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Date Mai led: 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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POWER OF ATTORNEY NOTICE 
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Date Mai led: 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• The Power of Attorney to you in this application has been revoked by the assignee who has intervened as 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 
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POWER OF ATTORNEY TO PROSECUTE APPUCAT!ONS BEFORE THE USPTO 

hen~by revoke all previous pm,-...,ers d attomey given ir: the application idenM!ed in the attached st;;iten-,i:mt under 
37 CFR 3.73(b!. 
! hl:,reby appoint: 

[!~] PrdctJtior~er~ .=3Bs.oc:~ted .,..,1:u-1 the L~u~;.tfJrn~~r Ntffnb-2.:r. 35690 

!.,..--------------------~''''"""-· "'"'-----==-------------------.... °"'"-----Nam;& Reg:e;,r;:,tion :=::::,] N.;,rne f~,~>1:stm!i•:m 

'i-i,-,,----.:::::::::::::::::::::::::::::::::::::::t":'u:·r:n:b:~':·"::::l:'::::::::::::::::::::::::::::::::::::::::::-,---~..,J,..,:..,:..,:--~~'"''.~---r--~--~ 

;,....! ____________________ -----~i•:l>; ---------------+------~ 

~.----•--------""'-~-----!------.,,.;,<,,=...,-------------------.,;,.·-·-------' as (!tlorney{s} o: ag~J:tt{s) ~c :·epresent ihe undersignsd befara tr~~ Unit€·d s~~3tes t-(ait:"}M <ind TrBderr~:,:<;rk Oft1ce (L:SPTC)) :n cc:ir:e~~!icr- wtth 
an1,· ~r:d ;3:1 p~tr:nt ~pp:itt:t!ons 8;SS~gr:ed 111.11Y. to the ur:de-ra.igned accon:I:n-g t~J the US.PTO BSS~t::·i:-r:ent :1:t-;ords (~r Hssignrnf3nt documents 
a:tt;3~;r:ect tr; t.hi•:s torrn in f:f,,oJrdan~•)3 i.:vith 37 CFl{ 3. 73(b) 

Ple:c~~;~:! chant,u~ th::: •:~::q:-r:5p.c:1dt::1ce ctfSdres.s. fo.r the B.f;pHcatfr)n ~dentmsd in the ()ti:~ched s..taterr:eni un(]~r :37 CFR :3. 73{t;) lo~ 

[
--""'""""""""'"'"'""' ••• 

35690 
................................................................................... ----.-..- -- --·· ----..- ----OR 

----~···------------·--·························································································································································1' 

Bm1.:m, Consultin9 Limil<:.:d Ui:ibility Company 
2711 Centerville Rd. Suite 400 
VVHrnington, Delaware U,8.A ·19f3.08 

A cc-py of tMi~ form, together with a Matement under 37 CfR :.tnH:i} Worm PTO/SB>'% or equivalent) is required to be 
men in each applkatkm h1 w·hldi thls form l?;> used. The i.fatement under 37 CfR 3.73(1:,) may be comp!eted by one <::>1 
l:he prnc!Wo,wrs appoinl:ed ln thi$ foms if tfw appdnfod practitioner is m.MiQdzed to ad on !whaH of Uw ;;,s:s;ign~,&, 

,._2nd ,mist ld~titt, th~-;,!EE.ti~<m ln whk:h thhs POWM of Attormiv l$ t.o b,~ med. ~,_,_, _______________ _,,, 

,._. .. , S!G~fATURE of -<\s&i{f1~ ~A R~r.>d 
Th(: ind•;v_;:..~~:i!-f·\\·"hz:~:;fsigr!Y\~fft:- ~~ni:J-~{{tk· .~~ :3-;,.~ppH'-'-i be1o,-v ;s a.:.llhl:'ri·i.ed t(} ~1ct (H~ beha·tf:)ft::1e n$·~i;;nf:f: 

T:t:t: ~--~1-\ut.hc~~t?.~~d f~~f:r~;on fc~!~rani c~onsulting _l~frnited Llab~Hty c:vrnpany 
Th:s (:1:::l:0ct~Dn :)1 :;'!fcin}:.3h-:.•r: :s r~q~~:r~d tc':I' .3? C:.FR L:t:: c ·1 .3.2 :3:1!~ i .33, Th::1 _inf.crt:::3:3~:i)n :s reqJ..dn~d t:.1 :,:)!.&!i1 ~:Jt r0t~::: <1 D~n::;fH l:-1':' :he puN!'.:. ~~1--=:•.:t~ is tc f;;i:: U:"!f:d 
b:,1 th•::: U~3PT() t•~I r:~,:),::::;:ss} Br. 3PP:i:.':3tl•::<(i. CO:lf;,j~r:tl3Jliy :s ~i:•v·,sr:-ie<: by 35 U S.G. ·121 ~:):..i I! Cfl~ ·;:rt .;S~t: ·i, i4. Thi,s ,::oll,e.~il~Xl :s ~$t:rn.:~\~•.:. t,:'l :.:~~·~ 3 n1:n,.1:,':"s 

t;) ,:.X~mpJe,t* .. ir:dud:ng gath~~nr:g, p,:·*p•::'lri:-:g_ snd ::\ib:-:1tt!ir:g the C•Jff:piete<l :3P:::-~:c~i::>n ic::rr:-: ~ctn~ us:-:-·: O. I::-r:e ;,,:,.::t; var; dep,s~,,:nng up•cn tn~ mdh.,,1_:i.i.?: c~~::-)j_ .•\n:,,· 
Gcmm~nh~ c,r: thi:: ~moun:i o! ti:-:10 yc-t.: :·~uir0 to ccm:::<!s-ts· th-i% kfm ;:;n,:Ue:r ::suggs-st:c:,r:s to:- f►::-2ducm-.;: th~s b::xd-~n, sb:: .. -:1.!'ki be z.~:-:t to i.he ~~-}<;t:i" :;-;{!'Ai•~-=;.t:o.:-: :)fi:-r~.e:·, 
U,S PB\•~:i:1 31':(i Tf;;::i::;ema:·k Gtt:c-s, U,S Depsrtm-sr:,1 cf Ccm::-:&ft.·~: F·,Q. B◊x ':45D( p .. ;~:{::"::rld?li:.i, I,;';.\ 22,3~3-':45D. DO r-.1or ::~::.:~;[:, Ft:E3 C>P C(Hv:PU':TED 
i'Ol'-lMS 'f(; YH:S ADDf>fS:3 $END TO: C,n,1mh,:.ir)nM fo>' f-'*t;mt:;i, P.O. Bo.i<. 1450, Al'-"xam:lri*, VA 22,li:M4Si'.l. 
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Date 

DECLAR1\TION RECARDINC AUTHORIT'\' TO SIGN 
ON BEHALF OF .A LEG.AL ENTITY 

37 CF.R. 3.73(b)(2)(i) 
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Electronic Acknowledgement Receipt 

EFSID: 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 I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

485574 

1 
Assignee showing of ownership per 37 

373b.pdf no 2 
CFR 3.73(b). 

7b2273c98496981 ce7348f958fdf1 95302b2 
049b 

Warnings: 

Information: 
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1077663 

2 Power of Attorney POA_Drats.pdf no 2 
e9a6133225b81133a831365d7bb5e3aaeb 

74e5c5 

Warnings: 

Information: 

Total Files Size (in bytes) 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 A~~lications 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 A~~lication 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 A~~lication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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. 0MB 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 0MB control number. 

STATEMENT UNDER 37 CFR 3.73(b) 

ApplicanUPatent Owner: BURAN I CONSUL TING LIMITED LIABILITY COMPANY 

Application No./Patent No.: 7513238 Filed/Issue Date: 04/07/2009 -----------------
Tit I e d: 

DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE 

BURAN I CONSUL TING LIMITED LIABILITY COi\/, a 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. D the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made) 

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

A. D 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: To: Daimlerchrysler AG 
--------------------

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

Reel 019124 Frame 0896 or for which 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. 

D 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/ 

Signature 

Dean M. Munyon 

Printed or Typed Name 

March 13, 2012 

Date 

Attorney (Reg. No. 42,914) 

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, ca/11-800-PTO-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. A record in this system of records may be disclosed, as a routine use, to a contractor of the 
Agency having need for the information in order to perform a contract. Recipients of 
information shall be required to comply with the requirements of the Privacy Act of 1974, as 
amended, pursuant to 5 U.S.C. 552a(m). 

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, 
or local law enforcement agency, if the USPTO becomes aware of a violation or potential 
violation of law or regulation. 
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UNITED STA TES p A TENT AND TRADEMARK OFFICE 

APPLICATION NO. ISSUE DATE 

10/577,797 04/07/2009 

23911 7590 03/18/2009 

CROWELL & MORING LLP 
INTELLECTUAL PROPERTY GROUP 
P.O. BOX 14300 
WASHINGTON, DC 20044-4300 

PATENT NO. 

7513238 

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

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

095309.57635US 5226 

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 http://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 
Commissioner for Patents 
P.O. Box 1450 

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I 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 l for any change of address) 

23911 7590 01/13/2009 

CROWELL & MORING LLP 
INIBLLECTUAL PROPERTY GROUP 
P.O. BOX 14300 
WASHINGTON, DC 20044-4300 

APPLICATION NO. FILING DATE 

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 
papers. Each additional paper, such as an assi$nment or formal drawing, must 
have its own certificate of mailing or transmission. 

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

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

10/577, 797 03/27/2007 Ruediger Pfaff 095309.57635US 5226 

TITLE OF INVENTION: DIREC1L Y INJECTING INTERNAL COMBUSTION ENGINE 

APPLN.TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1510 

EXAMINER ARTUNIT 

WOLFE JR, WILLIS RAY 3747 

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

D Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

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

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATEDUE 

$300 $0 

CLASS-SUBCLASS 

123-276000 

2. For printing on the patent front page, list 
(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 
(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1810 04/13/2009 

1Crowell & Moring LLP 

2. _____________ _ 

3, ____________ _ 

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

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CPR 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) : D Individual Q:9 Corporation or other private group entity D Government 

4a. The following fee(s) are submitted: 
~ Issue Fee 
~ Publication Fee (No small entity discount permitted) 

l&i Advance Order - # of Copies __ -_5~--------

4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above} 
D A check is enclosed. 
~ Payment by credit card. Form PT0-2038 is attached. 
~ The Director is hereby authorized to charge the required fee(s ), any deficiency, or credit any 

overpayment, to Deposit Account Number O 5 - l. 3 2 3 (enclose an extra copy of this form). 

D b. Applicant is no longer claiming SMAIL ENTITY status. See 37 CPR l.27(g)(2). 

n Fee (if uired) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
e Unit tates Patent and Trademark Office. 

Date __ F_e_b_r_u_a_r-=-y_2_3-'-,_2_0_0_9 ______ _ 

Registration No. ___ 2_5~,_4_0_6 __________ _ 

This collection of infor atio is required by 37 CPR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to l?rocess) 
an apPlication. Confide • y is governed by 35 U.S.C. 122 and 37 CPR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, prepanng, and 
submitting the complet application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you re9uire 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, Alexandna, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO IBIS 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 0MB control number. 

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. 0MB 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 
Sub-Total in 

USO($) 

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 
Sub-Total in 

USO($) 

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 

EFSID: 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: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

92859 

1 Issue Fee Payment (PTO-85B) 10577797if.pdf no 1 
dc03b911829f39141 b2786abc23e696ac76 

de498 

Warnings: 

Information: 

33893 

2 Fee Worksheet (PTO-06) fee-info.pdf no 2 
9f873dd0e4e1 7d8581675bf4c80edda5033 

b555d 

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 A~~lications 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 A~~lication 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 A~~lication 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 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) 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 STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

23911 7590 01/13/2009 

CROWELL & MORING LLP 
INIBLLECTUAL PROPERTY GROUP 
P.O. BOX 14300 
WASHINGTON, DC 20044-4300 

EXAMINER 

WOLFE JR, WILLIS RAY 

ART UNIT PAPER NUMBER 

3747 

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 TOW ARD 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 
SMALL ENTITY status: 

A. If the status is the same, pay the TOT AL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOT AL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

IL 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 

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks I 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 I, 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 I 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 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

23911 7590 01/13/2009 

CROWELL & MORING LLP 
INIBLLECTUAL PROPERTY GROUP 
P.O. BOX 14300 
WASHINGTON, DC 20044-4300 

APPLICATION NO. FILING DATE 

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

(Depositor's name) 

(Signature) 

(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 

nonprovisional NO $1510 

EXAMINER ART UNIT 

WOLFE JR, WILLIS RAY 3747 

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

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

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

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

123-276000 

2. For printing on the patent front page, list 

(I) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$1810 04/13/2009 

2 ______________ _ 

3 ______________ _ 

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

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

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0The 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). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.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 required to obtain or retain a benefit by the public which is to file ( and by the US PTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PTOL-85 (Rev. 08/07) Approved for use through 08/31/2010. 0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

10/577,797 03/27/2007 

23911 7590 01/13/2009 

CROWELL & MORING LLP 
INIBLLECTUAL PROPERTY GROUP 
P.O. BOX 14300 
WASHINGTON, DC 20044-4300 

FIRST NAMED INVENTOR 

Ruediger Pfaff 

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

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

095309.57635US 5226 

EXAMINER 

WOLFE JR, WILLIS RAY 

ART UNIT PAPER NUMBER 

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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Notice of Allowability 

Application No. 

10/577,797 
Examiner 

Willis R. Wolfe, Jr. 

Applicant(s) 

PFAFF ET AL. 
Art Unit 

3747 

-- The MAILING DA TE 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. IZI This communication is responsive to amendment filed December 19, 2008. 

2. IZ! The allowed claim(s) is/are 11-18 and 22-27. 

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

a) 18] All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. 18] Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

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

4. 0 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. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D 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. D Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. 18] Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 4/28/06 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

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

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's AmendmenUComment 

8. D Examiner's Statement of Reasons for Allowance 

9. D Other __ . 

PTOL-37 (Rev. 08-06) Notice of Allowability Part of Paper No./Mail Date 20090105 
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Application/Control No. 

Index of Claims 10577797 

Examiner 

Willis R Wolfe, Jr. 

✓ Rejected Cancelled N 

= Allowed Restricted 

Applicant(s)/Patent Under 
Reexamination 

PFAFF ET AL. 

Art Unit 

3747 

Non-Elected 

Interference 

A 

0 

Appeal 

Objected 

□ Claims renumbered in the same order as presented by applicant □ CPA □ T.D. □ R.1.47 

CLAIM DATE 
Final Original 09/15/2008 01/05/2009 

1 - -
2 - -
3 - -
4 - -
5 - -
6 - -
7 - -
8 - -
9 - -
10 - -

1 11 ✓ = 
2 12 ✓ = 
3 13 ✓ = 
5 14 ✓ = 
6 15 ✓ = 
7 16 ✓ = 
8 17 ✓ = 
4 18 ✓ = 

19 ✓ -
20 ✓ -
21 ✓ -

9 22 ✓ = 
10 23 ✓ = 
11 24 ✓ = 
12 25 ✓ = 
13 26 ✓ = 
14 27 ✓ = 

28 ✓ -
29 ✓ -
30 ✓ -

U.S. Patent and Trademark Office Part of Paper No. : 20090105 
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Issue Classification 

ORIGINAL 

CLASS 

123 276 

Application/Control No. 

10577797 

Examiner 

Willis R Wolfe, Jr. 

SUBCLASS 

F 

F 
CROSS REFERENCE(S) 

F 

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK) 

123 299 305 

□ Claims renumbered in the same order as presented by applicant 

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 

(Assistant Examiner) 

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

(Primary Examiner) 

U.S. Patent and Trademark Office 

0 2 B 

0 2 F 

0 2 B 

□ 

Final 

Applicant(s)/Patent Under Reexamination 

PFAFF ET AL. 

Art Unit 

3747 

INTERNATIONAL CLASSIFICATION 

CLAIMED NON-CLAIMED 

19 / 08 (2006.01.01) 

3 I 26 (2006.01.01) 

19 / 14 (2006.01.01) 

CPA □ T.D. □ R.1.47 

Original Final Original Final Original Final Original 

Total Claims Allowed: 

14 
(Date) 

1/5/2009 O.G. Print Claim(s) O.G. Print Figure 

(Date) 1 1 

Part of Paper No. 20090105 
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Page 1 of 1 

UNIIBD STATES PATENT AND TRADEMARK OFFICE 

BIB DATA SHEET 

SERIAL NUMBER FILING or 371 (c) 
DATE 

CLASS 

10/577,797 03/27/2007 123 

RULE 

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

** CONTINUING DATA************************* YES /WRW/ 

This application is a 371 of PCT/EP04/11637 10/15/2004 

** FOREIGN APPLICATIONS ************************* YES /WRW/ 

GERMANY 103 50 795.7 10/29/2003 

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED ** 
05/11/2007 

Foreign Priority claimed llves D No STATE OR 
35 USC 119(a-d) conditions met llves D No O Metafter 

Allowance COUNTRY 
Verified and /WILLIS RAY WOLFE 

GERMANY JR/ 
Acknowledged Examiner's Signature Initials 

ADDRESS 

CROWELL & MORING LLP 
INTELLECTUAL PROPERTY GROUP 
P.O. BOX 14300 
WASHINGTON, DC 20044-4300 
UNITED STATES 

TITLE 

Directly injecting internal combustion engine 

FILING FEE FEES: Authority has been given in Paper 

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

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

CONFIRMATION NO. 5226 

GROUP ART UNIT ATTORNEY DOCKET 
NO. 

3747 095309.57635US 

SHEETS TOTAL INDEPENDENT 
DRAWINGS CLAIMS CLAIMS 

4 20 1 

0 All Fees 

□ 1.16 Fees (Filing) 

RECEIVED No. to charge/credit DEPOSIT ACCOUNT □ 1.17 Fees (Processing Ext. of time) 

1030 No. for following: □ 1.18 Fees (Issue) 

□ Other 

□ Credit 

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

PTo,ss,oaa (08-03) 
Approved for use through 07/31/2006. 0MB 0651-0031 

U.S. Patent and Trademark Office: U.S. DEPARJ"MENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995, no oersons are recuire to resoon to a co ecbon of information unless it contains a va 1 • d d 11 l'dOMB control number. 

Substitute for fem, 1449A/PTO 
Complete if Known 

,l)""" I 

Application Number Not Yet AssianecU / i>->/J';U 
INFORMATION DISCLOSURE Filing Date Herewith - .. • 
STATEMENT BY APPLICANT First Named Inventor Ruediger PFAFF 

Art Unit Not Yet Assigned 

{use as manv sheets as necessarv) Examiner Name Not Yet Assigned 
Sheet I 

Examiner Cite 
Initials' No.' 

/WRW/ A1 

A2 

Examiner Cite 
Initials' No. 1 

/WRW/ B1 
/WRW/ B2 
/WRW/ B3 

Examiner Cite 
Initials* No.1 

/WRW/ C1 

Examiner 
Si nature 

1 I of I 1 Attorney Docket Number 095309.57635US 

U.S. PATENT DOCUMENTS 
Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where 

MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant 
Number-Kind Code' (if known) Fiaures Appear 
US - 2002/0117146 A1 08-29-2002 Gatellier et al. 

US-

US-

us-
US-

FOREIGN PATENT DOCUMENTS 

Publication Date Name of Patentee or 
Foreign Patent Document MM-DD-YYYY Aoolicant of Cited Document Pages, Columns, Lines, 

I 
Where Relevant Passages 

Countrv Code3-Number'-Kind Code 5!if known) or Relevant Figures Appear 

EP 1 291 516 A2 03-12-2003 Shimazaki et al. 
DE 1 219 283 06-16-1966 Boettger 

DE 196 49 052 A1 05-28-1998 Velji et al. 

NON PATENT LITERATURE DOCUMENTS 

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, 
magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), publisher, city and/or 

International Search Report 

/Willis Wolfe, Jr/ 

countrv where published. 

January 28, 2005. 

Date 
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 

., j 

T" 

T2 

~ 

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 (WIPO 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. 5 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 infom,ation 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 fem, 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. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application No. 
First Named Inventor 
Filed 
TC/A.U. 
Examiner 

Docket No. 
Customer No. 

Title 

10/577, 797 Confirmation No. : 5226 
Ruediger PFAFF 
March 27, 2007 
3747 
WOLFE JR, WILLIS RAY 

095309.57635US 
23911 

Directly Injecting Internal Combustion Engine 

AMENDMENT AND REPLY UNDER 37 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 begin on page 5 of this paper. 
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Amendments to the Claims: 

Serial No. 10/577, 797 
Amendment Dated: December 19, 2008 

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

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 aha-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 ia this I'egiea 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 e:1rteat 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. 

Page 2 of 6 
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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 

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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Serial No. 10/577, 797 
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. 

ClailllS 28-30 (Canceled) 
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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 

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 Kataoka 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 terms 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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Serial No. 10/577, 797 
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 

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 

cKeown 
No. 25,406 
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Office Action Summary 

Application No. 

10/577,797 

Examiner 

Willis R. Wolfe, Jr. 

Applicant(s) 

PFAFF ET AL. 

Art Unit 

3747 

-- The MAILING DA TE 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 ;l_ 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 )IZI Responsive to communication(s) filed on 28 April 2006. 

2a)0 This action is FINAL. 2b)[8J This action is non-final. 

3)0 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 

4)[8J Claim(s) 11-30 is/are pending in the application. 

4a) Of the above claim(s) __ is/are withdrawn from consideration. 

5)0 Claim(s) __ is/are allowed. 

6)[8J Claim(s) 11-30 is/are rejected. 

7)0 Claim(s) __ is/are objected to. 

8)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

9)0 The specification is objected to by the Examiner. 

10)0 The drawing(s) filed on __ is/are: a)O accepted or b)O 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 )0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PT0-152. 

Priority under 35 U.S.C. § 119 

12)1Zl Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)IZ! All b)O Some* c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.IZ! 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)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment(s) 

1) [8J Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) [8J Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date 4/28/06. 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 08-06) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20080915 
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Art Unit: 3747 

DETAILED ACTION 

Claim Rejections - 35 USC§ 102 

Page 2 

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 (g) 

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-Al PA 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 One 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. 

WRW 
September 19, 2008 

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

U.S. APPLICATION NUMBER NO. 

10/577,797 

23911 
CROWELL & MORING LLP 
INTELLECTUAL PROPERTY GROUP 
P.O. BOX 14300 
WASHINGTON, DC 20044-4300 

Date Mailed: 05/15/2007 

FIRST NAMED APPLICANT 

Ruediger Pfaff 

Page 1 of2 

UNITED STATJ;S DEPARTMENT OF COMMERCE 
United States Patent ond Trodemork Office 
Ad<ln,a: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria. Vusiniu 22313-1450 
www.u,pto.gov 

A TTY. DOCKET NO. 

095309.57635US 

INTERNATIONAL APPLICATION NO. 

PCT/EP04/I 1637 

I.A. FILING DA TE I PRIORITY DA TE 

10/15/2004 10/29/2003 

CONFIRMATION NO. 5226 
371 ACCEPTANCE LETTER 

I■ 1m11 u~ I 11111111~ 1111110 UII ~11111 ~11111 ~1011~11 
*OC000000023839363* 

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 I Elected Office (37 CFR 1.495), 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 United 
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 
(c}(4) REQUIREMENTS 

DATE OF COMPLETION OF All 35 U.S.C. 371 
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 IA 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) 

FORM PCT/DO/EO/903 (371 Acceptance Notice) 

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

PART 3 - OFFICE COPY 
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IAP12 Rec'd PCTIP{O 2 7 MAR 2007 
. PTO-1390 (Rev. 07-2005) 

Approved for use through 3/31/2007. 0MB 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 unless it displays a valid 0MB control number 

TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 

CONCERNING A SUBMISSION UNDER 35 U.S.C. 371 

ATTORNEY'S DOCKET NUMBER 

095309.57635US 
U.S. APPLICATION NO. (If known, see 37 CFR 1.5) 

10/577,797 
INTERNATIONAL APPLICATION NO. I INTERNATIONAL FILING DATE 

October 15, 2004 I PRIORITY DATE CLAIMED 

October 29, 2003 PCT/EP2004/011637 
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 (O0/EO/US) the following items and other information: 

1. 

2. 

3. 

4. 

5. 

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 fifed (35 U.S:C. 371(c)(2)) 

a. O is attached hereto (required only if not communicated by the International Bureau). 

b. O has been communicated by the International Bureau. 

c. O Is not required, as the application was filed in the United States Receiving Office {RO/US). 

6. O An English language translation of the International Application as filed (35 U.S.C. 371 (c)(2)). 

a. O is attached hereto. 

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

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

8. □ 

9. [gJ 

10. 0 

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

b. D have been communicated by the International Bureau. 

c. O 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. 

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: 

11. □ 
12. □ 
13. □ 
14. □ 
15. □ 
16. □ 
17. □ 
18. □ 
19. □ 
20. [gJ 

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 fetter. 

A computer-readable form of the sequence listing in accordance with PCT Rule 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.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 
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, PT0-1390 (Rev. 02-2005) 
Approved for use through 3/31/2007. 0MB 0651-0021 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paoerwork Reduction Act of 1995 no oersons are reauired to respond to a collection of information unless it displays a valid 0MB control number 

U.S. APPLICATION NO. (if known, see 37 CFR 1.5) I INTERNATIONAL APPLICATION NO. ATTORNEY'S DOCKET NUMBER 

10/577,797 PCT/EP2004/011637 095309.57635US 
The following fees have been submitted CALCULATIONS PTO USE ONLY 

21. □ Basic national fee (37 C.F.R. §1.492(a)) ................................................. $300.00 $ 
22. D 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) ......................................................................... $0.00 

All other situations ...................................................................................................... $200.00 $ 
23. D 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) ........................................................................................................... $0 

Search fee (37 CFR 1.445(a)(2)) has been paid on the international application to 
the USPTO as an International Searching Authority ................................................. $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 ...................................... $400 

$ All other situations ........................................................................................................... $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 I Extra Sheets 
Number of each additional 50 or fraction RATE thereof (round up to a whole number} 

-100 I /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 $ 
TOTAL OF ABOVE CALCULATIONS = $ 

D Applicant claims small entity status. See 37 CFR 1.27. Fees above are reduced by ½. 
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(i)) ........................................................................... + 

TOT AL 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 .............. + 
TOT AL FEES ENCLOSED = $ 

Amount to be 
refunded: $ 

Amount to be 
charged: $ 

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

b. □ 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 PT0-2038. 

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: ,fI1;;/j,L Crowell & Moring, LLP -
Intellectual Property Group 
P.O. Box 14300 

'Rl.._RE - ,- ' 
J;;;;'"i=_ McKeown 

Washington, D.C. 20044-4300 NAME 
25406 

Tel. No. (202) 624-2500 
REGISTRATION NUMBER 

Fax No. (202) 628-8844 March 27 2007 
JFM/mc DATE 
FORM PTO-1390 (REV. 02-2005) Page2 of 2 
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UNITED STATES PATENT AND 'TRADEMARK OFFICE 

Page 1 of2 

UNITED STATES DEPARTMENT OF COMMERCE 
United State~ Putent und Trademark Office 
Addren: COMMISSIONER FOR PATENTS 

P.O. Box l ◄SO 
Alexandria, VU]!Wa 22313-1450 
www.uspto.gov 

U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO. 

10/577,797 Ruediger Pfaff 095309.57635US 

23911 
CROWELL & MORING LLP 
INTELLECTUAL PROPERTY GROUP 
P.O. BOX 14300 
WASHINGTON, DC 20044-4300 

Date Mailed: 03/06/2007 

INTERNATIONAL APPLICATION NO. 

PCT/EP04/l 1637 
I.A. FILING DATE I PRIORITY DATE 

10/15/2004 10/29/2003 

CONFIRMATION NO. 5226 
371 FORMALITIES LETTER 

11111111H m II~ 1111 m 11 IIHH IIIUH 11111111111 HI Ill ml Ill 
*OC000000022750070* 

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

The following items have been submitted by the applicant or the 18 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 IA 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 

Action _,_J.,:M:.!:'~S~S::..,;--:...1:ee&~:"'•;..._.---­
Oue Date ---=s~-~b~-~c::..,.!.-·--:::---:--
Oocket # __ _:.,;..s2...'.:.:'-::.~~s..::u5::;;:::. ;.... ___ _ 

Attorney ·--~--.i..> 1,~µ--:'TJr+~~----
Oocketing ___ ijiaJ,.1..--·· !l!:;;=J'A:;11,..., ~£€~---

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: 

• 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 15 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 

Page 2 of2 

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. 

U.S. APPLICATION NUMBER NO. 

10/577,797 

VIRGINIA L IRBY 

Telephone: (703) 308-9140 EXT 229 

PART 1 -ATTORNEY/APPLICANT COPY 

fNTERNA TIONAL APPLICATION NO. ATTY. DOCKET NO. 

PCT/EP04/11637 095309.57635US 

FORM PCT/DO/EO/905 (371 Formalities Notice) 
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? <fo.s &C'n?/v-J (4 
Attorney Docket No. 095309.57635US 

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), Vwe declare that: 

This declaration is directed to: 

D The attached application, or 
[8J PCT international application Number PCT /EP2004/01163 7, filed 
D Application No._, filed_ 

as amended on __________ (if applicable); _r 

I believe that I am the original, first and sole inventor (if only one name is lis~~:f:~elow)·6r an original, 
first and joint inventor (if plural names are listed below) of the subject matter wh1ch'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 International 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. 

FUILNAME~~NfOR~ 

Signature: e4 P.---
Inventor one: ~ger WAFF' 
Citizen of: German 

Signature: . tt. ~ 
Inventor two: Martin EL 
Citizen of: German 

' Signature: r ~ 
Inventorthree:JachimSUESS 
Citizen of: rman 

_ Additional Inventors on Attached sheet if checked 
DN#2755934_1 

Date: f'g £?£ t} b 

Date: 

Date: 
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DO/ EO WORKSHEET 
Virginia Irby, Patent Application Specialist/ National Stage Division 

U.S.Appl.No. 10/S 77 7.9 7 lnternationalAppl.No. PCT/£!b~/1l637 

Application filed by : □ 20 months ~ 30 months 

WIPO PUBLICATION INFORMATION: 

Publication No.: wo200S 1# 71.,67 Publication Language: O English ~an O Japanr.se □ Chinese o Korean 
O French O Spanish O Russian a Other: _____ _ 

Publication Date : 3.b I!!!!!/ 2ooS Not Published : □ U.S. on1y designated □ EP requm Published : □ EP requesl 

INTERNATIONAL APPLICATION PAPERS IN THE APPLICATION FILE : 

~nternatlonal Application (RECORD COPY) □ PCT/IB/306 

□ Article 19 Amend~ents 

. Q PCT/IPEA/409 IPER : □ EP □ JP □ SE □ AU 

□ us a FR □ CN □ ES a RU □ AT □ KR □-

□ Annexes to 409 

Q PCT/ISA/237 : □ EP □ JP □ SE □ AU 

□ us □ FR □ CN □ ES □ RU □ AT □ KR □-
□ PCTIIPEA/◄09 or PCTIISA/2J7 was NOT AVAILABLE at !be lime 

or paralegal review 

□ Request form PCT/RO/101 

C3"PCT/ISA/210- Search Report; ~ □ JP □ SE Q AU 

Ous □ FR □ CN □ ES □ Ru □ AT □ KR □- ·□NONE 

□ Search Report References 

Ciir"'rriority Document (s) No. _L 
□ NIA 

□ Priority Document was NOT A VAJLABLE 11 !be lime or paralegal miew 

□ Other: __________ _ 

z RECEIPTS FROM THE APPLICANT (other than checked above) : 

~Basic National Fee (or authorization to charge). CJt""" Preliminary Amendment(s) Filed on : 
i 3 • I. c»<aineas371 rcque.,tda1e 2. _____ 3. 

~ Descri~ion G:rciaims l?f" Abstract Cit"'InfoJ:,Plation Disclosure Statement(s) Filed on : 

Gr" Drawing Figure(s) - (# of drwgs. _!/_) 

□ Translation of Article 19 Amendments 
□ entered □ not entered : 

□ not a page for page substitulion 

□ replaced by Article 34 Amendment 

□ Annexes to 409 
□ entered Cl not entered : 

0 not a page for pa~ substitution 
0 no 1ranslalion □ Olher: __ _ 

~ Application Data Sheet 
□ Power of Attorney 

□ Change of Address 

NOTES: □ I.A. used as Specification O Olber : 

L cf"' same as 371 request date 2. _____ 3. ____ _ 

□ Assignment Document (forwarded 10 Assignment Branch) 

□ Assignee Statement Under 37 CFR 3.73(b) 

□ Assignee PG Publication Notice 

~ Substitute Specification Filed on : 
I. ~e as 371 request dale 2. _____ 3. ____ _ 

□ Verified Small Status Statement 

□ Oath/ Declaration (executed) 
□ Oath/ Declaration a W1Signed □ no ciliun,hip o other 

□ DNA Diskette □ Sequence Listing 
□ Other: 

35 U.S.C. 371 ~ Recelpl or Request (PT0-1390) 
,2 8' hpri I :2...0o-6 

Date_Acceptable Oath/Declaration Received 

Dale of Completion or requirements under 35 U.S.C. 371 

Dale of Completion of DO/ EO 903 - Notification or Acceptance 

Dale of Complcllon or DO/ EO 905 - Notlllcallon of Missing Requirements ()5 d/11,e,,,I} :Z. Ol.) 7 
Date or Completion or DO/ EO 909 - Notification of Abandonment 

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

Date of Completion or DO/ EO 912 - Nollflcadon to Comply w/ Requirements for Patent 
Applications Containing Nucleotide and/or Amino Acid Sequence Disclosures 
Date or Completion of DO/ EO 923 
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UNITED STATES PATENT AND l"RADEMARK OFFICE 

U.S. APPLICATION NUMBER NO. 

10/577,797 

23911 
CROWELL & MORING LLP 
INTELLECTUAL PROPERTY GROUP 
P.O. BOX 14300 
WASHINGTON, DC 20044-4300 

Date Mailed: 03/06/2007 

FIRST NAMED APPLICANT 

Ruediger Pfaff 

Page 1 of2 

UNITED STATES DEPARTMENT OF COMMERCE 
United Stotc~ Potent and Trademark Office 
Addrcn: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Al"""'1dria, Vuginia 22313-1450 
www.mpto.gov 

ATTY. DOCKET NO. 

095309.57635US 

INTERNATIONAL APPLICATION NO. 

PCT/EP04/l 1637 
I.A. FILING DATE I PRIORITY DATE 

10/15/2004 10/29/2003 

CONFIRMATION NO. 5226 
371 FORMALITIES LETTER 

11111111 !~ ii mi m 11111111 II~ 1m II i~I iii 1111 ,~ 11111111 ,m m ~II 
*OC000000022750070* 

NOTIFICATION OF MISSING REQUIREMENTS UNDER 35 U.S.C. 371 IN THE UNITED 
ST ATES 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 IA 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 

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: 

• 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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Page 2 of2 

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. 

U.S. APPLICATION NUMBER NO 

10/577,797 

FORM PCT/DO/EO/905 (371 Formalities Notice) 

VIRGINIA L IRBY 

Telephone: (703) 308-9140 EXT 229 

PART 2 - OFFICE COPY 

INTERNATIONAL APPLICATION NO. 

PCT/EP04/l 1637 

ATTY. DOCKET NO. 

095309.57635US 
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• 

TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 

tao~ li')P.C':i PCtiPTO ZS APR 2006 ~ M f'J.,.;;, U PT0-1390 (Rev.-07-2005) 
Approved for use through 3/31/2007. 0MB 0651-0021 

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

10 oscillating movement, according to the type defined in 

more detail in the preamble of claim 1. 

15 

A generic internal 

US 2002/0117146 Al. 

combustion engine is 

In this case, the fuel 

at a relatively steep injection angle 

known from 

is injected 

into the 

combustion space, and the piston recess is adapted at 

least partially to the injection angle. 

In an internal combustion engine described in 

20 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. 

25 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 

30 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, 

35 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 
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Since, however, it is not possible to operate the 

internal combustion engine with a homogeneous 

5 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. 

10 The 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 such that the internal combustion engine can 

be operated by means of both a homogeneous and a 

15 conventional combustion process. 

This object is achieved, according to the invention, by 

means of the features mentioned in claim 1. 

20 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 

25 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, with the result that it could no 

30 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 

35 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: 

5 fig. 1 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; 

10 

fig. 2 shows the configuration of the piston recess. of 

the piston from fig. 1 in a first region; 

fig. 3 shows the configuration of the piston recess of 

15 the piston from fig. 1 in a second region; 

fig. 4 shows the configuration of the piston recess of 

the piston from fig. 1 in a third region; 

20 fig. 5 shows the deflection of the injected fuel jet 

into that region of the piston recess which is 

illustrated in fig. 4; 

fig. 6 shows the configuration of the piston recess of 

25 the piston from fig. 1 in a fourth region; 

fig. 7 shows the air capture in a sixth region of the 

piston recess; 

30 fig. 8 shows a first embodiment of a fifth region of a 

piston from fig. 1; 

35 

fig. 9 shows a second embodiment of a fifth region of 

a piston from fig. 1; and 

fig. 10 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 l which has 

a crankcase 2 and a cylind~r head 3. Within the 

crankcase 2 of the internal combustion engine 1 is 

located at least one cylinder 4 which has a combustion 

5 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 

10 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. 

15 

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 

20 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. 

25 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 

30 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 

35 its central region an elevation 11 extending in the 

direction of the cylinder head 3. The elevation 11 in 

this case has an angle 13 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. 

5 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 ll via a 

radius 14 in such a way that the injection jet 9a 

10 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 

15 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 P of the elevation 

11, as compared with the injection angle o., there is 

still sufficient free space in the region from the 

20 impingement point 15 of the injection jet 9a on the 

surface 13 to the elevation ll to ensure that the fuel 

quantity deflected in the direction of the elevation ll 

can be effectively distributed. The fuel deflected in 

the direction of the elevation 11 is designated by the 

25 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 

30_ 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 

35 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 required momentum deflection of an 

injection jet 9c in this case impinging in the middle 

5 region of the surf ace 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 

10 design. 

Fig. 5 illustrates by means of arrows 18 and 19 that, 

during the entire fuel injection, a smaller fraction of 

the injection jet 9 is thereby conducted in the 

15 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 

20 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 length and 

25 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 

30 the capture of air in the combustion space 5. In 

addition, the division of the fuel may also be assisted 

by swirl. 

Fig. 6 illustrates the injection jet 9b injected at the 

35 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 

5 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 

10 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 

15 12 via a radius 22. At the recess edge 12, a pinch gap 

region 24, as it may be ref erred 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 

20 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 

25 increased introduction of fuel into the pinch gap 

region 24 is prevented. 

30 

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, 

35 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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piston 6. 

Fig. 10 illustrates a version in which the surface 23 

connected to the recess edge 12 forms an obtuse angle 

5 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 

10 into the combustion space, the piston having a piston 

recess which has in its central region an elevation 

extending in the direction of a cylinder head, 

characterized in that a surface ( 13) of the piston 

recess {10) which adjoins the elevation (11) in the 

15 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) 

2 O and in the direction of the recess edge ( 12) , and in 

that the surf ace ( 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 

25 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). 

30 

35 

2 . The directly injecting internal combustion engine 

as claimed in claim 1, characterized in that a surface 

(23) connected to the recess edge (12) 

surface (13) adjoining the elevation 

direction of the recess edge (12). 

adjoins 

( 11) in 
the 

the 

3. The directly injecting internal combustion engine 

as claimed in claim 2, characterized in that the 

surface (23) connected to the recess edge (12) is 
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connected via a radius (22) 

adjoining the elevation (11} 

recess edge (12). 

to the surface 

in the direction of 

(13) 

the 

4. 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 

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 

15 (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) 

20 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 claims 1 to 6, characterized in 

2 5 that the surf ace ( 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 

30 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. 

35 9. 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 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 (a} of the injection nozzle 

5 (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 (ll) 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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Directly Injecting Internal Combustion Engine 

PRELIMINARY AMENDMENT 

Mail Stop PCT 
~~1 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. (A 

Substitute Specification with marked up 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: 

Preliminary Amendment 
Atty. Dkt. No.: 095309.57635US 

Submitted concurrently herewith is a substitute specification and marked 

up version thereof. No new matter has been added. 
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Amendments to the Claims: 

10/577797 
Preliminary Amendment 

Atty. Dkt. No.: 095309.57635US 

IAP17 Rec'd PCT/PTO 2 8 APR 2006 

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 3 of 8 
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Preliminary Amendment 
Atty. Dkt. No.: 095309.57635US 

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. 
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Preliminary Amendment 
Atty. Dkt. No.: 095309.57635US 

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°. 
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Amendments to the Abstract: 

Preliminary Amendment 
Atty. Dkt. No.: 095309.57635US 

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 

Preliminary Amendment 
Atty. Dkt. No.: 095309.57635US 

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). 

April 28, 2006 

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 

Page 8 of 8 

ectfully submitted, 

cKeown 
on No. 25,406 
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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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Substitute Specification 

DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE 

BACKGROUND AND SUMMARY OF THE INVENTION 

[0001] 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 1s 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 m 

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. 

[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 Al. 

[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. 

[0007) 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. 

- 2 -
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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. 

- 3 -
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Substitute Specification 

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; 
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[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 is 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. l; 

[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 J3 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 J3 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 

- 7 -
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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 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 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 

- 9 -
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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. 

[0036) 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 

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 50 795.7, 

filed October 29, 2003, the disclosure of which is 

expressly incorporated by reference herein. 

The present invention relates to a directly injecting 

internal combustion engine with at least one cylinder 

15 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 known internal combustion engine is known 

from US described in U.S. patent publication No. 

20 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 

25 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, in particular a diesel internal 

combustion engine, is in operation, then injection time 

5 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 

10 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 

15 recess to be adapted to this injection, as is the case, 

for example, in US 2002/0117146 Al. 

Since, however, it is not possible to operate the 

internal combustion engine with a homogeneous 

combustion process over its entire characteristic map, 

20 the piston recess must be designed both for homogeneous 

and for conventional mixture formation. This is not 

easily possible in known solutions. 

25 

30 

((The]] 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 means of 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 

claim 1 providing that a surface of the piston recess 

- 2 -
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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 

10 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 

15 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 

20 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 

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

increased formation of black smoke. 

30 

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 

gathered from the subelaims. An eJEeF!lplary embodiment of 

- 3 -
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the invention is illustrated below, in principle, by 

means of the drawin§J in which. 

Other objects, advantages and novel features of the 

present invention will become apparent from the 

5 following detailed description of the invention when 

considered in conjunction with the accompanying 

drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [[fig.]] ~ 1 [[shows)] 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; 

15 [[fig.]] ~ 2 [[shows]] is a cross-sectional view of 

the configuration of the piston recess of the piston 

from fi§J. shown in Fig. 1 in a first region; 

20 

25 

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

the configuration of the piston recess of the piston 

from fi§J. shown in Fig. 1 in a second region; 

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

the configuration of the piston recess of the piston 

from fi§J. shown in Fig. 1 in a third region; 

[[fig.]] Fig. 5 [[shows]] 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.]) Fig. 4; 

- 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.]] ~ 7 [[shows]] is 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 -&=-em 

~ shown in Fig. l; 

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

a second embodiment of a fifth region of [[a]] 

piston from fig. shown in Fig. 1; and 

of 

the 

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

a third embodiment of a fifth region of a piston -&=-em 

15 ~ 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 

20 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 

25 having a plurality of injection orifices 8 from which 

an injection jet 9 emerges. In the present [[case]] 

embodiment, the opening angle a of the injection jet 9 

is relatively steep and lies in a range of between 50° 

- 5 -
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fuel is thereby injected directly into 

space 5, so that this is a directly 

injecting internal combustion engine 1. 

Fig. 1 depicts two different injection jets, to be 

5 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 

10 axes of an injection cone being distributed within the 

combustion space 5. 

15 

20 

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, and, 

for the sake of clarity~ the individual figures in each 

case indicating 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.]] ~ 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~ with respect of the pistons 

25 axis of the 13ioton which is smaller than half the 

injection angle a, 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, 

30 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 in such a ,,.,ay so that the 

injection jet 9a injected at the earliest possible time 

point 

point 

impinges onto the surface 13 at an impingement 

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 

10 as possible with the air located in the combustion 

space 5. 

Owing to the above-described steeper angle 13 of the 

elevation 11, as compared with the injection angle a, 

there is still sufficient free space in the region from 

15 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 

20 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 

25 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. Fig. 4 shows that the surface 13 

30 adjoining the elevation 11 in 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 

5 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 already mentioned above. If 

10 appropriate, it: may also be e,cpedient: for the surface 

13 adjoining the elevation 11 in the direction of the 

recess edge 12 [[to]] may have a curved design 

configuration. 

15 

Fig. 5 

arrows 

illustrates 

18 and 19 

by means of with the length of 

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 

20 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 

25 nozzle 7 should be selected such that the injection jet 

9 can achieve a sufficiently 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 

30 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. In 

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 

injected at the latest 

such that 

possible 

the injection jet 9b 

time point impinges 

onto the surface 13. In this region, too, the surface 

10 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 

15 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. 

20 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 

25 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, 

30 

since, even in this region, 

The surface 23 contributes 

an air capture is required. 

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.]] 

surface 23 connected to the recess edge 

~ 8, the 

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. 

10 In the versioa embodiment according to [[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 

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

20 

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. 

- 10 -
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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 (low/medium) load operation of the engine. Ordi­
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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 diesel engine wherein the cleaning of exhaust 
gas and improvement in fuel consumption are effected 
by performing homogenious charge compression igni­
tion combustion. 
(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 CO2. 

[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 homogenlous 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 Ame 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 offuel 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 

s 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 

10 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 normal, if the injection angle is not 

15 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 

20 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. 

2s [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-

30 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 

35 charge compression injection mode in which fuel is in­
jected from the fuel injection nozzle with a timing that is 
earlier than that in the conventional injection mode and 
such thatfuel ignition does not occur at least until injec­
tion has been completed, fuel injection is performed by 

40 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 

45 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-

so 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-

ss glons. 

2 

[0014] Preferably, an excess air ratio 11. 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 i.. of at least 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 angle 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 lowermost position of the 
cavity, and in the homogenious charge compression in­
jection mode fuel reaches at least the inside wall of the 
cavity. 
[0016) 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 
unburnt 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 middle 
of the bottom wall 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 5 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 
chamber 5 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 B 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 0 with respect to axis 
C, respectively. In the Figure, the angle (opening angle) 
which is made by corresponding injection axes repre-

5 sented symmetrically about axis C Is shown as 29; the 
half value 6 thereof is the injection angle of fuel injection. 
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 

10 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-

1 s 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 
detecting engine operating condition such as engine 

20 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 

25 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. 

30 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 1 O of cavity 6 is 
constituted solely by surfaces such that no throttling of 
the cavity in let is formed. That is, all surfaces of the side 

35 wall 1 O either diverge from the axis C in the upwards 
direction or are parallel 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 

40 downwardly. Thus, cavity 6 does not constitute a so­
called re-entrant combustion chamber having a lip. 
[0026] A plurality of piston positions are shown in the 
Figure. The highest one of these (I) that is shown is a 
position in the vicinity of the compression top dead cent-

45 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° (II), 30° 
(Ill), 40° (IV), 50° (V) and 60° (VI). 

50 [0027) Also, 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 28, these are 20=155°, 140°, 125° and 110°. 
[0028] Next, the engine of this embodiment is provid-

55 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 a mode in 

3 
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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 
mode, 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-

5 

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 homogenlous 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 

10 injection mode when operating under full load but when 
operating under part (low/medium) load i.e. at lower load 
than this, fuel injection is performed by the homogenious 
charge compression injection mode. In this way, homog­
enious charge compression ignition combustion, which 

15 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 mode is to be em-

20 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 

25 

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 30 
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 

diesel knocking in homogenious charge combustion is 
largely dependent on the ratio of excess air )..; it has 
been confirmed that severe diesel knocking occurs at a 
ratio of excess air l=less than 2.5. The case where the 
excess air rate).. 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. In contrast, thecasewherethe 
excess air ratio l. is 2.5 or more is identified as part (low/ 
medium) load operation, and fuel injection Is performed 
in the homogenious charge compression injection 

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 

35 mode. 

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 

40 

[0035) More specifically, the electronic control unit 
calculates the excess air ratio l. from the actual air intake 
rate detected by intake rate detection means and the 
target fuel injection rate, and if ).. < 2.5, performs fuel 
injection in accordance with the conventional injection 
mode, and if A.~ 2.5 performs fuel injection in accord­
ance with the homogenious charge compression injec­
tion mode. 
[0036) In this embodiment, two modes are implement-

that the ignition lag period is increased and premixed 
vapor is formed by thorough stirring and mixing of the 

45 ed using a single fuel injection nozzle 7 having fixed jets 
8. If therefore the injection angle 8 of the fuel injection 
nozzle 7 is made too large with respect to the conven­
tional injection mode (i.e. the opening angle 28 is wid-

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 50 

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 takes place 
with the fuel being surrounded by a generous amount 55 
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 

4 
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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 unburnt HC etc. For this reason, in 
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order for the two modes to co-exist, the injection angle 
8 of the fuel-injection nozzle 7 is set as below. 
[0037) Specifically, the injection angle a 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 lowemiost 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 point where cavity 6 is deepest and is the position 
B where the position of height H and the radial position 
R intersect in the drawing. This lowermost 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 anc;I the limit on the 
large side of 8 is the position of intersection K where the 
side wall 1 O o{ cavity 6 and piston crown 11 intersect. 
The injection angle 8 is set such that, in the conventional 
injection mode, fuel cannot arrive at or collide with the 
cavity inside wall between this lowermost position Band 
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 small side. The reason why this is 
possible is that, in this mode, fuel is injected earlier than 
normal, 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 6 (or 
angle of opening 26) and the injection timing will next be 
described using the Figure. First of all, let us assume 
that fuel injection 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) Injection angle8=77.5° (28= 155°) which is the 
uppemiost 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 500, 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 8= 77 .5° (28= 155°) 
may be adopted. 
[0042] 8= 70° (26=140°f also satisfies the above con­
dition of the conventional injection mode. If, in the ho­
mogenious charge compression injection mode, the in-

iSDOCIO: <EP ___ 1291516A2_1_> 

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-

s 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° (28=125°), the above condition of 
the conventional injection mode is also satisfied. If, in 

10 the homogenious charge compression injection mode, 
the injection commencement timing is BTDC 200, 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 

15 the homogenious charge compression injection mode 
is BTDC 20°, 30° or 40°, an injection angle 8=62.5° 
(28=125°) maybe adopted. 
[0044] 8=55° (28=110°) does not satisfy the above 
condition of the conventional injection mode. In this 

20 case, the above condition is satisfied for any injection 
commencement timing (BTDC 20°, 300, 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 0=55° 

25 (28=110°) can therefore not be adopted. 
[0045] Thus, in the detemiination 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, 

30 whatever the case, by selecting an angle such as to sat­
isfy the above condition, discharge of unburnt HC in the 
conventional injection mode and/or collision etc of fuel 
mist with the side wall within cylinder 2 In the homoge­
nious charge compression injection mode can be pre-

35 vented. In the case of the conventional injection mode, 
by injecting fuel such that the fuel arrives 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 

40. be made to flow 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-

45 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-

so 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 

ss that the injection angle 6 be as small as possible. It has 
been discovered by experimentthat if the injection angle 
0 is equalto or less than 67.5° (28=135°), fuel consump­
tion is improved and black smoke is. suppressed. It is 

5 
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therefore preferable that the injection angle 0 be equal 
to or less than 67 .5°. 
[0048] Furthermore, in this embodiment, thermal 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 fonned so as to fill up this wasted portion: thus cavity 
6 presents a toroidal combustion chamber configura­
tion. 
(0049] Also, in the casa 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 in this 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. Specif1eally, it is known 
that, in the case of a re-entrant type, in general the swir1-
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. Forthis reason, a low-swir1 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 that Injects 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 

5 compression Injection mode In which fuel Is Injected 
from said fuel injection nozzle with a timing that is 
ear1ier 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-

10 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. 

15 

2. The direct injection diesel engine according to claim 
1, characterized In that a case in which the excess 
air ratio l. is less than 2.5 is identified as full load 
operation whereby fuel injection is performed in 

20 said conventional injection mode, and a case In 
which the excess air ratio l 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. 

25 

3. 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-

so 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 
said homogenlous charge compression Injection 
mode fuel reaches at least the inside wall of the cav-

ss ity. 

40 

4. The direct injection diesel engine according to claim 
3 characterized In thats aid injection angle is equal 
to or less than 67 .5°. 

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 

45 subsequent to 50° before compression top dead 
center and prior to 20°. 

6. The direct injection diesel engine according to any 
of claims 1 through 5, characterized In that a pro-

so trusion is formed in the middle of the bottom wall of 
said cavity, the sidewall of said cavity being consti­
tuted with a face such that throttling is not formed 
at the cavity inlet. 

55 

6 

Page 122 of 196



§ 
i::;, 

r 
~ 

! 

===:-? BTDC ( ") 20 ( •) \J 
~ \ • 

Ill ~\ 

1v---

"" V •-

VI 

FIG. 1 R 

C 

5 
10 11 

R 

--4 

--2 

m 
"ti .... 
~ .... 
U'I ..... 
0, 

t 

Page 123 of 196



C") 

<t 
co ,-
U) 

,-
0') 
N 

CL 
w 

(19) 

Europalsches Patentamt 

European Patent Office 

Office europeen des brevets 

1111111111 ~1,~m rn,11~ 1~ 11111111~1m11~11m1~1111~ llli 

(11) EP 1 291 516 A3 

(12) EUROPEAN PATENT APPLICATION 

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

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

(21) Application number. 02019671.3 

(22) Date of filing: 03.09.2002 

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 
IE IT LI LU MC NL PT SE SK TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 07.09.2001 JP 2001272141 

(54) Direct Injection diesel engine 

(57) Cleaning of exhaust gas and reduction of fuel 
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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 (I) in the vicinity of 
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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 (l(?w/medium) load operation of the engine. Ordi­
nary diffusion combustion is realized when operating the 
engine under full load yet while receiving 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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1 
Die ErflnduQg bezieht sich auf eine Brennkraft­

maschine mit direkter Kraftstoffeinspritzung und Ver­
dichtungszundung, mit einem im Kolbenboden sym­
metrisch oder beinahe symmetrisch zur Zylinderachse 
angeordneten und im wesentlichen rotationskorper- 5 
formigen Brennraum, in welchem sich gegen Ende 
des Verdichtungshubes nahezu das gesamte ange-
saugte Luftvolumen befindet, das vorher in eine hef-
tige Drelibewegung um die Brennraumachse versetzt 
wurde, und mit einer zu diesem Brennralllll auBer- 10 

mittig angeordneten Einspritzdi.ise, die den Kraftstoff 
in mindestens zwei Kraftsto:ffstrahlen von verschiede>­
ner freier Lange im wesentlichen in Richtung der in 
den Brennraum einstromenden Verbrennungsluft an 
verschieden heIBe Wandstellen des Brennraumes 15 
spritzt, von denen der kiirzeste Kraftstoffstrahl mit 
einem kleinen Antell iiber den Rand der Brennraum­
wand gegen den Boden des Kolbem;. gespritzt wird, 
wahrend der iibrige, weitaus gro.Bere Tell dieses 
»Ziindstrahles« noch gegen den unmittelbar neben 20 

dem Rand befindlichen Teil der Brennraumwand ge­
richtet ist, nacb Patent 1175 486. 

Bei der oben kurz geschilderten Brennkraft­
maschine nach dem Hauptpatent bildet der oben­

. • Int. Cl.: 

Deutsche IQ.: 
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erwahnte ldirzeste Kraftstoffstrahl den »Ziindstrahl«, 25 -------------------­
und w~end des Normalbetriebes des Motors erfolgt 
die Ziindung stets mit gerlngem Ziindverzug und an 2 
derselben Stelle des Brennraumes, namlich an dem die Kraftstoffaufbereitung znr anscblie.Benden Ver-
von dem Ziindstrahl etwas i.iberspritzten Brennraum- brennung etwas verzogert wird, und da der in den 
rand~ an dem. der m_echanisch abgespaltene Kraft- so Strahlen en~altene Kraftstoff im Falle seines Auf-
stoffanteil eine der Emstromungsrichtung der Ver- treffens auf die Brennraumwand diese lediglich an 
brennungsluft entgegengericbtete Ausbreitungskpm- kiibleren Stellen beriihrt als der die Ziindung aus-
ponent-e erhfilt und auf ein Flliche sowohl hoher losende Teil des Ziindstrahls, kann die Selbstziindung 
Temperatur a1s vor allem auch anderer Neigung auf- des Kraftstoffes allein von dem kleinen Antell des 

. trifft, als sie die Brennraumwand an der Stelle des 35 Ziindstrahls ausgehen, der iiber den Rand der Brenn-
Auftreffens des Strablkemes aufweist. Dadurch raumwandung gespritzt und dabei sehr fein zerstaubt 

• komm.t es an der Stelle des Oberspritzens des Brenn- wmi. Von dieser ortlich festgelegten Ziindstelle geht 
raumrandes nicht nur zu einer entsprechend scbnellen dann die Ziindung mit einer durch die heftige Dreh-
Aufheizung des Kraftstoffes, sondem - unter dem bewegung der Luft gesteigerten Flammenausbrei-
EinfiuB der Radialkomponente der Lufteinstromung 40 tungsgeschwindigkeit auch auf den weiteren in den 
in den Brennraum - auch zu einem Aufstauen die- • Brennraum eingespritzten und in die Luft verdamp-
ses kleinep. Kraftstoffanteils, d. h. zu einer Obersatti- fenden Kraftstoff iiber, ohne daB ein storendes Klop-
gung der dort befindlichen Luft mit Kraftstoff, was fen auftritt. 
zur erwiinschten raschen Ziindung an dieser ganz Bei dem in der Zeichnung des Hauptpatents ver-
bestimmten gleichbleibenden Stelle fiihrt. 45 anschaulichten Ausfiihnmgsbeispiel hat die im. 

Der Hauptanteil des Kraftstoffes des Ziin~ wesentlichen kreisformige, eingezogene Brennraum-
sowie der Kraftstoff aus dem oder den weiteren Kraft- offnung einen einseitigen, an seinem einen Ende vom 
stoffstrahlen ist ausscblie.Blich gegen unterhalb des eingezogen-en Brennraumrand. nach au.Ben vorsprin-
Brennraumrandes gelegene und im Betrieb kiihlere genden Ausschnitt, dessen dem Brennra.uminneren 
Telle der Brennraumwand gerichtet; da die Einspritz- so zugewandt-e Flliche zum anderen Ende des Ausscbni~ 

• richtung im wesentlichen mit der Einstromungsrich- hln im Sinne der schnellen Drehbewegung der beim 
tung der V ei;biennungsluft zusammenfallt, wodurch Verdicbtungshnb in den Breim.raum verdriingten Luft 
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mit stetiger Wolbung etwa tangential in die seitliche gegen die Kiiblwirkung an Stellen einer abgelosten 
Brennraumwand iibergeht Dieser Ausschnitt wirkt Luftstromung wesentlich geringer ist. Ein durch be-
als Fiihrung fiir einen erlreblichen Antell der Ver- kannte Mittel, beispielsweise Schirme an den An-
brennungsluft. Die Einspri:tzdiise ist derart angeord- saugventilen, tangentiale Einstromkaniile und der-
net, daB sie sich m der oberen Totpunktstellung des 5 gleichen eizeugtes heftiges Kreisen der in den 
Kolbens ,im Bereich des nach auBen vorspringenden Zylinderraum einstromenden Verbrennungsluft be-
Lufteinstromendes des Ausschnitts be:findet; s-ie spritzt giinstigt das »Anlegen<i: der Luftstromung an die 
den Kraftstoff ans elem Kem des Ziindstrahls auf die Seitenwandung des Brennraum.es und damn die Kuh-
obere Randzone der Ausschnittsfiliche anf und den lung dieser Wand, insbesondere dort, wo fiir das Ein-
Kraftstoff aus dem oder den weiteren Kraftstoffst:rah- 10 spritzen des Kraftstoffs eine Ausnehmung am Brenn-
len groSere Strahllange etwa im Sinne der Luft- raumrand vorgesehen ist, die stetig im Sinne der 
stromung in Richtung auf weiter vom Brennraum- Luftstromung in die seitliche Brennraumwand iiber-
rand entfemte Brenmaumwandzonen, an denen die geht und eine Fiihrung fiir einen verhiiltnismii8ig 
emstromende J;..uft entlanggleitet. Der dabei auf die . gro.Ben Antei:l der in den Brennraum. einstromenden 
Brennraumwand gelangte Kraftstoff breitet sich in 15 Luft bildet. Diese Kiihlwirkung der einstromenden 
tiefer unterbalb des Brennraumrandes liegende, kiih- Verbrennungsluft wkd bei der Brennkraftmaschine 
lere Wandbereiche aus, womit das Ve:rdampfen des nach dem Hauptpatent bereits ausgenutzt, indem der 
~toffs in die iiber ilin hinwegstreichende Luft Kraftstoff im wesentlichen an solchen Stellen auf die 
verzogert wird und seine Fiihigkeit zum raschen Brennraumwand gespritzt wird, an denen durch die 
Ziinden abmmm.t. 20 Eintrittsstromung der Verbrennungsluft eine K.Uhlung 

Beim Vollastbetrieb mit hoheren Drehzahlen des der Brennraumwand erlolgt; der dort aufgespritzte 
Motors, bei dem groBere Kraftstoffmengen auf die Kraftstoff breitet sich aber auch zunehmend in die 
Brennraumwand gelangen, kann dU£ch das Ausbrei- Tiefe des Brennraum.es aus, wo im allgemeinen die 
ten des Kraftstoffs in immer kiihlere Brennraum- Wandtemperatur stark abnimmt. 
wandzonen das Verdampfen des aufgespritzten Kraft- 11.15 Die zu losende Aufgabe besteht also darin, bei 
stoffs und sein geniigendes Durchmischen mit der emer . Brennkraftmascbine nach dem Hauptpatent 
Verbrennungsluft zu stark verzogert werden, was den durch eine neuartige Gestaltung des Brennraumes, 
V erbrennungswirkungsgrad verringert und die Rauch- insbesondere seines oberen Teils und entsprechende 
grenze des Motors herabsetzl Wahl der Auftreffstellen der Kraftstofistrahlen zu 

Der Erfindung liegt die Aufgabe zugrunde, die 30 err.eichen, daB insbesondere beim Aufspritzen groBe-
BI:ennkraftmasch.ine mit direkter Kraftstoffeinsprit- rer Kraftstoffmengen auf die Brennraumwand der 
zung und Verdichtungszilndung nach dem Haupt- aufgespritzte Kraftstoff sich in Brennraumwand-
patent, bei der die Brtlich festgelegte, friibzeitige bereiche ausbreitet, deren Temperatur hoher ist ais 
Ziindung einen klopffreien Betrieb gewahrleistet, der- die Temperatur an der Auftreffstelle des Kraftstoffes. 
art zu verbessern, daB auch die Verbrennung bei 35 Die erfindungsgema.Be Brennkraftmascmne mit 
hohen Drehzahlen und gro6er Leistung mit gutem direkter Kraftstoffeinspr-itzung und Verdichtungs-
Wll'kungsgrad und praktisch rauchfrei erfolgt. ziindung, mit einem im Kolbenboden symmetrisch 

Man hat bereits erkannt, daB bci einem Aufsprit- oder beinahe symmetrisch zur Zylinderachse ang~ 
. zen groBerer Krafts.toffmengen auf die Brennraum- ord.neten und im wesentlichen rotationskorperformi-

wandung eine weitgehend rauchfreie Verbrennung 40 gen Brennraum, in w.elchem sich gegen Ende des 
des Kraftstoffs in wenig bewegter Verbrennungsluft Verdichtungshubes nahezu das gesamte angesaugte. 
nur dann einwandfrei zu erreichen ist, wenn der auf Luftvolumen befindet, das vorher in eine heftige 
der Brennraumwand gelangte Kraftstoff sich von der Drehbewegung um die Brennraumachse versetzt 
A.:uftreffstelle nicht in kiihlere, sondem im Gegenteil wurde, und mit einer zu <liesem Brenmaum au.Ber-
m wiinnere Brennraumwandzonen ausbreitet, an 45 mittig angeordneten Einspritzdiise, die den Iuaft-
denen das Abdampfen des Kraftstoffs und damit stoff in mindestens zwei Kraftstoffstrahlen von ver-
seine Vorbereitung fiir die Verbrennung beschleunigt schiedener freier Lange im wesentlichen in Richtung 
wird. Bille derartige Verbesserung der Verbrennung der in den Brennraum einstromenden Verbrennungs-
wird auch bei der Brennkraftmascbine nach dem tuft an verschieden heiBe Wandstellen des Brenn-
Hauptpatent angestrebt. so raumes spritzt, von denen der kiirzeste Kraftstoff-

Nun ist die Temperatur der Brennraumwand im strahl mit einem kleinen Antell iiber den Rand der 
wesentlichen von der Richtung und Geschwincligkeit Brennraumwand gegen den Boden des Kolbens ge-
sowie von der Temperatur der an ihr vorbeistromen- spri.tzt wird, wab.rend der iibrige, weitaus gro.Bere 
den hei.Ben Verbrennungsgase sowie der wesentlich Tell dieses »Ziindstrahles« noch gegen den unmittel-
kilhleren Verbrennungsluft abhiingig, die in den 55 bar neben dem Rand befindlichen Tell der Brenn-
Brenmaum. ~omt; weiterbin spielt die Warm~ raumwand geri.chtet ist, nach dem Hauptpatent 
ableitung von der BreDDr3.umwand in das den Brenn- 1175 486, ist im wesentlichen dadurch gekennzeich-
raum umgebende Material des K.olbens eine Rolle. net, daB die Verbindungsoffnung vom Brennraum 
Sowobl die Richtung und me Geschwindigkeit der zum Zylinderraum am Kolbenboden von zwei gegen-
St:romung der Verbrennungsluft sowie der Verbren- 60 seitig symmetrisch zur Brennraum.achse versetzten 
nungsgase als auch die Warmeableitung von den Halbkreisbogen begrenzt ist, wobei die von den bei-
Brennraumwandungen lassen sich in gewissem Um- den Halbkreisbogen in den nach dem. Brennraum-
fang durch die Form.gebung des Brennraumes beein- boden zu gelegenen Brennraumunterteil fiihrenden 
flussen. Seitenwiinde des Brennraumes mit dem benachbarten 

Die ·stirkste Kiihlwirkung der in den Brennraum 65 Kolbenboden je einen Wmkel einscblieBen, der sich 
einstromenden Verbrennungsluft ergibt sich e.rfah- von em.em Wert gro.Ber ais 90° an den gegeniiber 
rungsgemaB dort, wo diese Luft mit hoher Geschwin- dem Brenmaum auBen liegenden Enden der Halb-
digkeit an der Brennraumwand entlangstromt, wo- kreisbogen im Drehsilm der kreisenden einstromen-
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den Verbrennungsluft stetig bis zu einem Wert klei- »Einspritzausnehmung« in Umfangsrichtung an-
ner als 90° an den in bezug auf den Brennraum schlieBenden Brennraumrandausschnittes fiir das Aus-
innenliegenden Enden der Halbkreisbogen verklei- stromen der Verbrennungsgase wird die Temperatur-
nert, und daB der Mantelanteil des Ztindstrabls den verteilung an der seitlichen Brennraumwand nicht 
Brennraumrand in dem im Sinne der Luftstromung 5 wesen.tlich beeinflu.8t. Eine Temperaturzunahme der 
noch etwas vor der Mitte liegenden Abschnitt eines Brennraumwand in demjenigen Bereich, °in den sich 
der Halbkreisbogen ilberspritzt, wahrend der Kraft- der aufgespritzte K.raftstofi ausbreiten kann und die 
staff des bzw. der wei.teren Kraftstofistrahlen etwa bei der erfindungsgemiiBen Brennkraftmaschine in 
unterhalb des mittleren Bereiches des Halbkreis- der Gro.Benordnung von etwa 50° liegt. UiBt sich mit 
bogens auf den oberen Teil der Brennraum-Seiten- 10 den bekannten Anordnungen von Bin- und Ausstro-
wand auftrifft. mungsausscbnitten am Brennraumrand keinesfalls er-

Durch die erfindungsgemaBe Ausbildung der zielen. 
Brennraumoffnung ergibt sich eine Einstromung der Es kommt noch hlnzu, daB bei alien Brennkraft-
Verbrennungsluft in den Brennraum, die entlang dem maschinen mit einseitigen Lufteinstromungsausschnit-
au.Senliegenden vorderen Teil der beiden Halbkreis- 15 ten am oberen Brennraumrand infolge der starken 
bogen annahemd parallel zu diesen Bogen verlauft einseitigen Einstromung die Achse des sich in dem 
und dort infolgedessen in an sich bekannter Weise Brennraum. ausbildenden starken Stromungswirbels 
eine Kiihlung der Brennraumwand bewirkt. wlibrend nach der dem Ausschnitt etwa gegeniiberliegenden 
die Luft zum weiter innenliegenden Ende jedes der Brennraumwand verschoben und damit die Wirbel-
Halbkreisbogen bin eine zunebmend groBere radiale 20 stromung unsymmetrisch wird, was eine Abnahme 
Einstromungskomponente erhalt, scblie6lich an den der Wirbelintensitiit zur Folge hat. Wenn noch ein 
inneren Enden der Halbkreisbogen etwa -radial nach »Ausstromungsausschnitt« fur die Verbrennungsgase 
inn.en in den Brennraum hineinstromt und sich dabei vorgesehen ist, wird die Wrrbelstromung zusatzlich 
dort sowie an der etwa radial nach au.Ben gerichteten gestort. 
Verbindungskante zum folgenden Halbkreisbogen 115 Bei der erfindungsgemii6en Brennraum.ausbildung 
unt-er Wirbelbildung von der oberen Kante der Brenn- bleibt die Wirbelachse in der Brennraummitte; da-
raumwand ablost. so daS an dieser gegeniiber dem durch wird • die bereits in der Bescbreibung des 
anschlieSenden zweiten Halbkreisbogen zum Brenn- Hauptpatents erwahnte Ziindung beim . Kaltstart 
rauminneren vorspringenden Stelle eine wesentlich durch einen feinzerstaubten Randanteil des langsten 
geringere Kiihlung der Brennraumwand erfolgt. 30 Kraftstoffstrahls in der zentralen »toten« Wrrbelzone 

Andererseits stromen aber die heIBen Verbren- hoher Verdichtungstemperatur begiinstigt, die stets 
nnngsgase, die beim Expansionshub in spiralig krei- dann - natiirlich mit entsprechender zeitlicher Ver-
sender, turbulenter Bewegung aus dem Brennraum zogerung - auftritt, wenn wegen. der niedrigen Tem-
austreten, an der in das Brennrauminnere hinein- peratur des Kolbens an der Oberspritzstelle des 
ragenden Verschneidungskante zwischen dem oberen as Zilndstrahls sich dort noch keine Zi.indung einstellL 
Teil der eingezogenen Brennraumwand und dem an- Mit der bereits erwahnten Anordnung der Ein-
scblie.Benden zweiten Halbkreisbogenausschnitt mit spritzdiise, die in der oberen Totpunktstellung des 
hoher Geschwindigkeit voroei, so da.B sie diesen.Be- Kolbens im Bereich des radial nach au.Ben vorsprin-
reich der Brennraumwand stark erhitzen, in dem die genden Endes eines Halbkreisbogens liegt, laBt sich 
Warmeableitung von der Verschneidungskante in das 40 beim Einspritzen des Kraftstoffes fur den Zilndstrahl 
Material des Kolbens geringer ist a1s an der Brenn- eine fiir die Erzielung einer ausreichenden Rand-
raumwand mit gleichmaBiger stetiger Kriimmung. In- ablosung geniigend gro.Be Strahllange erzielen, was 
folgedessen ergeben sich an der Brennraumwand fiir die Abspaltung des die Zilndung auslosenden 
unterhalb des in Stromungsrichtung der Luft hinteren Randanteils an der oberen Ausschnittkante und das 
Teiles jedes der beiden Ausscbnitte die angestrebten 45 Auftreffen des Zi.indstrablkerns auf einen kiihleren, 
hoherenBrennraumwandtemperaturen. Der unterhalb dicht unterbalb der Ausschnittkante gelegen~n Wand-
des oberen Br-ennraumrandes etwa im mittleren Be- teil des Brennraumes vorteilhaft ist. Die Auftreff-
reich eines der beiden balbkreisformigen Ausschnitte stellen des oder der langeren Kraftstoifstrahlen auf 
auf die Brennraumwand gelangende Kraftstoff kann die Brennraumwand konnen in an sich bekannter 
sich infolgedessen nur in zunebmend warmere Brenn- So Weise dnrch Olkiihlung, insbesondere Spritzolkilh-
raumwandbereiche ausbreiten; seine Verdampfung lung, von der Unterseite des Kolbens her gekiihlt 
wird dadurch beschleunigt und die Verbrennung er- werden; die Temperatur der Brennraumwandung im 
folgt unter giinstigen Verorennungsbedingungen. Bereich der Kraftstoffaufspritzung kann auch bei 

Bei bekannten Brennkraftmaschinen mit direkter stark wechselnder Belastung des Motors durch Re-
Krafteinspritzung und Verdichtungsziindung, bei 55 gelung der Olkiihlung innerhalb des fi.ic den jeweils 
denen der Kraftstoff ebenfalls durch eine von einem verwendeten Kraftstoff giinstigsten Temperatur-
Ausscbnitt des Brennraumrandes gebildete seitliche bereich gehalten werden. Fiir eine solche ortlich be-
Ausnehmung unterhalb des oberen Brennraumrandes grenzte Sprltzolkiiblung erweist es sich a1s vorteil-
auf die Brennraumwand aufgespritzt wird. ist die haft, wenn die die Brennraumachse und die beiden 
Einspritzrichtung des Kraftstoffs derart fl.acb zur 6o Mittelpunkte de:r gegeneinander versetzten Halb-
Brennraumwand, daB der Kraftstoff erst im binteren kreisbogen in sich aufnebmende Ebene mit der die 
Bereich des Ausschnittes unterhalb des Einschnii- Kolbenbolzenachse in sich aufnebmenden Axial-
rungsbereiches des Brennraumrandes auf die Brenn- ebene des Brennraumes einen von 90° abweichen-
raumwand gelangt. wo die seitliche Brennraumwand den Wmkel, voxzugsweise einen Wmkel von etwa 
etwa die hochste Temperatur hat; die an die Auf- 65 45°, einscblieBt. Bei einer solchen Gestaltung des 
spritzstellen anschlie6enden Brennraumwandbereiche Kolbens liegen die mittleren Bereiche der beiden 
haben keine hoheren Temperaturen als die Aufspritz- Ausschnittbalbkreisbogen stets so weit seitlich von 
stellen. Selbst durch Anordnung eines sich an die der Kolbenbolzenachse entfernt, daB die ihnen ent-
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sprechenden Stellen auf der Unterseite des Kolbens halb radialer Bbenen gelegte Tangenten gebildet, die 
durch das eingespritzte Kiiblol leicht erreicht werden zugleich durch den dortigen Pun1ct des oberen Brenn-
konnen. Die Olkiihlung kann verbessert werden, raumrandes verlaufen. Durch diese Konstruktion an-
wenn die Unterseite des· Kolbenbodens im. Bereich dert sich der zwischen der Seitenwand 1 und dem 
der Auftreffstellen der Kraftstoffstrablen auf die 5 Kolbenboden 2 auBerhalb des Brennraumes einge> •• 
B:rennraumwand mit Kuhirippen versehen wird, die schlossene Wmkel (1¥) von einem Wert«' gro.Ber als 
sich zwischen der Brenmaumwand und dem Kolben- 90° an den gegeniiber dem Brennraum au.Benliegen-
mantel im. Bereich der Verdichtungsringe vorteilhaft den Enden5, 5' der Halbkreisbogen3, 3' entlang den 
radial nach auBen erstrecken, wobei ein facherartiger Kreisbogen stetig bis Zl1 einem Wert cl' kleiner als 
Kiihlolstrahl von unten gegen die Kiihlrippen bzw. 10 90° an den in bezug auf den Brennraum. innenliegen-
die Kolbenunterseite in dem erwahnten Auftreff- den Encien bzw. Kanten 4, 4' der Halbkreis-
bereich des Ktaftstoffes gerichtet wini. bogen 3, 3'. • 
• :Pabei kann. durch die Ausfiihrung des Kolbens Wie aus Fig. 3 hervorgeht, ist die Anordnung der 
mit den Ktihlrippen· bei entsprechend tiefer Ausbil- Halbkreisbogen 3, 3' derart auf die kreisende Bewe-
dung der T~chen zwischen den Ktiblrippen Kolben-:- 15 • gang der einstromenden Verbrennungsluft abge-
material eingespart und das Kolbengewicht ohne Ge- stimmt, daB die Halbkreisbogen sich dem spiralfl>r-
fahr. fur die Festigkeit des ~olbenbodens verringert migen Verlauf der Binstromung bzw. dem V erlauf 
werden~ ~ besonders bei modem~ kmzhubigen der hierbei gebildeten Stromlinien 8 bestmoglich an-
13rennkraftmaschinen vorteilhaft ist, bei denen sich passen. Die Stromlinien 8 der - im. Zylinderraum 
~ Verhaltnis von Hub m -Bohrnng dem Wert 1 ao ·znnachst iiber dem Kolben kreisenden - Luft ver-
nfiliert. . • • laufen an den au.Beren Bnden 5, S' der beiden Hallr. 

: In der Zeichnung ist die Brfindung beispielsweise kreisbogen 3, 3' etwa entlang dem Kreisbogen lllld 
veranschaulicht; es zeigt damit auch entlang dem dortigen Tell der Seiten-

F i g. 1 einen er:findungsgema.8 gestalteten Brenn- wandung 1 des ~rennraumes, wabrend sie nach den 
rauµi in einem Llingsschi:tltt nach de~ Linie I-I der 25 jeweils anderen, innenliegenden Enden (Kan.ten 4, 4') 
Fig. 2, • der Kreisbogen bin eine zunehmende starker wer-

F i g. 2 denB:rennraum gemiiB Fig.1 in•einer An- dende Radialkomponente aufweisen und dem-
sicht von obe~ entsprechend zunehmend quer zu den Halbkreis-

Fig. 3 einen mit einem Brennraum gemii.B den bogen von au.Ben radial nach innen verlaufen. Da 
Fig. 1 und 2 versehenen und in einem Zylinder ein- so an diesen Stellen die Seitenwandung 1 vom oberen 
gebauten Kolben in em.er Ansicht von oben (diese Rand der Brennraumoffnung aus zugleich unter Bil-
Fignr veranschaulicht zugleich die kreisende Einstro- dung des spitzen Wmkels al' (vgl. Fig. 1) ausgeht, 
mung der Verbrennungsluft in den Brennraum), lost sich die dort in den Brennraum einstromende 

• Fig. 4 den Kolben gemaflFi g. 3 in einem Liings- Luftstromang am oberen Rand der Brennralllll-
schnitt nach det Liniem-m der Fig. S, ss o:ffnung ab. Die Temperaturen der Brennraumwan-

- Fig. 5 den Kolben gemaB Fig. 4 in einer Ansicht chµlg 1 liegen demnach an den au.Beren Enden 5, S' 
voil oben, aus der zugleich die Ausbildung der Unter- der Halbkreisbogen 3, 3' verhfiltnismaBig niedrig und. 
seite des K-0Ibenbodens zu erkennen ist. steigen entlang den Halbkreisbogen stetig zunehmend 

Der dem. dargestellten Ausfilhrungsbeispiel ent- bis auf einen wesentlich hoheren Wert an der Stelle 
. sprechende Brennraum filhrt mi~ls seiner Seiten- 40 der Kanten 4, 4' an. 

wandling 1 obne Hals.- oder eines sonstigen beson- Aus den Fi g. 4· und 5 ist die Lage der Einspritz-
ders abgesetzten Oberganges - unmittelbar bis zum diise 9 ersichtlich, die sich im. Bereich des iiu.Beren 
Kolbenboden 2. Der Brennraum selbst ist a1s Toroid Endes 5' des einen Halbkreisbogens 3' und - nach 
mit einer unteren zentralen Kuppe ausgebildet, dem Ausfiihrungsbeispiel - mit ihrer Diisenoffmmg 
konnte jedoch statt dessen auch (wie ~· in Fig. 1 45 innerhalb der durch die be~den Kreisbogen-Mittel-
gestrichelt angedeutet ist) die Form eines Ellipsoid~ punkte 6, 6' verlaufenden axialen Ebene des Brenn-
aufweisen. Die -0bere Offnung des Brenmaumes ist ra~es befindet. Die Binspritzdiise 9 kann im (nicht 
von zwei geg(?DSeitig symmetrisch zur Brennraum- dargestellten) Zylinderkopf der Brennkra:ftmaschine 
achse versetzten Halb~bogen 3, 3' begrenzt, de- in einer beliebigen Lage gehalten sein. Bei in seiner 
ren· am weitesten nach der :Mitte des Brennraumes 50 ober~ Totpunktlage befindlichem Kolben liegt die 
zu gelegene Enden Kanten 4, 4' bilden und deren am Diisen6:ffnung in unmittelbarer Nahe des dortigen 
weitesten auBerhalb der Mitte des Brennraumes ge- Randes der Brennraum.6:ffnung. wobei die Kraftstoff-
legene Enden S, s'· in einer veihaltnisma.Big scharfen strahlen I und II von der Duse 9 etwa in Umfangs-
Kriimmnng mit den jeweils benachbarten Kanten 4' richtung der Brennraumoffnung und zugleich etwa 
bzw. 4 .des anderen Halbkreisbogens verbunden sind. 55 in Stromungsrichtung der dort kreisend einstromen-
Die Mittelpunkte 6., 6' der beiden Halbkreisbogen3 den Verbrennungsluft ausgehen. Beide Kraftstoff-
und 3' sind gegeniiber der Liingsachse 7 des Brenn- strahlen I und II tre:fien mit ihren Strahlkemen in 
raumes gegeniiberliegend jeweils um die Exzentri- iiblicher Weise auf die Brennraumwand 1 knapp 

• •• e • • unterhalb des oberen Brennraumrandes auf, wobei 
zi.tat 2 versetzt, so daB s1ch em Gesamtabstand der 60 der Strahl II, der bereits nach einem kfuzeren Strahl-

. bei4en Mittelpunkte 6 und 6' von e ergiot. Der Ra- weg verhaltnismaBig steil gegen die Seitenwandung 1 
dius jedes Halbkreisbogens 3 bzw. 3' betragt bei dem auftrifft, mit einem sehr kleinen Antell iiber 4en 
Ausfiihrungsbeispiel lJ,s d h. di Hiilfte des .. Ste ~beren Rand der ~~offnung gel~ Der an-

2. • • e gro n dere Strahl {I) JDit wesentlich liingerer freier Strahl-
Durchmessers D11 des eigentlichen Brennraumes. 65 liinge trifit mit seinem Strahlkem etwa im mittleren 

• ~ Fig. 1 wird der vom oberen Rand des Bereich des dortigen Halbkreisbogens 3' unterhalb 
Brennraumes ausgehende Teil der Seitenwandung 1 des Brennraumrandes auf die dortige Seitm-
durch an den eigentlichen Brennraum jeweils inner- wandung. 
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9 
F i g. 5 zeigt weiterhin, daB die die beiden Mittel­

punkte 6, 6' in sich aufnebmende Axialebene des 
Brennraumes gegeniiher der die Kolbenbolzenachse 

10 

in sicll aufnehmenden Axialebene des Brennraumes 
bzw. Kolbens im Drebsinn der kreisend einstromen­
den Verbrennungsluft um einen Winkel {J von 45° 
versetzt ist. Durch diese Lage der die Mittel­
punkte 6, 6' der beiden Halbkreisbogen enthaltenden 
Axialebene gelangt der die Auftreffstellen der Kraft­
stoffstrahlen I, II enthaltende Teil der Seiten- 10 
wandung 1 des Brennramnes 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 i zwischen dem Brennraum und den is 
(ebenfalls nicht dargestellten) Verdichtungsringen ra­
dipl nach auBen gerichtete Rippen 11 angeordnet 
sind. Gegen diese Rippen 11, die - wie in Fi g. 4 
gestrichelt angedeutet ist ~ auch am gegenilberlie­
genden Tell der Kolbonbodenunterseite angebracht iao 

sein konnten, wird beim Betrieb der Brennkraft­
maschine ein fiicherformiger Kilhlolstrahl ll ge­
spritzt. Die Starke dieses Kiihlolstrahles lii.Bt sich 
durch eine auBerhalb des Kolbens befindliche (nicht 
dargestellte) Drosselvorrichtung, die z. B. aus einer f.i5 

in dem vom Olkreislauf der BrennkraftmflSchine ge­
trennten Kiihlolkreislauf befindlichen Drosselldappe 
einem Drosselventil oder einem Drosselschieber be­
stehen konnte, regeln, damit die gilnstigste Tempe­
ratur des Kolbenbodens 2 an den Auftreffstellen des 30 

Kraftstoffes auch wahrend des Betriebes leicht ein­
reguliert werden kann. 

nannte Durchmesser sein. Ebenso braucht der Win­
kel p zwischen der die beiden Mittelpunkte 6, 6' ent­
haltenden Axialebene u:od der die Kolbenbolzen­
achse enthaltenden Axialebene nicht gerade 45° zu 

s sein, obgleich ein solcher Winkel wegen der sich dar­
aus ergebenden gUnstigen Kiiblmoglichkeit fUr die 
Kolbenunterseite an d('r Auftreffstelle der Kraftstoff­
strahlen bevorzugt wird. Dagegen soil dieser Win-
kel f1 zumindest groBer ·ais O und kleiner als 90° sein. 

Die in Fi g. 4 gestrichelt angedeutete Anordnung 
der weiteren Kii~ppen verursacht bei entsprechend 
ausgefiihrten Kolben zwar eine gewisse Gewichtsver- 35 
mehrung, bringt demgegeniiber aber den Vorteil mit 
sich, daB heim Einbau des Kolbens nicht mehr dar­
auf geachtet werden muB, daB sich die Kiihlrippen 11 
auch tatsachlich an der Stelle der iiber dem Kolben 
befindlichen Einspritzdiise 9 befinden. 

Zu der erfindungsgemaBen Kolbenform ist noch 
zu bemerken, daB sich eine solche Brennraumform 
zu.r maschinellen Bearbeitung nicht eignet. Ander­
seits la.St sich aber bei dem heutigen Stande der 
GieBereitechnik ein geniigend genaues und sauberes 45 
GieBen des Kolbens mit dem erfindungsgemaBen 
Brennraum in einer Kokille ohne jede Schwierigkeit 
erzielen. Fiir einen solchen KokillenguB eignet sich 
die Brennraumform - trotz der Notwendigkeit 
zweier Kerne - recht gut, so daB solche im Kokillen- so 
guB hergestellten Kolben wesentlich billiger ausfallen 
als Kolben mit einem in bisher iiblicher Weise ma­
schinell bearbeiteten Brennraum. Sollten bei den im 
KokillenguS hergestellten Kolben kleine Uneben­
heiten an der Brennraumwandung im Bereich der 55 
Auftreffstellen des Kraftstoffes auftreten, so sind 
diese der einwandfreien Ausbreitung, Zerstliubung 
und Verdampfung des auftreffenden Kraftstoffes 
keineswegs abtriiglich, well sie die Zerstiiubung und 
Durchmischung des aufgespritzten Kmftstoffes mit 60 
der einstromenden Verbrennungsluft sogar be­
giinstigen. 

Die Erfindung ist nicht an die konstruktiven Ein­
zelheiten des Ausfiihrungsbeispieles gebunden. So 
braucht z. B. der Radius der Halbkreisbogen 3, 3' 65 
nicht genau dem groBten Halbmesser des Brenn­
raumes zu gleichen. Der Radius der Halbkreisbogen 
konnte vielmehr auch groBer oder kleiner als der ge-

Pate:Q.tansprUche: 

1. Brennktaftmaschine mit direktor Kraftstoff­
~pritzung 1.Uld Verdichtungsziindung, mit 
einem im Kolbenboden symmetrisch oder bei­
nabe symmetrisch znr Zylinderachse angeordne­
ten und im wesentlichen ratationskorperformigen 
Brennraum, in welchem sich gegen Ende des 
Verdichtungshubes nahezu das gesamte ange­
:.augte Luftvolum.en befindet, das vorher in eine 
beftige Drehbewegung 1lIQ. die BreJ)D.Jliumachse 
veisetzt wurde, und mit euier zu diescmi Brenn­
raum auBermittig angeordneten Einsprltzdiise, 
die den Kraftstoff in mindestens zwei Kraftstoff­
str&hlen von verschiedener freier Lange im we­
sentlichen in Richtung der in den Brennraum ein­
stromenden Verbrennnngsluft an verschieden 
hei.6e Wandstellen des Brennraumes spritzt, von 
denen der kiirzeste Kraftstoffstrahl mit einem 
kleinen Antell iiber den Rand der Brennrau.m­
wand gegen den Boden des Kolbens gespritzt 
wird, wahrend der iibrige, weitaus groBere Teil 
dieses »Ziindstrahles« noch gegen den unmittel­
bar neben dem Rand befindlichen Teil der Brenn­
raumwand gerichtet ist, nach Patent 1175 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 fiihrenden Seitenwande (1) des Brenn­
raumes mit dem benachbarten Kolhenboden je 
einen Wmkel (ix) einschlieBen, der sich von einem 
Wert(«') groBer als 90° an den gegeniiber dem 
Brennrau.m auBenliegenden Enden (S, 5') der 
Halbkreisbogen (3, 3') im Drehsinn der kreisend 
einstromenden 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 daB 
der Mantelanteil des Ziindstrahls (II) den Brenn­
raumrand in dem im Sinne der Lnftstromung 
noch etwas vor der Mitte liegenden Abscbnitt 
eines der Halbkreisbogen iiberspritzt, wahrend 
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 ii.u6eren Endes (5') eines (3') der beiden 
Halbkreisbogen (3, 3') befindet, und ihre Kraft­
stoffstrahlen (I, II) im wesentlichen nach dem 

609 5791170 
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11 
mittleren Bereich des Halbkreisbogens (3') ge­
richtet sind. 

3. Brennkraftmaschine nach Anspruch 1 
oder 2, dadu.rch gekennzeicbnet, daB die die 
BTennraumachse (7) und die Mittelpunkte ( 6, 6') s 
der beiden Halbkreisbogen (3, 3'} in sich aufneh­
mende Bbene mit der die Brennraumachse (7) 
und die Kolbenbolzenachse in sich aufnehmenden 
Ebene einen Winkel (p) gro.Ber als O und kleiner 
als 90° einscblieBt. ·10 

12 
kannte Ol)dihlung vom Kurbelraum der Brenn­
kraftmaschine her bestimm.t sind. 

6. Brennkraftmaschine nach Anspruch S, da­
durch gekennzeichnet, daJ3 die Kiihlrippen (11) 
sicb. zwischen dem Brennraumboden und dem 
Kolbenmantel im Bereich der Verdichtungsringe 
radial nach auBen erstrecken. 

7. Brennkraftmascbine· nach Anspru.ch 5 
oder 6, dadurch gekennzeichnet, daJ3 zur Olkiih­
lung der Unterseite des Kolbenbodens ein racher­
artiger Kiihlolstrahl dient und die Menge des 
Kiihlols regelbar ist. 

4. Brennkraftm.aschine nach Anspmch 3, da­
durch gekennzeichnet, daJ3 der Winkel (p) von 
der die Brennraumachse (7) und die Mittelpunkte 
(6. 6') der.beiden Halbkreisbogen (3, 3') aufneh-
menden Ebene aus, entgegen dem Drehsinn der is In Betracht gezogene Druckschriften: 
kreisend· einstromenden Verbrennungsluft ge- Deutsche Patentschrift Nr. 804 048; 
messe~ einen Wert von etwa 45° aufweist. deutsche Patentanmeldung K 16079 Ia/46a2 (be-

s. Brennkraftmascbine nach den Ansprlichen 3 kanntgemacht am 29. 9. 1955); 
und 4, dadurch gekennzeichnet, daB der Kolben- deutsche Auslegeschrift M 23017 1a/46c' (be-
boden (2) an seiner Unterseite znmindest im Be- 20 kanntgemacht am 9.5.1956); 
reich der Auftreffstelle der Kraftstoffstrahlen franzosische Patentscbriften Nr. 65 833, Zusatz zu 
(I. Il) auf die Brennraumwand (1) mit Kiihl- Nr. 1 067 634, 1127 202; 
rippen (11) versehen ist, die fiir eine an sich be- USA.-Patentschrift Nr. 2 762 347. 

Hierzu 1 Blatt Zeicbnungen 
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. Direct injection Diesel engine with combustion chamber in piston 

Patent number: DE19649052 
Publication date: 1998-05-28 
Inventor: VELJI AMIN DR ING (DE); DANCKERT BERND DIPL 

ING (DE); DONAUER GEORG (DE); DORNER 
WALTER (DE) 

Applicant: MOTOREN TURBINEN UNION (DE) 
Classification: 

- international: F02B23/06; F0283/06; F02F1/24; F02B23/02; 
F02B3/00; F02F1/24; (IPC1-7): F02B23/06; F02F3/28; 
F02M63/00 

- european: F02B23/06M 12; F02B23/06U6; F02B23/06W 
Application number: DE 19961049052 19961127 
Priority number(s): DE19961049052 19961127 

Abstract not available for DE19649052 
Abstract of corresponding document: EP0845589 
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. 

D 

Also published as: 

11! EP0845589 (A 1) 
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Prufungsantrag gem.§ 44 PatG ist gestellt 
@ Dieselmotor mit Oirekteinspritzung und einer Kolbenmulde 

® Bei einem Dieselmotor mit drallarmer luftverteilender 
Oirekteinspritzung Ober ein Druckspeichereinspritzsy­
stem (Common-Rail) in einen flachen Brennraum (11) ist 
im Kolbenboden (21) eine Kolbenmulde (18) vorgesehen, 
die vom Muldengrund (24) aus zur Planflache (26) des 
Kolbenbodens 121) hin divergent ausgebildet ist und de­
ren kreisformige Eintrittsoffnungsflache (40} einen Ourch­
messer (DM) aufweist, der mindestens dem 0,8fachen des 
Kolbendurchmessers (DK) entspricht. Am Muldenrand ist 
eine zur Kolbenmulde (18} koaxial angeordnete Diffusor­
ausnehmung (27} vorgesehen, die ausgehend von einem 
im Abstand (28) unterhalb der Planflache (26) des Kolben• 
bodens (21) ausgebildeten, abgerundeten Obergang (9) 
der Umfangswand (25) mit zunehmendem Muldendurch­
messer (DM} zur Planflache (261 des Kolbenbodens (211 
hin ansteigt. Der dadurch minimierte Anteil nicht zur Ge­
mischbildung nutzbarer Brennraumbereiche, wie zum 
Beispiel der Ouetschspalt- und der Ventiltaschenanteil so­
wie wanige scharfe Kanten im Obergangsbereich zwi-
schen Ouetschspalt und Brennraumrnulde bewirken eine 
Ladungsberuhigung, durch die Ober das Druckspeicher-
einspritzsystem eine weitgehend kennfeldunabhangige 
Steuerung der Hochdruckeinspritzung zur Darstellung ei-
nes Brennverlaufs mit erheblich reduziertem Schadstoff-
ausstor.. bei unverandert hohem Wirkungsgrad des Die-
selmotors erreicht wird . 

21 

D 
40 
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Beschreibung 

Die Erfindung betriffi einen Dieselmolor mil drallanner 
luflverteilender Direkteinspritzung und einem flach ausge­
bildeten Brennraum gemaB dem Oberbegriff des Patentan­
spruchs l. 

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

Der Erfindung liegt die Aufgabe zugrunde, einen gat­
tungsgemaBen Dieselmotor derart weiterzubilden, daB eine 
zusatzliche Reduzierung der Schadstoffemissionen, insbe­
sondere Partikel- und Stickoxidemission, durch weitere Ver­
besserung der Gemischbildung bei Brennverfahren mit vor­
wiegender Luflverteilung, unter Beibehalten eines hohen 
Wrrkungsgrades erreicht wird. 

ErfindungsgemaB wird diese Aufgabe durch die Gesamt­
heit der Merkmale des Anspruchs 1 gelost. Vorteilhafle Wei­

. terbildungen der Erfindung sind durch die Unteranspriiche 
gekennzeichnel. 

Dabei bestehen die mit der erfindungsgemaBen Ausge­
staltung der weiten divergenten Kolbenmulde bei einem 
Dieselmotor mit einem Kraftstoffversorgungssystem hoher 
hydraulischer Leistungsfiihigkeit erzielten Vorteile in einer 
deutlich verbesserten Luflerfassung 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 Planflache des Kolbenbodens bin 
divergenten Kolbenmulde mit der am Kolbenrand ausgebil­
deten Diffusorausnehmung wird der Anleil bisher nicht zur 
drallarmen Gemischbildung nutzbarer Brennraumbereiche 
minimiert. Die Kolbenmulde isl dadurch an die Lage und 
Konlur der sich bei den jeweils vorherrschenden Einsprilz­
bedingungen durch das Kraftstoffeinspritzsystem und die 
Einspritzmimik bei Vollast gebildeten Einspritzstrahlkegel 
mit groBen Strahllangen in einer Weise angepaBt, die ein di­
rektes Benetzen der Kolbenmulde verhindert. Ober diese er­
findungsgemaB geschaffenen groBen freien Strahllangen 
durchdringen die hochenergetischen Einspritzstrahlen den 
Brennraum. Mit zunehmender Strahlausbreitung entziindet 
sich der fein zerstaubte Kraftstoffnebel, wobei die diver­
gente Muldenform und speziell die mit zunehmendem 
Durchmesser ansteigende Diffusorausnehmung die Flam­
menausbreitung in radial auBen liegende Brennraumberei­
che bei Annaherung des Kolbens an die obere Totpunktstel-

lung und wahrend der Kolbenabwartsbewegung im Expan­
sionstakt begiinstigt. 

Die Aufweitung des Muldendurchmessers an der Kolben­
muldeneintriftsflache auf mindestens das 0,8-fache des Kol-

5 bendurchmessers tragt neben der verbesserten Lufterfas­
sung zu einer bedeutenden Reduzierung des stromungsme­
chanischen Einflusses der Kolbenhubbewegung auf die Ge­
mischbildung bei. Durch den darnit auf maximal das 0,2-fa­
che des Kolbendurchmessers festgelegten sogenannten Kol-

IO bensteg ist der verbleibende Planflachenanteil des Kolben­
bodens auf ein bedeutungsloses MaB reduziert. Der im ver­
bleibenden Minimalquetschspalt zwischen dem Kolbensteg 
und dem Zylinderkopfboden wahrend der Aufwartsbewe­
gung des Kolbens erzeugte, zur Kolbenmuldenmitte orien-

15 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 Flarnmausbreitung bedingt 
<lurch ein Abbremsen der Strahlen in radialer Rich tung, was 

20 zu einer ortlichen Kraftstoffanhaufung und erhohtem Parti­
kelaussto.B fiihrt, wird verrnieden. 

Der vom Rest-Quetschspalt ausgehende Stromungsim­
puls wird ferner iiber die radiale Strecke der zur Mulde hin 
abfallenden Diffusorausnehmung und im Zusammenwirken 

25 mit einem stromungsgiinstig gewahlten Radius des Ober­
gangs zur Umfangswand der Kolbenmulde soweit abgebaut, 
daB die bisher im Bereich des scharftkantigen Randes einer 
herkommlichen Kolbenmulde in der Vertikalebene gebilde­
ten Wirbelgebiete bedeutend reduziert werden. Deshalb 

30 zeichnet sich die erfindungsgemaBe Kolbenmulde durch 
schwache wandnahe Wrrbelgebiete 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 

35 ein Ansteigen des RuBpartikelausstoBes verhindem. 
SchlieBlich bietet die erfindungsgemaBe Gestalt der Kol­

benmulde neben dem Abbau von durch die Kolbenbodenge­
staltung bedingten Ladungsturbulenzen den Vorteil einer 
iiber den K.ompressionstakt und die gesamte Dauer der 

40 Kraftstoffeinspritzung gleichformigen Drehbewegung der 
Zylinderladung in der Kolbenmulde. Insbesondere findet 
auch bei Annaherung des Kolbens an seine obere Totpunkt­
stellung keine Dralliiberhohung statt. Vielmehr stellt sich in 
der Mulde iiber die gesamte Einspritzdauer eine geordnete 

45 Luflbewegung mit konstanter Winkelgeschwindigkeit ein, 
die in Form einer Festkorper-Drehstromung jeweils den ge­
samten Brennraumsektor zwischen benachbarten Einspritz­
strahlen Uberstreicht und so ein Ineinanderwehen der Ein­
spri tzstrahlen verhindert. 

so Eine zusatzliche Beruhigung der Zylinderladung schafft 
die erfindungsgemaBe Gestaltung der Kolbenmulde bei Die­
selmotoren mit im Kolbenboden ausgebildeten Ventilta­
schen. Durch die divergente Umfangswand und die Diffu­
sorausnehmung der aufgeweiteten Kolbenmulde verbleiben 

55 lediglich segmentrdrrnige Ventiltaschenanteile im au.Beren 
Rand des Kolbenbodens. Diese bilden in Abhangigkeit der 
Tiefe der Diffusorausnehmung bzw. von dem Abstand des 
Obergangs von der Umfangswand in die Diffusorausneh­
mung zur Planflache des Kolbens sowie deren Neigungsver-

60 lauf deutlich weniger Verschneidungskanten und Flachen­
anteile aus als herkommliche Kolbenmulden. Dadurch wer­
den der einstromenden Ladeluft bedeutend weniger Turbu­
lenzen aufgepragt, die als wandnahe Wirbelgebiete im Be­
reich dieser Kanten zu lokalen Kraftstolfanhaufungen fiih-

65 ren und die dann unter erhohter RuB- und Hitzeentwicklung 
verbrennen. 

Ferner schaffen die auf kleinere Muldensektoren redu­
zierten Ventiltaschenanteile der erfindungsgema.Ben Mui-
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dengestalt giinstige Voraussetzungen fiir 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 Strahlzerstaubungsgiite erzielt werden. 

Bei einer bevorzugten Ausfiihrungsforrn der Kolben­
mulde ist der Obergang der Umfangswand in die Diffusor­
ausnehmung in einem Abstand zur Planflache des Kolben­
bodens ausgebildet, der der erforderlichen Tiefe der Ventil­
taschen entspricht. Die segrnentf'ormigen Ventiltaschen ge­
hen dabei harmonisch in den Radius des Obergangs 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 
Oberbeanspruchung werden vermieden. 

Durch das von der Kolbenbewegung bzw. Kolbenstellung 
weitgehend unabhangige neutrale Verhalten der erfindungs­
gema.Ben Kolbenmulde auf die Stromungsverhfiltnisse der 
Zylinderladung im Brennraum wird bei dem drallarrnen 
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 rnit der erfindungsge­
ma.Ben Kolbenmulde eine NOx-optimierte Einspritzmen­
genmodulierung dargestellt werden, wahrend eine optimale 
Diesel-Gemischbildung durch den unabhangig von der Mo­
tordrehzahl im Druckspeicher kontinuierlich verfiigbaren 
Einspritzdruck unter Ausnutzung der kinetischen Energie 
der Einspritzstrahlen sichergestellt ist. 

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

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

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

Fig. 3, eine Schnittansicht des Kolbenbodens entlang des 
Schnittverlaufs ill-ill 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 zentriscb 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 5 Uber eine Kraftstoffieitung 7 unter hohem Druck 
in einen Druckspeicher 17 (Common-Rail) Fordert, der iiber 
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, 
unabhangig 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. Altemativ 
zu dem Drnckspeicher-Einspritzsystem k6nnen auch andere 
Hochdruck-Einspritzsysteme mit ausreichender hydrauli­
scher Leistungsfiihigkeit, wie z. B. ein Pumpe-Diise-Ein­
spritzsystem, zur Dieselgernischbildung verwendet werden. 

Wahrend der Einspritzphase, bei geoffnetem ZumeBven­
til 9, wird bei dem dargestellten Ausfiihrungsbeispiel der 
Kraftstoff tiber acht Einspritzbohrungen 23 des Einspritz-

ventils 10 im wesentlichen radial und unter einem Sprit­
zwinkel o von 150° bis 170°, bier 160°, in den Brennraum 
11 abgespritzt. Die Einspritzbohrungen 23 haben einen 
Durchmesser von 0,32 mm und bilden einen Strahloff-

5 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 Eintrittsoffnung 40 aus, deren Durch-

10 messer DM das 0,8-fache des Kolbendurchmessers DK be­
tragt. Umfangswand 25 und Muldengrund 24 der Kolben­
mulde 18 sind an die <lurch den Spritzwinkel O vorgegebene 
Lage und die Kontur 33 der bei maximaler Leistung des Ein­
spritzsystems ausgebildeten Strahlkegel 20 derart angepaBt, 

15 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 kegelf'ormig ausgebildet und steigt unter 
einem Neigungswinkel y von 11 ° zur Kolbenrnitte hin an. 

20 Radial nach auBen geht der Muldengrund 24 im Bereich 
zwischen der rnaximalen 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 Obergangsbereichs 

25 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 Abhangigkeit der hydraulischen Leistungsfii­
higkeit des Einspritzsystems <lurch Simulation aus den em-

30 pirischen Formeln von Hiroyasu/Arai ergeben. Bei dem hier 
dargestellten Ausfiihrungsbeispiel entspricht dies im Ober­
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 

35 einem Einspritzdruck von 1200 bar und einem Verdich­
tungsverhaltnis von E = 14. 

Die Urnfangswand 25 ist konisch ausgebildet und weist 
einen Neigungswinkel a von etwa 15° bis 45° auf. In einem 
Abstand 28 unterhalb der Planflache 26 des Kolbenbodens 

40 21 geht die Umfangswand 25 in eine Diffusorausnehmung 
27 Uber. Der Abstand 28 ist bier gleich der Tiefe 38 der wei­
ter unten beschriebenen Ventiltaschen 37 gewahlt. Grund­
satzlich kann er je nach Ausbildung des Einspritzsystems, 
bzw. der <lurch obiges Simulationsmodell ermittelten Strahl-

45 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 kreisfdr­
mig und koaxial zur Kolbenmulde 18 als konische Ausdre-

50 hung dargestellt. Sie schlieBt rnit dem ebenen Zylinderkopf­
boden 3 einen Winkel J3 im Bereich von etwa 10° bis 30° 
ein. Die Ausbildung der Diffusorausnehmung 27 ist nicht 
auf die konische Ausdrehung beschrankt; vielmehr kann an­
stelle des linearen Anstiegs unter einem Winkel JJ jeder ste-

55 tige Verlauf mit positiver Steigerung zur Planflache 26 des 
Kolbenbodens 21 hin vorgesehen sein. Wesentlich dabei ist 
allerdings, daB der Obergang 29 von der Umfangswand 25 
auf die Diffusorausnehmung 27 abgerundet ist, wobei der 
den Obergang bildende Radius JS so gewahlt ist, daB sich 

60 die in der Kolbenmulde 18 einstellende Festk6rper-Dreh­
stromung der Zylinderladung nicht von der Wand ablost. 
Bei dem Ausfiihrungsbeispiel wird dies mit einem Radius 
35 von 4 mm erreicht der grundsatzlich zwischen 4 mm und 
15 mm variieren kann. Die Diffusorausnehmung 27 geht 

65 iiber einen Radius 34 in die Planflache 26 des Kolbenbodens 
21 iiber. Dieser Radius 34 betragt zwischen 2 mm und 
4mm. 

Wie Fig. 2 zeigt, sind vier Ventiltaschen 30 symmetrisch 
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35 Radius 
36 Gaswechselventil 
37 Ventiltaschen-Ausnehmung 
38 Tiefe Ventiltasche 

verteilt im Bereich der erfindungsgemii8en Diffusorausneh­
mung 27 und der verbleibenden ringformigen Planfliiche 26 
ausgebildet, die aufgrund der erfindungsgemaBen Aufwei­
tung und Gestaltung der Kolbenmulde 18 lediglich noch 
segmentformige Grundflachen im Kolbenboden 21 anneh­
men. Die Tiefe 38 und GroBe der Ventiltaschen 37 ist kon­
struktiv durch den erforderlichen Hub der Gaswechselven-

5 39 Obergangsbereich 
40 Eintrittsoffnung 
41 Durchbruch 

tile und die Spallbreile zwischen Kolbensteg 44 und dem 
Zylinderkopfboden 3 in oberer Totpunktstellung des Kol­
hens bestimmt. Die Ventiltaschen 37 bilden zusammen mit 10 

dem verbleibenden Kolbensteg 44 Verschneidungskanlen 
43 sowie dadurch feslgelegle Schnitlflachen 45 aus, deren 
Verlauf und Lange durch die Gestaltung der Diffusoraus­
nehmung 27 bestimml sind. Bei dem dargestellten Ausfiih­
rungsbeispiel isl der Abstand 28 des Obergangs 29 zur Plan- 15 
fliiche 26 des Kolbenbodens 21 gleich groB gewahlt, wie die 
Tiefe 38 der Ventiltaschenausnehrnung 27. Dadurch ~~hen 
die Ventiltaschen 37 harmonisch in den abgerundeten Uber­
gang 29 Uber, was im Hinblick auf oben beschriebene Stro­
mungsmechanik und thermische Beanspruchung Vorteile 20 

bietet 
Durchbriiche 41 im Kolbensteg 44 erhohen die mechani­

sche und thermische Standfestigkeit des Kolbenbodens 21 
in Bereichen wo die Ventiltaschen 37 zu einer ausgepragten 
Schwachung der Kolbenstegdicke fiihren. Die Durchbriiche 25 
41 bilden in Umfangsrichtung Anfasungen 42 aus, um einer­
seits die thermische Standfestigkeil des Kolbenstegs 44 zu 
gewahrleisten andererseits dee einstromenden Ladeluft 
moglichsl geringen Stromungswiderstand zu bieten. Aus 
gleichen Grunden sind auch siimtliche verbleibenden Kan- 30 
ten und/oder Stufen abgerundet. 

Bezugszeichenliste 

1 Kolben 
2 Zylinder 
3 Zylinderkopfboden 
4 Einsprilzvorrichtung 
5 Kraftstofftank 
6 Kraftstoffpumpe 
7 Kraftstoffleitung 
8 Einspritzleitung 
9 Zume8ventil 
10 Einspritzventil 
11 Brennraum 
12 Einspritzstauleitung 
13Eingang 
14Eingang 
15 Ansteuerleitung 
16 Signalleitung 
17 Druckspeicher 
18 Kolbenmulde 
19 Einspritzstrahl 
20 Strahlkegel 
21 Kolbenboden 
22 Gaswechselventil 
23 Einspritzbohrung 
24 Muldengrund 
25 Umfangswand 
26 Planflache 
27 Diffusorausnehmung 
28Abstand 
29Obergang 
30 Muldentiefe 
31 Abstand 
32 Strahlachsen 
33 Konlur 
34Radius 

35 

40 

45 

50 

55 

60 

65 

42 Anfasung 
43 Verschneidungskante 
44 Kolbenstellung 
45 Schnittflache 
a Winkel,Umfangswand 
Ji Wmkel, Diffusorausnehmung 
"( Winkel, Muldengrund 
o Spritzwinkel 
e Strahloffnungswinkel 

Patentanspriiche 

1. Dieselrnotor mil drallanner luflverteilender Direkl­
einspritzung und mil einem flach ausgebildeten Brenn­
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) mil einer Umfangswand (25) 
und einem Muldengrund (24) vorgesehen ist, sowie ei­
ner zentrisch zur Kolbenmulde (18) angeordneten, von 
einer Kraftstoffpumpe (6), insbesondere Uber einen 
Druckspeicher (17), unter hohem Druck mit Kraftstoff 
versorgten Einspritzvorrichtung (4), <lurch deren Ein­
spritzoffnungsgeometrie (23) Kraftstotf in mehreren 
Strahlkegeln (20) im wesentlichen radial abgespritzt 
wird, wobei die Strahlachsen (32) der Strahlkegel (20) 
die Kolbenmulde (18) etwa in einer Schniuebene un­
terhalb der Planflache (26) des Kolbenbodens tretfen, 
dadurch gekennzeichnet, da8 der Kolbenboden (21) 
eine vom Muldengrund (24) aus zur Planfliiche (26) 
des Kolbenbodens bin divergent verlaufende Kolben­
mulde (18) ausbildet, deren Durchmesser (DM) minde­
stens dem 0,8-fachen des Kolbendurchmesser (DM) 
entsprichl, wobei am Muldenrand eine zur Kolben­
mulde (18) koaxial angeordnete, kreisringrormige Dif­
fusorausnehmung (27) vorgesehen ist, die ausgehend 
von einem im Abstand (28) unterhalb dee Planfliiche 
(26) des Kolbenbodens (21) ausgebildeten abgerunde­
ten Obergang (29) der Umfangswand (25) mit zuneh­
mendem Muldendurchmesser (DM) zur Planfliiche 
(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) dee Strahlkegel (20) bei ma­
ximaler Leistung des Einspritzsystems angepa8t ist, 
da8 in der oberen Totpunktlage des Kolbens (1) ein Be­
netzen der Kolbenmulde (18) mit Kraftstoff vermieden 
wird, wobei mindeslens die Umfangswand (25) der 
Kolbenmulde (18) im Bereich zwischen dee maximalen 
Muldentiefe (30) und dem Abstand (31) der Schnitt­
ebene der Stahlachsen (32) an die Kontur (33) der Ein­
spritzkegel (20) angepaBt ist. 
3. Dieselmotor nach Anspruch 1, dadurch gekenn­
zeichnet, daB der den Obergang (29) von der Umfangs­
wand (25) der Kolbenmulde (18) auf die Diffusoraus­
nehmung (27) bildende Radius (35) einen Wert im Be­
reich von 4 mm bis 15 mm betragt. 
4. Dieselmotor nach Anspruch 1, dadurch gekenn­
zeichnet, da8 die Kolbenmulde (18) eine konische Um­
fangswand (25) aufweist, die mit einem Neigungswin­
kel (a) von etwa 15 bis 45°. 
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5. 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. 5 
6. Dieselmotor nach Anspruch 1, dadurch gekenn­
zeichnet, daB die Diffusorausnehmung (27) in einem 
Radius (34) von 2 mm bis 4 mm in die Planflache (26) 
des Kolbenbodens tibergeht. 
7. Dieselrnotor nach Anspruch 1, dadurch gekenn- 10 

zeichnet, daB der Abstand (28) des Obergangs (29) un­
terhalb der Planflache (26) des Kolbenbodens kleiner 
oder gleich dem Abstand (31) der Schnittebene der 
Strahlachsen (32) der Strahlkegel (20) und der Kolben-
mulde (18) ist. 15 
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 daB der 
durch einen Radius (35) gebildete Obergang (29) der 20 

Kolbenrnuldenurnfangswand (25) in die Diffusoraus­
nehmung (27) in einem Abstand (28) zur Planflache 
(26) des Kolbenbodens (21) ausgebildet ist, der gleich 
oder groBer der Tiefe (38) der Ventiltaschen-Ausneh-
rnung (37) ist. 25 

9. Dieselmotor nach Anspruch 1, dadurch gekenn­
zeichnet, daB die Einspritzoffnungsgeornetrie der Ein­
spritzvorrichtung (4) einen Spritzwinkel (0) von 150 
bis 170° aufweist. 
10. Dieselrnotor nach Anspruch 1, dadurch gekenn- 30 

zeichnet, daB die Einspritzoffnungsgeornetrie der Ein­
spritzvorrichtung (4) als Neun-Lochdiise ausgebildet 
ist. 
11. Dieselrnotor nach einem oder rnehreren der An­
spriiche 1 bis 10, dadurch gekennzeichnet, daB ein 35 
Druckspeicher-Einspritzsystem mit elektronischer Ein­
spritzsteuerung vorgesehen ist. 

Hierzu 2 Seite(n) Zeichnungen 
40 

45 

50 

55 

60 

65 

8 
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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 

ausftihrt, nach der im Oberbegriff von Anspruch 1 naher defi­

nierten Art. 

Eine gattungsgema.Be 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 

Einspritz~inkel angepasst. 

Bei einer in der DE 196 49 052 Al beschriebenen Brennkraftma­

schine ist ebenfalls eine besondere Form der Kolbenmulde vor­

gesehen, um eine zusatzliche Reduzierung der von der Brenn­
kraftmaschine ausgesto.Benen Schadstoffe zu erreichen. 

Wenn beim Betrieb einer Brennkraftmaschine, insbesondere ei­

ner Dieselbrennkraftmaschine, eine frtihe Homogenisierung in­

nerhalb des Brennraums erreicht werden sell, so mtissen Ein­

spritzzeitpunkte von ca. 130 bis 30° vor dem oberen Totpunkt 

des Kolbens gewahlt 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 zu verhindern, sollte ein moglichst steiler 

Einspritzwinkel an der Einspritzdtise gewahlt werden, um eine 
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moglichst groBe freie Strahllange zu gewahrleisten. Dies er­

fordert auch, dass die Form der Kolbenmulde an diese Ein­

spri tzung angepasst ist, wie dies beispielsweise bei der US 

2002/0117146 Alder Fall ist. 

Da es jedoch nicht moglich ist, die Brennkraftmaschine tiber 

ihr gesamtes Kennfeld mit einem homogenen Brennverfahren zu 
betreiben, muss die Kolbenmulde sowohl fur die homogene als 

auch ftir die konventionelle Gemischbildung konzipiert sein. 

Dies ist bei bekannten Losungen nicht problemlos rnoglich. 

Es ist daher Aufgabe der vorliegenden Erfindung, eine direkt­

einspritzende Brennkraftrnaschine zu schaffen, bei welcher die 

Form der Kolbenmulde so ausgebildet ist, dass die Brennkraft­
maschine sowohl mit einern hornogenen als auch mit einem kon­

ventionellen Brennverfahren betrieben werden kann. 

Erfindungsgema.B wird diese Aufgabe durch die in Anspruch 1 

genannten Merkmale gelost. 

Die erfindungsgemaBe Losung stellt sicher, dass der Ein­

spritzstrahl stets so auf der Kolbenmulde auftrifft, dass 

sich der eingespritzte Kraftstoff optimal rnit der in dem 

Brennraum sich befindlichen Luft vermischen kann, und zwar 

unabhangig vom Zeitpunkt der Einspritzung. Insbesondere die 

Tatsache, dass ein zurn spatest moglichen Zeitpunkt einge­

spritzter Einspritzstrahl stets auf die sich an die Erhebung 

anschlieBende Flache 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 erhohte Schwarzrauchbil­
dung nach sich ziehen wtirde. 

Auf diese Weise ergibt sich eine Brennkraftmaschine, welche 

problernlos sowohl rnit einem homogenen als auch mit einem kon­

ventionellen Brennverfahren betrieben werden kann. 
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Vorteilhafte Ausgestal tungen der Erfindung ergeben sich aus 

den Unteransprtichen. Nachfolgend ist ein Ausftihrungsbeispiel 

der Erfindung anhand der Zeichnung prinziprnaBig dargestellt. 

Dabei zeigen: 

Fig. 1 eine erfindungsgernaBe Brennkraftrnaschine rnit einern in 

einern Brennraurn derselben oszillierenden Kolben und 

rnit einern auf einer Kolbenrnulde des Kolbens auftref­

fenden Einspritzstrahl; 

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

in einern ersten Bereich; 

Fig. 3 die Gestaltung der Kolbenrnulde des Kolbens aus Fig. 1 

in einern zweiten Bereich; 

Fig. 4 die Gestaltung der Kolbenrnulde des Kolbens aus Fig. 1 

in einern dritten Bereich; 

Fig. 5 die Ablenkung des eingespritzten Kraftstoffstrahls in 

dern in Fig. 4 dargestellten Bereich der Kolbenrnulde; 

Fig. 6 die Gestaltung der Kolbenrnulde des Kolbens aus Fig. 1 

in einern vierten Bereich; 

Fig. 7 die Lufterfassung in einern sechsten Bereich der Kol­

benrnulde; 

Fig. 8 eine erste Ausftihrungsforrn eines ftinften Bereichs ei­

nes Kolbens aus Fig. l; 

Fig. 9 eine zweite Ausfuhrungsforrn eines ftinften Bereichs 

eines Kolbens aus Fig. l; und 

Fig. 10 eine dritte Ausfuhrungsforrn eines funften Bereichs 

eines Kolbens aus Fig. 1. 
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Fig. 1 zeigt eine Brennkraftrnaschine 1, welche ein Kurbelge­

hause 2 und einen Zylinderkopf 3 aufweist. Innerhalb des Kur­

belgehauses 2 der Brennkraftrnaschine 1 befindet sich wenigs­

tens ein Zylinder 4, welcher einen Brennraurn 5 aufweist und 

in welchern ein Kolben 6 in an sich bekannter Weise eine Os­

zillationsbewegung ausflihrt. In dern Zylinderkopf 3 ist eine 

Einspritzdlise 7 angeordnet, welche rnehrere Einspritzoffnungen 

8 aufweist, aus denen ein Einspritzstrahl 9 austritt. Der 

Offnungswinkel a des Einspritzstrahls 9 ist irn vorliegenden 

Fall relativ steil und liegt in einern Bereich zwischen 50° 
und 120°. Auf diese Weise wird also Kraftstoff direkt in den 

Brennraurn 5 eingespritzt, sodass es sich urn eine direkt ein­

spritzende Brennkraftmaschine 1 handelt. 

In Fig. 1 sind zwei unterschiedliche Einspritzstrahlen abge­

bildet, namlich 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 spatest moglichen Einspritzzeitpunkt ergibt .. 

Die Einspri tzstrahlen 9a und 9b sind j eweils lediglich als 

Achsen eines sich innerhalb des Brennraurnes 5 verteilenden 

Einspritzkegels dargestellt. 

Der Kolben 6 weist an seiner dem Zylinderkopf 3 zugewandten 

Seite eine Kolbenrnulde 10 auf. In den nachfolgenden Figuren 

wird die Kontur der Kolbenmulde 10 sowie deren Anpassung an 

die Einspritzstrahlen 9 naher erlautert, wobei in den einzel­

nen Figuren aus Ubersichtlichkeitsgrlinden jeweils nur dieje­

nigen Bezugszeichen angegeben sind, die flir die Beschreibung 

der jeweiligen Figur relevant sind. Die Kolbenrnulde 10 ist 

bei allen Figuren identisch. 

Wie in Fig. 2 erkennbar ist, weist die Kolbenrnulde 10 in ih­

rern zentralen Bereich eine sich in Richtung des Zylinderkop­

fes 3 erstreckende Erhebung 11 auf. Die Erhebung 11 weist 

hierbei einen Winkel P gegenliber der Achse des Kolbens auf, 
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der kleiner als der halbe Einspritzwinkel a ist, so dass der 

au.Berste Rand des hier als Mi ttelachse dargestell ten Ein­

spri tzstrahls 9a nicht mit der Erhebung 11 in Bertihrung 

kornmt. 

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 tiber einen Radius 14 derart verbunden ist, dass der zum 

frtihest moglichen 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 moglichst gut mit 

der sich in dem Brennraum 5 befindlichen Luft zu vermischen. 

Durch den oben beschriebenen steileren Winkel p der Erhebung 

11 im Vergleich mit dem Einspritzwinkel a ist in dem Bereich 

von dem Auftreffpunkt 15 des Einspritzstrahls 9a auf der Fla­

che 13 zu der Erhebung 11 noch gentigend 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 groBer 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 

ruckstromenden Kraftstoffs vermieden wird. 

In Fig. 4 ist zu erkennen, dass die sich in Richtung des Mul­

denrandes 12 an die Erhebung 11 anschlieBende Flache 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 tiber 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 berei ts 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 anschlie.Bende Flache 13 
gekrummt auszufuhren. 

In Fig. 5 ist anhand von Pfeilen 18 und 19 dargestellt, dass 

auf diese Weise wahrend der gesamten Kraftstoffeinspritzung 

ein geringerer Anteil des Einspritzstrahls 9 in Richtung der 

Erhebung 11 und ein gro.Berer 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 Einspritzduse 7 sollte so 

gewahlt werden, dass der Einspritzstrahl 9 eine ausreichend 
freie Strahllange und somit eine optimale Strahlgeschwindig­

keit und den optimalen Impuls erreichen kann. Je nach Anzahl 

der Einspritzoffnungen 8 der Einspritzduse 7 ist eine Inter­

aktion des an der Kolbenmulde 10 abgelenkten Kraftstoffs zwi­
schen zwei Einspritzstrahlen 9 moglich, was zusatzlich zur 

Lufterfassung in dem Brennraum 5 bei tragt. Zusatzlich kann 
die Aufteilung des Kraftstoffs auch durch Drall unterstutzt 

werden. 

In Fig. 6 ist der zum spa test mag lichen Zei tpunkt einge­

spri tzte Einspritzstrahl 9b dargestellt. Dabei ist erkennbar, 
dass die Flache 13 eine derartige Erstreckung in Richtung des 
Muldenrandes 12 aufweist, dass der zum spa.test moglichen 
Zeitpunkt eingespritzte Einspritzstrahl 9b auf die Flache 13 

auftrifft. Auch in diesem Bereich ist die Flache 13 derart 

ausgefuhrt, dass der Einspritzstrahl 9b sich sowohl in Rich­

tung der Erhebung 11 als auch in Richtung des Muldenrandes 12 

verteil t. Die sich in Richtung der Erhebung 11 verteilende 
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Kraftstoffrnenge ist rnit eine Pfeil 20 und die sich in Rich­

tung des Muldenrandes 12 verteilende Kraftstoffrnenge rnit ei­

nern Pfeil 21 bezeichnet. Auf diese Weise wird ein senkrechtes 

Auftreffen des Einspritzstrahls 9 auf der Kolbenrnulde 10 ver­

hindert und es wird gewahrleistet, dass der Irnpuls des Ein­

spritzstrahls 9b erhalten bleibt. 

Aus Fig. 7 geht hervor, dass sich an die Flache 13 eine rnit 

dem Muldenrand 12 tiber einen Radius 22 verbundene Flache 23 

anschlieBt. An dern Muldenrand 12 entsteht ein sogenannter 

Quetschspaltbereich 24 an bzw. oberhalb einer oberen Flache 

25 des Kolbens 6, der das Kraftstoff-Luft-Gernisch irn Randbe­

reich in Richtung der Kolbenrnulde 10 quetscht und auf diese 

Weise die Emission van Kohlenwasserstoffen und Kohlenrnonoxid 

reduziert. Der Quetschspaltbereich 24 sollte nicht zu groB 

gewahlt werden, da auch in diesern Bereich eine Lufterfassung 

erforderlich ist. Die Flache 23 tragt dazu bei, dass der dern 

Pfeil 21 folgende Kraftstoffstrahl so abgelenkt wird, dass 

ein vermehrter Eintrag van 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 Ausftihrungsforrn gernaB Fig. 8 bildet die rnit dern Mul­

denrand 12 verbundene Flache 23 einen spitzen Winkel rnit der 

oberen Flache 25 des Kolbens 6. Hierdurch kann die Zuftihrung 
von Kraftstoff an eine nicht dargestellte Gltihkerze oder 

Ztindkerze verbessert werden. 

Bei der Ausftihrung gernaB Fig. 9 geht die Flache 23 in einem 

Radius 26 in die obere Flache 25 des Kolbens 6 uber. 

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

mit dem Muldenrand 12 verbundene Flache 23 einen sturnpfen 

Winkel rnit der oberen Flache 25 des Kolbens 6 bildet. 
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Patentanspruche 

1. Direkteinspritzende Brennkraftmaschine mit wenigstens ei­

nem Zylinder, welcher einen Brennraum aufweist und in 

welchem ein Kolben eine Oszillationsbewegung ausfuhrt, 

und mit einer Einspritzduse 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, 

d a d u r c h g e k e n n z e i c h n e t , 

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

Erhebung (11) anschlieBende Flache (13) der Kolbenmulde 

(10) mit der Erhebung (11) Ober einen Radius (14) derart 

verbunden ist, dass ein in diesem Bereich auftreffender, 

zum fruhest moglichen Zeitpunkt eingespritzter Einspritz­

strahl (9a) 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) anschlieBende Flache (13) eine derartige 

Erstreckung in Richtung des Muldenrandes (12) aufweist, 

dass ein zum spatest moglichen 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. 

2. Direkteinspritzende Brennkraftmaschine nach Anspruch 1, 

d a d u r c h g e k e n n z e i c h n e t , 

Page 160 of 196



WO 2005/047667 PCT/EP2004/0l 1637 

-9-

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

an die Erhebung (11) anschlieBende Flache (13) eine rnit 

dern Muldenrand (12) verbundene Flache (23) anschlieBt. 

3. Direkteinspritzende Brennkraftrnaschine nach Anspruch 2, 

d a d u r c h g e k e n n z e i c h n e t , 
dass die rnit dem Muldenrand (12) verbundene Flache (23) 

tiber einen Radius (22) mit der sich in Richtung des Mul­

denrandes (12) an die Erhebung (11) anschlieBende Flache 

(13) verbunden ist. 

4. Direkteinspritzende Brennkraftrnaschine nach Anspruch 2 

oder 3, 

d a d u r c h g e k e n n z e i c h n e t , 

dass die rnit dern Muldenrand (12) verbundene Flache (23) 

einen spitzen Winkel rnit der oberen Flache (25) des Kol­

bens (6) bildet. 

5. Direkteinspritzende Brennkraftmaschine nach Anspruch 2 

oder 3, 

d a d u r c h g e k e n n z e i c h n e t , 

dass die mit dem Muldenrand (12) verbundene Flache (23) 

einen stumpfen Winkel rnit der oberen Flache (25) des Kol­

bens (6) bildet. 

6. Direkteinspritzende Brennkraftmaschine nach einem der An­

sprilche 2 bis 5, 

d a d u r c h g e k e n n z e i c h n e t , 

dass die mit dem Muldenrand (12) verbundene Flache (23) 

in einem Radius (26) in die oberen Flache (25) des Kol­

bens (6) ubergeht. 

7. Direkteinspritzende Brennkraftmaschine nach einem der An­
sprilche 1 bis 6, 

d a d u r c h g e k e n n z e i c h n e t , 

dass die sich in Richtung des Muldenrandes (12) an die 
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Erhebung (11) anschlieBende Flache {13) eine steigung in 

Richtung des Muldenrandes (12) aufweist. 

8. Direkteinspritzende Brennkraftmaschine nach Anspruch 7, 

d a d u r c h g e k e n n z e i c h n e t , 

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

Erhebung (11) anschlieBende Flache (13) im wesentlichen 

eben ausgebildet ist. 

9. Direkteinspritzende Brennkraftmaschine nach Anspruch 7, 
d a d u r c h g e k e n n z e i c h n e t , 
dass die sich in Richtung des Muldenrandes (12) an die 

Erhebung (11) anschlieBende Flache {13) gekrummt ausge­

bildet ist. 

10. Direkteinspritzende Brennkraftmaschine nach einem der An­

spruche 1 bis 9, 

d a d u r c h g e k e n n z e i c h n e t , 

dass der Einspritzwinkel (a) der Einspritzduse (7) zwi­

schen 50° und 120° betragt. 
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(54) Title: DIRECTLY INJECTING INTERNAL COMBUSTION ENGINE 

(54) Beuichnung: DIREKTE~SPRITZENDE BRENNKRAFI'MASCHINE 

3 10 9,9b 7 

\ 

2 9,9a 

4,5 1 

/ 

t"-\0 (57) Abstract: The invention relates to a direct injecting internal combustion engine (l), comprising at least one cylinder (4) which 
\0 comprises a combustion chamber (5) and a piston (6) which is displaced in a oscillating manner, and an injection nozzle (7) for 
t"- injecting fuel into the combustion chamber (5). The piston (6) comprises a piston cavity (IO) 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 (IO), 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 ofa radius (14), in such a 
In manner that an injection jet (9a) injected at the earliest possible moment and reaching said area is distributed in the direction of the g 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 
N 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 

0 
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). a: [Fonsetzung auf der niichsten Seite] 
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mit intemationalem Recherchenbericht 
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Zur Erkliirung der Zweibuchstaben-Codes und der anderen Ab­
kiirzungen wird auf die Erkliirungen ("Guidance Notes on Co­
des and Abbreviations") am Anfang jeder reguliiren Ausgabe der 
PCT-Gazette verwiesen. 

(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 aufweisL Eine sich in Richtung des Muldenrandes (12) an die 
Erhebung ( 11) anschlieBende Fliiche ( 13) der Kolbenmulde ( 10) ist mi t der Erhebung ( 11) iiber einen Radius ( 14) derart verbunden, 
dass ein in diesem Bereich auftreffender, zum fiiihest moglichen Zeitpunkt eingespritzter Einspritzstrahl (9a) sich sowohl in 
Richtung der Erhebung (11) als auch in Richtung des Muldenrandes (12) verteilL Die sich in Richtung des Muldenrandes (12) an 
die Erhebung (11) anschlieBende Fliiche (13) weist eine derartige Erstreckung in Richtung des Muldenrandes (12) auf, dass ein zum 
spatest moglichen Zeitpunkt eingespritzter Einspritzstrahl (9b) auf die Flliche (13) auftrifft. Der zum splitest moglichen 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 

Direkteinspritzende Brennkraftmaschine 

Aifan 
29.10.2003 

s Die Erfindung betrifft eine direkteinspritzende Brennkraftma­
schine mit wenigstens einem Zylinder, welcher einen Brennraum 

aufweist und in welchem ein Kolben eine Oszillationsbewegung 

ausfiihrt, nach der im Oberbegriff von Anspruch 1 naher defi­

nierten Art. 

10 

Eine gattungsgemaBe 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 
1s 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 zusatzliche Reduzierung der von der Brenn-
20 kraftmaschine ausgestoBenen Schadstoffe zu erreichen. 

Wenn beim Betrieb einer Brennkraftmaschine, insbesondere ei­

ner Dieselbrennkraftmaschine, eine friihe Homogenisierung in­

nerhalb des Brennraums erreicht werden soll, so mussen Ein-

2s spritzzeitpunkte von ca. 130 bis 30° vor dem oberen Totpunkt 
des Kolbens gewahlt 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. 
30 die Laufbuchse zu verhindern, sollte ein moglichst steiler 

Einspritzwinkel an der Einspritzduse gewahlt werden, um eine 
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moglichst groBe freie Strahllange zu gewahrleisten. Dies er­
fordert auch, dass die Form der Kolbenmulde an diese Ein­

spritzung angepasst ist, wie dies beispielsweise bei der US 

2002/0117146 A1 der Fall ist. 

Da es jedoch nicht moglich ist, die Brennkraftmaschine u.ber 
ihr gesamtes Kennf eld mi t einem homogenen Brennverf ahren zu 

betreiben, muss die Kolbenmulde sowohl fur die homogene als 
auch fur die konventionelle Gemischbildung konzipiert sein. 

10 Dies ist bei bekannten Losungen nicht problemlos moglich. 

Es ist daher Aufgabe der vorliegenden Erfindung, eine direkt­

einspritzende Brennkraftmaschine zu schaffen, bei welcher die 

Form der Kolbenmulde so ausgebildet ist, <lass die Brennkraft-
15 maschine sowohl mit einem homogenen als auch mit einem kon­

ventionellen Brennverfahren betrieben werden kann. 

20 

Erfindungsgema.B wird .diese Aufgabe durch die in Anspruch 1 
genannten Merkmale gelost. 

Die erfindungsgemaBe Losung 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 verrnischen kann, und zwar 
s unabhangig vom Zeitpunkt der Einspritzung. Insbesondere die 

Tatsache, dass ein zum spa.test moglichen Zeitpunkt einge­
spritzter Einspritzstrahl stets auf die sich an die Erhebung 

anschlieBende Flache auftrifft, stellt sicher, dass der Irn­
puls des auftreffenden Einspritzstrahls nicht vernichtet 

30 wird, wodurch er nicht mehr optimal zur Gemischbildung ver­
wendet werden konnte, was wiederurn erhohte Schwarzrauchbil­

dung nach sich ziehen wiirde. 

Auf diese Weise ergibt sich eine Brennkraftmaschine, welche 
35 problernlos sowohl mit einem hornogenen als auch rnit einem kon­

ventionellen Brennverfahren betrieben werden kann. 
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Vorteilhafte Ausgestaltungen der Erf indung ergeben sich aus 
den Unteranspruchen. Nachfolgend ist ein Ausfuhrungsbeispiel 
der Erfindung anhand der Zeichnung prinzipmaSig dargestellt. 

5 Dabei zeigen: 

Fig. 1 eine erfindungsgemaBe Brennkraftmaschine mit einem in 

einem Brennraum derselben oszillierenden Kolben und 
mit einem auf einer Kolbenmulde des Kolbens auftref-

10 fenden Einspritzstrahl; 

Fig. 2 die Gestaltw:ig der Kolbenmulde des Kolbens aus Fig. 1 
in einem ersten Bereich; 

15 Fig. 3 die Gestaltung der Kolbenmulde des Kolbens aus Fig. 1 

in einem zweiten Bereich; 

20 

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 Kolbenrnulde des Kolbens aus Fig. 1 
5 in einem vierten Bereich;· 

Fig. 7 die Lufterfassung in einern sechsten Bereich der Kol­
benmulde; 

30 Fig. 8 eine erste Ausfuhrungsforrn eines funften Bereichs ei­
nes Kolbens aus Fig. 1; 

35 

Fig. 9 eine zwei te Ausfuhrungsform eines funften Bereichs 
eines Kolbens aus Fig. 1; und 

Fig. 10 eine dritte Ausfiihrungsform eines funften Bereichs 
eines Kolbens aus Fig. 1. 
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Fig. 1 zeigt eine Brennkraftrnaschine 1, welche ein Kurbelge­

hause 2 und einen Zylinderkopf 3 aufweist. Innerhalb des Kur­
belgehauses 2 der Brennkraftrnaschine 1 befindet sich wenigs-

s tens ein Zylinder 4, welcher einen Brennraum 5 aufweist und 

in welchern ein Kolben 6 in an sich bekannter Weise eine Os­
zillationsbewegung ausfuhrt. In dern Zylinderkopf 3 ist eine 

Einspritzduse 7 angeordnet, welche rnehrere Einspritzoffnungen 
8 aufweist, aus denen ein Einspritzstrahl 9 austritt. Der 

10 Offnungswinkel a des Einspri tzstrahls 9 ist_ irn vorliegenden 
Fall relativ steil und liegt in einern Bereich zwischen 50° 

und 120°. Auf diese Weise wird also Kraftstoff direkt in den 

Brennraurn 5 eingespritzt, sodass es sich urn eine direkt ein­

spritzende Brennkraftrnaschine 1 handelt. 

15 

In Fig. 1 sind zwei unterschiedliche Einspritzstrahlen abge­
bildet, narnlich ein Einspritzstrahl 9a, welcher sich ergibt, 

wenn sich der Kolben 6 in einern oberen Totpunkt befindet, und 
ein Einspritzstrahl 9b, der sich bei einer Kraftstoffein-

20 spritzung zum spa.test rnoglichen Einspritzzeitpunkt ergibt. 
Die Einspri tzstrahlen 9a und 9b sind j eweils lediglich als 

Achsen eines sich innerhalb des Brennraumes 5 verteilenden 
Einspritzkegels dargestellt. 

s Der Kolben 6 weist an seiner dern Zylinderkopf 3 zugewandten 
Seite eine Kolbenrnulde 10 auf. In den nachfolgenden Figuren 

wird die Kontur der Kolbenrnulde 10 sowie deren Anpassung an 
die Einspritzstrahlen 9 naher erlautert, wobei in den einzel­

nen Figuren aus Ubersichtlichkeitsgrunden jeweils nur dieje-

30 nigen Bezugszeichen angegeben sind, die fur die Beschreibung 

der j eweiligen Figur relevant sind. Die Kolbenrnulde 10 ist 
bei allen Figuren identisch. 

Wie in Fig. 2 erkennbar ist, weist die Kolbenrnulde 10 in ih-
35 rem zentralen Bereich eine sich in Richtung des Zylinderkop­

fes 3 erstreckende Erhebung 11 auf. Die Erhebung 11 weist 

hierbei einen Winkel~ gegenuber der Achse des Kolbens auf, 
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der kleiner als der halbe Einspritzwinkel a ist, so dass der 

au:lserste Rand des hier als Mittelachse dargestellten Ein­
spritzstrahls 9a nicht mit der Erhebung 11 in Beriihrung 
kommt. 

Wie in Fig. 2 und Fig. 3 zu erkennen, schlie:lst 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 iiber einen Radius 14 derart verbunden ist, dass der zum 

10 fruhest moglichen 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 moglichst gut mit 
1s der sich in dem Brennraum 5 befindlichen Luft zu vermischen. 

Durch den oben beschriebenen steileren Winkel p der Erhebung 
11 im Vergleich mit dem Einspritzwinkel a ist in dem Bereich 
von dem Auftreffpunkt 15 des Einspritzstrahls 9a auf der Fla­
che 13 zu der Erhebung 11 noch geniigend Freiraum, so dass 

20 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, 

s dass die in Richtung des Muldenrandes 12 gelenkte bzw. ver-

30 

teilte Kraftstoffmenge gro:lser 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 
ruckstromenden Kraftstoffs vermieden wird. 

In Fig. 4 ist zu erkennen, dass die sich in Richtung des Mul­
denrandes 12 an die Erhebung 11 anschlie:lsende Flache 13 im 
wesentlichen eben ausgebildet ist und eine Steigung in Rich­
tung des Muldenrandes 12 aufweist. Mi t anderen Wort en, die 

35 Flache 13 bildet eine Ebene, die iiber 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 Rich tung des Muldenrandes 12 erfolgt. Gegebenen-
s falls kann es auch sinnvoll sein, die sich in Richtung des 

Muldenrandes 12 an die Erhebung 11 anschlie:Sende Flache 13 
gekrummt auszufuhren. 

In Fig. 5 ist anhand von Pfeilen 18 und 19 dargestellt, dass 

10 auf diese Weise wahrend der gesarnten Kraftstoffeinspritzung 
ein geringerer Anteil des Einspritzstrahls 9 in Richtung der 
Erhebung 11 und ein groBerer Anteil in Richtung des Mulden­

randes 12 geleitet wird. Der Pfeil 18 zeigt hierbei die in 
Richtung der Erhebung 11 geleitete Kraftstoffmenge, wohinge-

15 gender Pfeil 19 die in Richtung des Muldenrandes 12 geleite­
te Kraftstoffmenge zeigt. 

Der Abstand der Flache 13 zu der Einspritzduse 7 sollte so 
gewahlt werden, dass der Einspritzstrahl 9 eine ausreichend 

20 freie Strahllange und somit eine optimale Strahlgeschwindig­
keit und den optimalen Impuls erreichen kann. Je nach Anzahl 
der Einspritzoffnungen 8 der Einspritzduse 7 ist eine Inter­
aktion des an der Kolbenrnulde 10 abgelenkten Kraftstoffs zwi-
schen zwei Einspritzstrahlen 9 moglich, was zusatzlich zur 

s Lufterfassung in dem Brennraum 5 beitragt. Zusatzlich kann 
die Aufteilung des Kraftstoffs auch durch Drall unterstutzt 
werden. 

In Fig. 6 ist der zum spa.test moglichen Zeitpunkt einge-
30 spritzte Einspritzstrahl 9b dargestellt. Dabei ist erkennbar, 

dass die Flache 13 eine derartige Erstreckung in Richtung des 

Muldenrandes 12 aufweist, dass der zum spa.test moglichen 
Zeitpunkt eingespritzte Einspritzstrahl 9b auf die Flache 13 

auftrifft. Auch in diesem Bereich ist die Flache 13 derart 
35 ausgefuhrt, 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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Kraftstoffrnenge ist rnit eine Pfeil 20 und die sich in Rich­

tung des Muldenrandes 12 verteilende Kraftstoffrnenge mit ei­

nern Pfeil 21 bezeichnet. Auf diese Weise wird ein senkrechtes 

Auftreffen des Einspritzstrahls 9 auf der Kolbenrnulde 10 ver-
s hindert und es wird gewahrleistet, dass der Irnpuls des Ein­

spritzstrahls 9b erhalten bleibt. 

Aus Fig. 7 geht hervor, dass sich an die Flache 13 eine rnit 

dem Muldenrand 12 iiber einen Radius 22 verbundene Flache 23 
10 anschlie:fst. An dern Muldenrand 12 entsteht ein sogenannter 

Quetschspaltbereich 24 an bzw. oberhalb einer oberen Flache 

25 des Kolbens 6, der das Kraftstoff-Luft-Gernisch irn Randbe-. 

reich in Richtung der Kolbenrnulde 10 quetscht und auf diese 

Weise die Emission von Kohlenwasserstoffen und Kohlenrnonoxid 

1s reduziert. Der Quetschspal tbereich 24 soll te nicht zu gro:fs 

gewahlt werden, da auch in diesern Bereich eine Lufterfassung 
erforderlich ist. Die Flache 23 tragt dazu bei, dass der dem 
Pfeil 21 folgende Kraftstoff strahl so abgelenkt wird, dass 

ein vermehrter Eintrag von Kraftstoff in den Quetschspaltbe-
20 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. 

s Bei der Ausfiihrungsform gerna:fs Fig. 8 bildet die mit dem Mul-

30 

denrand 12 verbundene Flache 23 einen spitzen Winkel mit der 
oberen Flache 25 des Kolbens 6. Hierdurch kann die Zufuhrung 

von Kraftstoff an eine nicht dargestellte Gluhkerze oder 
Zundkerze verbessert werden. 

Bei der Ausfuhrung gema:fs Fig. 9 geht die Flache 23 in einem 
Radius 26 in die obere Flache 25 des Kolbens 6 iiber. 

In Fig. 10 ist eine Ausfuhrung dargestellt, bei welcher die 
35 mit dem Muldenrand 12 verbundene Flache 23 einen sturnpfen 

Winkel mit der oberen Flache 25 des Kolbens 6 bildet. 
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Patentanspriiche 

Aifan 

29.10.2003 

s 1. Direkteinspritzende Brennkraftmaschine mit wenigstens ei­

nem Zylinder, welcher einen Brennraum aufweist und in 

welchem ein Kolben eine Oszillationsbewegung ausfiihrt, 

und mit einer Einspritzduse zur Einspritzung von Kraft­

stoff in den Brennraum, wobei der Kolben eine Kolbenmulde 

10 aufweist, welche in ihrem zentralen Bereich eine sich in 

Richtung eines Zylinderkopfes erstreckende Erhebung auf­

weist, 

d a d u r c h g e k e n n z e i c h n e t , 

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

15 Erhebung (11) anschlieBende Flache {13) der Kolbenmulde 

(10) mit der Erhebung (11) uber einen Radius (14) derart 

verbunden ist, dass ein in diesem Bereich auftreffender, 

zum friihest moglichen Zeitpunkt eingespritzter Einspritz­

strahl (9a) sich sowohl in Richtung der Erhebung (11) als 

20 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 zurn spatest mogiichen Zeitpunkt eingespritzter 

25 Einspritzstrahl (9b) auf die Flache {13) auftrifft, wobei 

sich der zurn spatest moglichen Zeitpunkt eingespritzte 

Einspritzstrahl (9b) sowohl in Richtung der Erhebung {11) 

als auch in Richtung des Muldenrandes (12) verteilt. 

30 2. Direkteinspritzende Brennkraftmaschine nach Anspruch 1, 

d a d u r c h g e k e n n z e i c h n e t , 
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dass sich an die sich in Richtung des Muldenrandes (12) 

an die Erhebung (11) anschlieBende Flache (13) eine mit 

dem Muldenrand (12) verbundene Flache (23) anschlieBt. 

s 3. Direkteinspritzende Brennkraftmaschine nach Anspruch 21 

d a d u r c h g e k e n n z e i c h n e t 1 
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) anschlieBende Flache 

10 (13) verbunden ist. 

4. Direkteinspritzende Brennkraftmaschine nach Anspruch 2 o­

der 3, 

d a d u r c h g e k e n n z e i c h n e t 1 

1s dass die mit dem Muldenrand {12) verbundene Flache (23) 

einen spitzen Winkel mit der oberen Flache (25) des Kol­

bens ( 6) bildet. 

5. Direkteinspritzende Brennkraftmaschine nach Anspruch 2 0-

20 der 3, 

d a d u r c h g e k e n n z e i c h n e t , 

dass die mit dem Muldenrand (12) verbundene Flache (23) 

einen stumpfen Winkel mit der oberen Flache {25) des Kol-
bens (6) bildet. 

5 

6. Direkteinspritzende Brennkraftmaschine nach einem der An­

spru.che 2 bis 51 

d a d u r c h g e k e n n z e i c h n e t 1 

dass die mit dem Muldenrand (12) verbundene Flache (23) 

30 in einem Radius (26) in die oberen Flache (25) des Kol­

bens (6) iibergeht. 

7. Direkteinspritzende Brennkraftmaschine nach einem der An­

spru.che 1 bis 6, 
35 d a d u r c h g e k e n n z e i c h n e t , 

dass die sich in Richtung des Muldenrandes (12) an die 
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Erhebung (11) anschlieBende Flache (13) eine Steigung in 

Richtung des Muldenrandes {12) aufweist. 

8. Direkteinspritzende Brennkraftmaschine nach Anspruch 7, 

s d a d u r c h g e k e n n z e i c h n e t , 

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

Erhebung (11) anschlieBende Flache (13) im wesentlichen 

eben ausgebildet ist. 

10 9. Direkteinspritzende Brennkraftmaschine nach Anspruch 7, 

15 

d a d u r c h g e k e n n z e i c h n e t , 

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

Erhebung (11) anschlieBende Flache (13) gekriimmt ausge­

bildet ist. 

10. Direkteinspritzende Brennkraftmaschine nach einem der An­

spriiche 1 bis 9, 

d a d u r c h g e k e n n z e i c h n e t , 

dass der Einspritzwinkel (~) der Einspritzduse (7) zwi-

20 schen 50° und 120° betragt. 
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zusammenfassung 

Aifan 

29.10.2003 

Eine direkteinspritzende Brennkraftmaschine (1) weist wenigs­

tens einen Zylinder. {4~, welcher einen Brennraum (5) aufweist 
5 und in welchem ein Kolben (6) eine ·Oszillationsbewegung aus­

fuhrt, eine Einspritzduse (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 Richtung eines Zylinderkopfes ( 3) erstreckende Erhebung 

10 aufweist. Eine sich in Richtung des Muldenrandes (12) an die 
Erhebung (11) anschlieSende Flache (13) der Kolbenmulde (10) 

ist mit der Erhebung (11) uber einen Radius (14} derart ver­

bunden, dass ein in diesem Bereich auftreffender, zum fruhest 

moglichen Zeitpunkt eingespritzter Einspritzstrahl (9a) sich 

15 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) anschlieSende Flache (13) 

weist eine derartige Erstreckung in Richtung des Muldenrandes 

(12) auf, dass ein zum spatest moglichen Zeitpunkt einge-
20 spritzter Einspritzstrahl {9b) auf die Flache (13) auftrifft. 

Der zum spatest moglichen Zeitpunkt eingespritzte Einspritz­

strahl (9b) verteilt sich sowohl in Richtung der Erhebung 

{11) als auch in Richtung des Muldenrandes (12). 

25 (Fig. 1) 
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Date or Completion of DO/ EO 923 
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Application or Docket Number 

Effective December 8, 2004 10/57779? 

CLAIMS AS FILED - PART I SMALL ENTITY OTHER THAN 
TYPE D OR SMALL ENTITY 

(Column 1) (Column 2) 

U.S. NATIONAL STAGE FEES RATE FEE RATE FEE 

BASIC FEE BASIC FEE OR BASIC FEE 306 

EXAMINATION FEE EXAM. FEE EXAM.FEE 2.6{) 

SEARCH FEE SEARCH FEE SEARCH FEE 4b{) 

FEE FOR EXTRA SPEC. PGS. minus 100 = 150 = X $ 125 = X $ 250 = 

TOTAL CHARGEABLE CLAIMS AO minus 20 = * X $25 = OR X$50= 

INDEPENDENT CLAIMS I minus 3 = * X $ 100 = OR X $ 200 = 

MULTIPLE DEPENDENT CLAIM PRESENT □ + $180 = OR + $ 360 = 

* If the difference in column 1 is less than zero, enter "O" in column 2 TOTAL OR TOTAL 'rtJl> 

CLAIMS AS AMENDED - PART II "OTHER THAN 
.. (Column 1·) .. ·- ~ .. (Column 2) (Column 3) SMALL ENTITY OR . SMALL ENTITY 

CLAIMS rnuni::vl 
ADDI- ADDI-

REMAINING NUMBER PRESENT 
RATE TIONAL RATE TIONAL <( AFTER PREVIOUSLY EXTRA 

I- AMENDMENT PAID FOR FEE FEE 
z 
w 
:E 
0 

Total * Minus ** = X$ 25= OR X$ 50= 
z 
w 

Independent * Minus *** = X $ 100 = OR X $ 200 = :E 
<( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM □ + $ 180 = OR +$360= 

TOTAL ADDIT. OR TOTAL ADDIT. 
FFF FFF 

(Column 1) (Column 2) (Column 3) 
CLAIMS rnuni::,;, I 

ADDI- ADDI-
REMAINING NUMBER PRESENT 

RATE TIONAL RATE TIONAL ID AFTER PREVIOUSLY EXTRA 
I- AMENDMENT PAID FOR FEE FEE 
z 
w 

** :E Total * Minus = X$ 25= OR X$ 50= 
0 
z 
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Independent * Minus *** = X $ 100 = OR X $ 200 = :E 
~ 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM □ + $ 180 = OR + $ 360 = 

TOTAL ADDIT. OR TOTAL ADDIT. 
FFF FFF 

. If the entry in column 1 is less than the entry in column 2, write "O" in column 3. 
•• If the "Highest Number Previously Paid For'' IN THIS SPACE is less than '20', enter "20". 
•- If the "Highest Number Previously Paid For'' IN THIS SPACE is less than '3', enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 
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MULTIPLE DEPENDENT CLAIM • SERIALNO. FILING DATE 

FEE CALCULATION SHEET 10/577797 
(FOR USE WITH FORM PT0-875) APPLICANT(S) 

CLAIMS 

AS FILED 
AFI'ER AFI'ER AS FILED 

AFTER AFTER 
!"AMENDMENT l "'AMENDMENT I" AMENDMENT 2 "'AMENDMENT 

IND. DEP. IND. DEP. IND. DEP. IND. DEP. IND. DEP. IND. DEP. 
1 ,/ 51 
2 .C>/ 52 
3 ,\-/ 53 
4 .t '/ 54 
5 1\v " 55 
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1111 CLAIMS CLAIMS 
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PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. 0MB 0651-0032 

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 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 10/577,797 03/27/2007 □ To be Mailed 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY 0 OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

0 BASIC FEE N/A N/A N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

□ SEARCH FEE 
(37 CFR 1.16(k), (i), or (m)) 

N/A N/A N/A N/A 

□ EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS 
* X $ = OR X $ = (37 CFR 1.16(i)) minus 20 = 

INDEPENDENT CLAIMS 
* X $ = X $ = (37 CFR 1.16(h)) minus 3 = 

If the specification and drawings exceed 100 

□APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) 
additional 50 sheets or fraction thereof. See 
35 U.S.C. 41 (a)(1)(G) and 37 CFR 1.16(s). 

□ MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16U)) 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED- PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

04/28/2006 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
I- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR w 

Total (37 CFR ~ 1.16(i)) • 20 Minus ** 20 = 0 X $ = OR X $50= 0 
0 Independent z * 1 Minus ***3 = 0 X $ = OR X $200= 0 w 137 CFR 1.16/h\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 0 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

I- AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = OR X $ = w 1.16(i\\ 

~ Independent 
* Minus *** = X $ = OR X $ = 

0 (37 CFR 1.16(hll 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ 
□ FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". Eva Gillis 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of information Is required by 37 CFR 1.16. The information Is required to obtain or retain a benefit by the public which Is to file (and by the USPTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, 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, ca/11-800-PTO-9199 and select option 2. 
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