possible time point is distributed both in the
direction of the elevation and in the direction of the recess edge, and in
that the surface adjoining the elevation in the direction of the recess
edge has an extent in the direction of the recess edge such that an
injection jet injected at the latest possible time point impinges onto the
surface, the injection jet injected at the latest possible time point being
distributed both in the direction of the elevation and in the direction of

the recess edge.

[0009] The solution according to the invention ensures that the
injection jet always impinges on the piston recess such that the injected
fuel can be intermixed optimally with the air located in the combustion
space, specifically independently of the time point of injection.
Particularly the fact that an injection jet injected at the latest possible
time point always impinges onto the surface adjoining the elevation
ensures that the momentum of the impinging injection jet is not
nullified, i.e., with the result from nullification that it could no longer
be used optimally for mixture formation, which, in turn, would entail an

increased formation of black smoke.
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[0010] An internal combustion engine is thus afforded which can
easily be operated by both a homogeneous and a conventional

combustion process.

[0011] Other objects, advantages and novel features of the present
invention will become apparent from the following detailed description
of the invention when considered in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Fig.1 is a partial, cross-sectional view of an internal
combustion engine according to the invention with a piston oscillating
in a combustion space of the latter and with an injection jet impinging

on the piston recess of the piston;

[0013] Fig. 2 is a cross-sectional view of the configuration of the

piston recess of the piston shown in Fig. 1 in a first region;

[0014] Fig. 3 is a cross-sectional view of the configuration of the

piston recess of the piston shown in Fig. 1 in a second region;

[0015] Fig. 4 is a cross-sectional view of the configuration of the

piston recess of the piston shown in Fig. 1 in a third region;

Page 95 of 196



095309.57635US
[0016] Fig. 5 is a cross-sectional view showing the deflection of the
injected fuel jet into that region of the piston recess which is illustrated

in Fig. 4;

[0017] Fig. 6 is a ‘cross-sectional view of the configuration of the

piston recess of the piston shown in Fig. 1 in a fourth region;

[0018] Fig. 7 i1s a cross-sectional view showing the air capture in a

sixth region of the piston recess;

[0019] Fig. 8 is a cross-sectional view of a first embodiment of a fifth

region of a piston shown in Fig. 1;

[0020] Fig. 9 is a cross-sectional view of a second embodiment of a

fifth region of the piston shown in Fig. 1; and

{0021] Fig. 10 is a cross-sectional view of a third embodiment of a

fifth region of a piston shown in Fig. 1.

DETAILED DESCRIPTION OF THE DRAWINGS

[0022] Fig. 1 shows an internal combustion engine 1 which has a
crankcase 2 and a cylinder head 3. Within the crankcase 2 of the
internal combustion engine 1 is located at least one cylinder 4 which
has a combustion space 5 and in which a piston 6 executes an

oscillating movement in a way known per se. Arranged in the cylinder

-5-
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head 3 is an injection nozzle 7 having a plurality of injection orifices 8
from which an injection jet 9 emerges. In the present embodiment, the
opening angle a of the injection jet 9 is relatively steep and lies in a
range of between 50° and 120°. Thus, fuel is thereby injected directly
into the combustion space 5, so that this is a directly injecting internal

combustion engine 1.

[0023] Fig. 1 depicts two different injection jets, to be precise an
injection jet- 9a, which is obtained when the piston 6 is at a top dead
center, and an injection jet 9b, which is obtained in the case of fuel
injection at the latest possible injection time point. The injection jets 9a
and 9b are in each case illustrated merely as axes of an injection cone

being distributed within the combustion space 5.

[0024] The piston 6 has a piston recess 10 in its side facing the
cylinder head 3. In the following, the contour of the piston recess 10 and
its adaptation to the injection jets 9 are explained in more detail, and,
for the sake of clarity, the individual figures in each case indicate only
those reference symbols which are relevant for describing the respective

figure. The piston recess 10 is identical in all the drawing figures.

[0025] As can be seen in Fig. 2, the piston recess 10 has in its
central region an elevation 11 extending in the direction of the cylinder
head 3. The elevation 11 in this case has an angle B with respect of the

pistons axis which is smaller than half the injection angle a, so that the

-6 -
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outermost edge of the injection jet 9a, illustrated here as a mid-axis,

does not come into contact with the elevation 11.

[0026] As can be seen in Fig. 2 and Fig. 3, the elevation 11 has
adjoining it in the direction of a recess edge 12, that is to say the end of
the piston recess 10, a surface 13 which is connected to the elevation 11
via a radius 14 so that the injection jet 9a injected at the earliest
possible time point impinges onto the surface 13 at an impingement
point 15 and is distributed both in the direction of the elevation 11 and
in the direction of the recess edge 12. This distribution of the injection
jet 9a is important in order to intermix the fuel as effectively as possible

with the air located in the combustion space 5.

[0027] Owing to the above-described steeper angle B of the elevation
11, as compared with the injection angle a, there is still sufficient free
space in the region from the impingement point 15 of the injection jet 9a
on the surface 13 to the elevation 11 to ensure that the fuel quantity
deflected in the direction of the elevation 11 can be effectively
distributed. The fuel deflected in the direction of the elevation 11 is
designated by the arrow 16, whereas the fuel deflected in the direction
of the recess edge 12 is designated by the arrow 17. It can be seen here,
by the length of the arrows, that the fuel quantity deflected or
distributed in the direction of the recess edge 12 is greater than the fuel

quantity deflected in the direction of the elevation 11. The radius 14
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should be selected, in this respect, such that an accumulation of the fuel

flowing back is avoided.

[0028] Fig. 4 shows that the surface 13 adjoining the elevation 11 in
the direction of the recess edge 12 is of essentially planar design and
has an ascending gradient in the direction of the recess edge 12. In
other words, the surface 13 forms a plane which is at a constant angle y
to the injection jet 9 over the entire maximum injection duration. The
angle y may be varied as a function of the required momentum
deflection of an injection jet 9c¢ in this case impinging in the middle
region of the surface 13, with the main momentum taking place in the
direction of the recess edge 12, as mentioned above. If appropriate, the
surface 13 adjoining the elevation 11 in the direction of the recess edge

12 may have a curved configuration.

[0029] Fig. 5 illustrates with the length of arrows 18 and 19 that,
during the entire fuel injection, a smaller fraction of the injection jet 9
is thereby conducted in the direction of the elevation 11 and a larger
fraction is thereby conducted in the direction of the recess edge 12. The
arrow 18 in this case shows the fuel quantity conducted in the direction
of the elevation 11, whereas the arrow 19 shows the fuel quantity

conducted in the direction of the recess edge 12.

[0030] The distance of the surface 13 from the injection nozzle 7

should be selected such that the injection jet 9 can achieve a sufficiently

.8-
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free jet length and therefore an optimum jet velocity and the optimum
momentum. Depending on the number of injection orifices 8 of the
injection nozzle 7, an interaction of the fuel deflected on the piston
recess 10 between two injection jets 9 is possible, thus additionally
contributing to the capture of air in the combustion space 5. In addition,

the division of the fuel may also be assisted by swirl.

[0031] Fig. 6 illustrates the injection jet 9b injected at the latest
possible time point. In this case, the surface 13 has an extent in the
direction of the recess edge 12 such that the injection jet 9b injected at
the latest possible time point impinges onto the surface 13. In this
region, too, the surface 13 is configured in such a way that the injection
jet 9b is distributed both in the direction of the elevation 11 and in the
direction of the recéss edge 12. The fuel quantity distributed in the
direction of the elevation 11 is designated by an arrow 20 and the fuel
quantity distributed in the direction of the recess edge 12 is designated
by an arrow 21. Thus, a vertical impingement of the injection jet 9 on
the piston recess 10 is prevented, and it is ensured that the momentum

of the injection jet 9b is maintained.

[0032] It is apparent from Fig. 7 that the surface 13 has adjoining it
a surface 23 connected to the recess edge 12 via a radius 22. At the
recess edge 12, a pinch gap region 24, as it may be referred to, at or

above an upper surface 25 of the piston 6 occurs, which pinches the
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fuel/air mixture in the edge region in the direction of the piston recess
10 and thereby reduces the emission of hydrocarbons and carbon
monoxide. The pinch gap region 24 selected should not be too large,
since, even in this region, an air capture is required. The surface 23
contributes to the fact that the fuel jet following the arrow 21 is
deflected such that an increased introduction of fuel into the pinch gap

region 24 is prevented.

[0033] Figs 8, 9 and 10 illustrate various tie-ups of the surface 23 to

the upper surface 25 of the piston 6.

[0034] In the embodiment according to Fig. 8, the surface 23
connected to the recess edge 12 forms an acute angle with the upper
surface 25 of the piston 6. The supply of fuel to a glow plug or spark

plug, not illustrated, can thereby be improved.

[0035] In the embodiment according to Fig. 9, the surface 23 merges

at a radius 26 into the upper surface 25 of the piston 6.

[o036] Fig. 10 illustrates an embodiment in which the surface 23
connected to the recess edge 12 forms an obtuse angle with the upper

surface 25 of the piston 6.

[0037] The foregoing disclosure has been set forth merely to
illustrate the invention and is not intended to be limiting. Since

modifications of the disclosed embodiments incorporating the spirit and

- 10 -
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substance of the invention may occur to persons skilled in the art, the
invention should be construed to include everything within the scope of

the appended claims and equivalents thereof.

-11-
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DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE

BACKGROUND AND SUMMARY OF THE INVENTION

This application is a National Phase of

PCT/EP2004/011637, filed October 15, 2004, and claims

the priority of German patent document DE 103 50 7585.7,

filed October 29, 2003, the disclosure of which 1is

expressly incorporated by reference herein.

The present invention relates to a directly injecting
internal combustion engine with at least one cylinder

which has a combustion space and in which a piston

executes an oscillating movement—aecesrding—to—the—t5p

A gemerxrie known internal combustion engine is knewn
frem—UYS described in U.S. patent publication No.

2002/0117146 Al. In this case, the fuel is injected at
a relatively steep injection angle into the combustion
space, and the piston recess 1is adapted at least

partially to the injection angle.

In an internal combustion engine described in
DE 196 49 052 Al, a special shape of the piston recess
is likewise provided, in order to achieve an additional
reduction in the pollutants emitted by the internal

combustion engine.
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When early homogenization is to be achieved within the
combustion space [[when]] of an operating internal
combustion engine, 1in particular a diesel internal
combustion engine, is—in—eperatien, then injection time
points of approximately 130 to 30° before the top dead
center of the piston must be selected, since, at this
time point, the combustion space pressure is still
relatively low, so that the injected fuel can penetrate
very deeply into the combustion space. In order to
prevent the injection Jjet from impinging onto the
cylinder wall or the liner, as steep an injection angle
as possible at the injection nozzle should be selected,
in order to ensure as 1long a free jet length as
possible. This also requires the shape of the piston
recess to be adapted to this injection, as is the case,

for example, in US 2002/0117146 Al.

Since, however, it 1is not possible to operate the
internal combustion engine with a homogeneous
combustion process over its entire characteristic map,
the piston recess must be designed both for homogeneous
and for conventional mixture formation. This is not

easily possible in known solutions.

[[Thel] An object of the present invention, therefore,
is to provide a directly injecting internal combustion
engine, in which the shape of the piston recess is
designed configured such that the internal combustion
engine can be operated by meams—ef both a homogeneous

and a conventional combustion process.

This object [{is]] has been achieved, according to the

invention,—by—means—of —the features—mentioned—in
elaim—3 providing that a surface of the piston recess
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which adjoins the elevation in the direction of the

recess edge is connected to the elevation wvi a radius

in such a way that an injection jet impinging in this

region and injected at the earliest possible time point

is distributed both in the direction of the elevation

and in the direction of the recess edge, and in that

the surface adjoining the elevation in the direction of

the recess edge has an extent in the direction of the

recess edge such that an injection jet injected at the

latest possible time point impinges onto the surface,

the injection jet injected at the latest possible time

point being distributed both in the direction of the

elevation and in the direction of the recess edge.

The solution according to the invention ensures that
the injection jet always impinges on the piston recess
such that the injected fuel can be intermixed optimally
with the air located in the combustion space,
specifically independently of the time ©point of
injection. Particularly the fact that an injection jet
injected at the latest possible time point always
impinges onto the surface adjoining the elevation
ensures that the momentum of the impinging injection
jet 1is not nullified, i.e., with the result from

nullification that it could no longer be used optimally

for mixture formation, which, in turn, would entail an

increased formation of black smoke.

An internal combustion engine is thus afforded which

can easily be operated by meams—ef both a homogeneous

and a conventional combustion process.
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. . . . 11 I belew i neiple 1
e the d : . hiohe

Other objects, advantages and novel features of the

present invention will Dbecome apparent from the

following detailed description of the invention when

considered in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[{fig.]] Fig. 1 [I[shows]] 1is a partial, cross-sectional

view of an internal combustion engine according to the
invention with a piston oscillating in. a combustion
space of the latter and with an injection jet impinging

on the piston recess of the piston;

([{fig.]] Fig. 2 [[shows]] 1is a cross-sectional view of

the configuration of the piston recess of the piston

£reom—£fig- shown in Fig. 1 in a first region;

[[fig.]] Fig. 3 [[shows]] is a cross-sectional view of

the configuration of the piston recess of the piston

£rom—£fig- shown in Fig. 1 in a second region;

[[fig.]] Fig. 4 [[shows]] is a cross-sectional view of

the configuration of the piston recess of the piston

£frem—fig- shown in Fig. 1 in a third region;

[[fig.]] Fig. 5 [[shows]] 1is a cross-sectional view

showing the deflection of the injected fuel jet into
that region of the piston recess which is illustrated

in [[fig.]l] Fig. 4;
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[(fig.]] Fig. 6 [[shows]] is a cross-sectional view of

the configuration of the piston recess of the piston

from—fig- shown in Fig. 1 in a fourth region;

[[fig.]] Fig. 7 [[shows]l] 1is a cross-sectional view

showing the air capture in a sixth region of the piston

recess;

[[fig.]] Fig. 8 [[shows]] is a cross-sectional view of

a first embodiment of a fifth region of a piston £rem
£4g+ shown in Fig. 1;

[[fig.]] Fig. 9 [[shows]] is a cross-sectional view of

a second embodiment of a fifth region of [[al]l the

piston £xem—fig- shown in Fig. 1; and

[[fig.]] Fig. 10 [[shows]] is a cross-sectional view of

a third embodiment of a fifth region of a piston £rem
f4ig- shown in Fig. 1.

DETAILED DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an internal combustion engine 1 which has
a crankcase 2 and a cylinder head 3. Within the
crankcase 2 of the internal combustion engine 1 is
located at least one cylinder 4 which has a combustion
space 5 and in which a piston 6 executes an oscillating

movement in a way known per se. [[In]) Arranged in the

cylinder head 3 is arranged an injection nozzle 7
having a plurality of injection orifices 8 from which
an injection jet 9 emerges. In the present [[casel]
embodiment, the opening angle o of the injection jet 9

is relatively steep and lies in a range of between 50°
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and 120°. Thus, fuel is thereby injected directly into
the combustion space 5, so that this is a directly

injecting internal combustion engine 1.

Fig. 1 depicts two different injection Jjets, to be
precise an injection jet 9a, which is obtained when the
piston 6 is at a top dead center, and an injection jet
9b, which is obtained in the case of fuel injection at
the latest possible injection time point. The injection
jets 9a and 9b are in each case illustrated merely as
axes of an injection cone being distributed within the

combustion space 5.

The piston 6 has a piston recess 10 in its side facing
the cylinder head 3. In the following £igures, the
contour of the piston recess 10 and its adaptation to
the injection jets 9 are explained in more detail, and,
for the sake of clarity, the individual figures in each
case indieating indicate only those reference symbols
which are relevant for describing the respective
figure. The piston recess 10 is identical in all the

drawing figures.

As can be seen in [{fig.]}] Fig. 2, the piston recess 10
has in its central region an elevation 11 extending in
the direction of the cylinder head 3. The elevation 11
in this case has an angle B with respect of the pistons
axis ef—the—pisten which is smaller than half the
injection angle o, so that the outermost edge of the
injection jet 9a, illustrated here as a mid-axis, does

not come into contact with the elevation 11.

As can be seen in [[fig.]] Fig. 2 and ([[fig.]] Fig. 3,

the elevation 11 has adjoining it in the direction of a
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recess edge 12, that is to say the end of the piston
recess 10, a surface 13 which is connected to the
elevation 11 via a radius 14 im—sueh—a—way so that the
injection jet 9a injected at the earliest possible time
point impinges onto the surface 13 at an impingement
point 15 and is distributed both in the direction of
the elevation 11 and in the direction of the recess
edge 12. This distribution of the injection jet %a is
important in order to intermix the fuel as effectively
as possible with the air 1located in the combustion

space 5.

Owing to the above-described steeper angle 3 of the

elevation 11, as compared with the injection angle a,
there is still sufficient free space in the region from
the impingement point 15 of the injection jet 9a on the
surface 13 to the elevation 11 to ensure that the fuel
quantity deflected in the direction of the elevation 11
can be effectively distributed. The fuel deflected in
the direction of the elevation 11 is designated by the
arrow 16, whereas the fuel deflected in the direction
of the recess edge 12 is designated by the arrow 17. It

can be seen here, by the length of the arrows, that the

fuel quantity deflected or distributed in the direction
of the recess edge 12 is greater than the fuel guantity
deflected in the direction of the elevation 11. The
radius 14 should be selected, in this respect, such
that an accumulation of the fuel flowing back is

avoided.

Tt—ean—begeen—3n—fig- Fig. 4 shows that the surface 13

adjoining the elevation 11 1in the direction of the

recess edge 12 is of essentially planar design and has
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an ascending gradient in the direction of the recess

edge 12. In other words, the surface 13 forms a plane
which is at a constant angle y to the injection jet 9

over the entire maximum injection duration. The angle ¥y
may be varied as a function of the required momentum
deflection of an injection Jjet 9c¢c in this case
impinging in the middle region of the surface 13, with
the main momentum taking place in the direction of the
recess edge 12, as altready mentioned above. If
appropriate, iE—may—alseo—beexpedient—for the surface
13 adjoining the elevation 11 in the direction of the
recess edge 12 [{te]l] may have a curved design

configuration.

Fig. 5 illustrates by —means—eof with the 1length of

arrows 18 and 19 that, during the entire fuel

injection, a smaller fraction of the injection jet 9 is
thereby conducted in the direction of the elevation 11
and a larger fraction is thereby conducted in the
direction of the recess edge 12. The arrow 18 in this
case shows the fuel quantity conducted in the direction
of the elevation 11, whereas the arrow 19 shows the
fuel quantity conducted in the direction of the recess

edge 12.

The distance of the surface 13 from the injection
nozzle 7 should be selected such that the injection jet
9 can achieve a sufficiently free jet 1length and
therefore an optimum jet velocity and the optimum
momentum. Depending on the number of injection orifices
8 of the injection nozzle 7, an interaction of the fuel
deflected on the piston recess 10 between two injection

jets 9 is possible, thus additionally contributing to
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the capture of air in the combustion space 5. 1In
addition, the division of the fuel may also be assisted

by swirl.

Fig. 6 illustrates the injection jet 9b injected at the
latest possible time point. In this case, it—ecan—be
seen—that the surface 13 has an extent in the direction
of the recess edge 12 such that the injection jet Sb
injected at the 1latest possible time point impinges
onto the surface 13. In this region, too, the surface
13 is designed configured in such a way that the
injection jet 9b is distributed both in the direction
of the elevation 11 and in the direction of the recess
edge 12. The fuel quantity distributed in the direction
of the elevation 11 is designated by an arrow 20 and
the fuel gquantity distributed in the direction of the
recess edge 12 is designated by an arrow 21. Thus, a
vertical impingement of the injection Jjet 9 on the
piston recess 10 is prevented, and it is ensured that

the momentum of the injection jet 9b is maintained.

It is apparent from [[fig.]] Fig. 7 that the surface 13
has adjoining it a surface 23 connected to the recess
edge 12 via a radius 22. At the recess edge 12, a pinch
gap region 24, as it may be referred to, at or above an
upper surface 25 of the piston 6 occurs, which pinches
the fuel/air mixture in the edge region in the
direction of the piston recess 10 and thereby reduces
the emission of hydrocarbons and carbon monoxide. The
pinch gap region 24 selected should not be too large,
since, even in this region, an air capture is required.
The surface 23 contributes to the fact that the fuel

jet following the arrow 21 is deflected such that an
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increased introduction of fuel into the pinch gap

region 24 is prevented.

Figs 8, 9 and 10 illustrate various tie-ups of the

surface 23 to the upper surface 25 of the piston 6.

In the embodiment according to [[fig.]] Fig. 8, the
surface 23 connected to the recess edge 12 forms an
acute angle with the upper surface 25 of the piston 6.
The supply of fuel to a glow plug or spark plug, not

illustrated, can thereby be improved.

In the we¥sien embodiment according to [[fig.]] Fig. 9,
the surface 23 merges at a radius 26 into the upper

surface 25 of the piston 6.

Fig. 10 illustrates a—version an embodiment in which

the surface 23 connected to the recess edge 12 forms an

obtuse angle with the upper surface 25 of the piston 6.

The foregoing disclosure has been set forth merely to

illustrate the invention and is not intended to be

limiting. Since modifications of the disclosed

embodiments incorporating the spirit and substance of

the invention may occur to persons skilled in the art,

the invention should be construed to include everything

within the scope of the appended claims and equivalents

thereof.
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(54) Direct injection diesel engine

(57) Cleaning of exhaust gas and reduction of fuel
costs are aimed at while realizing homogenious charge
(or pre-mixing) compression ignition combustion and
performing fuel injection in a suitable manner in all re-
gions of engine operation. in a direct injection diesel en-
gine there are provided an conventional injection mode
in which fuel is Injected with a timing (1) in the vicinity of
the compression top dead center of piston (1) and a ho-
mogenious charge compression injection mode in which
fuel is injected with a timing (Il to V) which is earlier than
that in the conventional injection mode, and such that

fuel ignition does not occur at east until injection has
been completed, fuel injection being performed by the
conventional injection mode during full load operation of
the engine and fuel injection being performed by the ho-
mogenious charge compression injection mode during
part (low/medium) load operation of the engine. Ordi-
nary diffusion combustion is realized when operating the
engine under full load yet while recelving the benefit of
amelioration of exhaust gas etc due to homogenious
charge compression ignition combustion; thus, suitable
fuel injection can be implemented over the entire oper-
ating range.
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Description

[0001] The present invention relates to a direct injec-
tion diesel engine and in particular relates to a direct
injection diese! engine wherein the cleaning of exhaust
gas and improvement in fuel consumption are effected
by performing homogenious charge compression igni-

" tion combustion.

NSDOCID: <EP.

{0002] In recent years, demands for environmental
measures relating to internal combustion engines, in
particular diesel engines, have become increasingly
strong and various means such as diesel particulate fil-
ters (DPF) that capture soot such as black smoke or
NOx catalysts that effect cleaning by reducing NOx are
being provided. In addition, various combustion sys-
tems are being studied in order to respond to demands
for lowering fuel consumption with the aim of basically
eliminating black smoke or NOx and, in addition, lower-
ing CO».

[0003] However, DPF or NOx catalysts of the contin-
uous regeneration type, which have recently been at-
tracting attention, are restricted in regard to the temper-
ature at which they function effectively; in particular, they
have problems such as not functioning effectively in the
region of low/medium engine load, where the tempera-
ture of the engine exhaust gas is low. Also, in the case
of the above DPF or catalysts, when the reducing agent
HC is added from the fuel, this is accompanied by a de-
terioration of fuel consumption.

[0004] In view of the above, it is preferable from the
technical standpoint to improve combustion itself.
[0005] One way of doing this which has recently at-
tracted attention is homogenious charge (or pre-mixing)
combustion, in which ignition is effected after pre-mixing
the fuel within the combustion chamber by altering the
fuel injection timing from the normal timing to make use
of the time from the start of fuel injection up to ignition.
It is known that low NOx and low smoke can be achieved
by such homogenious charge combustion.

[0006] Known ways of achieving homogenious
charge combustion include early injection of fuel relative
to the fuel injection timing in the case where ordinary
diffusion combustion is performed (typically, BTDC 10°
to ATDC 10°) and the achievement of homogenious
charge combustion by prolonging the ignition lag period
by retarding the timing.

[0007] However, retarding the fuel injection timing al-
ways results in a timing wherein the combustion period
departs from the top dead center such that deterioration
of thermal efficiency is difficult to avoid, and it is there-
fore undesirable since this is accompanied by deterio-
ration of fuel consumption. Early fuel injection is there-
fore considered preferable, since the combustion period
can be set in the vicinity of the top dead center so as not
to be accompanied by deterioration of fuel consumption.
[0008] However, homogenious charge combustion in
which fuel is injected earlier than usual (this is called
homogenious charge {or pre-mixing) compression igni-
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tion combustion) is subject to the following problems.
[0009] First of all, homogenious charge compression
ignition combustion cannot be performed in all operating
regions of the engine. This is because higher rates of
fuel injection under full load result in ignition starting be-
fore the engine reaches the vicinity of the top dead cent-
er, resulting in severe knocking, which damages the en-
gine. Another reason is that even if ignition starts in the
vicinity of the top dead center, subsequent combustion
proceeds all at once, resulting in a rise in combustion
temperature and increased NOx.

[0010] Next, in homogenious charge compression ig-
nition combustion, since the fuel is injected when the
piston is lower than nomal, if the injection angle is not
correctly set, the fuel that is injected sticks to the inside
wall of the cylinder, tending to cause an increase in un-
burnt HC and/or oil dilution, which tends to result in a
deterioration in fuel consumption.

[0011] The present invention was made in view of the
above problems, its object being the implementation of
suitable fuel injection in all engine operating regions,
cleaning of exhaust gas and reduction in fuel consump-
tion, while implementing homogenious charge com-
pression ignition combustion.

[0012] According to the present invention, in a direct
injection diesel engine comprising a combustion cham-
ber defined by a cylinder, cylinder head and piston, a
cavity formed as a recess in the piston defining and
forming part of the combustion chamber, and a fuel-in-
jection nozzle that injects fuel into the combustion cham-
ber, and in which there are provided an conventional in-
jection mode in which fuel is injected from the fuel injec-
tion nozzle with a timing in the vicinity of the compres-
sion top dead center of the piston, and a homogenious
charge compression injection mode in which fuel is in-
jected from the fuel injection nozzle with a timing thatis
earlier than that in the conventional injection mode and
such that fuel ignition does not occur at least until injec-
tion has been completed, fuel injection is performed by
the conventional injection mode during full load opera-
tion of the engine and fuel injection is performed by the
homogenious charge compression injection mode dur-
ing part (low/medium) load operation of the engine.
[0013] In this way, during part load operation of the
engine, fuel injection is performed with the homogen-
ious charge compression injection mode, achieving ho-
mogenious charge compression ignition combustion
and making it possible to obtain benefits such as an
amelioration of [the amount of] exhaust gas and, in ad-
dition, during operation of the engine under a full load,
fuel injection is performed with the conventional fuel in-
jection mode, so conventional diffusion combustion is
achieved; as a result appropriate fuel injection can be
performed over the entire range of engine operation re-
gions.

[0014] Preferably, an excess air ratio A of less than
2.5 is identified as full load operation, and fuel injection
is performed in the conventional injection mode in this
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case, and an excess air ratio A of atleast 2.5 is identified
as part load operation, and fuel injection is performed in
the homogenious charge compression injection mode
in this case.

[0015] Also preferably the Injection angile of the fuel
injection nozzle with respect to the nozzle axis is a fixed
angle such that in the conventional injection mode fuel
reaches the inside wall of the cavity on the outside in
the radial direction from the lowemaost position of the
cavity, and in the homogenious charge compression in-
jection mode fuel reaches at least the inside wall of the
cavity.

[0018] In this way, since the fuel is injected in the ra-
dially outer direction from the lowermost position of the
cavity in the conventional injection mode, fuel can be
injected into the interior of the cavity both in the conven-
tional injection mode and in the homogenious charge
compression injection mode, making it possible to pre-
vent fuel from adhering to the side wall within the cylin-
der in the homogenious charge compression injection
mode and also preventing fuel accumulation in the vi-
cinity of this lowermost position. Thereby, discharge of
unbumt HC can be prevented.

{0017] Preferably the injection angle is less than
67.5°.

[0018] Also preferably the timing of commencement
of fuel injection in the homogenious charge compres-
sion injection mode is subsequent to 50° before com-
pression top dead center and prior to 20°.

{0019] Preferably a protrusion is formed in the middie
of the bottomwall of the cavity, the sidewall of the cavity
being constituted with a face such that throttling is not
formed at the cavity inlet.

[0020} Figure 1 is a cross sectional view illustrating
the interior of an engine according to an embodiment of
the present invention. ’

[0021] A preferred embodiment of the present inven-
tion is described below with reference to the accompa-
nying drawings.

[0022] Figure 1 is a cross sectional view showing the
interior of a direct injection diesel engine according to
this embodiment. As shown in the Figure, a cylinder
head 4 is mounted with the aid of a gasket 3 at the top
of a cylinder 2, piston 1 being provided so as to be free
to reciprocate vertically within cylinder 2. A combustion
chamber § is defined by this piston 1, cylinder 2 and cyl-
inder head 4. A cavity 6 is provided at the top of piston
1, cavity 6 defines part of combustion chamber 5. A fuel-

. injection nozzle 7 for injecting fuel into combustion

ISDOCID: <EP.

chamber 6 is provided in cylinder head 4. The tip of fuel-
injection nozzle 7 projects into the interior of the com-
bustion chamber 5 and a plurality of jets B are provided
at its tip.

[0023] The axes of piston 1, cylinder 2, fuel-injection
nozzle 7 and cavity 6 are arranged on the same axis C.
These are therefore all arranged coaxially. The jets 8 of
fuel injection nozzle 7 are arranged at equal intervals in
the circumferential direction in positions at the same
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height on this axis C, being directed so as to inject fuel
with a prescribed injection angle 8 with respect to axis
C, respectively. Inthe Figure, the angie (opening angle)
which is made by corresponding injection axes repre-
sented symmetrically about axis C is shown as 26; the
half value 8 thereof is the injection angle of fuelinjection.
Cavity 6 has a symmetric shape with respect to axis C.
[0024] In this case, the engine could be a diesel en-
gine of the injection pump type comprising an electronic
governor, in which the fuel-injection rate and injection
period etc of the engine are electronically controlled in
accordance with the engine operating condition, but is
preferably a common rail type diesel engine, since this
offers a greater degree of freedom in respect of the in-
jection period. In the case of the common rail type, fuel-
injection nozzle 7 can be an injector comprising an elec-
tronic actuator (electromagnetic solenoid etc). Engine
operating condition detection means are provided for
detecling engine operating condition such as engine
speed and engine load; this includes at least intake rate
detection means (airflow sensor etc) for detecting the
rate of engine air intake. In addition, an electronic con-
trol unit is provided that calculates and determines the
target fuel injection rate and injection period etc from
these detected engine operating conditions and effects
fuel injection corresponding to this target value.

[0025] Cavity 6 constitutes a so-called toroidal com-
bustion chamber shaped as a shallow dish, having a
shape with a surface area that is as small as possible.
A gently rising protrusion 9 is formed in the middle of the
bottom wall in the combustion chamber, where the air
utilization rate is low. Also, the sidewall 10 of cavity 6 is
constituted solely by surfaces such that no throttling of
the cavity inlet is formed. That is, all surfaces of the side
wall 10 either diverge from the axis C in the upwards
direction or are paraliel with axis C, so that no surface
exists that approaches axis C in the upwards direction.
In other words, only surfaces that open upwards or run
vertically are present; there are no surfaces that open
downwardly. Thus, cavity 6 does not constitute a so-
called re-entrant combustion chamber having a lip.
f0026] A plurality of piston positions are shown in the
Figure. The highest one of these (l) that is shown is a
position in the vicinity of the compression top dead cent-
er; this is a position contained between 10° before the
compression top dead center (BTDC) and 10° after the
compression top dead center (ATDC). The positions fol-
lowing this, moving downwards, are BTDC 20° (il), 30°
(H1), 40° (IV), 50° (V) and 60° (VI).

[0027] Aiso, a plurality of injection angles are shown
in the Figure; taken in order respectively from the top,
these are 8=77.5°, 70°, 62.5°, and 55°. Expressed in
terms of 20, these are 20=155°, 140°, 125° and 110°.
[0028] Next, the engine of this embodiment is provid-
ed with two fuel-injection modes, namely, an conven-
tional injection mode and a homogenious charge com-
pression injection mode.

[0029] The conventional injection mode is & mode in
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which fuel is injected from fuel-injection nozzle 7 with a
timing in the vicinity of the compression top dead center
of the piston and is a mode in which fuel injection is per-
formed with the same timing as in the case of an ordinary
engine. Specifically, injection of fuel is commenced at
some time between BTDC 10° and ATDC 10°. As well
as a single injection in which all of the injection amount
is injected at a single injection, this conventional injec-
tion mode may include double injection, in which a pilot
injection of small quantity is performed before the main
injection, in which the remaining amount is injected. in
the case of double injection, the starting time of the later
i.e. the main injection is between BTDC 10° and ATDC
10°. Thus, for example in the case of single injection,
the combustion mode adopted is a diffusion combustion
maode, in which the fuel that was injected in the initial
period of fuel-injection ignites after an ignition lag time
and by continued injection of fuel into the flame which
is thereby produced, this fuel is burnt.

[0030] However, in the case of diffusion combustion,
since fuel newly injected into the flame is burnt, the fuel
must be burnt by supplying it into a region where there
is originally little oxygen, and therefore smoke tends to
be produced. This may therefore be combined with a
homogenious charge compression injection mode, as
follows.

{0031] The homogenious charge compression injec-
tion mode is a mode in which fuel is injected from fuel-
injection nozzle 7 with a timing earlier than the conven-
tional injection mode and in which fuel ignition will not
occur at least until injection has terminated. More spe-
cifically, fuel injection is commenced at a timing between
BTDC 50° and 20°. This timing is a timing such that fuel
ignition commences after completion of fuel injection. in
the same way as described above, the homogenious
charge compression injection mode includes double in-
jection, in which a pilot injection is performed, in addition
to single injection. In the case of double injection, the
starting time of the main injection is between BTDC 50°
and 20°. For example, the combustion mode which is
adopted in the case of single injection is a homogenious
charge compression injection mode, in which fuel is in-
jected in a condition in which the temperature and pres-
sure within the cylinder are not yet sufficiently high, so
that the ignition lag period is increased and premixed
vapor is formed by thorough stirring and mixing of the
fuel and the air within combustion chamber 5 and, after
completion of fuel injection, the premixed vapor that has
been diffused substantially throughout all the regions
within combustion chamber 5 with the rise in pressure
and temperature within the cylinder is ignited, producing
combustion. Since combustion occurs after all of the fuel
has mixed with air and has been uniformly diluted within
the combustion chamber, the combustion {akes place
with the fuel being surrounded by a generous amount
of oxygen, so smoke can be prevented, the rate of com-
bustion is comparatively gentle, and the combustion
temperature does not rise abruptly so that production of
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NOx can be prevented.

[0032] However, as described above, in the case of
operation of the engine under full load, the problem of
knocking etc occurs, making it impossible to implement
the homogenious charge compression injection mode
(homogenious charge compression ignition combus-
tion).

[0033] Accordingly, in this embodiment, fuel injection
is performed in the same way as ordinarily by the normal
injection mode when operating under full load but when
operating under part (low/medium) load i.e. atlower load
than this, fuel injection is performed by the homogenious
charge compression injectiocn mode. In this way, homog-
enious charge compression ignition combustion, which
is advantageous for cleansing exhaust gas, can be uti-
lized while appropriate fuel injection is performed in all
operating regions. :

[0034] it is possible to make the decision regarding
the mode changeover timing or which mede is to be em-
ployed by reference to the magnitude of the rate of fuel
injection but, in this embodiment, the decision is made
by reference to the magnitude of the rate of excess air.
it has been found by experiment that the occurrence of
diesel knocking in homogenious charge combustion is
largely dependent on the ratio of excess air A; it has
been confirmed that severe diesel knocking occurs at a
ratio of excess air A=less than 2.5. The case where the
excess air rate A is less than a prescribed value, in this
embodiment, 2.5, is therefore identified as full load op-
eration and fuel injection is then performed in the con-
ventional injection mode. Incontrast, the case wherethe
excess air ratio A is 2.5 or more is identified as part (low/
medium) load operation, and fuel injection Is performed
in the homogenious charge compression injection
mode.

[0035] More specifically, the electronic control unit
calculates the excess airratio A from the actual airintake
rate detected by intake rate detection means and the
target fuel injection rate, and if A < 2.5, performs fuel
injection in accordance with the conventional injection
mode, and if A 2 2.5 performs fuel injection in accord-
ance with the homogenious charge compression injec-
tion mode.

[0038] Inthis embodiment, two modes are implement-
ed using a single fuelinjection nozzie 7 having fixed jets
8. If therefore the injection angle 0 of the fue! injection
nozzle 7 is made too large with respect to the conven-
tional injection mode (i.e. the opening angle 20 is wid-
ened), as the piston is lower in the homogenious charge
compression injection mode, the fuel mist does not enter
the cavity 6 but collides with the inside wall of cylinder
2, tending to increase unburnt HC and/or dilute the oil.
Also, if the injection angle 8 is made too small with re-
spect to the homogenious charge compression injection
mode (i.e. the opening angle 20 is narrowed), when in
the conventional injection mode, the fuel mist collides
with the bottom of cavity 6 and accumulates in cavity 6,
tending to increase unbumt HC etc. For this reason, in
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order for the two modes to co-exist, the injection angle
0 of the fuel-injection nozzie 7 is set as below.

[0037] Specifically, the injection angle 8 is set at a
fixed angle such that in the conventional injection mode
the fuel reaches the inside wall of the cavity on the ra-
dially outer side from the lowermost position of cavity 6
and, in the homogenious charge compression injection
mode, the fuel reaches at least the inside wall of the
cavity.

[0038]} The lowermost position of cavity 6 is the posi-
tion or peintwhere cavity 6 is deepest and is the position
B where the position of height H and the radial position
R intersect inthe drawing. This lowermaost position B ap-
pears as a circle that makes one circuit around axis C.
The limit on the small side of 8 in the conventional injec-
tion mode is lowermost position B and the iimit on the
large side of 8 is the position of intersection K where the
side wall 10 of cavity 6 and piston crown 11 intersect.
The injection angle 8 is set such that, in the conventionat
injection mode, fuel cannot arrive at or collide with the
cavity inside wall between this lowermost position B and
intersection position K.

{0039] Also, in the homogenious charge compression
injection mode, the fuel may reach the inside wall of the
cavity, the essential point being that the fuel should be
capable of entering cavity 6. The only limit of 8 is there-
fore intersection position K on the large side, but there
is no limit of 8 on the smali side. The reason why this is
possible is that, in this mode, fuel is injected earlier than
nommal, so the ignition lag time is increased, with the
result that meanwhile all of the fuel can mix with air, so
the problem of unburnt HC does not arise.

{0040] The relationship between injection angle € (or
angle of opening 26) and the injection timing will next be
described using the Figure. First of all, let us assume
that fuelinjection is performed in the conventional injec-
tion mode when piston 2 is in the uppermost position
shown,. Also, in the homogenious charge compression
injection mode, let us assume that fuel injection is per-
formed when piston 2 is in an illustrated position BTDC
20°, 30°, 40° or 50°. Position BTDC 60° is also shown,
but this is depicted only for reference.

[0041] Injectionangle 8=77.5° (26 = 155°) whichis the
uppemnost position shown is a typical value that can be
adopted for an ordinary engine. In this case, the above
condition is of course satisfied in the case of the con-
ventional injection mode and the above condition is sat-
isfied even in the homogenious charge compression in-
jection mode if the injection commencement timing is
BTDC 20° or 30°. However, in the case of BTDC 40°
and 50°, this condition is not satisfied; therefore, in the
case where the injection commencement timing of the
homogenious charge compression injection mode is
BTDC 20° or 30°, an injection angle 6=77.5° (26=155°)
may be adopted.

[0042] 6=70° (26=140°) also satisfies the above con-
dition of the conventional injection mode. H, in the ho-
mogenious charge compression injection mode, the in-
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jection commencement timing is BTDC 20° or 30°, the
above condition is satisfied, but in the case of BTDC 40°
and 50°, the above condition is not satisfied. Conse-
quently, if the injection commencement timing of the ho-
mogenious charge compression injection mode Is BT-
DC 20° or 30°, injection angle 8=70° (26=140°) may be
adopted.

[0043] If 6=62.5° (26=125°), the above condition of
the conventional injection mode is also satisfied. If, in
the homogenious charge compression injection mode,
the injection commencement timing is BTDC 20°, 30°
or 40°, the above condition is satisfied, but when the
timing is BTDC 50°, the above condition is not satisfied.
Consequently, if the injection commencement timing in
the homogenious charge compression injection mode
is BTDC 20°, 30° or 40°, an injection angle 6=62.5°
(26=125°) may be adopted.

[0044] ©6=55° (28=110°) does not satisfy the above
condition of the conventional injection mode. In this
case, the above condition is satisfied for any injection
commencement timing (BTDC 20°, 30°, 40° or 50°) of
the homogenious charge compression injection mode.
However, the above condition is not satisfied in the con-
ventional injection mode. An injection angle 8=55°
(28=110°) can therefore not be adopted.

[0045] Thus, in the determination of injection angle 8,
the diameter and/or depth of cavity 6 are related to the
injection commencement timing of the homogenious
charge compression injection mode in particular, but,
whatever the case, by selecting an angle such as to sat-
isfy the above condition, discharge of unbumt HC inthe
conventional injection mode and/or coliision etc of fuel
mist with the side wall within cylinder 2 in the homoge-
nious charge compression injection mode can be pre-
vented. in the case of the conventional injection mode,
by injecting fuel such that the fuel amrives at the inside
wall of the cavity on the outside in the radial direction
with respect to the lowermost position of cavity 6, the
fuel after colliding with the inside wall of the cavity can
be made to fiow in the radially outward direction along
the inner wall of the cavity, thereby becoming diffused
and so making it possible to utilize air over a wider
range; thus desirable combustion can be achieved.
[0046] However, it is desirable for combustion to oc-
cur in a position as remote as possible from the under-
surface of cylinder head 4. The reason for this is that a
water jacket is formed in the interior of cylinder head 4
so that cylinder head 4 is cooled by cooling water; con-
sequently, if combustion occurs in the vicinity of the un-
dersurface of the cylinder head, heat is abstracted by
cylinder head 4, causing thermal efficiency to be low-
ered, which is disadvantageous in regard to fuel con-
sumption and causes black smoke to be generated.
[0047] From this standpoint it is therefore desirable
that the injecticn angle 6 be as small as possible. It has
been discovered by experimentthat ifthe injection angle
8 is equalto or less than 67.5° (28=135°), fuel consump-
tion is improved and black smoke is suppressed. It is
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therefore preferable that the injection angle 8 be equal
to or less than 67.5°.

[0048] Furthemmore, in this embodiment, themmal effi-
ciency and the fuel consumption are improved by mak-
ing it more difficult for heat to be abstracted by piston 2,
by employing a cavity shape with a surface area which
is as small as possible. Also, since combustion in cavity
6 occurs chiefly on the outside, so that the rate of utili-
zation of air in the middle of the cavity is low, protrusion
9 is formed so as tofill up this wasted portion: thus cavity
6 presents a toroidal combustion chamber configura-
tion.

[0049] Also, in the case of the homogenious charge
compression ignition combustion, it was found that sup-
pressing air flow within combustion chamber 5 as far as
possible lowers the combustion temperature and makes
it possible to decrease NOx and furthermore makes it
possible to improve fuel consumption by suppressing
heat loss. Consequently, for cavity 6 inthis embodiment,
a shape is adopted that has no lip projecting inwards in
the radial direction at the cavity inlet i.e. which is not of
the so-called re-entrant type. Specifically, it is known
that, in the case of a re-entrant type, in general the swirl-
retaining capability within the cavity is high, thereby also
conferring swirl on the air outside the cavity during the
expansion stroke and promoting movement of air within
the entire combustion chamber; this makes possible
more vigorous combustion and so is desirable in the or-
dinary combustion mode. However, in the case of ho-
mogenious charge compression ignition combustion,
premixed vapor is formed from the beginning, facilitating
combustion, so, if combustion becomes too vigorous,
the combustion temperature becomes elevated, in-
creasing NOx. Also, to the extent that the combustion
temperature is elevated, heat loss also increases, ad-
versely affecting fuel consumption. Therefore, in this
embodiment, in which homogenious charge compres-
sion ignition combustion is performed, a re-entrant type
cavity is not adopted. For this reason, a low-swirl shape
may also be adopted for the air intake port.

[0050] Various other embodiments of the present in-
vention may also be adopted.

[0051] To summarize the above, with the present in-
vention, the excellent benefits are exhibited that fuel in-
jection is performed in a suitable manner in all regions
of engine operation while also realizing homogenious
charge compression ignition combustion and achieving
cleaning of the exhaust gas and reduction of fuel costs.

Claims

1. A direct injection diesel engine comprising a com-
bustion chamber defined by a cylinder, cylinder
head and piston, a cavity formed as a recess in said
piston defining and forming part of said combustion
chamber, and a fuel-injection nozzle thatinjects fuel
into said combustion chamber, in which there are
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provided an conventional injection mode in which
fuel is injected from said fuel injection nozzle with a
timing in the vicinity of the compression top dead
center of said piston and a homogenious charge
compression injection mode in which fuel is injected
from said fuel injection nozzle with a timing that is
earlier than that in the conventional injection mode
and such that fuel ignition does not occur at least
until injection has been completed, fuel injection be-
ing performed by said conventional injection mode
during full load operation of the engine and fuel in-
jection being performed by said homogenious
charge compression injection mode during part
load operation of the engine.

The direct injection diesel engine according to claim
1, characterized in that a case in which the excess
air ratio A is less than 2.5 is identified as full load
operation whereby fuel injection is performed in
said conventional injection mode, and a case in
which the excess air ratio A is at least 2.5 is identi-
fied as part load operation whereby fuel injection is
performed in said homogenious charge compres-
sion injection mode.

The direct injection diesel engine according to claim
1 or claim 2, characterized in that the injection an-
gle of said fuel injection nozzle with respect to the
nozzle axis is a fixed angle such that in said con-
ventional injection mode fuel reaches the inside wall
of the cavity on the outside in the radial direction
from the lowermost position of said cavity and in
sald homogenious charge compression injection
mode fuel reaches at least the inside wall of the cav-

ity.

The direct injection diesel engine according to claim
3 characterized in that said injection angle is equal
to or less than 6§7.5°.

The direct injection diesel engine according to any
of claims 1 through 4, characterized in that the tim-
ing of commencement of fuel injection in said ho-
mogenious charge compression injection mode is
subsequent to 50° before compression top dead
center and prior to 20°.

The direct injection diesel engine according to any
of claims 1 through 5, characterized in that a pro-
trusion is formed in the middle of the bottom wali of
said cavity, the sidewall of said cavity being consti-
tuted with a face such that throttling is not formed
at the cavity inlet.

Page 122 of 196



d3> ‘QIoOass

<" zypisieet

O

o BTDC (°) 26 (°)
———— N
I — 155
4
IV 2
Vo — 710
vi—" | '

FIG. 1

S

L
D
n
[xa)

A

pe

eV 9is 162 } d3

Page 123 of 196



EP 1291516 A3

ISDOCHD: <EP.

Europiisches Patentamt
European Patent Office

Office européen des brevets

(19) Q

(12)

(88) Date of publication A3:
12.11.2003 Bulletin 2003/46

{43) Date of publication A2:
12.03.2003 Bulletin 2003/11

(21) Application humber: 02019671.3

(22) Date of filing: 03.09.2002

AR TBATORAREnNo

(11) EP 1291516 A3

EUROPEAN PATENT APPLICATION
(51) mtci7: FO2D 41/40, FO2D 41/30

(84) Designated Contracting States:
ATBEBGCHCY CZDEDKEEES FIFR GB G
IEfTLILUMC NLPTSESKTR
Designated Extension States:

AL LT LV MK RO Sl

(30) Priority: 07.09.2001 JP 2001272141

(71) Applicant: ISUZU MOTORS LIMITED

Shinagawa-ku, Tokyo {(JP)

{72) Inventor: Shimazaki, Naoki

Fujisawa-shi, Kanagawa (JP)

(74) Representative: Schaumburg, Thoenes & Thurn

Postfach 86 07 48
81634 Miinchen {DE)

(54) Direct injection diesel engine

(57) Cleaning of exhaust gas and reduction of fuel
costs are aimed at while realizing homogenious charge
(or pre-mixing) compression ignition combustion and
performing fuel injection in a suitable manner in all re-
gions of engine operation. In a direct injection diesel en-
gine there are provided an conventional injection mode
in which fuel is injected with a timing (!) in the vicinity of
the compression top dead center of piston (1) and a ho-
mogenious charge compression injection mode in which
fuelis injected with a timing (!l to V) which is earlier than
that in the conventional injection mode, and such that

fuel ignition does not occur at least until injection has
been completed, fuel injection being performed by the
conventional injection mode during full load operation of
the engine and fuel injection being performed by the ho-
mogenious charge compression injection mode during
part (fow/medium) load operation of the engine. Ordi-
nary diffusion combustion is realized when operatingthe
engine under full load yet while receiving the benefit of
amelicration of exhaust gas etc due to homogenious
charge compression ignition combustion; thus, suitable
fuel injection can be implemented over the entire oper-
ating range.

|, BTC() 20C0) 3 / ' s
h— 155 —R [ ~~%fss=--.. \
i — 20§ IR/l N
3G 4 9 T
vV — 2 / \-y X
v 10 8
v —" |

FIG. 1 R

Printed by Jouve, 75001 PARIS (FR)

1201516A3_I_>

Page 124 of 196



EP 1291516 A3

) EuropeanPatent  EJROPEAN SEARCH REPORT Appilcation Number
Office EP 02 01 9671

DOCUMENTS CONSIDERED TO BE RELEVANT

C | e ™ R B | e e
X DE 199 16 485 A (DAIMLER CHRYSLER AG) 1-3,5 Fo2D41/40
26 October 2000 (20680-10-26) F62D41/30
Y * column 2, line 49 - colum 3, line 16 * 4,6
* column 4, line 61 - colum 5, line 9 *
* column 5, line 10 - line 22 *
* figures 1,18 *
Y EP O 849 448 A (CUMMINS ENGINE CO INC) 3,4,6
24 June 1998 (1998-06-24)
* abstract; figure 1 *
* colum 5, line 51 - colum 6, line 7 *
: colum 12, line 14 - column 13, line 28
* column 15, line 16 - line 34 *
X EP 1 031 722 A (MITSUBISHI MOTOR ENG 1,2,6
sMITSUBISHI MOTORS CORP (JP))
30 August 20068 (2000-08-30)
Y * abstract; figure 1 * 3-5
* paragraph [0003] - paragraph [0016] *
- TECHNICAL FIELDS
X US 5 875 743 A (DICKEY DANIEL W) 1,2,6 SEARCHED Umain
2 March 1999 (1999-03-062) FoezD
Y * column 1, line 58 - columm 2, line 9 * [3-5
* column 6, line 40 - column 7, line 30 *
* colum 7, line 37 - column 10, line 13 *
* figures 2,3 *
P,Y |EP 1 217 186 A (INST FRANCAIS DU PETROL) {3-6
26 June 2002 (2002-06-26)
* abstract; figure 1 *
* paragraph [0611] - paragraph [6016] *
* paragraph [9032} - paragraph [6035] *
* paragraph [0057] *
The present search report has been drawn up for afl claims
_ Ptace of search Dats ot compietion o the searoh Examiner
g MUNICH 22 September 2083 Wettemann, M
5 CATEGORY OF CITED DOGUMENTS T theory or principle undoﬂg;g the invention
8 X : particularly relevant if takan alone € mpaﬁ?gg:bm publBhed on, or
8|  ¥:pasticularly relavant i combined with ancther D: nt cited | lioati
3 Am;‘a}mw L : documer cited for ather reasons
8]  O'nonwritien diclosure » & Tmombor of the eams patent famdly, sorrosponding
g P : intermediate document doocumeant
2
NSDOCID: <EP. 1281516A3_1_>

Page 125 of 196



¥SDOCID: <EP.

EPO FORM PO4S3

EP 1 291 516 A3

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO.

This annex Itsts lhe at
The

! family

EP 62 01 9671

g to the patent documents cited in the above-mentioned Eurcpean search report.
Paten! Office EDP file on

red & E
The European Pa!eni Office is In no way fiable for these particulars which are merely given for the purpose of information.

22-09-2003
Patent document Publication Patent family Publication
cited in search repor date member(s) date
DE 19916485 26-10-2660 DE 19916485 Al 26-10-2660
EP 1045136 Al 18-16-2000
us 6513487 B1 04-02-2603
EP 0849448 24-06-1998 US 5868112 A 09-02-1999
DE 69701562 D1 27-04-20006
DE 69701502 T2 21-12-2000
EP 0849448 Al 24-06-1998
JpP 10184365 A 14-67-1998
E;-iégi;éé ------ 36-08-5000 -JP 26000248585 A 12-09:5966
EP 1031722 A2 30-08-2000
us 6327856 Bl 11-12-2001
US 5875743 A 82-03-1999  NONE
EP 1217186 26-06-2002 FR 2818324 Al 21-06-2002
FR 2818325 Al 21-66-2002
EP 1217186 A2 26-06-2002
JP 2002227650 A 14-08-2002
US 20662117146 Al 29-08-2002

For more dstails about this annex : see Official Journal of the European Patent Office, No. 12/82

1291516A3_t_>

Page 126 of 196




NENIN AN

-r

BUNDESREPUBLIK DEUTSCHLAND'

DEUTSCHES PATENTAMT

AUSLEGESCHRIFT
1219283

P2o3662[udn

. Int. ClL: - FO2b
Deutsche KL:  46a2-79/01
Nummer: 1219283
Aktenzeichen: B 458521a/46a2
Anmeldetag: 29. August 1957
16. Juni 1966

Au;ﬂegetég: .

1

Die Erfindung bezieht sich auf eine Brennkraft-
maschine mit direkter Kraftstoffeinspritzung und Ver-
dichtungsziindung, mit einem im Kolbenboden sym-
metrisch oder beinahe symmetrisch zur Zylinderachse
angeordneten und im wesentlichen rotationskdrper-
formigen Brennraum, in welchem sich gegen Ende
des Verdichtungshubes nahezu das gesamte ange-
saugte Luftvolumen befindet, das vorher in eine hef-
tige Drehbewegung um die Brennraumachse versetzt
wurde, und mit einer zu diesem Brennraum auBer-
mittig angeordneten Einspritzdiise, die den Kraftstoff
in mindestens zwei Kraftstoffstrahlen von verschiede-
ner freier Linge im wesentlichen in Richtung der in
den Brennraum einstrdmenden Verbrennungsluft an
verschieden heiBe Wandstellen des Brennraumes
spritzt, von denen der kiirzeste Kraftstoffstrabl mit
einem kleinen Anteil {iber den Rand der Brennraum-
wand gegen den Boden des Kolbens gespritzt wird,
wihrend der iibrige, weitaus groSere Teil dieses
»Ziindstrahles« noch gegen den unmittelbar neben
dem Rand befindlichen Teil der Brennraumwand ge-
richtet ist, nach Patent 1175 486.

Bei der oben kurz geschilderten Brennkraft-
maschine nach dem Hauptpatent bildet der oben-
erwahnte kiirzeste Kraftstoffstrahl den »Ziindstrahl«,
und wihrend des Normalbetriebes des Motors erfolgt
die Ziindung stets mit geringem Ziindverzug und an
derselben Stelle des Brennraumes, nimlich an dem
von dem Ziindstrahl etwas iiberspritzten Brennraum-
rand, an dem der mechanisch abgespaltene Kraft-
stoffanteil eine der Einstrémungsrichtung der Ver-
brennungsluft entgegengerichtete Ausbreitungskom-
ponente erhdlt und auf ein Fliche sowohl hoher
Temperatur als vor allem auch anderer Neigung auf-
. trifft, als sie dic Brennraumwand an der Stelle des

Auftrefiens des Strablkernes aufweist. Dadurch
- kommt es an der Stelle des Uberspritzens des Brenn-
raumrandes nicht nur zu einer entsprechend schnellen
Aufheizung des Kraftstoffes, sondern — unter dem
Einflu der Radialkomponente der Lufteinstrmung

in den Brennraum — auch zu einem Aufstauen die-

- ses kleinen Kraftstoffanteils, d. h. zu einer Ubersitti-
gung der dort befindlichen Luft mit Kraftstoff, was

zur erwiinschten raschen Ziindung an dieser ganz

bestimmten gleichbleibenden Stelle fiihrt.

Der Hauptanteil des Kraftstoffes des Ziindstrahls
sowie der Kraftstoff aus dem oder den weiteren Kraft-
stoffstrahlen ist ausschlieSlich gegen unterhalb des
Brennraumrandes gelegene und im Betrieb kiihlere
Teile der Brennraumwand gerichtet; da die Einspritz-
-richtung im wesentlichen mit der EinstrtOmungsrich-
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die Kraftstoffaufbereitung zur anschlieBenden Ver-
brennung etwas verzigert wird, und da der in den
Strahlen enthaltene Kraftstoff im Falle seines Auf-
treffens auf die Brennraumwand diese lediglich an
kiihleren Stellen beriibrt als der die Ziindung aus-
losende Teil des Ziindstrahls, kann die Selbstziindung
des Kraftstoffes allein von dem kleinen Antel des
Ziindstrahls ausgehen, der tiber den Rand der Brenn-
raumwandung gespritzt und dabei sehr fein zerstdubt
wird. Von dieser 6rtlich festgelegten Ziindstelle geht
dann die Ziindung mit einer durch die heftige Dreh-
bewegung der Luft gesteigerten Flammenausbrei-
tungsgeschwindigkeit auch auf den weiteren in den
Brennraum eingespritzten und in die Luft verdamp-
fenden Kraftstoff tiber, ohne daB ein stdrendes Klop-
fen auftritt.

Bei dem in der Zeichnung des Hauptpatents ver-
anschaulichten Ausfiihrungsbeispiel hat die im
wesentlichen kreisfrmige, eingezogene Brennraum-
offnung einen einseitigen, an seinem einen Ende vom
eingezogenen Brennraumrand. nach auBen vorsprin-
genden Ausschnitt, dessen dem Brennrauminneren
zugewandte Fliche zum anderen Ende des Ausschnitts
hin im Sinne der schnellen Drehbewegung der beim

tung der Verbrennungsluft zusammenfillt, wodurch ~ Verdichtungshub in den Brennraum verdrdngten Luft

121000301 | ~

609 579/170

Page 127 of 196



senrvin one

1219 283

3

mit stetiger Wolbung etwa tangential in die seitliche
Brennraumwand iibergeht. Dieser Ausschnitt wirkt
als Fithrung fiir einen erheblichen Anteil der Ver-
brennungsluft. Die Einspritzdiise ist derart angeord-
net, daB sie sich in der oberen Totpunktstellung des
Kolbens im Bereich des nach auBSen vorspringenden
Lufteinstromendes des Ausschnitts befindet; sie spritzt
den Krafistoff ans dem Kern des Ziindstrahls auf die
obere Randzone der Ausschnittsfliche auf und den
Kraftstoff aus dem oder den weiteren Kraftstoffstrah-
len groSere Strahllinge etwa im Sinne der Luft-
strbmung in Richtung auf weiter vom Brennraum-
rand entfernte Brennraumwandzonen, an denen die
einstromende Luft entlanggleitet. Der dabei auf die
Brennraumwand gelangte Kraftstoff breitet sich in
tiefer unterhalb des Brennraumrandes liegende, kiih-
lere Wandbereiche aus, womit das Verdampfen des
Kraftstoffs in die iiber thn hinwegstreichende Luft
verzogert wird und seine Fihigkeit zum raschen
Ziinden abpimmt. -

Beim Vollastbetrieb mit htheren Drehzahlen des

' Motors, bei dem grofere Kraftstoffmengen aunf die

Brenaraumwand gelangen, kann durch das Ausbrei-
ten des Kraftstoffs in immer kiihlere Brennraum-
wandzonen das Verdampfen des aufgespritzten Kraft-
stoffs und sein geniigendes Durchmischen mit der
Verbrennungsluft zu stark verzogert werden, was den
Verbrennungswirkungsgrad verringert und die Rauch-
grenze des Motors herabsetzt.

Der Erfindung Liegt die Aufgabe zugrunde, die
Brennkraftmaschine mit direkter Kraftstoffeinsprit-
zung mnd Verdichtungsziindung nach dem Haupt-
patent, bei der die Orilich festgelegte, friihzeitige
Ziindung einen klopffreien Betrieb gewdhrleistet, der-
art zu verbessern, daB auch die Verbrennung bei
hohen Drehzahlen und groBer Leistung mit gutem
Wirkungsgrad und praktisch rauchfrei erfolgt.

Man hat bereits erkannt, da béi einem Aufsprit-

- zen groBerer Kraftstoffmengen auf die Brennraum-

wandung eine weitgehend rauchfreie Verbrennung
des Kraftstoffs in wenig bewegter Verbrennungshuft
nur dann einwandfrei zu erreichen ist, wenn der auf
der Brennraumwand gelangte Kraftstoff sich von der
Axuftrefistelle nicht in kiihlere, sondern im Gegenteil
in wirmere Brennraumwandzonen ausbreitet, an
denen das Abdampfen des Kraftstoffs und damit
seine Vorbereitung fiir die Verbrennung beschleunigt
wird. Eine derartige Verbesserung der Verbrennung
wird auch bet der Brennkraftmaschine nach dem
Hauptpatent angestrebt.

Nun ist die Temperatur der Brennraumwand im
wesentlichen. von der Richtung und Geschwindigkeit
sowie von der Temperatur der an ihr vorbeistrémen-
den heiBen Verbrennungsgase sowie der wesentlich
kiihleren Verbrennungsluft abhingig, die in den
Brennraum einstromt; weiterhin spielt die Wirme-
ableitung von der Brennraumwand in das den Brenn-
raum umgebende Material des Kolbens eine Rolle.
Sowohl die Richtung und die Geschwindigkeit der
Stromung der Verbrennungsluft sowie der Verbren-
nungsgase als auch die Wianmeableitung von den
Brennraumwandungen lassen sich in gewissem Um-
fang durch die Formgebung des Brennraumes beein-
flussen. )

Die stirkste Kiihlwirkung der in den Brennraum
einstrdmenden Verbrennungsluft ergibt sich erfah-
rungsgemiB dort, wo diese Luft mit hoher Geschwin-
digkeit an der Brennraumwand entlangstrdmt, wo-
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gegen die Kiihlwirkung an Stellen einer abgelSsten
Luftstrtomung wesentlich geringer ist. Ein durch be-
kannte Mittel, beispielsweise Schirme an den An-
saugventilen, tangentiale EinstrGmkanile und der-
gleichen erzeugtes heftiges Kreisen der in den
Zylinderraum einstrdmenden Verbrennungsluft be-
giinstigt das »Anlegen« der Luftstrémung an die
Seitenwandung des Brennraumes und damit die Kiib-
lung dieser Wand, insbesondere dort, wo fiir das Ein-
spritzen des Kraftstoffs eine Ausnehmung am Brenn-
raumrand vorgesehen ist, die stetig im Sinne der -
Luftstrébmung in die seitliche Brennraumwand iiber-
geht und eine Fihrung fiir einen verhdltnismiBig
groBen Anteil der in den Brennraum einstrOmenden
Luft bildet. Diese Kiihlwirkung der einstrOmenden

“Verbrennungsluft wird bei der Brennkraftmaschine

nach dem Hauptpatent bereits ausgenutzt, indem der
Kraftstoff im wesentlichen an solchen Stellen auf die
Brennraumwand gespritzt wird, an depen durch die
Eintrittsstrtomung der Verbrennungsluft eine Kiihlung
der Brennraumwand erfolgt; der dort aufgespritzte
Kraftstoff breitet sich aber auch zunehmend in die
Tiefe des Brennraumes aus, wo im allgemeinen die
‘Wandtemperatur stark abnimmt.

Die zu lésende Aufgabe besteht also darin, bei
einer - Brennkraftmaschine nach dem Hauptpatent
durch eine neuartige Gestaltung des Brennraumes,
insbesondere seines oberen Teils und entsprechende
Wahl der Aufireffstellen der Kraftstoffstrahlen z
erreichen, daB insbesondere beim Aufspritzen groBSe-
rer Kraftstoffmengen auf die Brennraumwand der
aufgespritzte Kraftstoff sich in Brennraumwand-
bereiche ausbreitet, deren Temperatur hoher ist als
die Temperatur an der Auftrefistelle des Kraftstoffes.

Die erfindungsgemiBe Brennkraftmaschine mit
direkter Xraftstoffeinspritzung und Verdichfungs-
ziindung, mit einem im Kolbenboden symmetrisch
oder beinahe symmetrisch zur Zylinderachse ange-
ordneten und im wesentlichen rotationskorperférmi-
gen Brenoraum, in welchem sich gegen Ende des
Verdichtungshubes nahezu das gesamte angesaugte
Luftvolumen befindet, das vorher in eine heftige
Drehbewegung um die Brensraumachse versetzt
wurde, und mit einer zu diesem Brennraum auBer-
mittig angeordneten Einspritzdiise, die den Xraft-
stoff in mindestens zwei Krafistofistrahlen von ver-
schiedener freier Linge im wesentlichen in Richtung
der in den Brennraum einstrémenden Verbrennungs-
luft an verschieden heiBe Wandstellen des Brenn-
raumes spritzt, von denen der kiirzeste Kraftstoff-
strah! mit einem kleinen Anteil iiber den Rand der
Brennraumwand gegen den Boden des Kolbens ge-
spritzt wird, wibrend der iibrige, weitaus groBere
Teil dieses »Ziindstrahlesc noch gegen den unmittel-
bar neben dem Rand befindlichen Teil der Brenn-
raumwand gerichtet ist, nach dem Hauptpatent
1175 486, ist im wesentlichen dadurch gekennzeich-
net, daf8 die Verbindungséffnung vom Brennraum
zum Zylinderraum am Kolbenboden von zwei gegen-
seitig symmetrisch zur Brennraumachse versetzten
Halbkreisbogen begrenzt ist, wobei die von den bei-
den Halbkreisbogen in den nach dem Brennraum-
boden zu gelegenen Brennraumunterteil fiibrenden
Seitenwinde des Brennraumes mit dem benachbarten
Kolbenboden je einen Winkel einschlieBen, der sich
von einem Wert groBer als 90° an den gegeniiber
dem Brennraum auflen liegenden Enden der Halb-
kreisbogen im Drehsinn der kreisenden einstrémen-
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den Verbrennungsluft stetig bis zu einem Wert klei-
ner als 90° an den in bezug auf den Brennraum
innenliegenden Enden der Halbkreisbogen verklei-
nert, und daB der Mantelanteil des Ziindstrahls den
Brennraumrand in dem im Sinne der LuftstrOmung
noch etwas vor der Mitte liegenden Abschnitt eines
der Halbkreisbogen iiberspritzt, wihrend der Kraft-
stoff des bzw. der weiteren Kraftstoffstrahlen etwa
unterhalb des mittleren Bereiches des Halbkreis-
bogens auf den oberen Teil der Brennraum-Seiten-
wand auftrifft.

Durch die erfindungsgemiBe Ausbildung der
Brennraumdfinung ergibt sich eine Einstrémung der
Verbrennungsluft in den Brennraum, die entlang dem
auBenliegenden vorderen Teil der beiden Halbkreis-
bogen anndhernd parallel zu diesen Bogen verlduft
und dort infolgedessen in an sich bekannter Weise
eine Kiihlung der Brennraumwand bewirkt, wihrend
die Luft zum weiter innenliegenden Ende jedes der
Halbkreisbogen hin eine zunehmend groSere radiale
Einstromungskomponente erhdlt, schhieBlich an den
inneren Enden der Halbkreisbogen etwa radial nach
innen in den Brennraum hineinstrémt und sich dabet
dort sowie an der etwa radial nach auBen gerichteten
Verbindungskante zum folgenden Halbkreisbogen
unter Wirbelbildung von der oberen Kante der Brenn-
raumwand ablést, so daB an dieser gegeniiber dem
anschlieBenden zweiten Halbkreisbogen zum Brenn-
rauminneren vorspringenden Stelle eine wesentlich
geringere Kiihlung der Brennraumwand erfolgt.

Andererseits stromen aber die heien Verbren-
nungsgase, die beim Expansionshub in spiralig krei-
sender, turbulenter Bewegung aus dem Brennraum
austreten, an der in das Brennrauminnere hinein-
ragenden Verschneidungskante zwischen dem oberen
Teil der eingezogenen Brennraumwand und dem an-
schlieBenden zweiten Halbkreisbogenausschnitt mif
hoher Geschwindigkeit vorbei, so daB sie diesen Be-
reich der Brennraumwand stark erhitzen, in dem die
Wirmeableitung von der Verschneidungskante in das
Material des Kolbens geringer ist als an der Brenn-
raumwand mit gleichm#Biger stetiger Kriimmung. In-
folgedessen ergeben sich an der Brennraumwand
unterhalb des in Strémungsrichtung der Luft hinteren
Teiles jedes der beiden Ausschnitte die angestrebten
hoheren Brennraumwandtemperaturen. Der unterhalb
des oberen Brennraumrandes etwa im mittleren Be-
reich eines der beiden halbkreisfSrmigen Ausschnitte
auf die Brennraumwand gelangende Kraftstoff kann
sich infolgedessen nur in zunehmend wirmere Brenn-
raumwandbereiche ausbreiten; seine Verdampfung
wird dadurch beschleunigt und die Verbrennung er-
folgt unter giinstigen Verbrennungsbedingungen.

Bei bekannten Brennkraftmaschinen mit direkter
Krafteinspritzung und Verdichtungsziindung, bei
denen der Kraftstoff ebenfalls durch eine von einem
Ausschnitt des Brennraumrandes gebildete seitliche
Ausnehmung unterhalb des oberen Brennraumrandes
auf die Brennraumwand aufgespritzt wird, ist die
Einspritzrichtung des Kraftstoffs derart flach zur
Brennraumwand, daB der Kraftstoff erst im hinteren
Bereich des Ausschnittes unterhalb des Einschnii-
rungsbereiches des Brennraumrandes auf die Brenn-
raumwand gelangt, wo die seitliche Brennraumwand
etwa die hochste Temperatur hat; die an die Auf-
spritzstellen anschlieBenden Brennraumwandbereiche
haben keine hoheren Temperaturen als die Aufspritz-
stellen. Selbst durch Anordnung eines sich an die
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»Einspritzausnehmunge in Umfangsrichtung an-
schlieBenden Brennraumrandausschnittes fiir das Aus-
strdmen der Verbrennungsgase wird die Temperatur-
verteilung an der seitlichen Brennraumwand nicht
wesentlich beeinfluBt. Eine Temperaturzunahme der
Brennraumwand in demjenigen Bereich, in den sich
der aufgespritzte Kraftstoff ausbreiten kann und die
bei der erfindungsgemiBen Brennkraftmaschine in
der GréBenordnung von etwa 50° liegt, 148t sich mit
den bekannten Anordnungen von Ein- und Ausstro-
n_mlngsausschnitten am Brennraumrand keinesfalls er-
zielen.

Es kommt noch hinzu, daf§ bei allen Brennkraft-
maschinen mit einseitigen Lufteinstrémungsausschnit-
ten am oberen Brennraumrand infolge der starken
cinseitigen Einstrdmung die Achse des sich in dem
Brennraum ausbildenden starken Stromungswirbels
nach der dem Ausschpitt etwa gegeniiberliegenden
Brennraumwand verschoben und damit die Wirbel-
strémung etrisch wird, was eine Abnahme
der Wirbelintensitit zur Folge hat. Wenn noch ein
»Ausstromungsausschnitte fiir die Verbrennungsgase
vorgesehen ist, wird die Wirbelstromung zus#tzlich
gestort.

Bei der erfindungsgem#Ben Brennraumausbildung
bleibt die Wirbelachse in der Brennraummitte; da-
durch wird "die bereits in der Beschreibung des
Hauptpatents erwihnte Ziindung beim Kaltstart
durch einen feinzerstdubten Randanteil des lingsten
Kraftstofistrahls in der zentralen »toten« Wirbelzone
hoher Verdichtungstemperatur begiinstigt, die stets
daon — natiirlich mit entsprechender zeitlicher Ver-
zOgerung — auftritt, wenn wegen der niedrigen Tem-
peratur des Kolbens an der Uberspritzstelle des
Ziindstrahls sich dort noch keine Ziindung einstelit.

Mit der bereits erwihnten Anordnung der Ein-
spritzdiise, die in der oberen Totpunktstellung des
Kolbens im Bereich des radial nach auSen vorsprin-
genden Endes eines Halbkreisbogens liegt, 148t sich
beim Einspritzen des Kraftstoffes fiir den Ziindstrahl
eine fiir die Erzielung einer ausreichenden Rand-
ablosung geniigend groBe Strahllinge erzielen, was
fir die Abspaltung des die Zindung ausl&senden
Randanteils an der oberen Ausschnittkante und das
Auftreffen des Ziindstrahlkerns auf einen kiihleren,
dicht unterhalb der Ausschnittkante gelegenen Wand-
teil des Brennraumes vorteilhaft ist. Die Auftreff-
stellen des oder der lingeren Kraftstoffstrahlen auf
die Brennraumwand kdnnen in an sich bekannter
Weise durch Olkiithlung, insbesondere Spritzblkiih-
lung, von der Unterseite des Kolbens her gekiihit
werden; dic Temperatur der Brennraumwandung im
Bereich der Kraftstoffaufspritzung kann auch bei
stark wechselnder Belastung des Motors durch Re-
gelung der Olkiiblung innerhalb des fiir den jeweils
verwendeten Kraftstoffi giinstigsten Temperatur-
bereich gehalten werden. Fiir eine solche Srtlich be-
grenzte Spritzlkiithlung erweist es sich als vorteil-
haft, wenn die die Brennraumachse und die beiden
Mittelpunkte der gegeneinander versetzten Halb-
kreisbogen in sich aufnehmende Ebene mit der die
Kolbenbolzenachse in sich aufnehmenden Axial-
ebene des Brennraumes einen von 90° abweichen-
den Winkel, vorzugsweise einen Winkel von etwa
45°, einschlieBt, Bei einer solchen Gestaltung des
Kolbens liegen die mittleren Bereiche der beiden
Ausschnitthalbkreisbogen stets so weit seitlich von
der Kolbenbolzenachse entfernt, da8 die ihnen ent-
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spréechenden Stellen auf der Unferseite des Kolbens
durch das eingespritzte Kiihl6l leicht erreicht werden
koénnen. Die Olkiihlung kann verbessert werden,
wenn die Unterseite des Kolbenbodens im Bereich
der Auftreffstellen der Kraftstoffstrahlen auf die
Brennraumwand mit Kiihirippen versehen wird, die
sich zwischen der Brennraumwand und dem Kolben—
mantel im Bereich der Verdichtungsringe vorteilhaft
radial nach auBen erstrecken, wobei ein ficherartiger
KiihiGlstrahl von unten gegen die Kiihlrippen bzw.
die Kolbenunterseite in dem erwihnten Auftreff-

‘bereich des Kraftstoffes gerichtet wird.

Dabei kann duorch die Ausfilhrung des Kolbens
mit den Kiihirippen bei entsprechend tiefer Ausbil-
dung der Taschen zwischen den KiihIrippen Kolben-
material eingespart und das Kolbengewicht ohne Ge-
fahr fiir die Festigkeit des Xolbenbodens verringert
werden, was besonders bei modernen kurzhubigen
Brénnkraftmaschinen vorteilhaft ist, bei denen sich
das Verhiltnis von Hub zn ‘Bohrung dem Wert 1
nihert. -

- In der Zeichnung ist die Erfindung beispielsweise
veranschaulicht; es zeigt

Fig. 1 einen erfindungsgemiB gestalteten Brenn-
raum in einem ILZngsschnitt nach der leeI I der
Fig.2, -

Flg 2 denBrennraum gemiB Fig. 1 in einer An-
sicht von oben,

Fig. 3 ecinen mit einem Brennraum gemifl den
Fig.1 und 2 versehenen und in einem Zylinder ein-
gebauten Kolben in einer ‘Ansicht von oben (diese
Figur veranschaulicht zugleich die kreisende Einstrd-
mung der Verbrennungsluft in den Brennram),

"Fig. 4 den Kolben gemdf Fig 3 in einem Lings-
schritt nach der Linie ITI-III der Fig. 5,

-Fig. 5 den Kolben gem#B Fig. 4 in einer Ansicht
von oben, aus der zugleich die Ausbildung der Unter-
seite des Kolbenbodens zu erkennen ist.

Der dem. dargesteliten Ausfithrungsbeispiel ent-

. sprechende Brennraum fithrt mittels seiner Seiten-

wandung 1 ohne Hals — oder eines sonstigen beson-
ders abgesetzten Uberganges — unmittelbar bis zum
Kolbenboden 2. Der Brennraum selbst ist als Toroid
mit einer unteren zentralen Kuppe ausgebildet,
konnte jedoch statt dessen auch (wie es in Fig. 1
gestrichelt angedeutet ist) die Form eines Ellipsoides
aufweisen. Die obere Ofinung des Brennraumes ist
von zwei gegenseitig symmetrisch zur Brennraum-
achse versetzten Halbkreisbogen 3, 3’ begrenzt, de~
ren am weitesten nach der Mitte des Brennraumes
zZu gelegene Enden Kanten 4, 4’ bilden und deren am
weitesten auBerhalb der Mitte des Brennraumes ge-
legene Enden 5, 5" in einer verhaltnism#Big scharfen

mit den jeweils benachbarten Kanten 4’
bzw. 4 des anderen Halbkreisbogens verbunden sind.
Die Mittelpunkte 6, 6’ der beiden Halbkreisbogen 3
und 3’ sind gegeniiber der Lingsachse 7 des Brenn-
raumes gegeniiberliegend jeweils um die Exzentri-

zitﬁt-;—versstzt, so daB sich ein Gesamtabstand der

- beiden Mittelpunkte 6 und 6’ von e ergibt. Der Ra-

dius jedes Halbkrelsbogens 3 bzw. 3’ betrdgt bei dem
Ansﬁ:hnmgsbelsplel - d. h. die Hilfte des gréBten

Dnrchmessers D, des eigentlichen Brennraumes.

" GemdB Fig. 1 wird der vom oberen Rand des
Brennraumes ausgehende Teil der Seitenwandung 1
durch an den eigentlichen Brennraum jeweils inner-
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halb radialer Ebenen gelegte Tangenten gebildet, die
zugleich durch den dortigen Punkt des oberen Brenn-
raumrandes verlaufen. Durch diese Konstruktion 4n-
dert sich der zwischen der Seitenwand 1 und dem
Kolbenboden 2 auflerhalb des Brennraumes einge--
schlossene Winkel (&) von einem Wert «” groBer als
90° an den gegeniiber dem Brennraum auBenliegen-
den Enden 5, 5’ der Halbkreisbogen 3, 3’ entlang den
Kreisbogen stetig bis zu cinem Wert o’ kleiner als
90° an den in bezug auf den Brennraum innenliegen-
den Enden bzw. Kanten 4, 4’ der Halbkreis-
bogen 3, 3'. )
‘Wie aus Fig. 3 hervorgeht, ist die Anordnung der
Halbkreisbogen 3, 3’ derart auf die kreisende Bewe-
gung der einstromenden Verbrennungsluft abge-
stimmt, daB die Halbkreisbogen sich dem spiralftr-
migen Verlauf der Einstromung bzw. dem Verlauf
der hierbei gebildeten Stromlinien 8 bestmoglich an-
passen. Die Stromlinien 8 der — im Zylinderraum

-zundchst iiber dem Kolben kreisenden — Luft ver-

laufen an den #uBeren Enden 5, 5” der beiden Halb-
kreisbogen 3, 3’ etwa entlang dem Kreisbogen und
damit auch entlang dem dortigen Teil der Seiten-
wandung 1 des Brennraumes, wihrend sie nach den
jeweils anderen, innenliegenden Enden (Kanten 4,4")
der Kreisbogen hin eine zunehmende stirker wer-
dende Radialkomponente aufweisen wund dem-
entsprechend zunehmend quer zu den Halbkreis-
bogen von auBen radial nach innen verlaufen. Da
an diesen Stellen die Seitenwandungl vom oberen
Rand der Brennrauméfinung aus zugleich unter Bil-
dung des spitzen Winkels «” (vgl. Fig. 1) ansgeht,
15st sich die dort in den Brennraum einstromende
Luftstrdbmung am oberen Rand der Brennraum-
offnung ab. Die Temperaturen der Brennraumwan-
dung 1 liegen demnach an den duBeren Enden 5, 5
der Halbkreisbogen 3, 3’ verhiltnisméBig niedrig und.
steigen entlang den Halbk:rexsbogen stetig zunehmend
bis auf einen wesentlich hoheren Wert an der Stelle
der Kanten 4, 4’ an.

Aus den Fig. 4 und 5 ist die Lage der Einspritz-
diise 9 ersichtlich, die sich im Bereich des #ufBleren
Endes 5’ des einen Halbkreisbogens 3’ und — nach
dem Ausfithrungsbeispiel — mit ihrer Diisentffnung
innerhalb der durch die beiden Kreisbogen-Mittel-
punkte 6, 6" verlaufenden axialen Ebene des Brenn-
raumes befindet. Die Einspritzdiise 9 kaon im (nicht
darceste]lten) Zylinderkopf der Brennkraftmaschine
in einer belicbigen Lage gehalten sein. Bei in seiner
oberen Totpunktlage befindlichem Kolben liegt die
Diisentfinung in unmittelbarer Niéhe des dortigen
Randes der Brennraumoffnung, wobei die Kraftstoff-
strahlen I und II von der Diise 9 etwa in Umfangs-
richtung der Brennraum&ffnung und zugleich etwa
in Strémungsrichtung der dort kreisend einstrémen-
den Verbrennungsluft ausgehen. Beide Kraftstoff-
strahlen I und II treffen mit ihren Strahlkernen in
iiblicher Weise auf die Brennraumwand 1 knapp
unterhalb des oberen Brennraumrandes auf, wobei
der Strah! II, der bereits nach einem kiirzeren Strahl-
weg verhﬁltnismiisig steil gegen die Seitenwandung 1
auftrifft, mit einem sehr kleinen Anteil iiber den
oberen Rand der Brennraumdfinung gelangt. Der an-
dere Strahl (I) mit wesentlich Jingerer freier Strahl-
linge trifft mit seinem Strahlkern etwa im mittleren
Bereich des dortigen Halbkreisbogens 3’ unterhalb
des Brennraumrandes auf die dortige Seitén-

wandung,
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Fig. 5 zeigt weiterhin, daB die die bgiden Mittel-
punkte 6, 6’ in sich aufnehmende Axialebene des
Brennraumes gegeniiber der die Kolbenbolzenachse
in sich aufnehmenden Axialebene des Brennraymes
bzw. Kolbens im Drehsinn der kreisend einstromen-
den Verbrennungsluft um einen Winkel § von 45°
versetzt ist. Durch diese Lage der die Mittel-
punkte 6, 6 der beiden Halbkreisbogen enthaltenden
Axiglebene gelangt der die Auftreffstellen der Kraft-
stoffstrahlen 1, II enthaltende Teil der Seiten-
wandung 1 des Brennranmes in den zwischen den
beiden Kolbenbolzenaugen 10 und zugleich seitlich
des (nicht dargestellten) Kolbenbolzens befindlichen
Bereich des Kolbens, wo auf der Unterseite des Kol-
benbodens 2 zwischen dem Brennraym und den
(ebenfalls nicht dargesteliten) Verdichtungsringen ra-
dial nach auBen gerichtete Rippen 11 angeordnet
sind. Gegen diese Rippen 11, die — wie in Fig. 4
gestrichelt angedeutet ist — auch am gegeniiberlie-
genden Teil der Kolbenbodenunterseite angebracht
sein konnten, wird beim Betriecb der Brennkraft-
maschine ein ficherformiger KiihlSlstrahl 12 ge-
spritzt. Die Stidrke dieses Kiihldlstrahles 148t sich
durch eine auBerhalb des Kolbens befindliche (nicht
dargestelite) Drosselvorrichtung, die z. B. aus einer
in dem vom Olkreislauf der Brennkraftmaschine ge-
trennten KiihlSlkreislauf befindlichen Drosselklappe
einem Drosselventil oder einem Drosselschieber be-
stechen konnte, regeln, damit die giinstigste Tempe-
ratur des Kolbenbodens 2 an den Auftrefistellen des
Kraftstoffes auch wihrend des Betriebes leicht ein-
reguliert werden kann.

Die in Fig. 4 gestrichelt angedeutete Anordnung
der weiteren Kiihlrippen verursacht bei entsprechend
ausgefiihrten Kolben zwar eine gewisse Gewichtsver-
mehrung, bringt demgegeniiber aber den Vorteil mit
sich, daB beim Einbau des Kolbens nicht mehr dar-
auf geachtet werden muB8, daB sich die Kiihlrippen 11
auch tatsichlich an der Stelle der iiber dem Kolben
befindlichen Einspritzdiise 9 befinden.

Zu der erfindungsgemiBen Kolbenform ist noch
zu bemerken, daB8 sich cine solche Brennraumform
zur maschinellen Bearbeitung nicht eignet. Ander-
seits l:iBt sich aber bei dem heutigen Standé der
GieBereitechnik ein geniigend genaues und sauberes
GieBen des Kolbens mit dem erfindungsgemiBen
Brennraum in einer Kokille ohne jede Schwierigkeit
erzielen. Fiir einen solchen Kokillengu8 eignet sich
die Breonraumform — trotz der Notwendigkeit
zweier Kerne — recht gut, so daB solche im Kokillen-
guB hergestellten Kolben wesentlich billiger ausfallen
als Kolben mit einem in bisher iiblicher Weise ma-
schinell bearbeiteten Brennraum. Sollten bei den im
KokillenguB hergestellten Kolben kleine Uneben-
heiten an der Brepnraumwandung im Bereich der
Auftreffstellen des Kraftstoffes auftreten, so sind
diese der einwandfreien Ausbreitung, Zerstdubung
und Verdampfung des auftreffenden Kraftstoffes
keineswegs abtriiglich, weil sie die Zerstdubung und
Durchmischung des aufgespritzten Kraftstoffes mit
der einstromenden Verbrennungsluft sogar be-
giinstigen.

Die Erfindung ist nicht an die konstruktiven Ein-
zelheiten des Aausfiihrungsbeispieles gebunden. So
braucht z. B. der Radius der Halbkreisbogen 3, 3’
nicht genau dem groSten Halbmesser des Brenn-
raumes zu gleichen. Der Radius der Halbkreisbogen
konnte vielmehr auch groBer oder kleiner als der ge-
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nanate Durchmesser sein. Ebenso braucht der Win-
kel 8 zwischen der die beiden Mittelpunkte 6, 6" ent-
haltenden Axialebene und der die Kolbenbolzen-
achse enthaltenden Axialebene nicht gerade 45° zu
sein, pbgleich ein solcher Winkel wegen der sich dar-
aus ergebenden gilinstigen Kiihimdglichkeit fiir die
Kolbenunterseite an der Auftrefistelle der Kraftstoff-
strahlen bevorzugt wird. Dagegen soll dieser Win-
kel # zumindest grofier ‘als 0 und kleiner als 90° sein.

Patentanspriiche:

1. Brennkraftmaschine mit direkter Kraftstofi-
ginspritzung und Verdichtungsziindung, mit
einem im Kolbenboden symmetrisch oder bei-
nahe symmetrisch zur Zylinderachse angeordne-
ten ynd im wesentlichen rotationskarperformigen
Brennraum, in welchem sich gegen Ende des
Verdichtungshubes nahezn das gesamte ange-
saugte Luftvolumen befindet, das vorher in eine
heftige Drehbewegung um die Brepnraumachse
versetzt wurde, und mit eirer zu diesem Brenn-
raum auBermittiz angeordneten Einspritzdiise,
die den Kraftstoff in mindestens zwei Kraftstoff-
strghlen von verschiedener freier Linge im we-
sentlichen in Richtung der in den Brennraum ein-
stromenden Verbrennungsluft an verschieden
heife Wandstellen des Brennraumes spritzt, von
denen der kiirzeste Kraftstoffstrahl mit einem
kleinen Anteil iiber den Rand der Brennraum-
wand gegen den Boden des Kolbens gespritzt
wird, wihrend der iibrige, weitaus groBere Teil
dieses »Ziindstrahles« noch gegen den unmittel-
bar neben dem Rand befindlichen Teil der Brenn-
raumwand gerichtet ist, nach Patent 1 175 486,
dadurch gekennzeichnet, daB die Ver-
bindungsoffnung vom Brennraum zum Zylinder-
raum am Kolbenboden (2) von zwei gegenseitig
symmetrisch zur Brennraumachse (7) versetzten
Halbkreisbogen (3, 3") begrenzt ist, wobei die von
den beiden Halbkreisbogen (3, 3’) in den nach
dem Brennraumboden zu gelegenen Brennraum-
unterteil fithrenden Seitenwiéinde (1) des Brenn-
raumes mit dem benachbarten Kolbenboden je
einen Winkel («) einschlieBen, der sich von einem
Wert (a”) grofer als 90° an den gegeniiber dem
Brennraum auBenliegenden Enden (5, 5) der
Halbkreisbogen (3, 3°) im Drehsinn der kreisend
einstrémenden Verbrennungsluft stetig bis zu
einem Wert («’") kleiner als 90° an den in bezug
auf den Brennraum innenliegenden Enden (4, 4°)
der Halbkreisbogen (3, 3’) verkleinert, und dag
der Mantelanteil des Ziindstrahls (II) den Brenn-
raumrand in dem im Sinne der Luftstrémung
noch etwas vor der Mitte liegenden Abschnitt
eines der Halbkreisbogen iiberspritzt, wiahrend
der Kraftstoff des bzw. der weiteren Kraftstoff-
strahlen (I) etwa unterhalb des mittleren Be-
reiches des Halbkreisbogens auf den oberen Teil
der Brennraum-Seitenwand (1) auftrifft.

2. Brennkraftmaschine nach Anspruch 1, da- .
durch gekennzeichnet, daB die Einspritzdiise (9)
an einer Stelle liegt, die sich bei in seiner oberen
Totpunktlage befindlichem Kolben im Bereich
des #uBeren Endes (5") eines (3") der beiden
Halbkreisbogen (3, 3’) befindet, und ihre Kraft-
stofistrahlen (I, II) im wesentlichen nach dem

609 579/170
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mittleren Bereich des Halbkreisbogens (37) ge-
richtet sind.

3. Brennkraftmaschine nach Anspruch 1
oder 2, dadurch gekennzeichnet, daB die die
Brennraumachse (7) und die Mittelpunkte (6, 6")
der beiden Halbkreisbogen (3, 3’) in sich aufneh-
mende Ebene mit der die Brennraumachse (7)
und die Kolbenbolzenachse in sich aufnehmenden
Ebene einen Winkel (§) groBer als 0 und Kleiner
als 90° einschlieBt.

4. Brennkraftmaschine nach Anspruch 3, da-
durch gekennzeichnet, da der Winkel (8) von
der die Brennranmachse (7) und die Mittelpunkte
(6, 6") der beiden Halbkreisbogen (3, 3") aufneh-
menden Ebene aus, entgegen dem Drehsinn der
kreisend einstromenden Verbrennungsluft ge-
messen, einen Wert von etwa 45° aufweist.

5. Brennkraftmaschine nach den Anspriichen 3
und 4, dadurch gekennzeichnet, da8 der Kolben-
boden (2) an seiner Unterseite zumindest im Be-
reich der Auftrefistelle der Kraftstoffstrahlen
(I, II) auf die Brennraumwand (1) mit Kihl-
rippen (11) versehen ist, die fiir eine an sich be-
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kannte Olkiihlung vom Kurbelraum der Brenn-
kraftmaschine her bestimmt sind.

6. Brennkraftmaschine nach Anspruch 5, da-
durch gekennzeichnet, daB die Kiihlrippen (11)
sich zwischen dem Brennraumboden und dem
Kolbenmantel im Bereich der Verdichtungsringe
radial nach auBlen erstrecken.

7. Brennkraftmaschine nach Anspruch 5
ader 6, dadurch gekennzeichnet, daB zur Olkiih-
Iung der Unterseite des Kolbenbodens ein ficher-
artiger Kiihidlstrahl dient und die Menge des
Kiihl5ls regelbar ist.

In Betracht gezogene Druckschriften:

Deutsche Patentschrift Nr. 804 048;

deutsche Patentanmeldung K 16079 Ia/46a® (be-
kanntgemacht am 29. 9. 1955);

deutsche Auslegeschrift M 23017 Ia/46ct (be-

20 kanntgemacht am 9. 5. 1956);

franzdsische Patentschriften Nr. 65 833, Zusatz zu
Nr. 1067 634, 1127 202;
USA.-Patentschrift Nr. 2 762 347.
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The diesel engine has- a trough (18) in the piston
crown, the bottom (24) of which runs divergently
from the plane (26) of the crown top. The circular
input aperture surface of the trough has a
diameter at least 0.8 of that of the piston. There
is a diffusor recess {27) at the edge of the trough
which is co-axial with the trough. It rises from a
transition sector (29) of the circumferential wall
(25) at decreasing diameter towards the top of
the crown, eliminating sharp edges in the regions
of the combustion chamber not used in mixture
formation.
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Walter, 88677 Markdorf, DE
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DE 3742574 C1
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GB 10 93 341
us 39 54 089
MTZ, 57, 1996, S. 336-348;
Die folgenden Angaben sind den vom Anmelder eingereichten Unterlagen entnommen
Prifungsantrag gem. § 44 PatG ist gestellt
6D Dieselmotor mit Direkteinspritzung und einer Kolbenmulde
@ Bei einem Dieselmotor mit drallarmer luftverteilender Dy
Direkteinspritzung {ber ein Druckspsichereinspritzsy- ‘_—D__
stem (Common-Rail) in einen flachen Brennraum {11) ist e——B2 40 37 3 !
im Kolbenboden {21} eine Kolbenmulde {18} vorgesehen, 26 |34i27 29 10
die vom Muldengrund (24) aus zur Planfléche (26} des 35l 31 28 38 41 42 45
Kolbenbodens {21) hin divergent ausgebildet ist und de- 44 \ l S/ [
ren kreisformige Eintritts6ffnungsflache {40} einen Durch- OV v\
maesser {DM) aufwaeist, der mindestens dem 0,8fachen des ’ =
Kolbendurchmessers (DK) entspricht. Am Muldenrand ist 30 -
sine zur Kolbenmulde {18} koaxial angeordnete Diffusor-
ausnehmung (27) vorgesehen, die ausgehend von einem
im Abstand (28) unterhalb der Planfliche (26) des Kolben-
bodens {21) ausgebildeten, abgerundeten Ubergang (9) 21
der Umfangswand {25) mit zunehmendem Muldendurch-
maesser (DM) zur Planfliche {26) des Kolbenbodens {21)
hin ansteigt. Der dadurch minimierte Anteil nicht zur Ge-
mischbildung nutzbarer Brennraumbereiche, wie zum
Beispiel der Quetschspalt- und der Ventiltaschenanteil so-
wie wanige scharfe Kanten im Ubergangsbereich zwi-
schen Quetschspalt und Brennraummulde bewirken eine
Ladungsberuhigung, durch die (ber das Druckspeicher-
einspritzsystem eine weitgehend kennfeldunabhangige
Steuerung der Hochdruckeinspritzung zur Darstellung ei-
nes Brennverlaufs mit erheblich reduziertem Schadstoff-
ausstof3 bei unverdndert hohem Wirkungsgrad des Die-
selmotors erreicht wird.
BUNDESDRUCKERE! 04.98 802 022/546/1 24
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1
Beschreibung

Die Erfindung betrifft einen Dieselmotor mit drallarmer
luftverteilender Direkteinspritzung und einem flach ausge-
bildeten Brennraum gemiB dem Oberbegriff des Patentan-
spruchs 1.

Von einem hochaufgeladenen Dieselmotor (MTZ, Motor-
technische Zeitschrift, Heft 6, 1996) der eingangs genannten
A, ist es bekannt, daB durch den Ubergang auf ein drallar-
mes Diesel-Gemischbildungs- bzw. Brennverfahren in
Kombination mit einem leistungsfihigen Einspritzsystem
ein deutlich giinstigerer KompromiB hinsichtlich Kraftstoff-
verbrauch und Stickoxid- bzw. Partikelaussto erreicht
wird. Eine Reduzierung der Zylinderladungsbewegung wird
dort durch Absenken des EinlaBdrallniveaus sowie Aufwei-
ten des Kolbenmuldendurchmessers erreicht, wihrend eine
gleichzeitige Verbesserung der Kraftstoffzerstdubungsgiite
durch Anheben des Einspritzdrucks auf {iber 1000 bar den
fiir die Dieselgemischbildung notwendigen Massentransport
bewerkstelligt. Femer wurde fiir weitere Untersuchungen
darauf hingewiesen, daB sich eine weitere Steigerung der
Leistungsfihigkeit des Einspritzsystems in Kombination
mit einer weiteren Absenkung des EinlaBdrallniveaus posi-
tiv hinsichtlich des Partikel-/Stickoxid-Zielkonflikt nutzen
148t. Versuche der Anmelderin haben gezeigt, da8 bei dem
bekannten Dieselmotor mit offener Brennraummulde beson-
ders im oberen Leistungsbereich der SchadstoffausstoB
nicht zufriedenstellende Werte erreicht.

Der Erfindung liegt die Aufgabe zugrunde, einen gat-
tungsgemiBen Dieselmotor derart weiterzubilden, da8 eine
zusitzliche Reduzierung der Schadstoffemissionen, insbe-
sondere Partikel- und Stickoxidemission, durch weitere Ver-
besserung der Gemischbildung bei Brennverfahren mit vor-
wiegender Luftverteilung, unter Beibehalten eines hohen
Wirkungsgrades erreicht wird.

ErfindungsgemiB wird diese Aufgabe durch die Gesamt-
heit der Merkmale des Anspruchs 1 geldst. Vorteilhafte Wei-

. terbildungen der Erfindung sind durch die Unteranspriiche

gekennzeichnet.

Dabei bestehen die mit der erfindungsgemiBen Ausge-
staltung der weiten divergenten Kolbenmulde bei einem
Dieselmotor mit einem Kraftstoffversorgungssystem hoher
hydraulischer Leistungsfahigkeit erzielten Vorteile in einer
deutlich verbesserten Lufterfassung und einer wesentlichen
Beruhigung der Zylinderladung. Beides begiinstigt eine op-
timale Durchmischung des Kraftstoffs mit der gesamten
Luft im Brennraum durch die kinetische Energie der Kraft-
stoffeinspritzstrahlen und verringert so die Abgasemissio-
nen, insbesondere den PartikelausstoB und die Stickoxidan-
teile, erheblich.

Durch die Form der zur Planfliche des Kolbenbodens hin
divergenten Kolbenmulde mit der am Kolbenrand ausgebil-
deten Diffusorausnehmung wird der Anteil bisher nicht zur
drallarmen Gemischbildung nutzbarer Brennraumbereiche
minimiert. Die Kolbenmulde ist dadurch an die Lage und
Kontur der sich bei den jeweils vorherrschenden Einspritz-
bedingungen durch das Krafistoffeinspritzsystem und die
Einspritzmimik bei Vollast gebildeten Einspritzstrahlkegel
mit groBen Strahlldngen in einer Weise angepaBt, die ein di-
rektes Benetzen der Kolbenmulde verhindert. Uber diese er-
findungsgemiB geschaffenen groBen freien Strahllingen
durchdringen die hochenergetischen Einspritzstrahlen den
Brennraum. Mit zunehmender Strahlausbreitung entziindet
sich der fein zerstiubte Kraftstoffnebel, wobei die diver-
gente Muldenform und speziell die mit zunehmendem
Durchmesser ansteigende Diffusorausnehmung die Flam-
menausbreitung in radial auBen liegende Brennraumberei-
che bei Anniherung des Kolbens an die obere Totpunkistel-
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5

35
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lung und wihrend der Kolbenabwirtsbewegung im Expan-
sionstakt beguinstigt.

Die Aufweitung des Muldendurchmessers an der Kolben-
muldeneintriftsfliche auf mindestens das 0,8-fache des Kol-
bendurchmessers triigt neben der verbesserten Lufterfas-
sung zu einer bedeutenden Reduzierung des stGmungsme-
chanischen Einflusses der Kolbenhubbewegung auf die Ge-
mischbildung bei. Durch den damit auf maximal das 0,2-fa-
che des Kolbendurchmessers festgelegten sogenannten Kol-
bensteg ist der verbleibende Planflichenanteil des Kolben-
bodens auf ein bedeutungsloses MaB reduziert. Der im ver-
bleibenden Minimalquetschspalt zwischen dem Kolbensteg
und dem Zylinderkopfboden wihrend der Aufwirtsbewe-
gung des Kolbens erzeugte, zur Kolbenmuldenmitte orien-
tierte Stromungsimpuls ist soweit abgesenkt, daB davon
keine Quetschstromung mehr aufgebaut wird, die der Ein-
spritzstrahlausbreitung entgegengerichtet wirkt. Eine Be-
hinderung der Strahl- und/oder Flammausbreitung bedingt
durch ein Abbremsen der Strahlen in radialer Richtung, was
zu einer Grtlichen Kraftstoffanhdufung und erhShtem Parti-
kelausstoB fithrt, wird vermieden.

Der vom Rest-Quetschspalt ausgehende Stromungsim-
puls wird ferner iiber die radiale Strecke der zur Mulde hin
abfallenden Diffusorausnehmung und im Zusammenwirken
mit einem strémungsgiinstig gewshlten Radius des Uber-
gangs zur Umfangswand der Kolbenmulde soweit abgebaut,
daB die bisher im Bereich des scharftkantigen Randes einer
herkémmlichen Kolbenmulde in der Vertikalebene gebilde-
ten Wirbelgebiete bedeutend reduziert werden. Deshalb
zeichnet sich die erfindungsgemiBe Kolbenmulde durch
schwache wandnahe Wirbelgebiete aus und verhindert auf
diese Weise Kraftstoffniederschlag auf der Wand der Kol-
benmulde und dem Muldengrund. Dies sind Vorteile, die
insbesondere im oberen Leistungsbereich des Dieselmotors
ein Ansteigen des RuBpartikelausstofies verhindern.

SchlieBlich bietet die erfindungsgemiBe Gestalt der Kol-
benmulde neben dem Abbau von durch die Kolbenbodenge-
staltung bedingten Ladungsturbulenzen den Vorteil einer
iiber den Kompressionstakt und die gesamte Dauer der
Kraftstoffeinspritzung gleichférmigen Drehbewegung der
Zylinderladung in der Kolbenmulde. Insbesondere findet
auch bei Anndherung des Kolbens an seine obere Totpunkt-
stellung keine DralliberhShung statt. Vielmehr stellt sich in
der Mulde iiber die gesamte Einspritzdauer eine geordnete
Luftbewegung mit konstanter Winkelgeschwindigkeit ein,
die in Form einer Festkorper-Drehstromung jeweils den ge-
samten Brennraumsektor zwischen benachbarten Einspritz-
strahlen iiberstreicht und so ein Ineinanderwehen der Ein-
spritzstrahlen verhindert.

Eine zusitzliche Beruhigung der Zylinderladung schafft
die erfindungsgemiBe Gestaltung der Kolbenmulde bei Die-
selmotoren mit im Kolbenboden ausgebildeten Ventilta-
schen. Durch die divergente Umfangswand und die Diffu-
sorausnehmung der aufgeweiteten Kolbenmulde verbleiben
lediglich segmentférmige Ventiltaschenanteile im #uleren
Rand des Kolbenbodens. Diese bilden in Abhingigkeit der
Tiefe der Diffusorausnehmung bzw. von dem Abstand des
Ubergangs von der Umfangswand in die Diffusorausneh-
mung zur Planfliche des Kolbens sowie deren Neigungsver-
lauf deutlich weniger Verschneidungskanten und Flichen-
anteile aus als herkémmliche Kolbenmulden. Dadurch wer-
den der einstromenden Ladeluft bedeutend weniger Turbu-
lenzen aufgeprigt, die als wandnahe Wirbelgebiete im Be-
reich dieser Kanten zu lokalen Krafistoffanhdufungen fiih-
ren und die dann unter erhohter Ru8- und Hitzeentwicklung
verbrennen.

Ferner schaffen die auf kleinere Muldensektoren redu-
zierten Ventiltaschenanteile der erfindungsgemiBen Mul-
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dengestalt giinstige Voraussetzungen fur die Verwendung ei-
ner Einspritzdiise mit mehr als sechs Einspritzbohrungen
zur Intensivierung der Gemischbildung. Insbesondere kann
durch den Einsatz einer Neun-Lochdiise eine besonders
hohe Strahlzerstdubungsgiite erzielt werden.

Bei einer bevorzugten Ausfuhrungsform der Kolben-
mulde ist der Ubergang der Umfangswand in die Diffusor-
ausnehmung in einem Abstand zur Planfliche des Kolben-
bodens ausgebildet, der der erforderlichen Tiefe der Ventil-
taschen entspricht. Die segmentformigen Ventiltaschen ge-
hen dabei harmonisch in den Radius des Ubergangs iiber
und verlaufen so ohne Ausbildung einer senkrecht zur
Strahl- bzw. Flammenausbreitung liegenden Kante in die
Kolbenmulde. Stromungsturbulenzen sowie die Bildung
von Hitzerissen in diesem Bereich infolge thermischer
Uberbeanspruchung werden vermieden.

Durch das von der Kolbenbewegung bzw. Kolbenstellung
weitgehend unabhidngige neutrale Verhalten der erfindungs-
gemiBen Kolbenmulde auf die Stromungsverhiltnisse der
Zylinderladung im Brennraum wird bei dem drallarmen
Brennverfahren eine verbrauchs- und partikelgiinstigere
Steuerung des Verbrennungsablaufs iiber das Einspritzsy-
stem erreicht. Insbesondere bei Verwendung eines Druck-
speicher-Einspritzsystems, wie z. B. dem Common-Rail-
System, kann im Zusammenwirken mit der erfindungsge-
miBen Kolbenmulde eine NOx-optimierte Einspritzmen-
genmodulierung dargestellt werden, wihrend eine optimale
Diesel-Gemischbildung durch den unabhingig von der Mo-
tordrehzahl im Druckspeicher kontinuierlich verfligbaren
Einspritzdruck unter Ausnutzung der kinetischen Energie
der Einspritzstrahlen sichergestellt ist.

Nachfolgend ist die Erfindung anhand eines in der Zeich-
nung dargestellten Ausfithrungsbeispiels genauer beschrie-
ben. Es zeigt:

Fig. 1, die Kolben-Zylinder-Anordnung des erfindungs-
gemiBen Dieselmotors mit einem Druckspeicher-Einspritz-
system;

Fig. 2, den erfindungsgemiBen Kolbenboden mit Ein-
spritzstrahlmuster in Draufsicht;

Fig. 3, eine Schnittansicht des Kolbenbodens entlang des
Schnittverlaufs III-III in Fig. 2.

Bei dem in Fig. 1 dargestellten Dieselmotor wird ein fla-
cher Brennraum 11 durch einen Zylinder 2, durch den Kol-
benboden 21 eines im Zylinder 2 verschieblich angeordne-
ten Kolbens 1 sowie einem ebenen Zylinderkopfboden 3 be-
grenzt. In den Brennraum 11 ragt ein Einspritzventil 10 ei-
ner Einspritzvorrichtung 4, die zentrisch zum Brennraum 11
im Zylinderkopfboden 3 angeordnet ist. Die Einspritzvor-
richtung 4 ist Teil eines Druckspeicher-Einspritzsystems,
bei dem eine Kraftstoffpumpe 6 Kraftstoff aus einem Kraft-
stofftank § iiber eine Kraftstoffleitung 7 unter hohem Druck
in einen Druckspeicher 17 (Common-Rail) fordert, der tiber
eine Einspritzleitung 8 und ein ZumeBventil 9 mit dem Ein-
spritzventil 10 verbunden ist. In bekannter Weise regelt eine
Steuereinheit 12 den Kraftstoffdruck im Druckspeicher 17,
unabhéngig von der Motordrehzahl, auf ein iiber Eingang 13
vorgegebenes Druckniveau von iiber 1000 bar durch ent-
sprechende Ansteuerung der Kraftstoffpumpe 6 iiber die Si-
gnalleitung 16 aus. Gleichzeitig steuert die Steuereinheit 12
iiber die Ansteuerleitung 15 das Offnungsverhalten des Zu-
meBventils 9 und dariiber den Einspritzvorgang. Alternativ
zu dem Drnckspeicher-Einspritzsystem kénnen auch andere
Hochdruck-Einspritzsysteme mit ausreichender hydrauli-
scher Leistungsfdhigkeit, wie z. B. ein Pumpe-Diise-Ein-
spritzsystem, zur Dieselgemischbildung verwendet werden.

Wihrend der Einspritzphase, bei gedffnetem ZumeBven-
til 9, wird bei dem dargestellten Ausfiihrungsbeispiel der
Kraftstoff iiber acht Einspritzbohrungen 23 des Einspritz-
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ventils 10 im wesentlichen radial und unter einem Sprit-
zwinkel & von 150° bis 170°, hier 160°, in den Brennraum
11 abgespritzt. Die Einspritzbohrungen 23 haben einen
Durchmesser von 0,32 mm und bilden einen Strahloff-
nungswinkel € von 20° aus.

Der Kolbenboden 21 des in den Fig. 1 und 3 jeweils in
oberer Totpunktstellung gezeigten Kolbens 1 bildet eine
zentrisch angeordnete rotationssymmetrische offene Kol-
benmulde 18 mit einer Eintritts6ffnung 40 aus, deren Durch-
messer DM das 0,8-fache des Kolbendurchmessers DK be-
trigt. Umfangswand 25 und Muldengrund 24 der Kolben-
mulde 18 sind an die durch den Spritzwinkel § vorgegebene
Lage und die Kontur 33 der bei maximaler Leistung des Ein-
spritzsystems ausgebildeten Strahlkegel 20 derart angepaBt,
daB in der oberen Totpunktstellung des Kolbens 1 eine Kol-
lision der Strahlkeulen 20 sowohl mit der Umfangswand 25
als auch dem Muldengrund 24 vermieden wird. Dazu ist der
Muldengrund 24 kegelférmig ausgebildet und steigt unter
einem Neigungswinkel y von 11° zur Kolbenmitte hin an.
Radial nach auBen geht der Muldengrund 24 im Bereich
zwischen der maximalen Muldentiefe 30 und dem Abstand
31, wo die gedachten Strahlachsen 32 der Strahlkegel 20 die
Umfangswand 25 der Kolbenmulde 18 schneiden, in die
Umfangswand 25 iiber. Der Verlauf des Ubergangsbereichs
29 ist exakt an die Kontur 33 der Einspritzkegel 20 ange-
paBt. Ausgegangen wird hierbei von einer Form der Ein-
spritzstrahlen bzw. einer Kontur 33 der Einspritzkegel 20,
wie sie sich in Abhiingigkeit der hydraulischen Leistungsfa-
higkeit des Einspritzsystems durch Simulation aus den em-
pirischen Formeln von Hiroyasu/Arai ergeben. Bei dem hier
dargesteliten Ausfiihrungsbeispiel entspricht dies im Uber-
gangsbereich 29 einem Radius von 13 mm. Aus dem glei-
chen Simulationsmodell fiir die Einspritzstrahlkontur 33 er-
gibt sich die maximale Muldentiefe 30 von hier 15,8 mm bei
einem Einspritzdruck von 1200 bar und einem Verdich-
tungsverhiltnis von € = 14,

Die Umfangswand 25 ist konisch ausgebildet und weist
einen Neigungswinkel o von etwa 15° bis 45° auf. In einem
Abstand 28 unterhalb der Planfliche 26 des Kolbenbodens
21 geht die Umfangswand 2§ in eine Diffusorausnehmung
27 iiber. Der Abstand 28 ist hier gleich der Tiefe 38 der wei-
ter unten beschriebenen Ventiltaschen 37 gewihlt. Grund-
sitzlich kann er je nach Ausbildung des Einspritzsystems,
bzw. der durch obiges Simulationsmodell ermittelten Strahl-
keulenform, auf einen Wert zwischen der Tiefe 38 der Ven-
tiltaschen 37 und dem durch die Schnittebene der Strahl-
achse 32 definierten Abstand 31 festgelegt werden.

Die Diffusorausnehmung 27 ist am Muldenrand kreisfor-
mig und koaxial zur Kolbenmulde 18 als konische Ausdre-
hung dargestelit. Sie schlieBt mit dem ebenen Zylinderkopf-
boden 3 einen Winkel B im Bereich von etwa 10° bis 30°
ein. Die Ausbildung der Diffusorausnehmung 27 ist nicht
auf die konische Ausdrehung beschrinkt; vielmehr kann an-
stelle des linearen Anstiegs unter einem Winkel B jeder ste-
tige Verlauf mit positiver bteigerung zur Planfliche 26 des
Kolbenbodens 21 hin vorgesehen sein. Wesentlich dabei ist
allerdings, daB der Ubergang 29 von der Umfangswand 25
auf die Diffusorausnehmung 27 abgerundet ist, wobei der
den Ubetgang bildende Radius 35 so gewihlt ist, da8 sich
die in der Kolbenmulde 18 einstellende Festkodrper-Dreh-
stromung der Zylinderladung nicht von der Wand abiGst.
Bei dem Ausfiihrungsbeispiel wird dies mit einem Radius
35 von 4 mm erreicht der grundsitzlich zwischen 4 mm und
1S mm variieren kann. Die Diffusorausnehmung 27 geht
iiber einen Radius 34 in die Planfiiache 26 des Kolbenbodens
21 iber. Dieser Radius 34 betrigt zwischen 2 mm und
4 mm.

‘Wie Fig. 2 zeigt, sind vier Ventiltaschen 30 symmetrisch
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verteilt im Bereich der erfindungsgemiBen Diffusorausneh-
mung 27 und der verbleibenden ringformigen Planfliche 26
ausgebildet, die aufgrund der erfindungsgemiBen Aufwei-
tung und Gestaltung der Kolbenmulde 18 lediglich noch
segmentfSrmige Grundflichen im Kolbenboden 21 anneh-
men. Die Tiefe 38 und GroBe der Ventiltaschen 37 ist kon-
struktiv durch den erforderlichen Hub der Gaswechselven-
tile und die Spaltbreite zwischen Kolbensteg 44 und dem
Zylinderkopfboden 3 in oberer Totpunktstellung des Kol-
bens bestimmt. Die Ventiltaschen 37 bilden zusammen mit
dem verbleibenden Kolbensteg 44 Verschneidungskanten
43 sowie dadurch festgelegte Schnittflichen 45 aus, deren
Verlauf und Linge durch die Gestaltung der Diffusoraus-
nehmung 27 bestimmt sind. Bei dem dargestellten Ausfiih-
rungsbeispiel ist der Abstand 28 des Ubergangs 29 zur Plan-
fliche 26 des Kolbenbodens 21 gleich groB gewihlt, wie die
Tiefe 38 der Ventiltaschenausnehmung 27. Dadurch gehen
die Ventiltaschen 37 harmonisch in den abgerundeten Uber-
gang 29 iiber, was im Hinblick auf oben beschriebene Str&-
mungsmechanik und thermische Beanspruchung Vorteile
bietet.

Durchbriiche 41 im Kolbensteg 44 erhshen die mechani-
sche und thermische Standfestigkeit des Kolbenbodens 21
in Bereichen wo die Ventiltaschen 37 zu einer ausgeprigten
Schwichung der Kolbenstegdicke fiihren. Die Durchbriiche
41 bilden in Umfangsrichtung Anfasungen 42 aus, um einer-
seits die thermische Standfestigkeit des Kolbenstegs 44 zu
gewihrleisten andererseits der einstrémenden Ladeluft
moglichst geringen Stromungswiderstand zu bieten. Aus
gleichen Griinden sind auch sidmtliche verbleibenden Kan-
ten und/oder Stufen abgerundet.

Bezugszeichenliste

1 Kolben

2 Zylinder

3 Zylinderkopfboden
4 Einspritzvorrichtung
§ Kraftstofftank

6 Kraftstoffpumpe

7 Kraftstoffleitung

8 Einspritzleitung

9 ZumeBventil

10 Einspritzventil

11 Brennraum

12 Einspritzstauleitung
13 Eingang

14 Eingang

15 Aunsteuerleitung
16 Signalleitung

17 Druckspeicher

18 Kolbenmulde

19 Einspritzstrahl

20 Strahlkegel

21 Kolbenboden

22 Gaswechselventil
23 Einspritzbohrung
24 Muldengrund

25 Umfangswand

26 Planfliche

27 Diffusorausnehmung
28 Abstand

29 Ubergang

30 Muldentiefe

31 Abstand

32 Strahlachsen

33 Kontur

34 Radius

10

15

30

35

45

55

35 Radius

36 Gaswechselventil

37 Ventiltaschen-Ausnehmung
38 Tiefe Ventiltasche

39 Ubergangsbereich

40 Eintrittsoffnung

41 Durchbruch

42 Anfasung

43 Verschneidungskante

44 Kolbenstellung

45 Schnittfliche

o Winkel,Umfangswand

P Winkel, Diffusorausnehmung
¥ Winkel, Muldengrund

8 Spritzwinkel

€ Strahl6ffnungswinkel

Patentanspriiche

1. Dieselmotor mit drallarmer luftverteilender Direkt-
einspritzung und mit einem flach ausgebildeten Brean-
raum (11), der von einem Zylinder (2), einem Zylinder-
kopfboden (3) und einem Kolbenboden (21) begrenzt
ist, wobei im Kolbenboden (21) eine kreisformige of-
fene Kolbenmulde (18) mit einer Umfangswand (25)
und einem Muldengrund (24) vorgesehen ist, sowie ei-
ner zentrisch zur Kolbenmulde (18) angeordneten, von
einer Krafistoffpumpe (6), insbesondere iiber einen
Druckspeicher (17), unter hohem Druck mit Kraftstoff
versorgten Einspritzvorrichtung (4), durch deren Ein-
spritzoffnungsgeometrie (23) Kraftstoff in mehreren
Strahlkegeln (20) im wesentlichen radial abgespritzt
wird, wobei die Strahlachsen (32) der Strahlkegel (20)
die Kolbenmulde (18) etwa in einer Schnittebene un-
terhalb der Planfliche (26) des Kolbenbodens treffen,
dadurch gekennzeichnet, daf8 der Kolbenboden (21)
eine vom Muldengrund (24) aus zur Planfliche (26)
des Kolbenbodens hin divergent verlaufende Kolben-
mulde (18) ausbildet, deren Durchmesser (DM) minde-
stens dem 0,8-fachen des Kolbendurchmesser (DM)
entspricht, wobei am Muldenrand eine zur Kolben-
mulde (18) koaxial angeordnete, kreisringformige Dif-
fusorausnehmung (27) vorgesehen ist, die ausgehend
von einem im Abstand (28) unterhalb der Planfliche
(26) des Kolbenbodens (21) ausgebildeten abgerunde-
ten Ubergang (29) der Umfangswand (25) mit zuneh-
mendem Muldendurchmesser (DM) zur Planfliche
(26) des Kolbenbodens hin ansteigt.

2. Dieselmotor nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Kolbenmulde (18) derart an die Lage
(8) und die Konturen (33) der Strahlkegel (20) bei ma-
ximaler Leistung des Einspritzsystems angepaBt ist,
daB in der oberen Totpunktlage des Kolbens (1) ein Be-
netzen der Kolbenmulde (18) mit Kraftstoff vermieden
wird, wobei mindestens die Umfangswand (25) der
Kolbenmulde (18) im Bereich zwischen der maximalen
Muldentiefe (30) und dem Abstand (31) der Schnitt-
ebene der Stahlachsen (32) an die Kontur (33) der Ein-
spritzkegel (20) angepaSt ist.

3. Dieselmotor nach Anspruch 1, dadurch gekenn-
zeichnet, daB der den Ubergang (29) von der Umfangs-
wand (25) der Kolbenmulde (18) auf die Diffusoraus-
nehmung (27) bildende Radius (35) ecinen Wert im Be-
reich von 4 mm bis 15 mm betrigt.

4. Dieselmotor nach Anspruch 1, dadurch gekenn-
zeichnet, dafi die Kolbenmulde (18) eine konische Um-
fangswand (25) aufweist, die mit einem Neigungswin-
kel (&) von etwa 15 bis 45°,
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S. Dieselmotor nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Diffusorausnehmung (27) in Form ei-
ner konischen Ausdrehung ausgebildet ist, die mit dem
Zylinderkopfboden (3) einen Winkel ((3) von etwa 10
bis 30° bildet.

6. Dieselmotor nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Diffusorausnehmung (27) in einem
Radius (34) von 2 mm bis 4 mm in die Planfliche (26)
des Kolbenbodens iibergeht.

7. Dieselmotor nach Anspruch 1, dadurch gekenn-
zeichnet, daB der Abstand (28) des Ubergangs (29) un-
terhalb der Planfliche (26) des Kolbenbodens kleiner
oder gleich dem Abstand (31) der Schnittebene der
Strahlachsen (32) der Strahlkegel (20) und der Kolben-
mulde (18) ist.

8. Dieselmotor nach Anspruch 1 oder 7, dadurch ge-
kennzeichnet, daB mindestens eine einem Gaswechsel-
ventil (22) zugeordnete Ventiltaschen-Ausnehmung
(37) im Kolbenboden (21) ausgebildet ist, und da8 der
durch einen Radius (35) gebildete Ubergang (29) der
Kolbenmuldenumfangswand (25) in die Diffusoraus-
nehmung (27) in einem Abstand (28) zur Planfiiche
(26) des Kolbenbodens (21) ausgebildet ist, der gleich
oder groBer der Tiefe (38) der Ventiltaschen-Ausneh-
mung (37) ist.

9. Dieselmotor nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Einspritzoffnungsgeometrie der Ein-
spritzvorrichtung (4) einen Spritzwinkel (§) von 150
bis 170° aufweist.

10. Dieselmotor nach Anspruch 1, dadurch gekenn-
zeichnet, daf die Einspritzdffnungsgeometrie der Ein-
spritzvorrichtung (4) als Neun-Lochdiise ausgebildet
ist.

11. Dieselmotor nach einem oder mehreren der An-
spriiche 1 bis 10, dadurch gekennzeichnet, da8 ein
Druckspeicher-Einspritzsystem mit elektronischer Ein-
spritzsteuerung vorgesehen ist.

Hierzu 2 Seite(n) Zeichnungen
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Direkteinspritzende Brennkraftmaschine

Die Erfindung betrifft eine direkteinspritzende Brennkraftma-
schine mit wenigstens einem Zylinder, welcher einen Brennraum
aufweist und in welchem ein Kolben eine Oszillationsbewegung
ausfithrt, nach der im Oberbegriff von Anspruch 1 ndher defi-
nierten Art.

Eine gattungsgem&Ble Brennkraftmaschine ist aus der US
2002/0117146 Al bekannt. Hierbei wird der Kraftstoff unter
einem relativ steilen Einspritzwinkel in den Brennraum einge-—
spritzt und die Kolbenmulde ist zumindest teilweise an den

Einspritzwinkel angepasst.

Bei einer in der DE 196 49 052 Al beschriebenen Brennkraftma-
schine ist ebenfalls eine besondere Form der Kolbenmulde vor-
gesehen, um eine zus&dtzliche Reduzierung der von der Brenn-
kraftmaschine ausgestoflenen Schadstoffe zu erreichen.

Wenn beim Betrieb einer Brennkraftmaschine, insbesondere ei-
ner Dieselbrennkraftmaschine, eine frihe Homogenisierung in-
nerhalb des Brennraums erreicht werden soll, so miissen Ein-
spritzzeitpunkte von ca. 130 bis 30° vor dem oberen Totpunkt
des Kolbens gewdhlt werden, da zu diesem Zeitpunkt der Brenn-
raumdruck noch relativ gering ist, sodass der eingespritzte
Kraftstoff sehr tief in den Brennraum eindringen kann. Um ein
Auftreffen des Einspritzstrahls auf die Zylinderwandung bzw.
die Laufbuchse 2zu verhindern, sollte ein mdglichst steiler
Einspritzwinkel an der Einspritzdiise gewdhlt werden, um eine
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moglichst grofe freie Strahllinge zu gewdhrleisten. Dies er-
fordert auch, dass die Form der Kolbenmulde an diese Ein-
spritzung angepasst ist, wie dies beispielsweise bei der US
2002/0117146 Al der Fall ist.

Da es jedoch nicht mdglich ist, die Brennkraftmaschine uberxr
ihr gesamtes Kennfeld mit einem homogenen Brennverfahren zu
betreiben, muss die Kolbenmulde sowohl fiir die homogene als
auch fir die konventionelle Gemischbildung konzipiert sein.
Dies ist bei bekannten L&sungen nicht problemlos méglich.

Es ist daher Aufgabe der vorliegenden Erfindung, eine direkt-
einspritzende Brennkraftmaschine zu schaffen, bei welcher die
Form der Kolbenmulde so ausgebildet ist, dass die Brennkraft-
maschine sowohl mit einem homogenen als auch mit einem kon-

ventionellen Brennverfahren betrieben werden kann.

Erfindungsgemdf wird diese Aufgabe durch die in Anspruch 1
genannten Merkmale geldst.

Die erfindungsgemdBe Lo6sung stellt sicher, dass der Ein-
spritzstrahl stets so auf der Kolbenmulde auftrifft, dass
sich der eingespritzte Kraftstoff optimal mit der in dem
Brennraum sich befindlichen Luft vermischen kann, und zwar
unabhdngig vom Zeitpunkt der Einspritzung. Insbesondere die
Tatsache, dass ein zum spdtest moglichen Zeitpunkt einge-
spritzter Einspritzstrahl stets auf die sich an die Erhebung
anschlieBende Fliche auftrifft, stellt sicher, dass der Im-
puls des auftreffenden Einspritzstrahls nicht vernichtet
wird, wodurch er nicht mehr optimal zur Gemischbildung ver-
wendet werden konnte, was wiederum erhdhte Schwarzrauchbil-

dung nach sich ziehen wiirde.
Auf diese Weise ergibt sich eine Brennkraftmaschine, welche

problemlos sowohl mit einem homogenen als auch mit einem kon-
ventionellen Brennverfahren betrieben werden kann.
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Vorteilhafte Ausgestaltungen der Erfindung erdgeben sich aus
den Unteranspriichen. Nachfolgend ist ein Ausfihrungsbeispiel
der Erfindung anhand der Zeichnung prinzipmaBig dargestellt.

Dabei zeigen:

Fig. 1 eine erfindungsgemdle Brennkraftmaschine mit einem in
einem Brennraum derselben oszillierenden Kolben und
mit einem auf einer Kolbenmulde des Kolbens auftref-

fenden Einspritzstrahl;

Fig. 2 die Gestaltung der Kolbenmulde des Kolbens aus Fig. 1

in einem ersten Bereich;

Fig. 3 die Gestaltung der Kolbenmulde des Kolbens aus Fig. 1
in einem zweiten Bereich;

Fig. 4 die Gestaltung der Kolbenmulde des Kolbens aus Fig. 1
in einem dritten Bereich;

Fig. 5 die Ablenkung des eingespritzten Kraftstoffstrahls in
dem in Fig. 4 dargestellten Bereich der Kolbenmulde;

Fig. 6 die Gestaltung der Kolbenmulde des Kolbens aus Fig. 1
in einem vierten Bereich;

Fig. 7 die Lufterfassung in einem sechsten Bereich der Kol-

benmulde;

Fig. 8 eine erste Ausfihrungsform eines fiunften Bereichs ei-

nes Kolbens aus Fig. 1;

Fig. 9 eine =zweite Ausfithrungsform eines filinften Bereichs
eines Kolbens aus Fig. 1; und

Fig. 10 eine dritte Ausfihrungsform eines finften Bereichs
eines Kolbens aus Fig. 1.
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Fig. 1 zeigt eine Brennkraftmaschine 1, welche ein Kurbelge-
hduse 2 und einen Zylinderkopf 3 aufweist. Innerhalb des Kur-
belgehduses 2 der Brennkraftmaschine 1 befindet sich wenigs-
tens ein 2Zylinder 4, welcher einen Brennraum 5 aufweist und
in welchem ein Kolben 6 in an sich bekannter Weise eine Os-
zillationsbewegung ausfiihrt. In dem Zylinderkopf 3 ist eine
Einspritzdiise 7 angeordnet, welche mehrere Einspritzéffnungen
8 aufweist, aus denen ein Einspritzstrahl 9 austritt. Der
Offnungswinkel o des Einspritzstrahls 9 ist im vorliegenden
Fall relativ steil und liegt in einem Bereich zwischen 50°
und 120°. Auf diese Weise wird also Kraftstoff direkt in den
Brennraum 5 eingespritzt, sodass es sich um eine direkt ein-

spritzende Brennkraftmaschine 1 handelt.

In Fig. 1 sind zwel unterschiedliche Einspritzstrahlen abge-
bildet, né&mlich ein Einspritzstrahl 9a, welcher sich ergibt,
wenn sich der Kolben 6 in einem oberen Totpunkt befindet, und
ein Einspritzstrahl 9b, der sich bei einer Kraftstoffein-
spritzung zum sp&dtest méglichen Einspritzzeitpunkt ergibt..
Die Einspritzstrahlen 9a und 9b sind jeweils lediglich als
Achsen eines sich innerhalb des Brennraumes 5 verteilenden

Einspritzkegels dargestellt.

Der Kolben 6 weist an seiner dem Zylinderkopf 3 zugewandten
Seite eine Kolbenmulde 10 auf. In den nachfolgenden Figuren
wird die Kontur der Kolbenmulde 10 sowie deren Anpassung an
die Einspritzstrahlen 9 ndher erldutert, wobei in den einzel-
nen Figuren aus Ubersichtlichkeitsgriinden jeweils nur dieje-
nigen Bezugszeichen angegeben sind, die fiir die Beschreibung
der jeweiligen Figur relevant sind. Die Kolbenmulde 10 ist
bei allen Figuren identisch.

Wie in Fig. 2 erkennbar ist, weist die Kolbenmulde 10 in ih-
rem zentralen Bereich eine sich in Richtung des Zylinderkop-
fes 3 erstreckende Erhebung 11 auf. Die Erhebung 11 weist
hierbei einen Winkel B gegeniiber der Achse des Kolbens auf,
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der kleiner als der halbe Einspritzwinkel o ist, so dass der
duBerste Rand des hier als Mittelachse dargestellten Ein-
spritzstrahls 9a nicht mit der Erhebung 11 in Berihrung
kommt .

Wie in Fig. 2 und Fig. 3 zu erkennen, schlieBt sich in Rich-
tung eines Muldenrandes 12, also dem Ende der Kolbenmulde 10,
eine Flache 13 an die Erhebung 11 an, welche mit der Erhebung
11 Uber einen Radius 14 derart verbunden ist, dass der zum
frithest mdglichen Zeitpunkt eingespritzte Einspritzstrahl Sa
an einem Auftreffpunkt 15 auf die Flache 13 auftrifft und
sich sowohl in Richtung der Erhebung 11 als auch in Richtung
des Muldenrandes 12 verteilt. Diese Verteilung des Einspritz-
strahls 9a ist wichtig, um den Kraftstoff méglichst gut mit
der sich in dem Brennraum 5 befindlichen Luft zu vermischen.
Durch den oben beschriebenen steileren Winkel B der Erhebung
11 im Vergleich mit dem Einspritzwinkel o ist in dem Bereich
von dem Auftreffpunkt 15 des Einspritzstrahls Sa auf der Fla-
che 13 zu der Erhebung 11 noch geniigend Freiraum, so dass
sich die in Richtung der Erhebung 11 abgelenkte Kraftstoff-
menge gut verteilen kann. Der in Richtung der Erhebung 11 ab-
gelenkte Kraftstoff ist mit dem Pfeil 16 bezeichnet, wohinge-
gen der in Richtung des Muldenrandes 12 abgelenkte Kraftstoff
mit dem Pfeil 17 bezeichnet ist. Es ist hier zu erkennen,
dass die in Richtung des Muldenrandes 12 gelenkte bzw. ver-—
teilte Kraftstoffmenge gréBer ist als die in Richtung der Er-
hebung 11 abgelenkte Kraftstoffmenge. Der Radius 14 sollte in
diesem Zusammenhang so gewd&hlt werden, dass eine Stauung des
rickstromenden Kraftstoffs vermieden wird.

In Fig. 4 ist zu erkennen, dass die sich in Richtung des Mul-
denrandes 12 an die Erhebung 11 anschlieBende Fldche 13 im
wesentlichen eben ausgebildet ist und eine Steigung in Rich-
tung des Muldenrandes 12 aufweist. Mit anderen Worten, die
Flache 13 bildet eine Ebene, die iilber die gesamte maximale
Einspritzdauer in einem konstanten Winkel ¥y zu dem Einspritz-
strahl 9 steht. Der Winkel y kann in Abhangigkeit der erfor-
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derlichen Impulsablenkung eines in diesem Fall im mittleren
Bereich der Flache 13 auftreffenden Einspritzstrahls 9c ver-
andert werden, wobei der Hauptimpuls, wie bereits oben er-
wahnt, in Richtung des Muldenrandes 12 erfolgt. Gegebenen-
falls kann es auch sinnvoll sein, die sich in Richtung des
Muldenrandes 12 an die Erhebung 11 anschliefende Flache 13
gekrimmt auszufliihren.

In Fig. 5 ist anhand von Pfeilen 18 und 19 dargestellt, dass
auf diese Weise wdhrend der gesamten Kraftstoffeinspritzung
ein geringerer Anteil des Einspritzstrahls 9 in Richtung der
Erhebung 11 und ein gréBerer Anteil in Richtung des Mulden-
randes 12 geleitet wird. Der Pfeil 18 zeigt hierbei die in
Richtung der Erhebung 11 geleitete Kraftstoffmenge, wohinge-
gen der Pfeil 19 die in Richtung des Muldenrandes 12 geleite-
te Kraftstoffmenge zeigt.

Der Abstand der Flache 13 zu der Einspritzdise 7 sollte so
gewédhlt werden, dass der Einspritzstrahl 9 eine ausreichend
freie Strahlldnge und somit eine optimale Strahlgeschwindig-
keit und den optimalen Impuls erreichen kann. Je nach Anzahl
der Einspritzt6ffnungen 8 der Einspritzdiise 7 ist eine Inter-
aktion des an der Kolbenmulde 10 abgelenkten Kraftstoffs zwi-
schen zweli Einspritzstrahlen 9 moglich, was zusdtzlich zur
Lufterfassung in dem Brennraum 5 beitrdgt. 2Zusdtzlich kann
die Aufteilung des Kraftstoffs auch durch Drall unterstiitzt
werden.

In Fig. 6 ist der =zum spadtest modglichen Zeitpunkt einge-
spritzte Einspritzstrahl 9b dargestellt. Dabei ist erkennbar,
dass die Fléache 13 eine derartige Erstreckung in Richtung des
Muldenrandes 12 aufweist, dass der zum spatest mbglichen
Zeitpunkt eingespritzte Einspritzstrahl 9b auf die Fl&iche 13
auftrifft. Auch in diesem Bereich ist die Flache 13 derart
ausgefiihrt, dass der Einspritzstrahl 9b sich sowohl in Rich-
tung der Erhebung 11 als auch in Richtung des Muldenrandes 12
verteilt. Die sich in Richtung der Erhebung 11 verteilende
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Kraftstoffmenge ist mit eine Pfeil 20 und die sich in Rich-
tung des Muldenrandes 12 verteilende Kraftstoffmenge mit ei-
nem Pfeil 21 bezeichnet. Auf diese Weise wird ein senkrechtes
Auftreffen des Einspritzstrahls 9 auf der Kolbenmulde 10 ver-
hindert und es wird gewdhrleistet, dass der Impuls des Ein-
spritzstrahls 9b erhalten bleibt.

Aus Fig. 7 geht hervor, dass sich an die Fl&che 13 eine mit
dem Muldenrand 12 Uber einen Radius 22 verbundene Fl&che 23
anschlieBt. An dem Muldenrand 12 entsteht ein sogenannter
Quetschspaltbereich 24 an bzw. oberhalb einer oberen Flache
25 des Kolbens 6, der das Kraftstoff-Luft-Gemisch im Randbe-
reich in Richtung der Kolbenmulde 10 quetscht und auf diese
Weise die Emission von Kohlenwasserstoffen und Kohlenmonoxid
reduziert. Der Quetschspaltbereich 24 sollte nicht zu groB
gewdhlt werden, da auch in diesem Bereich eine Lufterfassung
erforderlich ist. Die Fliche 23 tragt dazu bei, dass der dem
Pfeil 21 folgende Kraftstoffstrahl so abgelenkt wird, dass
ein vermehrter Eintrag von Kraftstoff in den Quetschspaltbe-
reich 24 verhindert wird.

In den Figuren 8, 9 und 10 sind verschiedene Anbindungen der
Flache 23 an die obere Fliche 25 des Kolbens 6 dargestellt.

Bei der Ausfihrungsform gemdl Fig. 8 bildet die mit dem Mul-
denrand 12 verbundene Flache 23 einen spitzen Winkel mit der
oberen Flache 25 des Kolbens 6. Hierdurch kann die Zufihrung
von Kraftstoff an eine nicht dargestellte Gliihkerze oder
Zindkerze verbessert werden.

Bei der Ausfihrung gemdh Fig. 9 geht die Flache 23 in einem
Radius 26 in die obere Fliche 25 des Kolbens 6 iiber.

In Fig. 10 ist eine Ausfihrung dargestellt, bei welcher die

mit dem Muldenrand 12 verbundene Flache 23 einen stumpfen
Winkel mit der oberen Flache 25 des Kolbens 6 bildet.
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Patentanspriiche

1. Direkteinspritzende Brennkraftmaschine mit wenigstens ei-
nem Zylinder, welcher einen Brennraum aufweist und in
welchem ein Kolben eine Oszillationsbewegung ausfihrt,
und mit einer Einspritzdiise zur Einspritzung von Kraft-
stoff in den Brennraum, wobei der Kolben eine Kolbenmulde
aufweist, welche in ihrem zentralen Bereich eine sich in
Richtung eines Zylinderkopfes erstreckende Erhebung auf-
weist,
dadurch gekennzeichnet,
dass eine sich in Richtung des Muldenrandes (12) an die
Erhebung (11) anschlieBende Fldche (13) der Kolbenmulde
(10) mit der Erhebung (11) iiber einen Radius (14) derart
verbunden ist, dass ein in diesem Bereich auftreffender,
zum frihest moglichen Zeitpunkt eingespritzter Einspritz-
strahl (9a) sich sowochl in Richtung der Erhebung (11) als
auch in Richtung des Muldenrandes (12) verteilt, und dass
die sich in Richtung des Muldenrandes (12) an die Erhe-
bung (11) anschlieBende Flache (13) eine derartige
Erstreckung in Richtung des Muldenrandes (12) aufweist,
dass ein zum spdtest mdglichen Zeitpunkt eingespritzter
Einspritzstrahl (9b) auf die Fldche (13) auftrifft, wobei
sich der zum spadtest méglichen Zeitpunkt eingespritzte
Einspritzstrahl (9b) sowohl in Richtung der Erhebung (11)
als auch in Richtung des Muldenrandes (12) verteilt.

2. Direkteinspritzende Brennkraftmaschine nach Anspruch 1,
dadurch gekennzeichnet,
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dass sich an die sich in Richtung des Muldenrandes (12)
an die Erhebung (11) anschlieflende Fl&che (13) eine mit
dem Muldenrand (12) verbundene Fl&che (23) anschliefBt.

3. Direkteinspritzende Brennkraftmaschine nach Anspruch 2,
dadurch gekennzeichnet,
dass die mit dem Muldenrand (12) verbundene Flache (23)
iiber einen Radius (22) mit der sich in Richtung des Mul-
denrandes (12) an die Erhebung (11) anschlieRende Fl&che
(13) verbunden ist.

4., Direkteinspritzende Brennkraftmaschine nach Anspruch 2
oder 3,
dadurch gekennzeichnet,
dass die mit dem Muldenrand (12) verbundene Flache (23)
einen spitzen Winkel mit der oberen Fl&che (25) des Kol-
bens (6) bildet.

5. Direkteinspritzende Brennkraftmaschine nach Anspruch 2
oder 3,
dadurch gekennzeichnet,
dass die mit dem Muldenrand (12) verbundene Fl&dche (23)
einen stumpfen Winkel mit der oberen Fliche (25) des Kol-
bens (6) bildet.

6. Direkteinspritzende Brennkraftmaschine nach einem der An-
spriche 2 bis 5,
dadurch gekennzeichnet,
dass die mit dem Muldenrand (12) verbundene Fl&ache (23)
in einem Radius (26) in die oberen Fldche (25) des Kol-
bens (6) iibergeht.

7. Direkteinspritzende Brennkraftmaschine nach einem der An-
spriiche 1 bis 6,
dadurch gekennzedichnet,
dass die sich in Richtung des Muldenrandes (12) an die
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Erhebung (11) anschlieflende Fl&ache (13) eine Steigung in
Richtung des Muldenrandes (12) aufweist.

8. Direkteinspritzende Brennkraftmaschine nach Anspruch 7,
dadurch gekennzedichnet,
dass die sich in Richtung des Muldenrandes (12) an die
Erhebung (11) anschlieBende Fl&che (13) im wesentlichen
eben ausgebildet ist.

9. Direkteinspritzende Brennkraftmaschine nach Anspruch 7,
dadurch gekennzedichnet,
dass die sich in Richtung des Muldenrandes (12) an die
Erhebung (11) anschliefende Flache (13) gekriimmt ausge-
bildet ist.

10. Direkteinspritzende Brennkraftmaschine nach einem der An-
spriche 1 bis 9,
dadurch gekennzeichnet,
dass der Einspritzwinkel (o) der Einspritzdise (7) zwi-
schen 50° und 120° betragt.
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(54) Title: DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE

(54) Bezeichnung: DIREKTEINSPRITZENDE BRENNKRAFTMASCHINE

\
:

2 9,9a

(57) Abstract: The invention relates to a direct injecting internal combustion engine (1), comprising at least one cylinder (4) which
comprises a combustion chamber (5) and a piston (6) which is displaced in a oscillating manner, and an injection nozzle (7) for
injecting fuel into the combustion chamber (5). The piston (6) comprises a piston cavity (10) which comprises a projection extending
in the central region thereof in the direction of a cylinder head (3). A surface (13) of the piston cavity (10), which is connected to the
elevation (11) in the direction of the edge of the cavity (12), is connected to the elevation (11) by means of a radius (14), in such a
manner that an injection jet (9a) injected at the earliest possible moment and reaching said area is distributed in the direction of the
elevation (11) and also in the direction of the edge of the cavity (12). The surface (13), which is connected to the projection (11) in
the direction of the edge of the cavity (12), comprises said type of extension in the direction of the edge of the cavity (12), such that
an injection jet (9b) injected at the latest possible moment impacts upon the surface (13). The injection jet (9b) injected at the latest
possible moment is distributed in the direction of the elevation (11) and also in the direction of the edge of the cavity (12).
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Veroffentlicht:
—  mit internationalem Recherchenbericht

(57) Zusammenfassung: Eine direkteinspritzende Brennkraftmaschine (1) weist wenigstens einen Zylinder (4), welcher einen
Brennraum (5) aufweist und in welchem ein Kolben (6) eine Oszillationsbewegung ausfiihrt, eine Einspritzdiise (7) zur Einspritzung
von Kraftstoff in den Brennraum (5) auf. Der Kolben (6) weist eine Kolbenmulde (10) auf, welche in ihrem zentralen Bereich eine
sich in Richtung eines Zylinderkopfes (3) erstreckende Erhebung aufweist. Eine sich in Richtung des Muldenrandes (12) an die
Erhebung (11) anschlieBende Fliche (13) der Kolbenmulde (10) ist mit der Erhebung (11) iiber einen Radius (14) derart verbunden,
dass ein in diesem Bereich auftreffender, zum frithest moglichen Zeitpunkt eingespritzter Einspritzstrahl (9a) sich sowohl in
Richtung der Erhebung (11) als auch in Richtung des Muldenrandes (12) verteilt. Die sich in Richtung des Muldenrandes (12) an
die Erhebung (11) anschlieBende Fliche (13) weist eine derartige Erstreckung in Richtung des Muldenrandes (12) auf, dass ein zum
spitest mdglichen Zeitpunkt eingespritzter Einspritzstrahl (9b) auf die Fliiche (13) auftrifft. Der zum spitest maglichen Zeitpunkt
eingespritzte Einspritzstrahl (9b) verteilt Sich sowohl in Richtung der Erhebung (11) als auch in Richtung des Muldenrandes (12).
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DaimlerChrysler AG Aifan
29.10.2003

Direkteinspritzende Brennkraftmaschine

Die BErfindung betrifft eine direkteinspritzende Brennkraftma-
schine mit wenigstens einem Zylinder, welchexr einen Brennraum
aufweist und in welchem ein Kolben eine Oszillationsbewegung
ausfihrt, nach der im Oberbegriff von Anspruch 1 naher defi-
nierten Art.

Eine gattungsgemale Brennkraftmaschine ist aus der US
2002/0117146 Al bekannt. Hierbei wird der Kraftstoff unter
einem relativ steilen Einspritzwinkel in den Brennraum einge-
spritzt und die Kolbenmulde ist zumindest teilweise an den

Einspritzwinkel angepasst.

Bel einer in der DE 196 49 052 Al beschriebenen Brennkraftma-
schine ist ebenfalls eine besondere Form der Kolbenmulde vor-
gesehen, um eine zusitzliche Reduzierung dexr von der Brenn-
kraftmaschine ausgestofenen Schadstoffe zu erreichen.

Wenn beim Betrieb einer Brennkraftmaschine, insbesondere ei-
ner Dieselbrennkraftmaschine, eine frihe Homogenisierung in-
nerhalb des Brennraums erreicht werden soll, so missen Ein-
spritzzeitpunkte von ca. 130 bis 30° vor dem oberen Totpunkt
des Kolbens gewdhlt werden, da zu diesem Zeitpunkt der Brenn-
raumdruck noch relativ gering ist, sodass der eingespritzte
Kraftstoff sehr tief in den Brennraum eindringen kann. Um ein
Auftreffen des Einspritzstrahls auf die Zylindexrwandung bzw.
die Laufbuchse zu verhindern, sollte ein mdglichst steiler

Einspritzwinkel an der Einspritzdiise gewdahlt werden, um eine
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moéglichst grofie freie Strahllange zu gewdhrleisten. Dies er-
fordert auch, dass die Form der Kolbenmulde an diese Ein-
spritzung angepasst ist, wie dies beispielsweise bei der US
2002/0117146 Al der Fall ist.

Da es jedoch nicht méglich ist, die Brennkraftmaschine Uber
ihr gesamtes Kennfeld mit einem homogenen Brennverfahren 2zu
betreiben, muss die Kolbenmulde sowohl flir die homogene als
auch fur die konventionelle Gemischbildung konzipiert sein.
Dies ist bei bekannten Ldsungen nicht problemlos mdglich.

Es ist daher Aufgabe der vorliegenden Erfindung, eine direkt-
einspritzende Brennkraftmaschine zu schaffen, bei welcher die
Form der Kolbenmulde so ausgebildet ist, dass die Brennkraft-
maschine sowohl mit einem homogenen als auch mit einem kon-
ventionellen Brennverfahren betrieben werden kann.

Erfindungsgemdff wird .diese Aufgabe durch die in Anspruch 1

genannten Merkmale geldst.

Die erfindungsgemdBe Lbsung stellt sicher, dass der Ein-
spritzstrahl stets so auf der Kolbenmulde auftrifft, dass
sich der eingespritzte Kraftstoff optimal mit der in dem
Brennraum sich befindlichen Luft vermischen kann, und zwar
unabhangig vom Zeitpunkt der Einspritzung. Insbesondere die
Tatsache, dass ein zum spatest mdglichen Zeitpunkt einge-
spritzter Einspritzstrahl stets auf die sich an die Erhebung
anschlieffende Flache auftrifft, stellt sicher, dass der Im-
puls des auftreffenden Einspritzstrahls nicht vernichtet
wird, wodurch er nicht mehr optimal zur Gemischbildung ver-
wendet werden kénnte, was wiederum erhdhte Schwarzrauchbil-

dung nach sich ziehen wirde.
Auf diese Weise ergibt sich eine Brennkraftmaschine, welche

problemlos sowohl mit einem homogenen als auch mit einem kon-

ventionellen Brennverfahren betrieben werden kann.
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Vorteilhafte Ausgestaltungen der Erfindung ergeben sich aus
den Unteranspriichen. Nachfolgend ist ein Ausfihrungsbeispiel
der Erfindung anhand der Zeichnung prinzipmafig dargestelit.

Dabei zeigen:

Fig. 1
Fig. 2
Fig. 3
Fig. 4
Fig. 5
Fig. 6
Fig. 7
Fig. 8
Fig. 9
Fig. 10

eine erfindungsgemifie Brennkraftmaschine mit einem in
einem Brennraum derselben oszillierenden Kolben und
mit einem auf einer Kolbenmulde des Kolbens auftref-

fenden Einspritzstrahl;

die Gestaltung der Kolbenmulde des Kolbens aus Fig. 1

in einem ersten Bereich;

die Gestaltung der Kolbenmulde des Kolbens aus Fig. 1

in einem zweiten Bereich;

die Gestaltung der Kolbenmulde des Kolbens aus Fig. 1
in einem dritten Bereich;

die Ablenkung des eingespritzten Kraftstoffstrahls in
dem in Fig. 4 dargestellten Bereich der Kolbenmulde;

die Gestaltung der Kolbenmulde des Kolbens aus Fig. 1

in einem vierten Bereich;’

die Lufterfassung in einem sechsten Bereich der Kol-
benmulde;

eine erste Ausfihrungsform eines flinften Bereichs ei-
nes Kolbens aus Fig. 1;

eine 2zweite Ausfihrungsform eines finften Bereichs
eines Kolbens aus Fig. 1; und

eine dritte Ausfihrungsform eines funften Bereichs

eines Kolbens aus Fig. 1.
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Fig. 1 zeigt eine Brennkraftmaschine 1, welche ein Kurbelge-
hiuse 2 und einen Zylinderkopf 3 aufweist. Innerhalb des Kur-
belgehiuses 2 der Brennkraftmaschine 1 befindet sich wenigs-
tens ein Zylinder 4, welcher einen Brennraum 5 aufweist und
in welchem ein Kolben 6 in an sich bekannter Weise eine Os-
zillationsbewegung ausflihrt. In dem Zylinderkopf 3 ist eine
Einspritzdliise 7 angeordnet, welche mehrere Einspritzdéffnungen
8 aufweist, aus denen ein Einspritzstrahl 9 austritt. Der
Offnungswinkel o des Einspritzstrahls 9 ist im vorliegenden
Fall relativ steil und liegt in einem Bereich zwischen 50°
und 120°. Auf diese Weise wird also Kraftstoff direkt in den
Brennraum 5 eingespritzt, sodass es sich um eine direkt ein-

spritzende Brennkraftmaschine 1 handelt.

In Fig. 1 sind zwei unterschiedliche Einspritzstrahlen abge-
bildet, na&mlich ein Einspritzstrahl S%a, welcher sich ergibt,
wenn sich der Kolben 6 in einem oberen Totpunkt befindet, und
ein Einspritzstrahl 9b, der sich bei einer Kraftstoffein-
spritzung zum spatest mbéglichen Einspritzzeitpunkt ergibt.
Die Einspritzstrahlen 9a und 9b sind jeweils lediglich als
Achsen eines sich innerhalb des Brennraumes 5 verteilenden
Einspritzkegels dargestellt.

Der Kolben 6 weist an seiner dem Zylinderkopf 3 zugewandten
Seite eine Kolbenmulde 10 auf. In den nachfolgenden Figuren
wird die Kontur der Kolbenmulde 10 sowie deren Anpassung an
die Einspritzstrahlen 9 naher erldutert, wobei in den einzel-
nen Figuren aus Ubersichtlichkeitsgrinden jeweils nur dieje-
nigen Bezugszeichen angegeben sind, die fiur die Beschreibung
der jeweiligen Figur relevant sind. Die Kolbenmulde 10 ist
bei allen Figuren identisch.

Wie in Fig. 2 erkennbar ist, weist die Kolbenmulde 10 in ih-
rem zentralen Bereich eine sich in Richtung des Zylinderkop-
fes 3 erstreckende Erhebung 11 auf. Die Erhebung 11 weist
hierbei einen Winkel B gegenlber der Achse des Kolbens auf,
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der kleiner als der halbe Einspritzwinkel o ist, so dass der
aduBerste Rand des hier als Mittelachse dargestellten Ein-
spritzstrahls 9a nicht mit der Erhebung 11 in Berihrung

kommt .

Wie in Fig. 2 und Fig. 3 zu erkennen, schlieft sich in Rich-
tung eines Muldenrandes 12, also dem Ende der Kolbenmulde 10,
eine Flache 13 an die Erhebung 11 an, welche mit der Erhebung
11 tber einen Radius 14 derart verbunden ist, dass der zum
friihest méglichen Zeitpunkt eingespritzte Einspritzstrahl 9a
an einem Auftreffpunkt 15 auf die Flache 13 auftrifft und
sich sowohl in Richtung der Erhebung 11 als auch in Richtung
des Muldenrandes 12 verteilt. Diese Verteilung des Einspritz-
strahls 9a ist wichtig, um den Kraftstoff mbglichst gut mit
der sich in dem Brennraum 5 befindlichen Luft zu vermischen.
Durch den oben beschriebenen steileren Winkel B der Erhebung
11 im Vergleich mit dem Einspritzwinkel o ist in dem Bereich
von dem Auftreffpunkt 15 des Einspritzstrahls 9a auf der Fl&-
che 13 zu der Erhebung 11 noch geniigend Freiraum, so dass
sich die in Richtung der Erhebung 11 abgelenkte Kraftstoff-
menge gut verteilen kann. Der in Richtung der Erhebung 11 ab-
gelenkte Kraftstoff ist mit dem Pfeil 16 bezeichnet, wohinge-
gen der in Richtung des Muldenrandes 12 abgelenkte Kraftstoff
mit dem Pfeil 17 bezeichnet ist. Es ist hier 2zu erkennen,
dass die in Richtung des Muldenrandes 12 gelenkte bzw. ver-
teilte Kraftstoffmenge gréRer ist als die in Richtung der Er-
hebung 11 abgelenkte Kraftstoffmenge. Der Radius 14 sollte in
diesem Zusammenhang so gewahlt werden, dass eine Stauung des
rickstrémenden Kraftstoffs vermieden wird.

In Fig. 4 ist zu erkennen, dass die sich in Richtung des Mul-
denrandes 12 an die Erhebung 11 anschlieffende Fl&che 13 im
wesentlichen eben ausgebildet ist und eine Steigung in Rich-
tung des Muldenrandes 12 aufweist. Mit anderen Worten, die
Flache 13 bildet eine Ebene, die tber die gesamte maximale
Einspritzdauer in einem konstanten Winkel y zu dem Einspritz-
strahl 9 steht. Der Winkel y kann in Abhangigkeit der erfor-
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derlichen Impulsablenkung eines in diesem Fall im mittleren
Bereich der Flache 13 auftreffenden Einspritzstrahls Sc ver-
&ndert werden, wobei der Hauptimpuls, wie bereits oben er-
wahnt, in Richtung des Muldenrandes 12 erfolgt. Gegebenen-
falls kann es auch sinnvoll sein, die sich in Richtung des
Muldenrandes 12 an die Erhebung 11 anschliefende Fl&che 13
gekrimmt auszuflhren.

In Fig. 5 ist anhand von Pfeilen 18 und 19 dargestellt, dass
auf diese Weise waAhrend der gesamten Kraftstoffeinspritzung
ein geringerer Anteil des Einspritzstrahls 9 in Richtung der
Erhebung 11 und ein grdferer Anteil in Richtung des Mulden-
randes 12 geleitet wird. Dexr Pfeil 18 zeigt hierbei die in
Richtung der Erhebung 11 geleitete Kraftstoffmenge, wohinge-
gen der Pfeil 19 die in Richtung des Muldenrandes 12 geleite-
te Kraftstoffmenge zeigt.

Der Abstand der Flache 13 zu der Einspritzdise 7 sollte so
gewahlt werden, dass der Einspritzstrahl 9 eine ausreichend
freie Strahlldnge und somit eine optimale Strahlgeschwindig-
keit und den optimalen Impuls erreichen kann. Je nach Anzahl
der Einspritzéffnungen 8 der Einspritzdise 7 ist eine Inter-
aktion des an der Kolbenmulde 10 abgelenkten Kraftstoffs zwi-
schen zwei Einspritzstrahlen 9 méglich, was zusatzlich zur
Lufterfassung in dem Brennraum 5 beitrdgt. Zusatzlich kann
die Aufteilung des Kraftstoffs auch durch Drall unterstdtzt

werden.

In Fig. 6 ist der =zum spatest mdglichen Zeitpunkt einge-
spritzte Einspritzstrahl 5b dargestellt. Dabei ist erkennbar,
dass die Flache 13 eine derartige Erstreckung in Richtung des
Muldenrandes 12 aufweist, dass der zum spatest mdglichen
Zeitpunkt eingespritzte Einspritzstrahl Sb auf die Flache 13
auftrifft. Auch in diesem Bereich ist die Flache 13 derart
ausgeftithrt, dass der Einspritzstrahl 9b sich sowohl in Rich-
tung der Erhebung 11 als auch in Richtung des Muldenrandes 12
verteilt. Die sich in Richtung der Erhebung 11 verteilende
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Kraftstoffmenge ist mit eine Pfeil 20 und die sich in Rich-
tung des Muldenrandes 12 verteilende Kraftstoffmenge mit ei-
nem Pfeil 21 bezeichnet. Auf diese Weise wird ein senkrechtes
Auftreffen des Einspritzstrahls 9 auf der Kolbenmulde 10 ver-
hindert und es wird gewdhrleistet, dass der Impuls des Ein-
spritzstrahls 8b erhalten bleibt.

Aus Fig. 7 geht hervor, dass sich an die Flache 13 eine mit
dem Muldenrand 12 iUber einen Radius 22 verbundene Flache 23
anschlieRt. An dem Muldenrand 12 entsteht ein sogenannter
Quetschspaltbereich 24 an bzw. oberhalb einer oberen Flache
25 des Kolbens 6, der das Kraftstoff-Luft-Gemisch im Randbe-
reich in Richtung der Kolbenmulde 10 quetscht und auf diese
Weise die Emission von Kohlenwasserstoffen und Kohlenmonoxid
reduziert. Der Quetschspaltbereich 24 sollte nicht zu groff
gewahlt werden, da auch in diesem Bereich eine Lufterfassung
erforderlich ist. Die Flache 23 tragt dazu bei, dass der dem
Pfeil 21 folgende Kraftstoffstrahl so abgelenkt wird, dass
ein vermehrter Eintrag von Kraftstoff in den Quetschspaltbe-
reich 24 verhindert wird. ‘ ‘

In den Figuren 8, 9 und 10 sind verschiedene Anbindungen der
Flache 23 an die obere Flache 25 des Kolbens 6 dargestellt.

Bei der Ausflihrungsform gem&f Fig. 8 bildet die mit dem Mul-
denrand 12 verbundene Flache 23 einen spitzen Winkel mit der
oberen Flache 25 des Kolbens 6. Hierdurch kann die Zufihrung
von Kraftstoff an eine nicht dargestellte Gluhkerze oder
Zindkerze verbessert werden.

Bei der Ausflihrung gemdf Fig. 9 geht die FlaAche 23 in einem
Radius 26 in die obere FlaAche 25 des Kolbens 6 filber.

In Fig. 10 ist eine Ausfihrung dargestellt, bei welcher die

mit dem Muldenrand 12 verbundene Flache 23 einen stumpfen
Winkel mit der oberen Fliche 25 des Kolbens 6 bildet.
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DaimlerChrysler AG Aifan

29.10.2003

Patentansprliche

Direkteinspritzende Brennkraftmaschine mit wenigstens ei-
nem Zylinder, welcher einen Brennraum aufweist und in
welchem ein Kolben eine Oszillationsbewegung ausfihrt,
und mit einexr Einspritzdise zur Einspritzung von Kraft-
stoff in den Brennraum, wobei der Kolben eine Kolbenmulde
aufweist, welche in ihrem zentralen Bereich eine sich in
Richtung eines Zylinderkopfes erstreckende Erhebung auf-
weist,

dadurch gekennzeichnet,

dass eine sich in Richtung des Muldenrandes (12) an die
Erhebung (11) anschlieffende Flache (13) der Kolbenmulde
(10) mit der Erhebung (11) UGber einen Radius (14) derart
verbunden ist, dass ein in diesem Bereich auftreffender,
zum frihest méglichen Zeitpunkt eingespritzter Einspritz-
strahl (%a) sich sowohl in Richtung der Erhebung (11) als
auch in Richtung des Muldenrandes (12) verteilt, und dass
die sich in Richtung des Muldenrandes (12) an die Erhe-
bung (11) anschliefende Flache (13) eine derartige
Erstreckung in Richtung des Muldenrandes (12) aufweist,
dass ein zum spatest mbglichen Zeitpunkt eingespritzter
Einspritzstrahl (9b) auf die Flache (13) auftrifft, wobei
sich der zum spatest mOglichen Zeitpunkt eingespritzte
Einspritzstrahl (9b) sowohl in Richtung der Erhebung (11)
als auch in Richtung des Muldenrandes (12) verteilt.

Direkteinspritzende Brennkraftmaschine nach Anspruch 1,
dadurch gekennzeichnet,
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dass sich an die sich in Richtung des Muldenrandes (12)
an die Erhebung (11) anschliefende Fl&che (13) eine mit
dem Muldenrand (12) wverbundene Flache (23) anschlieft.

Direkteinspritzende Brennkraftmaschine nach Anspruch 2,
daduzrch gekennzeichnet,

dass die mit dem Muldenrand (12) verbundene Flache (23)
Uber einen Radius (22) mit der sich in Richtung des Mul-
denrandes (12} an die Erhebung (11) anschliefliende Flache
(13) verbunden ist.

Direkteinspritzende Brennkraftmaschine nach Anspruch 2 o-
der 3,

daduxch gekennzeichnet,

dass die mit dem Muldenrand (12) verbundene Flache (23)
einen spitzen Winkel mit der oberen Flache (25) des Kol-
bens (6) bildet.

Direkteinspritzende Brennkraftmaschine nach Anspruch 2 o-
der 3,

dadurch gekennzeichnet,

dass die mit dem Muldenrand (12) verbundene Flache (23)
einen stumpfen Winkel mit der oberen Flache (25) des Kol-
bens (6) bildet.

Direkteinspritzende Brennkraftmaschine nach einem der An-
spriche 2 bis 5,

daduxrch gekenn=zeichnet,

dass die mit dem Muldenrand (12) verbundene Flache (23)
in einem Radius (26) in die oberen Flache (25) des Kol-
bens (6) Uubergeht.

Direkteinspritzende Brennkraftmaschine nach einem der An-
spriche 1 bis 6,

dadurch gekennzeichnet,

dass die sich in Richtung des Muldenrandes (12) an die
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10.

10

Erhebung (11) anschliefende Flache (13) eine Steigung in
Richtung des Muldenrandes (12) aufweist.

Direkteinspritzende Brennkraftmaschine nach Anspruch 7,
dadurch gekennzedichnet,

dass die sich in Richtung des Muldenrandes (12) an die

Erhebung (11) anschliefende Flache (13) im wesentlichen
eben ausgebildet ist.

Direkteinspritzende Brennkraftmaschine nach Anspruch 7,
dadurch gekennzedichnet,

dass die sich in Richtung des Muldenrandes (12) an die
Erhebung (11) anschlieffende Fléache (13) gekrimmt ausge-
bildet ist.

Direkteinspritzende Brennkraftmaschine nach einem der An-
spriche 1 bis 9,

daduxrch gekennzeichnet,

dass der Einspritzwinkel (o) der Einspritzdiise (7) zwi-
schen 50° und 120° betragt.
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DaimlerChrysler AG Aifan
29.10.2003

Zusammenfassung

Eine direkteinspritzende Brennkraftmaschine (1) weist wenigs-
tens einen Zylinder (4), welcher einen Brennraum (5) aufweist
und in welchem ein Kolben (6) eine Oszillationsbewegung aus-
fdhrt, eine Einspritzdise (7) zur Einspritzung von Kraftstoff
in den Brennraum (5) auf. Der Kolben (6) weist eine Kolben-
mulde (10} auf, welche in ihrem zentralen Bereich eine sich
in Richtﬁng eines Zylinderkopfes (3) erstreckende Erhebung
aufweist. Eine sich in Richtung des Muldenrandes (12) an die
Erhebung (11) anschliefiende Flache (13) der Kolbenmulde (10)
ist mit der Erhebung (11) lber einen Radius (14) derart ver-
bunden, dass ein in diesem Bereich auftreffender, zum frihest
mdéglichen Zeitpunkt eingespritzter Einspritzstrahl (9a) sich
sowohl in Richtung der Erhebung (11) als auch in Richtung des
Muldenrandes (12) verteilt. Die sich in Richtung des Mulden-
randes (12) an die Erhebung (11) anschliefende Flache (13)
weist eine derartige Erstreckung in Richtung des Muldenrandes
(12) auf, dass ein zum spatest mdéglichen 2Zeitpunkt einge-
spritzter Einspritzstrahl (9b) auf die Flache (13) auftrifft.
Der zum spatest mdglichen Zeitpunkt eingespritzte Einspritz-
strahl (9b) verteilt sich sowohl in Richtung der Erhebung
{(11) als auch in Richtung des Muldenrandes (12).

(Fig. 1)
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