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UNITED STATES DEPARTMENT OF COMMERCE

United States Vatent and TrademarkOfficeAddress: COMMISSIONER FOR PATENTS
P.O. Box 1450

Alexandria, Virginia 22313-1450www.uspto.g:

APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKETNO. CONFIRMATION NO.

13/573,728 01/14/2014 8630761 PAICE201. DIV. 12 9367

 
7590 12/24/2013

Michael de Angeli
34 Court Street

Jamestown, RI 02835

ISSUE NOTIFICATION

The projected patent numberandissue 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 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustmenton the front page.

If a Continued Prosecution Application (CPA) wasfiled in the above-identified application, the filing date that
determines Patent Term Adjustmentis 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) WEBsite (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 Application Assistance Unit (AAU) of the Office of Data Management
(ODM)at (571)-272-4200.

APPLICANT(s)(Please see PAIR WEBsite http://pair.uspto.gov for additional applicants):

Alex J. Severmsky, Washington, DC;
Theodore Louckes, Holly, MI, Deceased;

The United States represents the largest, most dynamic marketplace in the world andis an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
worksto encourage andfacilitate business investment. To learn more about why the USAis the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.
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7,500 pound trailer. The vehicle must. provide adequate

acceleration, passing, and hill-climbing performance in both uses.

In order to have sufficient power at times of maximum loading, the
vehicle is grossly overpowered under all different circumstances;

5 that is, only when the vehicle is laden to near-maximum capacity

and pulling up a long hill does the engine deliver near maximum

torque for any length of time. Under all other circumstances, it is

run very inefficiently, as noted in connection with Figs. 1 and 2

(reproduced herein from the '970 patent).

10 An important aspect of the invention as described by the
present continuation-in-part application as well as the predecessor

applications and the '970 patentlies in controlling the operation
of the internal combustion engine of a hybrid vehicle so that it is

only operated at high efficiency, that is, only when is it loaded

15, to require a substantial fraction e.g., 30% of its maximum torque

output. That is, the engine is never run at less than30% of

maximum torque output ("MTO"). As discussed in the '970 patent and

the '817 application, this can be accomplished by sizing the engine
so that it can efficiently propel the vehicle unassisted at highway

AccdopEPCOT if additional torque is required for passing or hill-
todocument, Climbing, the traction motor is operated. Application Ser. No.

Me 24g further adds the idea of providing a turbocharger,
controlled by the microprocessor only to operate when torque in

excess of the engine's rated normally~aspirated maximum torque

25 output (MTO) is needed for an extended period of time, for example

in towing a trailer. By employing the turbocharger only when

actually needed, many of the drawbacks inherent in conventional

turbocharger uses are eliminated. Typically the turbocharger may

be sized such that the engine provides up to 150% of MTO when

30 turbocharged.

According to one aspect of the invention of the present

continuation-in-part application, the range of efficient use of the

hybrid vehicle of the invention is further broadened by providing

a two~speed transmission between the engine and road wheels, so as

36.

BMW1052

Page 2 of 300



BMW1052 
Page 3 of 300

UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
) OX.

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO ITOT CLAIMSJIND CLAIMS
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13/573,728 10/05/2012 3668 2530 PAICE201. DIV. 12

CONFIRMATION NO. 9367

Michael de Angeli CORRECTEDFILING RECEIPT
34 Court Street

Jamestown, RI 02835 eeeTTT.
Date Mailed: 12/04/2013

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted onthis Filing Receipt, please
submit a written requestfor a Filing Receipt Correction. Please provide a copyofthis Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Alex J. Severinsky, Washington, DC;
Theodore Louckes,Holly, MI, Deceased;

Applicant(s)
Alex J. Severinsky, Washington, DC;

Assignment For Published Patent Application
PAICE LLC, Windsor Locks, CT

Powerof Attorney:
Michael De Angeli--27869

Domestic Priority data as claimed by applicant
This application is a DIV of 13/065,708 03/29/2011
whichis a DIV of 12/3820,600 01/29/2009 ABN
whichis a DIV of 11/429,458 05/08/2006 PAT 7520353
whichis a DIV of 10/882,577 03/07/2003 PAT 7104347
whichis a DIV of 09/822,866 04/02/2001 PAT 6554088
whichis a CIP of 09/264,817 03/09/1999 PAT 6209672
which claims benefit of 60/100,095 09/14/1998
and claims benefit of 60/122,296 03/01/1999

Foreign Applications for which priority is claimed (You may beeligible to benefit from the Patent Prosecution
Highway program at the USPTO.Please see http:/Avww.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheetin order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.
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lf Required, Foreign Filing License Granted: 11/01/2012

The country code and numberof your priority application, to be usedfor filing abroad under the Paris Convention,
is US 13/573,728

Projected Publication Date: Not Applicable

Non-Publication Request: No

Early Publication Request: No
Title

HYBRID VEHICLES

Preliminary Class

701

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications:

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider thefiling of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-membercountry. The PCT process simplifies the filing
of patent applications on the sameinvention in membercountries, but does notresult in a grantof "an international
patent" and doesnoteliminate the needof applicantsto file additional documents and fees in countries where patent
protection is desired.

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Avww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on how to protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcementissues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

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

This licenseis to be retained by the licensee and maybe usedat any time onorafter the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license doesnot in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof 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" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeignfile the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
businessinvestment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote andfacilitate business investment. SelectUSAprovides information assistance to the international investor
community; serves as an ombudsmanfor existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic developmentorganizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/Awww.SelectUSA.govorcall
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
) OX.

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO ITOT CLAIMSJIND CLAIMS

16 4

 
 
   

13/573,728 10/05/2012 3668 2530 PAICE201. DIV. 12

CONFIRMATION NO. 9367

Michael de Angeli CORRECTEDFILING RECEIPT
34 Court Street

Jamestown, RI 02835 A
Date Mailed: 12/03/2013

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted onthis Filing Receipt, please
submit a written requestfor a Filing Receipt Correction. Please provide a copyofthis Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Alex J. Severinsky, Washington, DC;
Theodore Louckes,Holly, Ml;

Applicant(s)
Alex J. Severinsky, Washington, DC;
Theodore Louckes,Holly, Ml;

Assignment For Published Patent Application
PAICE LLC, Windsor Locks, CT

Powerof Attorney:
Michael De Angeli--27869

Domestic Priority data as claimed by applicant
This application is a DIV of 13/065,708 03/29/2011
whichis a DIV of 12/3820,600 01/29/2009 ABN
whichis a DIV of 11/429,458 05/08/2006 PAT 7520353
whichis a DIV of 10/882,577 03/07/2003 PAT 7104347
whichis a DIV of 09/822,866 04/02/2001 PAT 6554088
whichis a CIP of 09/264,817 03/09/1999 PAT 6209672
which claims benefit of 60/100,095 09/14/1998
and claims benefit of 60/122,296 03/01/1999

Foreign Applications for which priority is claimed (You may beeligible to benefit from the Patent Prosecution
Highway program at the USPTO.Please see http:/Avww.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheetin order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.
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lf Required, Foreign Filing License Granted: 11/01/2012

The country code and numberof your priority application, to be usedfor filing abroad under the Paris Convention,
is US 13/573,728

Projected Publication Date: Not Applicable

Non-Publication Request: No

Early Publication Request: No
Title

HYBRID VEHICLES

Preliminary Class

701

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition Applications:

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider thefiling of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-membercountry. The PCT process simplifies the filing
of patent applications on the sameinvention in membercountries, but does notresult in a grantof "an international
patent" and doesnoteliminate the needof applicantsto file additional documents and fees in countries where patent
protection is desired.

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Avww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on how to protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcementissues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

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

This licenseis to be retained by the licensee and maybe usedat any time onorafter the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license doesnot in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof 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" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeignfile the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
businessinvestment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote andfacilitate business investment. SelectUSAprovides information assistance to the international investor
community; serves as an ombudsmanfor existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic developmentorganizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/Awww.SelectUSA.govorcall
+1-202-482-6800.
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Commissionerfor Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

— Application No. :_ 13573728

Na ted Bl Applicant : SeverinskyChe Filing Date : 10/05/2012
Date Mailed : 11/12/2013

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice ofAllowance Mailed

This application has been accorded an Allowance Date andis being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicantis given 1 month from the mail date of this Notice, or the time remaining from the
Notice of Allowance and Fee(s) Due, whicheveris longer, within which to respond.

The application is not in compliance with 37 CFR 1.78, as indicated in the attachment. The
consequences of failure to respond within the above-identified time period are set forth in the
attachment.

Evenif the Office has recognized a benefit claim and has entered it into the Office’s database and
includedit on applicant’s filing receipt, the benefit claim is not a proper benefit claim unless the
reference in compliance with 37 CFR 1.78 is included, depending upon the application’s filing
date andas indicated in the attachment, in an application data sheet or in the first sentence(s) of
the specification andall other requirements are met.

This period for reply is NOT extendable under 37 CFR 1.136(a).

See attachment.

A copy ofthis notice MUSTbe returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissionerfor Patents,

P.O. Box 1450, Alexandria, VA 22313-1450”.

/Carlota Erana/
Publication Branch

Office of Data Management
(571) 272-4200
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Application No. 13573728

APPLICATION FILED ON OR AFTER SEPTEMBER16, 2012 AND BEFORE MARCH16,2013,
NOT IN COMPLIANCEWITH 37 CFR 1.78

[] The 37 CFR 1.78(aX2) reference on the application data sheet does not indicate the relationship (continuation, division,
continuation-in-part) to the prior U.S. nonprovisional application or international application designating the U.S. See document
coded dated , listing application number(s).

L The 37 CFR 1.78(a}(2) reference on the application data sheet does not provide the U.S. nonprovisional application umber
(series code and serial number) or, with respect to an international PCT application designating the USS., it provides the
intemational application number or internationalfiling date but not both. See document coded dated , in which the following is
missing:.

Pe The 37 CFR 1.78(a)(2) reference on the application data sheet showsan incorrect, incomplete, or illegible U.S. nonprovisional
application number, international PCT application number, or international PCT filing date. See document coded ADS dated
01/02/2013, in which the following error was made: Application serial no. 11/459,458 is listed instead of 11/429.458.

The 37 CFR 1.78(a)(2) referenceto the prior U.S. nonprovisionalapplication or international application designating the U.S. is
Not present on an application data sheet, thus removing the validating link under 35 U.S.C. 119(a}(d) to a prior foreign
application or under 35 U.S.C. 119(e) to a prior U.S. provisional application.

The 37 CFR 1.78(a)(2) reference to the prior U.S. nonprovisional application or international application designating the U.S.is
not present on an application data sheet.

The 37 CFR 1.78(a\5) reference to the prior U.S. provisional application is not present on an application data sheet.

The 37 CFR 1.78(a\(5) reference to the prior U.S. provisional application on an application data sheet does not provide the
provisional application number (series code and serial number). See document coded dated , in which the following is missing:.

UUOUov
The 37 CFR 1.78(a)(5) reference to the prior U.S. provisional application on an application data sheet showsan incorrect,
incomplete, or illegible U.S. provisional application number. See document coded dated , in which the following error was
made:.

[] Other: .

HOW TO RESPOND

A proper response to this notice would include any one of: (1) a corrected Application Data Sheet (ADS) pursuant to 37 CFR
1.76(c) which provides benefit information that complies with 37 CFR 1.78(aX2) or 37 CFR 1.78(a)(5) or (2) a petition filed pursuant to
the provisions of 37 CFR 1.78(a\3) or 37 CFR 1.78(aX6)if the benefit information from the documentidentified above by code and
date does not accurately reflect the benefits under 35 U.S.C. 119(e), 120, 121 or 365(c) as claimed by applicant(a grantable petition
would include a corrected ADS as required by 37 CFR 1.78(aX3Xi) or 37 CFR 1.78(aX6(i)). Such amendments to the specification or
supplemental ADS submission maybe filed after paymentofthe issuefee if limited to informalities noted herein. See Waiver of 37 CFR
1.312 for Document Required by Office of Patent Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004).

WARNING: If Applicantfails to timely submit a proper response, the benefit information will be deleted and the patent will be
printed without the benefit information present.
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PTO/AIA/14 (03-13)
Approved for use through 01/31/2014. OMB 0651-0032

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

Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit contains a valid OMB control number.
“ORE

Application Data Sheet 37 CFR 1.76 — fj te
Application Number 13/573,728{HOV2§o944 5

ee
Title of Invention|Hybrid Vehicles

>, ZS
q)

The application data sheet is part of the provisional or nonprovisional application for whichit is being submitted. The following form containsHe|
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may beprinted and included in a paperfiled application.

  
 
  

  

 
  
  
  

Secrecy Order 37 CFR 5.2

gO Portions orall of the application associated with this Application Data Sheet mayfall under a Secrecy Order pursuant to
37 CFR 5.2 (Paperfilers only. Applications that fall under Secrecy Order may not befiled electronically.)  

Inventor Information:
 

  
 
 Inventor 1

Legal Name .

[Pref]GivenWome———~«dMiddleName__——~«FamiyName=Sin
a6

Residence Information (Select One) @ US Residency (©) NonUS Residency. ©) Active US Military Service

State/Province Country of Residencd|US

Inventor 2

Legal Name

a
Residence Information (Select One) @ US Residency (©) NonUS Residency (©) Active US Military Service

Mailing Address ofInventor:

  
|

  
  

  

  
  

 
    

  
  

 

 
  

 
 

 
Address1

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generatedwithin this form by selecting the Add button.

  
  
   
  
  

CorrespondenceInformation:

Enter either Customer Numberor complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

BMW1052
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PTO/AIA/14 (03-13)
Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no personsare required to respondto a collection of information unless it contains a valid OMB control number.

oat

Application Data Sheet 37 CFR 1.76 —
Application Number 13/573,728

[_] An Addressis being provided for the correspondenceInformation of this application.

Customer Number 114953

Email Address mdeangeli20@gmail.com

Application Information:

Title of the Invention Hybrid Vehicles

Attorney Docket Number|PAICE201.0IV.12, Small Entity Status Claimed [_]

Subject Matter Utility

Total Numberof Drawing Sheets(if any) Suggested Figure for Publication (if any)

Publication Information:

(Fee required at time of Request 37 CFR 1.219)

Request Not to Publish.| hereby request that the attached application not be published under
35 U.S.C. 122(b) andcertify that the invention disclosed in the attached application has not andwill not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen monthsafterfiling.

 
 

   

 
 
 

 
 

   

 

 

 

 
  
  
  
 

  

  
 

 [-] Request Early Publication    

  
  
  

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Either enter Customer Numberor complete the Representative Name section below. If both sections are completed the customer
Numberwill be used for the Representative Information during processing.

Please Select One: @) Customer Number © US Patent Practitioner © Limited Recognition (37 CFR 11.9)
Customer Number 114953

Domestic Benefit/National Stage Information:
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
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PTO/AIA/14 (03-13)
Approvedfor use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unlessit contains a valid OMB control number.

oo. Attorney Docket Number|PAICE201.DIV.12
Application Data Sheet 37 CFR 1.76 —

Application Number 13/573,728

Title of Invention|Hybrid Vehicles

Application Number Continuity Type Prior Application Number|Filing Date (YYYY-MM-DD)

13065708 12320600 2009-01-29

Prior Application Status|Patented Remove

Application , Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)

12320600 Division of 11429458 2006-07-24 7520353 2009-04-21

Application . Prior Application Filing Date issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number YYYY-MM-DD)

11429458 10382577 2003-03-07 7104347 2006-09-12

Prior Application Status|Patented Remove

Application a Prior Application Filing Date Issue Date
Number Continuity Type (YYYY-MM-DD) Patent Number (YYYY-MM-DD)

10382577 09822866 2001-04-02 6554088 2003-04-29

Prior Application Status|Patented Remove

Application _ Prior Application Filing Date ssue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number YYYY-MM-DD)

09822866 Continuation in part of 09264817 1999-03-09 6209672 2001-04-03

Application Number Continuity Type Prior Application Number| Filing Date (YYYY-MM-DD)

09264817 60100095 1998-09-14

Application Number Continuity Type Prior Application Number! Filing Date (YYYY-MM-DD)

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

   
 

 
 
 

 

  
  
  

 

 

 
    

 
os

 
wo   

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet

constitutes the claim forpriority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). Whenpriority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)! the information will be used by the Office to
automatically attemptretrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the PDX program, epplicant bears the ultimate

responsibility for ensuring that a copyof the foreign application is received by the Office from the participating foreign intellectual

property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

[Renee]
Application Number Country! Filing Date (YYYY-MM-DD) Access Code(if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.
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PTO/AIA/14 (03-13)
Approvedfor use through 01/31/2014, OMB 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 respondto a collection of information unless it contains a valid OMB contro! number.

oo Attorney Docket Number|PAICE201.DIV.12
Application Data Sheet 37 CFR 1.76 —

Application Number 13/573,728

Title of Invention|Hybrid Vehicles

  
 
 

 

 
 

 

  
 

 

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition
Applications

 

  
  
  
  

 This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effectivefiling date on or after March

[] 16, 2013.
NOTE:By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined underthe first inventorto file provisions of the AIA.

Authorization to Permit Access:

[_] Authorization to Permit Accessto the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),
the Japan Patent Office (JPOQ), the KoreanIntellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any otherintellectual property offices in which a foreign application claiming priority to the instant patent application
is filled access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checkedif the applicant
does not wish the EPO, JPO, KIPO, WIPO, orotherintellectual property office in which a foreign application claiming priority
to the instant patent applicationis filed to have accessto the instant patent application.

  
  
  

  
  
 
 

 In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirementof
37 CFR 1.55 has beenfiled in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
soughtin the instant patent application.

In accordance with 37 CFR 1.14(c), access maybe provided to information concerning the dateof filing this Authorization.

Applicant Information:

Providing assignmentinformation in this section does not substitute for compliance with any requirement ofpart 3 of Title 37 of CFR
to have an assignment recorded bythe Office. 
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PTO/AIA/14 (03-13)
Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, ne personsare required to respond to a collection of information unless it contains a valid OMB contro! number.

oo. Attorney Docket Number|PAICE201.DIV.12
Application Data Sheet 37 CFR 1.76 —

Application Number 13/573,728

Applicant 1

If the applicant is the inventor (or the remainingjoint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be providedin this section is the name and addressof the legal representative whois the applicant under 37 CFR
1.43; or the name and addressof the assignee, person to whom the inventoris under an obligation to assign the invention, or person
whootherwise showssufficient proprietary interest in the matter whois the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom theinventoris obligated to assign, or person who otherwise showssufficient
proprietary interest) together with one or morejoint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

© Assignee © Legal Representative under 35 U.S.C. 117

O Person to whom the inventor is obligated to assign. O Person who showssufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventoris:

  
 
 

  
  
  

  
 
 

  
 

 

 
 
 

 

 

 

 

  ©_Joint Inventor

 

  
 

  

Nameof the Deceased or Legally Incapacitated Inventor:

OIf the Applicant is an Organization check here.

aoe

Mailing Address Information For Applicant:

Address1

Address 2

Email Address

 
 
  
 

  
  
 

 

 

 

Additional Applicant Data may be generated within this form by selecting the Add button.

Assignee Information including Non-Applicant Assignee Information:

Providing assignmentinformation in this section does not subsitute for compliance with any requirementof part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the “Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patentapplication publication.
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PTOI/AIA/14 (03-13)
Approved for use through 01/31/2014. OMB 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 unlessit contains a valid OMB control number.

Application Number 13/573,728

Title of Invention|Hybrid Vehicles

If the Assignee is an Organization check here. LC]

   
 
 

 

 
  
  
  
  
 

Application Data Sheet 37 CFR 1.76

 
 

  

 

Mailing Address Information For Non-Applicant Assignee:

Address1

Address 2

Gy [Sutobromee[

Additional Assignee Data may be generated within this form by selecting the Add button.

 

 

Signature:

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

AZAR
certifications.

First Name de Angeli Registration Number;27869

Additional Signature may be generated within this form by selecting the Add button.
 

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTOto process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Timewill vary depending uponthe individual case. Any comments on the amountoftime you require to
completethis 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 FORMSTO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Patent Application of:

Severinsky et al : Examiner: Cheung

Serial No.: 13/573,728 : Group Art Unit: 3668

Filed: October 5, 2012 : Att. Dkt.: PAICE201.DIV.12

For: Hybrid Vehicles

Mail Stop Issue Fee
Hon. Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS

Dear Sir:

In response to the Notice to File Corrected Application Papers

mailed November 12, 2013 (copy attached), enclosed please find a

corrected Application Data Sheet (ADS), showing the correct Serial

Number of one of the applications from which this application claims

priority. The error is regretted.

The new ADS also refers to the undersigned by Customer Number

rather than by mailing address, but the information itself is

unchanged.

The application having been allowed and the issue fee paid, early

issue of the patent is earnestly solicited.

Respectfully submitead,

UfAs, 20/3 A ZA.
Dated Michael de Angeli

Reg. No. 27,869
34 Court Street

Jamestown, RI 02835
401-423-3190
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+*** CERTIFICATE OF MAILING ****

I hereby certify that this correspondence is being transmitted
via U.S. Mail, postage paid, addressed to Mail Stop Missing
Parts, Hon. Commissioner for Patents, P.O. Box 1450, Alexandria
VA 22313-1450 on the date shown below:

Michael de Angeli
ist d Representatjve 
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UNITED STATES PATENT AND TRADEMARKOFFICE 

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

13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12 9367

7590 11/12/2013
. ; EXAMINER

Michael de Angeli
34 Court Street CHEUNG, CALVIN K

Jamestown, RI 02835

3668

MAIL DATE DELIVERY MODE

11/12/2013 PAPERPAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

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

PTOL-90A (Rev. 04/07) BMW1052
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 UNITED STATES PATENT AND TRADEMARK OFFICE
 

Commissioner for Patents
United States Patent and TrademarkOffice

P.O. Box 1450
Alexandria, VA 22313-1450

www.uspto.gov

Application No. : 13573728
Applicant : Severinsky

Filing Date : 10/05/2012
Date Mailed : 11/12/2013

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice ofAllowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicantis given 1 month from the mail date of this Notice, or the time remaining from the
Notice of Allowance and Fee(s) Due, whicheveris longer, within which to respond.

The application is not in compliance with 37 CFR 1.78, as indicated in the attachment. The
consequences of failure to respond within the above-identified time period are set forth in the
attachment.

Even if the Office has recognized a benefit claim and has entered it into the Office’s database and
included it on applicant’s filing receipt, the benefit claim is not a proper benefit claim unless the
reference in compliance with 37 CFR 1.78 is included, depending upon the application’s filing
date and as indicated in the attachment, in an application data sheet or in the first sentence(s) of
the specification and all other requirements are met.

This period for reply is NOT extendable under 37 CFR 1.136(a).

See attachment.

A copy ofthis notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissionerfor Patents,

P.O. Box 1450, Alexandria, VA 22313-1450”.

/Carlota Erana/

Publication Branch

Office of Data Management
(571) 272-4200

BMW1052
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Application No._13573728

APPLICATION FILED ON OR AFTER SEPTEMBER16, 2012 AND BEFORE MARCH16, 2013,
NOT IN COMPLIANCEWITH 37 CFR1.78

 

The 37 CFR 1.78(a)(2) reference on the application data sheet does not indicate the relationship (continuation, division,
continuation-in-part) to the prior U.S. nonprovisional application or international application designating the U.S. See document
coded dated , listing application number(s).

 

 

The 37 CFR 1.78(a)(2) reference on the application data sheet does not provide the U.S. nonprovisional application number
(series code and serial number) or, with respect to an international PCT application designating the U.S., 1t provides the
international application numberor international filmg date but not both. See document coded dated , in which the following is
missing: .

   
 

X|The 37 CFR 1.78(a)\(2) reference on the application data sheet shows an incorrect, incomplete, or illegible U.S. nonprovisional
application number, international PCT application number, or international PCT filing date. See document coded ADS dated
01/02/2013, in which the following error was made: Application serial no. 11/459.458is listed instead of 11/429.458.

 

 
 

The 37 CFR 1.78(a)(2) reference to the prior U.S. nonprovisional application or international application designating the U.S. is
not present on an application data sheet, thus removing the validating link under 35 U.S.C. 119(a)-(d) to a prior foreign
application or under 35 U.S.C. 119(e) to a prior U.S. provisional application.

 

 

The 37 CFR 1.78(a)(2) reference to the prior U.S. nonprovisional application or international application designating the U.S. is
not present on an application data sheet.

 

 

The 37 CFR 1.78(a)(5) reference to the prior U.S. provisional application is not present on an application data sheet.
 
 

The 37 CFR 1.78(a)(5) reference to the prior U.S. provisional application on an application data sheet does not provide the
provisional application number(series code and serial number). See document coded dated , in which the following 1s missing:.

 

 

The 37 CFR 1.78(a)(5) reference to the prior U.S. provisional application on an application data sheet shows an incorrect,
incomplete, or illegible U.S. provisional application number. See document coded dated , in which the following error was
made: .

 

 

  
Other:. 

HOW TO RESPOND

A proper response to this notice would include any oneof: (1) a corrected Application Data Sheet (ADS) pursuant to 37 CFR
1.76(c) which provides benefit information that complies with 37 CFR 1.78(a)(2) or 37 CFR 1.78(a)(5) or (2) a petition filed pursuant to
the provisions of 37 CFR 1.78(a)(3) or 37 CFR 1.78(a)(6) if the benefit information from the documentidentified above by code and
date does not accurately reflect the benefits under 35 U.S.C. 119(e), 120, 121 or 365(c) as claimed by applicant (a grantable petition
would include a corrected ADS as required by 37 CFR 1.78(a)(3)(1) or 37 CFR 1.78(a)(6)@)). Such amendments to the specification or
supplemental ADS submission maybefiled after paymentof the issue fee if limited to informalities noted herein. See Waiver of 37 CFR
1.312 for Document Required by Office of Patent Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004).

WARNING: If Applicant fails to timely submit a proper response, the benefit information will be deleted and the patent will be
printed without the benefit information present.

BMW1052
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PART B - FEE(S) TRANSMITTAL \we
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents
P.O. Box 1450

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks | through 5 should be completed whereappropriate. 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" formaintenance fee notifications.

 

 
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS(Note: Use Block t for any change of address) apers. Each additional paper, such as an assignmentor formal drawing, must‘ have its own certificate of mailing or transmission.
Certificate of Mailing or Transmission

. 7590 10/11/2013 | hereby certify that this Fee(s) Transmittal is being depositedwith the UnitedMichael de Angeli States Postal Service with sufficient postage forfirst class mail in an envelopeaddressed to the Mail Stop ISSUE FEE address above, or being facsimile
34 Court Street

Jamestown, RI 02835
transmitted to the USPTO (571) 273-2885, on the date indicated below. Mighae Lb de. Angel i (Depasitor's name) (TER

A IeS2 exh .

13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12 9367

' TITLE OF INVENTION: HYBRID VEHICLES

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

$0 0nonprovisional UNDISCOUNTED $1780 $300 $2080 1/13/2014

EXAMINER ART UNIT CLASS-SUBCLASS

CHEUNG,CALVIN K 3668 701-022000
    

 
 
 

  

 2. For printing on the patentfrontpage,list
(1) the namesofup to 3 registered patent attomeys \MichaeldeAngeli
or agents OR,alternatively,

(2) the nameofa single firm (having as a member a 2
registered attorney or agent) and the namesof up to
2 registered patent attorneys or agents. Ifno name is © 3
listed, no name will be printed.

1. Cha
CFR |

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

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

nge.of correspondence addressor indication of "Fee Address" (37
 

  

3. ASSIGNEE NAME AND RESIDENCE DATATO BE PRINTED ON THE PATENT(printortype)

PLEASE NOTE:Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the documenthas been filed forrecordation as set forth in 37 CFR 3.11. Completion ofthis form is NOTa substitute forfiling an assignment.

(A) NAME OF ASSIGNEE : , (B) RESIDENCE: (CITY and STATE OR COUNTRY)
PAICE LLC Baltimore, MD
The Abell Foundation Baltimore, MD

Please check the appropriate assignee category or categories (will not be printed on the patent): C2 individual (kCorporation or other private group entity O Government

4a. The folowing fee(s) are submitted: , 4b. Paymentof Fee(s): (Pleasefirst reapply any previously paid issue fee shown above)
Issue Fee OA checkis enclosed.

Publication Fee (No small entity discount permitted) (Xpayment by credit card. Form PTO-2038is attached. .
Advance Order - # of Copies 10 (J The Director is hereby authorized to charge the required fee(s), any deficrency, or credit any

overpayment, to Deposit Account Number (enclose an extra copy of this form). 

11/01/2013 EEKUBAY2 00000057 13573728

O1 FC31501 1780.00 OF
02 FC:1504 300.00 OF
03 FC:8001 30.00 OP

Page 2 of 4
PTOL-85 (Rev. 02/11)
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jia
4

5. Changein Entity Status (from status indicated above)

OQ Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absenta valid certification of Micro Entity Status (see form PTO/SB/I5A and 158), issue
fee paymentin the micro entity amount will not be accepted atthe risk of application abandonment.

O Applicantasserting smal] entity status. See 37 CFR 1.27 NOTE:If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

Q Applicant changing to regular undiscountedfee status. NOTE: Checkingthis box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.eeeeeeeeEUEEEEEENEnnAEEeEEE

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

Date_ 2 f 2SLi cAuthorized Signature —)
Registration No. 27 28 69Typed or printed name

     

 
 

aeee

This collection of informationis required by 37 CFR 1.311. The information is required to obtain orretain a benefit by the public whichis to file (and by the USPTOto 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 de ending upon the individual case. Any comments on the amount of time you require to completethis 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 FORMSTO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no personsare required to respondto a collection of information unlessit displays a valid OMB contro) number. 

Page 3 of 4 |
PTOL-85 (Rev. 02/11) Approved for use through 08/3 1/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

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

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

13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12 9367

7590 10/22/2013 ~. : EXAMINER

Michael de Angeli
34 Court Street CHEUNG,CALVIN K 
Jamestown, RI 02835 ART UNIT PAPER NUMBER

3668

MAIL DATE DELIVERY MODE

10/22/2013 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

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

BMW1052
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Application No. Applicant(s)
Corrected 13/573,728 SEVERINSKY ET AL.

. ape i i AIA (First Inventor to
Notice of Allowability SaneCUNG ace|File) Status

No

-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSEDin 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 GRANTOF PATENTRIGHTS.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. KJ This communication is responsive to 30 September 2013.

LIA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/werefiled on

2. 1 An election was madeby the applicant in responseto a restriction requirementsetforth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. K] The allowed claim(s)is/are 17-28. As a result of the allowed claim(s), you maybeeligible to benefit from the Patent Prosecution
Highwayprogramat a participating intellectual property office for the corresponding application. For more information, please seemt

nito/www.usoto. gov/patenis/init events/poh/index.iso or send an inquiry to PPHicedback@uspto.gov .
 

4. 1 Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:

a) All b)(JSome *c) [J None of the:

1. (J Certified copies of the priority documents have been received.

2. (] Certified copies of the priority documents have been received in Application No.

3. [1] Copiesofthe certified copies of the priority documents have been receivedin 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 ABANDONMENTofthis application.
THIS THREE-MONTH PERIODIS NOT EXTENDABLE.

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

C1 including changes required by the attached Examiner's Amendment / Commentorin 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 drawingsin 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 INFORMATIONaboutthe deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

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

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

3. DJ Examiner's Comment Regarding Requirementfor Deposit 7. Other .
of Biological Material

4. ZF Interview Summary (PTO-413),
Paper No./Mail Date .

/CALVIN CHEUNG/

Primary Examiner, Art Unit 3668

 
U.S. Patent and Trademark Office

PTOL-37 (Rev. 05-13) Notice of Allowability Part of Paper No./Mail Date 20131018
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Application/Control Number: 13/573,728 Paper No. 20131018 - Page 2

Art Unit: 3668

DETAILED ACTION

1. This office action is given an identifier, Paper No. 20131018, for reference purposes

only.

2. Paper No. 20131018 supersedes Paper No. 20131007.

Status of Claims

3. Claims 1-16 remain cancelled by claim amendmentsfiled 30 September 2013. Therefore,

claims 17-28 are allowed in this office action.

Terminal Disclaimer Acknowledgement

4, The Office approved the Terminal Disclaimer on 4 October 2013.

Reason for Allowance

5. The following is an examiner’s statement of reasons for allowance:

Regarding the claimed terms, the Examiner notesthat a “general term must be understood

in the context in which the inventor presents it.” In re Glaug 283 F.3d 1335, 1340, 62 USPQ2d

1151, 1154 (Fed. Cir. 2002). Therefore the Examiner mustinterpret the claimed terms as found

within the Original Specification. Clearly almostall the general terms in the claims may have

multiple meanings. So where a claim term “is susceptible to various meanings,... the inventor’s

lexicography mustprevail....” Jd. Using these definitions for the claims, the claimed invention

wasnot reasonably foundin the priorart.
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Application/Control Number: 13/573,728 Paper No. 20131018 - Page 3

Art Unit: 3668

In regards to claim 17, the prior art taken either individually or in combination with other

prior art of record fails to disclose, suggest, teach, or render obvious the invention as a whole:

A method of operation of a hybrid vehicle, comprising stepsof:

storing and supplying electrical power from a battery bank,

applying torque to road wheels of said hybrid vehicle from one or both of an internal

combustion engine andat least one traction motor, and

controlling flow of torque between said internal combustion engine, said at least one

traction motor, and said road wheels, and controlling flow of electrical power between said

battery bank andsaid at least one traction motor employing a controller, and

wherein said controller derives a predicted near-term pattern of operation of said hybrid

vehicle by monitoring operation of said hybrid vehicle; and

controls operation of said at least one traction motor and said internal combustion engine

for propulsion of said hybrid vehicle responsive to said derived near-term predicted pattern of

operation of said hybrid vehicle.

In regards to claim 23, the prior art taken either individually or in combination with other

prior art of record fails to disclose, suggest, teach, or render obvious the invention as a whole:

A method of operation of a hybrid vehicle, comprising stepsof:

storing and supplying electrical power from a battery bank,

applying torque to road wheels of said hybrid vehicle from one or both of an internal

combustion engine andat least one traction motor, and

controlling flow of torque between said internal combustion engine, said at least one

traction motor, and said road wheels, and controlling flow of electrical power between said

battery bank andsaid at least one traction motor employing a controller, and

wherein said controller predicts a near-term pattern of operation of said hybrid vehicle by

monitoring operation of said hybrid vehicle, and

predictively controls operation of said at least one traction motor andsaid internal

combustion engine for propulsion of said hybrid vehicle responsive to said predicted near-term

pattern of operation of said hybrid vehicle.

6. Any comments considered necessary by applicant must be submitted no later than the

paymentof the issue fee and, to avoid processing delays, should preferably accompanythe issue
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Application/Control Number: 13/573,728 Paper No. 20131018 - Page 4

Art Unit: 3668

fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”

Contact Information

7. Examiner Calvin Cheung can normally be reached Monday- Friday, 8:00a.m. - 5:00p.m.,

EST.

If attempts to reach the Examinerare unsuccessful, Supervisory Patent Examiner (SPE)

FadeyS. Jabr’s telephone numberis (571) 272-1516. The fax phone numberfor 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

maybe 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.

/CALVIN CHEUNG/

Primary Examiner, Art Unit 3668
571-270-7041 (Office)
571-270-8041 (Fax)
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification| 3.75705 SEVERINSKY ET AL.

CALVIN CHEUNG 3668

cPc

CPC Combination Sets
 

Total Claims Allowed:

 12
(Assistant Examiner)
/CALVIN CHEUNG/

Primary Examiner.Art Unit 3668 10/07/2013 O.G. Print Claim(s) O.G. Print Figure

(Primary Examiner) (Date) 1 2,4
U.S. Patent and Trademark Office Part of Paper No. 20131007
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification| 3.75705 SEVERINSKY ET AL.

CALVIN CHEUNG 3668

US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION

EEeS
_ TTCROSS REFERENCE(S) pt|| ||||

PEP
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Total Claims Allowed:

 12
(Assistant Examiner)
/CALVIN CHEUNG/

Primary Examiner.Art Unit 3668 10/07/2013 O.G. Print Claim(s) O.G. Print Figure

(Primary Examiner) (Date) 1 2,4
U.S. Patent and Trademark Office Part of Paper No. 20131007
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification| 3.75705 SEVERINSKY ET AL.

CALVIN CHEUNG 3668

Kl Claims renumbered in the sameorder as presented by applicant

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
- 17

Total Claims Allowed:
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OK TO ENTER: /0.C./ (10/48/2013)

In the Claims:

1 — 16 (Cancelled)

17. (Currently amended) A method ofoperation of a hybrid vehicle, said-vehiele comprising steps of:

a-battery-banicfer storing and supplying electrical power from a battery bank,

aninternal-combustion-engine-for applying torque to road wheels of said hybrid vehicle from one or both

of an internal combustion engine[[, ]]atteast-enetractionmoterferapplyingterqueto-wheels-ofseaid

vehiele and at least one traction motor, and

-a-eontroHer-fer controlling flow of torque between said internal combustion engine, said at least one

traction motor, and said road wheels, and fer controlling flow of electrical power between said battery

bank andsaid at least one traction motor employing a controller, and
 

whereinsaid-methed-_eomprises-the step-of said controller derives a predicted near-term pattern of

operation of said hybrid vehicle by monitoring operation of said hybrid vehicle; and

eontroling controls operation of said at least one traction motor and said internal combustion engine for
 

propulsion of said hybrid vehicle responsive to said derived near-term predicted pattern[[s]] ofvehiele

operation of said hybrid vehicle.

18. (Currently amended) The method of claim 17, wherein said derived predicted pattern of operation

comprises at least one repetitive pattern of operation of said hybrid vehiclesaideontreHereontrels

  

19. (Currently amended) The method of claim 18, wherein said controller stores a day-to-day record of

vehicle operation in order to detect repetitive patterns of vehiele operation of said hybrid vehicle.

20. (Currently amended) The method of claim 19, wherein said controller monitors variation in road load

experienced bysaid hybrid vehicle and comparespatterns of variation in road load experienced from day

to day in order to identify said repetitive patterns of vehiele operation_of said hybrid vehicle.
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21. (Currently amended) The method of claim 18, wherein said hybrid vehicle is operated in different

operational modes dependent on road load experienced by said hybrid vehicle, including switching from a

low-load mode wherein the hybrid vehicle is propelled solely by the-eleetrie-said at least one traction

motor to a higher-load mode wherein the hybrid vehicle is propelled at least in part by said internal

combustion engine, the transition between said low-load and higher-load modesbeing initiated when the

road load reaches a predetermined percentage of athe-engine’s maximum torque outputof the internal

combustion engine, and wherein said the-specifie-valie-ofsaidpredetermined percentage can be varied by

said controller responsive to said detected patterns of vehicle operation so as to avoid excessive

transitions between said low-load and higher-load modes, thereby avoiding excessive engine starting

operationsstarts.

22. (Currently amended) The method of claim 17, wherein said hybridvehicle is operated in different

operational modes dependent on road load experienced bysaid hybridvehicle, including switching from a

low-load mode wherein the hybridvehicle is propelled solely by the-eleetrie said at least one traction

motor to a higher-load mode wherein the hybrid vehicle is propelled at least in part by said internal

combustion engine, and wherein a the-speeifie value of said road load at which said transition between

said first and second modes occurs can be varied by said controller responsive to anticipated patterns of

vehicle operation.

23. (Currently amended) A method of operation of a hybrid vehicle, said-vehiele comprising stepsof:

a-battery-bank-fer storing and supplying electrical power from a battery bank,

aninternalcombustionengineforapplying torque to road wheels of said hybrid vehicle from one or both

of an internal combustion engine[[, ]]atieast-ene-+traction- metor-for applying terque to—wheels-of sat

vehicle and at least one traction motor, and

a-contreHerfercontrolling flow of torque between said internal combustion engine, said at least one

traction motor, and said road wheels, and fer controlling flow of electrical power between said battery
 

bank andsaid at least one traction motor employinga controller, and
 

whereinsaid-methed-cemprises-the-step—of said controller_predicts a near-term pattern of operation of

said hybrid vehicle by monitoring operation of said hybrid vehicle, and

BMW1052

Page 33 of 300



BMW1052 
Page 34 of 300

predictively eontreHing- controls operation of said at least one traction motor andsaid internal

combustion engine for propulsion of said hybrid vehicle responsive to said anticipated predicted near-

term pattern[[s]] of vehiele operation of said hybrid vehicle.

 

 

24. (Currently amended) The method of claim 23, wherein said predicted pattern of operation of said

hybrid vehicle comprises at least one repetitive pattern of operation of said hybrid vehicleeentreHer

 

 
25. (Currently amended) The method of claim 24, wherein said controller stores a day-to-day record of

vehicle operation in order to detect repetitive patterns ofvehiele operation_of said hybrid vehicle.

26. (Currently amended ) The methodofclaim 24, wherein said controller monitors variation in road load

experienced bysaid hybrid vehicle and comparespatterns ofvariation in road load experienced from day

to day in orderto identify said repetitive patterns of vehiele operation_of said hybrid vehicle.

27. (Currently amended ) The methodofclaim 23 24, wherein said hybridvehicle is operated in different

operational modes dependenton the roadload, including switching from a low-load mode wherein the

said hybrid vehicle is propelled solely by-the said at least one electric traction motorto a higher-load

mode wherein tke said hybrid vehicle is propelled at least in part by said internal combustion engine, the

transition between said low-load and higher-load modesbeing initiated when the road load reaches a .
predetermined percentage of the a engines maximum torque output of said internal combustion engine,

and wherein said the-speetfie-valie-ofsaidpredetermined percentage can be predictively varied by said

controller responsive to said deteeted anticipated patterns of vehiele operation of said hybrid vehicle so as

to avoid excessive transitions between said low-load and higher-load modes, thereby avoiding excessive

enginestarts.

28. (Currently amended) The method of claim 23 27, wherein said hybrid vehicle is operated in different

operational modes dependenton the _road load, including switching from a low-load mode wherein the

said hybrid vehicle is propelled solely by the-eleetrie said at least one traction motor to a higher-load

mode wherein the vehicle is propelled at least in part by said internal combustion engine, and wherein the

speeifie value of said road load at whichsaid transition occurs can be predictively varied by said

controller responsive to anticipated patterns of vehicle operation.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

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

 
NOTICE OF ALLOWANCE AND FEE(S) DUE

 
   

7590 10/11/2013

Michael de Angeli CHEUNG, CALVIN K
34 Court Street

Jamestown, RI02835
3668

DATE MAILED: 10/11/2013

13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12 9367
TITLE OF INVENTION: HYBRID VEHICLES

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

$0nonprovisional UNDISCOUNTED $1780 $300 $2080 01/13/2014

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCEIS NOT A GRANT OF PATENT RIGHTS.

THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS

PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW
DUE.

HOW TO REPLYTO THIS NOTICE:

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

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

If the ENTITY STATUSis changed from that shown above, on PART B - FEE(S) TRANSMITTAL,complete section number5 titled
"Change in Entity Status (from status indicated above)".

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

II. PART B - FEE(S) TRANSMITTAL,orits 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 isfiled, 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 equivalentof Part B.

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenancefees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL

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

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

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

 

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS(Note: Use Block 1 for any changeof address) apers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
. 7590 10/11/2013 I hereby certify that this Fee(s) Transmittal is being deposited with the United

Michael de Angeli States Postal Service with sufficient postage for first class mail in an envelope
34 Court Street addressed to the Mail Stop ISSUE FEE address above, or being facsimileou Tee transmitted to the USPTO (571) 273-2885, on the date indicated below.
Jamestown, RI 02835 (Depositor's name)

(Signature)

(ate) 
 
  APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. CONFIRMATION NO.

13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12 9367
TITLE OF INVENTION: HYBRID VEHICLES

 

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

$0nonprovisional UNDISCOUNTED $1780 $300 $2080 01/13/2014

CHEUNG, CALVIN K 3668 701-022000

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

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

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

2. For printing on the patent front page,list  
(1) the names of up to 3 registered patent attorneys
or agents OR,alternatively,  
(2) the name ofa single firm (having as a member a 2
registered attorney or agent) and the namesof up to
2 registered patent attorneys or agents. If nonameis 43
listed, no namewill be printed.

   
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT(printor 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) : LV individual LJ Corporation or other private group entity (J Government

4a. The following fee(s) are submitted: 4b. Paymentof Fee(s): (Please first reapply any previously paid issue fee shown above)
LI Issue Fee LIA checkis enclosed.

_] Publication Fee (No small entity discount permitted) Lj Paymentby credit card. Form PTO-2038 is attached.
LT Advance Order - # of Copies [_J The Directoris hereby authorized to charge the required fee(s), any deficiency, or credit any

overpayment, to Deposit Account Number (enclose an extra copy ofthis form).
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5. Change in Entity Status (from status indicated above)

| Applicantcertifying micro entity status. See 37 CFR 1.29 NOTE:Absenta valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue
fee paymentin the micro entity amountwill not be accepted at the risk of application abandonment.

 

Lj Applicant asserting small entity status. See 37 CFR 1.27 NOTE:If the application was previously under micro entity status, checking this box will be taken
to be a notification ofloss of entitlement to micro entity status. 

Lj Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification ofloss of entitlement to small or micro
entity status, as applicable.

 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone otherthan the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown bythe 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 USPTOto 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 amountof time you require to complete
this form and/or suggestions for reducing this burden, should be sent tothe 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 respondto a collection of information unlessit displays a valid OMBcontrol number.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

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

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

 
 
   

13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12 9367

7590 10/11/2013

Michael de Angeli CHEUNG, CALVIN K
34 Court Street

Jamestown, RI 02835
3668

DATE MAILED: 10/11/2013

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 0 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 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustmentis 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) WEBsite (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.
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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 abandonmentof the application or
expiration of the patent.

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

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

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

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

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

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

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

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

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

. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
law enforcementagency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Notices of Allowance and Fee(s) Due mailed between October 1, 2013 and
December31, 2013

(Addendum to PTOL-85)

If the “Notice of Allowance and Fee(s) Due” has a mailing date on or after October 1, 2013 and before
January 1, 2014, the following information is applicable to this application.

If the issue fee is being timely paid on or after January 1, 2014, the amount dueis the issue fee and
publication fee in effect January 1, 2014. On January 1, 2014, the issue fees set forth in 37 CFR 1.18
decrease significantly and the publication fee set forth in 37 CFR 1.18(d)(1) decreasesto $0.

If an issue fee or publication fee has been previously paid in this application, applicant is not entitled to a
refund of the difference between the amount paid and the amountin effect on January 1, 2014.

BMW1052

Page 40 of 300



BMW1052 
Page 41 of 300

 

 
Application No. Applicant(s)
13/573,728 SEVERINSKY ETAL.

. aye i i AIA (First Inventor to
Notice of Allowability SaneUNG Fase File) Status

No

-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSEDin 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 GRANTOF PATENT RIGHTS.This application is subject to withdrawal from issue atthe initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. KJ This communication is responsive to 23 September 2013.

LIA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/werefiled on

2. J An election was madeby the applicant in response to a restriction requirementset forth during the interview on ; the restriction
requirement and election have been incorporatedinto this action.

3. K] The allowed claim(s)is/are 17-28. As a result of the allowed claim(s), you maybeeligible to benefit from the Patent Prosecution
Highwayprogram at a participating intellectual property office for the corresponding application. For more information, please see

nito:/www.uspio.gov/patenis/init events/ooh/index.ise or send an inquiry to PPHicedback@uspto.qov .
 

4. 1] Acknowledgmentis madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d)or(f).

Certified copies:

a)OJ All b)LJSome *c) (J Noneofthe:

1. [] Certified copies of the priority documents have been received.

2. [] Certified copies of the priority documents have been received in Application No.

3. [J Copiesof the certified copies of the priority documents have been receivedin 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 communicationto file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENTofthis application.
THIS THREE-MONTH PERIODIS NOT EXTENDABLE.

5. L] CORRECTED DRAWINGS( as “replacement sheets”) must be submitted.

(including changes required by the attached Examiner's Amendment / Commentorin 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 drawingsin the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as suchin the header according to 37 CFR 1.121(d).

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

Attachment(s)
1. KJ Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

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

3. [] Examiner's Comment Regarding Requirement for Deposit 7. J Other .
of Biological Material

4. (1 Interview Summary (PTO-413),
Paper No./Mail Date .

/CALVIN CHEUNG/

Primary Examiner, Art Unit 3668

U.S. Patent and Trademark Office

PTOL-37 (Rev. 05-13) Notice of Allowability Part of Paper No./Mail Date 20131007
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Application/Control Number: 13/573,728 Paper No. 20131007 - Page 2

Art Unit: 3668

DETAILED ACTION

1. This office action is given an identifier, Paper No. 20131007, for reference purposes

only.

Status of Claims

2. Claims 1-16 remain cancelled by claim amendments filed 23 September 2013. Therefore,

claims 17-28 are allowed in this office action.

Terminal Disclaimer Acknowledgement

3. The Office approved the Terminal Disclaimer on 4 October 2013.

Reason for Allowance

4, The following is an examiner’s statement of reasons for allowance:

Regarding the claimed terms, the Examiner notes that a “general term must be understood

in the context in which the inventor presents it.” In re Glaug 283 F.3d 1335, 1340, 62 USPQ2d

1151, 1154 (Fed. Cir. 2002). Therefore the Examiner mustinterpret the claimed terms as found

within the Original Specification. Clearly almost all the general terms in the claims may have

multiple meanings. So where a claim term “is susceptible to various meanings,... the inventor’s

lexicography mustprevail....” Jd. Using these definitions for the claims, the claimed invention

wasnot reasonably foundin the priorart.

In regards to claim 17, the prior art taken either individually or in combination with other

prior art of record fails to disclose, suggest, teach, or render obvious the invention as a whole:
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Application/Control Number: 13/573,728 Paper No. 20131007 - Page 3

Art Unit: 3668

A method of operation of a hybrid vehicle, comprising the stepsof:

storing and supplying electrical power from a battery bank,

applying torque to road wheels of said hybrid vehicle from one or both of an internal

combustion engine and at least one traction motor, and

controlling flow of torque between said internal combustion engine, said at least one

traction motor, and said road wheels, and controlling flow of electrical power between said

battery bank andsaid at least one traction motor employing a controller, and

wherein said controller derives a predicted pattern of operation of said hybrid vehicle by

monitoring operation of said hybrid vehicle; and

controls operation of said at least one traction motor andsaid internal combustion engine

for propulsion of said hybrid vehicle responsive to said derived predicted pattern of operation of

said hybrid vehicle.

In regards to claim 23, the prior art taken either individually or in combination with other

prior art of record fails to disclose, suggest, teach, or render obvious the invention as a whole:

A method of operation of a hybrid vehicle, comprising the stepsof:

storing and supplying electrical power from a battery bank,

applying torque to road wheels of said hybrld vehicle from one or both of an internal

combustion engine andat least one traction motor, and

controlling flow of torque between said internal combustion engine, said at least one

traction motor, and said road wheels, and controlling flow of electrical power between said

battery bank andsaid at least one traction motor employing a controller, and

wherein said controller predicts a pattern of operation of said hybrid vehicle by

monitoring operation of said hybrid vehicle, and

predictively controls operation of said at least one traction motorandsaid internal

combustion engine for propulsion of said hybrid vehicle responsive to said predicted pattern of

operation of said hybrid vehicle.

5. Any comments considered necessary by applicant must be submitted no later than the

paymentof the issue fee and, to avoid processing delays, should preferably accompanythe issue

fee. Such submissions should be clearly labeled “(Comments on Statement of Reasonsfor

Allowance.”
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Application/Control Number: 13/573,728 Paper No. 20131007 - Page 4

Art Unit: 3668

Contact Information

6. Examiner Calvin Cheung can normally be reached Monday- Friday, 8:00a.m.- 5:00p.m.,

EST.

If attempts to reach the Examinerare unsuccessful, Supervisory Patent Examiner (SPE)

FadeyS. Jabr’s telephone numberis (571) 272-1516. The fax phone numberfor 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

maybe 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.

/CALVIN CHEUNG/

Primary Examiner, Art Unit 3668
571-270-7041 (Office)
571-270-8041 (Fax)
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Application/Control No. Applicant(s)/Patent Under
Reexamination

13/573,728 SEVERINSKY ET AL.
Notice of References Cited :Examiner Art Unit

CALVIN CHEUNG 3668 Page 1 of 1
U.S. PATENT DOCUMENTS

Document Number Date

=Code-Number-Kind Code SoooYYYY Name Classification

 
|US-2004/0230376|2004/0230376|11-2004|1-2004 fichkawaetae=et al.|=702002— US-6,314,347 11-2001|Kurodaetal. 701/22

US-5,939,794 08-1999|Sakaietal. 290/40A

ait US-5,982,045 11-1999|Tabata etal. 290/17

a US-2001/0044683 11-2001|Takaokaetal. 701/22

 
*A copyof this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYYformat are publication dates. Classifications may be US orforeign.
U.S. Patent and Trademark Office

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20131007
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Application/Control No. Applicant(s)/Patent Under
Reexamination

Search Notes 13573728 SEVERINSKYETAL.

ll| || || “_ Art UnitCALVIN CHEUNG 3668

CPC- SEARCHED

CPC COMBINATION SETS - SEARCHED

                       

US CLASSIFICATION SEARCHED

10/7/2013

10/7/2013

 
 
 

SEARCH NOTES

PoSearchNotesCite|Examiner|
palm inventor and assignee search

Pat# 7104347, 6554088 references checked

App# 13/065708, 12/320600, 11/459458 references checked 6/10/2013
updated east 10/7/2013

 
 INTERFERENCE SEARCH

US Class/ US Subclass / CPC Group|Examiner—CPC Symbol
|————Ss«*YLsinterference databases searched 10/7/2013
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification| , 3.75759 SEVERINSKYET AL.

CALVIN GHEUNG 3668

cPc

 
Total Claims Allowed:

 
12

(Assistant Examiner)
/CALVIN CHEUNG/

Primary Examiner.Art Unit 3668 10/07/2013 O.G. Print Claim(s) O.G. Print Figure

(Primary Examiner) (Date) 1 2,4
U.S. Patent and TrademarkOffice Part of Paper No. 20131007
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Application/Control No.

Issue Classification| , 3.75759

CALVIN GHEUNG

US ORIGINAL CLASSIFICATION

CLASS

z

CROSS REFERENCE(S)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)

(Assistant Examiner)
/CALVIN CHEUNG/

Primary Examiner.Art Unit 3668

(Primary Examiner)

U.S. Patent and TrademarkOffice

SUBCLASS Cc == m o

10/07/2013 

Applicant(s)/Patent Under Reexamination

SEVERINSKYETAL.

INTERNATIONAL CLASSIFICATION

NON-CLAIMED 
Total Claims Allowed:

12

O.G. Print Claim(s) O.G. Print Figure

(Date) 1 2,4
Part of Paper No. 20131007
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Issue Classification
Application/Control No.

13573728

Examiner

CALVIN GHEUNG

Kl Claims renumbered in the sameorderas presented by applicant

Applicant(s)/Patent Under Reexamination

SEVERINSKYETAL.

Art Unit

3668

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

(Assistant Examiner)
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Primary Examiner.Art Unit 3668

(Primary Examiner)

U.S. Patent and TrademarkOffice

  

 

     

Total Claims Allowed:
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10/07/2013 O.G. Print Claim(s) O.G. Print Figure

(Date) 1 2,4
Part of Paper No. 20131007
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Applicant(s)/Patent underApplication/Control No.
Reexamination Application Number

| | | Serefee SEVERINSKYETAL.
  

 Document Code - DISQ Internal Document — DO NOT MAIL

TERMINALDISCLAIMER APPROVEDAPPROVED [J DISAPPROVED

This patent is subject
Date Filed : 9/23/13 to a Terminal

Disclaimer

Approved/Disapprovedby:

 
  

U.S. Patent and Trademark Office
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In re the Patent Application of:

Severinskyet al : Examiner: Calvin C. K. Cheung

Serial No.: 13/573,728 : Group Art Unit: 3662

Filed: October 5, 2012 : Att.Dkt:PAICE201.DIV.12

For: Hybrid Vehicles

Hon. Commissionerfor Patents

P.O. Box 1450

Alexandria VA 22313-1450

AMENDMENT

Sir:

In response to the Office Action mailed June 12, 2013 in the above-identified application,

setting a shortenedstatutory period for response extended by a paperfiled herewith with fee to

expire October 12, 2013, kindly amendthe application as follows:

16/81/2013 ZJUHARL 688888832 13573728

@l FC:i251 268.86 OF
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In the Claims:

1 — 16 (Cancelled)

17. (Currently amended) A method ofoperation of a hybrid vehicle, said-vehiele comprising steps of:

a-battery-banicfer storing and supplying electrical power from a battery bank,

aninternal-combustion-engine-for applying torque to road wheels of said hybrid vehicle from one or both

of an internal combustion engine[[, ]]atteast-enetractionmoterferapplyingterqueto-wheels-ofseaid

vehiele and at least one traction motor, and

-a-eontroHer-fer controlling flow of torque between said internal combustion engine, said at least one

traction motor, and said road wheels, and fer controlling flow of electrical power between said battery

bank andsaid at least one traction motor employing a controller, and
 

whereinsaid-methed-_eomprises-the step-of said controller derives a predicted near-term pattern of

operation of said hybrid vehicle by monitoring operation of said hybrid vehicle; and

eontroling controls operation of said at least one traction motor and said internal combustion engine for
 

propulsion of said hybrid vehicle responsive to said derived near-term predicted pattern[[s]] ofvehiele

operation of said hybrid vehicle.

18. (Currently amended) The method of claim 17, wherein said derived predicted pattern of operation

comprises at least one repetitive pattern of operation of said hybrid vehiclesaideontreHereontrels

  

19. (Currently amended) The method of claim 18, wherein said controller stores a day-to-day record of

vehicle operation in order to detect repetitive patterns of vehiele operation of said hybrid vehicle.

20. (Currently amended) The method of claim 19, wherein said controller monitors variation in road load

experienced bysaid hybrid vehicle and comparespatterns of variation in road load experienced from day

to day in order to identify said repetitive patterns of vehiele operation_of said hybrid vehicle.
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21. (Currently amended) The method of claim 18, wherein said hybrid vehicle is operated in different

operational modes dependent on road load experienced by said hybrid vehicle, including switching from a

low-load mode wherein the hybrid vehicle is propelled solely by the-eleetrie-said at least one traction

motor to a higher-load mode wherein the hybrid vehicle is propelled at least in part by said internal

combustion engine, the transition between said low-load and higher-load modesbeing initiated when the

road load reaches a predetermined percentage of athe-engine’s maximum torque outputof the internal

combustion engine, and wherein said the-specifie-valie-ofsaidpredetermined percentage can be varied by

said controller responsive to said detected patterns of vehicle operation so as to avoid excessive

transitions between said low-load and higher-load modes, thereby avoiding excessive engine starting

operationsstarts.

22. (Currently amended) The method of claim 17, wherein said hybridvehicle is operated in different

operational modes dependent on road load experienced bysaid hybridvehicle, including switching from a

low-load mode wherein the hybridvehicle is propelled solely by the-eleetrie said at least one traction

motor to a higher-load mode wherein the hybrid vehicle is propelled at least in part by said internal

combustion engine, and wherein a the-speeifie value of said road load at which said transition between

said first and second modes occurs can be varied by said controller responsive to anticipated patterns of

vehicle operation.

23. (Currently amended) A method of operation of a hybrid vehicle, said-vehiele comprising stepsof:

a-battery-bank-fer storing and supplying electrical power from a battery bank,

aninternalcombustionengineforapplying torque to road wheels of said hybrid vehicle from one or both

of an internal combustion engine[[, ]]atieast-ene-+traction- metor-for applying terque to—wheels-of sat

vehicle and at least one traction motor, and

a-contreHerfercontrolling flow of torque between said internal combustion engine, said at least one

traction motor, and said road wheels, and fer controlling flow of electrical power between said battery
 

bank andsaid at least one traction motor employinga controller, and
 

whereinsaid-methed-cemprises-the-step—of said controller_predicts a near-term pattern of operation of

said hybrid vehicle by monitoring operation of said hybrid vehicle, and
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predictively eontreHing- controls operation of said at least one traction motor andsaid internal

combustion engine for propulsion of said hybrid vehicle responsive to said anticipated predicted near-

term pattern[[s]] of vehiele operation of said hybrid vehicle.

 

 

24. (Currently amended) The method of claim 23, wherein said predicted pattern of operation of said

hybrid vehicle comprises at least one repetitive pattern of operation of said hybrid vehicleeentreHer

 

 
25. (Currently amended) The method of claim 24, wherein said controller stores a day-to-day record of

vehicle operation in order to detect repetitive patterns ofvehiele operation_of said hybrid vehicle.

26. (Currently amended ) The methodofclaim 24, wherein said controller monitors variation in road load

experienced bysaid hybrid vehicle and comparespatterns ofvariation in road load experienced from day

to day in orderto identify said repetitive patterns of vehiele operation_of said hybrid vehicle.

27. (Currently amended ) The methodofclaim 23 24, wherein said hybridvehicle is operated in different

operational modes dependenton the roadload, including switching from a low-load mode wherein the

said hybrid vehicle is propelled solely by-the said at least one electric traction motorto a higher-load

mode wherein tke said hybrid vehicle is propelled at least in part by said internal combustion engine, the

transition between said low-load and higher-load modesbeing initiated when the road load reaches a .
predetermined percentage of the a engines maximum torque output of said internal combustion engine,

and wherein said the-speetfie-valie-ofsaidpredetermined percentage can be predictively varied by said

controller responsive to said deteeted anticipated patterns of vehiele operation of said hybrid vehicle so as

to avoid excessive transitions between said low-load and higher-load modes, thereby avoiding excessive

enginestarts.

28. (Currently amended) The method of claim 23 27, wherein said hybrid vehicle is operated in different

operational modes dependenton the _road load, including switching from a low-load mode wherein the

said hybrid vehicle is propelled solely by the-eleetrie said at least one traction motor to a higher-load

mode wherein the vehicle is propelled at least in part by said internal combustion engine, and wherein the

speeifie value of said road load at whichsaid transition occurs can be predictively varied by said

controller responsive to anticipated patterns of vehicle operation.
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REMARKS

The Examineris thanked for his courtesy in extending telephonic interviews to the undersigned

on September 13 and 25, 2013. During the September 25 interview, the Examiner agreed that the

independent claims as amended hereby previously distinguished over the primary reference, Severinsky

patent 5,343,970. The claims have also been rewritten to comprise only method steps, as requested by the

Examinerin the September 13 interview.

Applicants respectfully respond to the points made in the Office Action mailed June 12, 2013 as

follows.

On pp. 2 —3 of the Office Action, the Examiner indicates that as the prior art made of record

against the present application is already of record, applicants need not resubmita listing ofall such prior |
art unless they desire the identification of such art to be listed on a patent issuing on this application.

Applicants have already submitted such an identification of the art previously cited, by way of an

Information Disclosure Statement filed May 7, 2013, do indeed desire thatit be listed on the patent, if

issued, and respectfully request that this be done.

On pp. 3 —6ofthe Office Action, the Examiner made numerousobjections to the form of the

claims, requesting that language be used consistently through the claims,e.g., “hybrid vehicle”, “at least

one traction motor”, and “said internal combustion engine” be used consistently instead of “vehicle”,

“motor”, and “engine”, and moreover noted that “the” and “said” had been usedinconsistently. By the

present amendment, these informalities have been addressed,andit is respectfully submitted that these

objections have been overcome. Amendmentsalong the samelines in addition to those in responseto the

specific objections made by the Examiner have also been made, for consistencyandclarity.

On pp. 6 — 8, the Examiner madefurther objections to the claims under 35 USC § 112,stating

that independent claims 17 and 23 were hybrid claims and therefore indefinite, in particular that they

included both method andstructural limitations. Claims 17 and 23 have been amendedto be specifically

drawn to methods of operation of a hybrid vehicle, and as noted above now include only explicit method

steps.It is therefore respectfully submitted that the objection based on the alleged hybrid nature of these

claims should be reconsidered and withdrawn,andthis action is respectfully requested.
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The Examiner’s parallel objections to claims 21, 22, 27 and 28asreciting “the specific value” as

lacking in antecedent basis have been addressed by the above amendmentandit is respectfully submitted

that these objections should be reconsidered and withdrawn.

Turning now to the rejections on the art, the Examiner’s primary reference is Severinsky patent

5,343,970 (the “‘970 patent”), this reference having been applied to reject claims 17, 18, 21 — 24, 27, and

28 under 35 USC § 102, and the remaining claims 19, 20, 25, and 26 under 35 USC § 103 on the

combination of the ‘970 patent with patent 5,825,283 to Camhi.

The present claimsrelate to a methodof control of a hybrid vehicle comprising at least two

sources of torque to propel the vehicle, namely an internal combustion engine andat least one traction

motor. The vehicle also comprises a battery for supplying electrical powerto the traction motor, and a

controller for determining whether the motor, the engine, or both, should propel the vehicle at any given

time.

Independent claims 17 and 23 as amendedrecite, among other things, a method of operation of a

hybrid vehicle, the method comprising the steps of a controller of the hybrid vehicle monitoring operation

of the hybrid vehicle in order to predict a pattern of operation of the hybrid vehicle, and controlling

operation ofthe traction motor and internal combustion engine of the hybrid vehicle responsive to the

predicted pattern of operation.

This exemplary feature is recited in claim 17, as amended,as follows:

wherein said controller derives a near-term predicted pattern of operation of said hybrid vehicle
by monitoring operation of said hybrid vehicle; and

controls operation of said at least one traction motor and said internal combustion engine for
propulsion of said hybrid vehicle responsive to said derived near-term predicted pattern of
operation of said hybrid vehicle.

Independentclaim 23 includes similar limitations:

wherein said controller predicts a near-term pattern of operation of said hybrid vehicle by
monitoring operation of said hybrid vehicle, and
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predictively controls operation of said at least one traction motor and said internal combustion
engine for propulsion of said hybrid vehicle responsive to said predicted near-term pattern of
operation of said hybrid vehicle.

The Examinerhadrejected these claimsprior to the present amendmentin view of the ‘970

patent, arguing that the ‘970 patent showsthe essential structural components of the hybrid vehicle and

that the ‘970 patent showsoperation of the engine and motor responsive to predicted patterns of vehicle

operation in that the ‘970 patent “discloses highway speeds during highway cruising and low-speed for

traffic; thus these are predicted patterns”. Office Action at 9.

Thefact that the ‘970 patent acknowledges that a hybrid vehicle can be expected to be operated at

both highway speedsandin traffic —as would any vehicle, hybrid or not - hardly suggests the specific

method steps recited in amended independent claims 17 and 23. The ‘970 patentdiscloses selection of

the appropriate mode of vehicle operation — motor-only, engine-only, or both — in real time, responsive to

the vehicle speed, not in response to any predicted_near-term pattern of operation as presently claimed.

Moreparticularly, independent claims 17 and 23 have both been amendedherebytorecite that

the controller performs the separate steps of monitoring vehicle operation to derive a predicted pattern of

operation, and then controlling vehicle operation accordingly. The ‘970 patent discloses only that the

vehicle is operated in different modes responsive to vehicle speed, makes this mode determinationstrictly

in real time, and says nothing about predicting a pattern of operation, and altering vehicle operation

accordingly.

Further, the ‘970 patent says nothing about the controller performing the step of monitoring

vehicle operationsin orderto derive a predicted pattern or anticipate a pattern of operation of the vehicle.

Thatis, as noted by the Examiner, highwayoperation and operationin traffic are predictable modes of

operating any vehicle, and therefore any vehicle must be designed to accomplish both properly. But in

this case, it is the vehicle designer who anticipates highway and low-speed driving, and incorporates the

necessary componentsinto the vehicle to permit the vehicle to perform in both modes. And, of course,

the designer incorporates the necessary components well before the vehicle actually experiences these

conditions. This is very different from the vehicle’s controller monitoring operation of the particular

vehicle and using this data to predict future operational patterns accordingly, as claimed.
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Stated differently, the Office Action asserts that “Severinsky discloses highway speeds during

highwaycruising and low-speed for traffic; thus these are predicted patterns.” Contrary to the Examiner’s

assertions, vehicle operation in highwaycruising and low-speeddriving, albeit certainly part of the

vehicle’s overall operation, are not “predicted patterns”as used in the present claims. Instead, they are

actions taken by the microprocessor controller 48 to control the internal combustion engine and the

electric motor responsive to input received from the operator input devices 70 in order to provide the

necessary propulsive force during either driving condition. Such simple control operations by the

microprocessorcontroller 48 do not suggest the claimed steps of the controller monitoring operations of

the hybrid vehicle in order to predict a near-term pattern of operation of the hybrid vehicle.

It is therefore respectfully requested that the rejection of the independent claimsas anticipated by
the ‘970 patent be reconsidered and withdrawn. The dependentclaimsare allowable as dependent

therefrom. Because claims 17 and 23 are distinguishable over the ’970 patent, the Examiner’s rejection of

the claims that are dependent therefrom are moot. Moreover, Applicants disagree with the Examiner’s

characterization of the ’970 patent and maintain that the ’970 patent fails to anticipate the dependent

claims. For example, the ’970 patent fails to disclose that the controller monitors variation in road load

experienced bysaid hybrid vehicle and comparespatterns of variation in said road load experienced from

day to day in orderto identify said repetitive patterns of vehicle operation of said hybrid vehicle as

required, for example, by claim 20.

Asnoted above, the Examinerrejected dependent claims 19, 20, 25 and 26 on the combination of
the ‘970 patent with Camhi 5,825,283. These claims are allowable for at least the reasons discussed

above with respect to independent claims 17 and 23. Furthermore, it is respectfully submitted that Camhi

does not overcomethe deficiencies of the ‘970 patent with respect to the independent claims. Camhi was

cited by the Examinerfor a teaching of monitoring day to day record of vehicle operation, with reference

to col. 7, lines 53 — 65. This section of Camhi simply discloses an Automotive Warning and Recording

System which appearsto store a recording of various vehicle operational parameters for accident

reconstruction and like purposes. There is no suggestion hereorin the other portion of Camhi

specifically mentioned by the Examiner,i.e., col. 9, line 59 — col. 11, line 47, of monitoring patterns of

vehicle operation and usingthis to predictively control operation of the vehicle, as claimed.

Finally, the Examiner rejected all claims for obviousness-type double patenting with respect to

commonly assigned Severinsky patent 6,209,672. A terminal disclaimer is accordingly submitted

herewith.
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Early and favorable reconsideration and allowance of the application are earnestly solicited.

Dated: / 25 | iF

Respectfully submitted,

A
Michael de Angeli
Reg. No. 27,869
34 Court Street

Jamestown, RI 02835
401-423-3190
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 IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of:

Severinskyet al : Examiner: Calvin C. K. Cheung

Serial No.: 13/573,728 : Group Art Unit: 3662

Filed: October 5, 2012 : Att.Dkt:PAICE201.DIV.12

For: Hybrid Vehicles

Hon. Commissioner of Patents and Trademarks

P.O. Box 1450

Alexandria VA 22313-1450

PETITION FOR EXTENSION OF TIME

Dear Sir:

The above-namedapplicant hereby requests a one-month extension of time to

respond to the Office Action mailedin this application on June 12, 2013.

A credit card charge form includingthe petition fee of $ 200 is enclosed.

Respectfully submitted,

Michael de AngeliDated

Reg. No. 27,869
34 Court Street

Jamestown, RI 02835
401-423-3190
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%vas
o PTOIMAIA/26 (04-13)

by Approved for use through 04/30/2013. OMB 0651-0031
& U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCEFiger the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

Docket Number (Optional)
PAICE201.DIV.12

In re Application of: Severinsky et al

Application No.: 13/573,728

Filed: October 5, 2102

For: Hybrid Vehicles

The applicant, PAICE LLC and The Abel! Foundation , ownerof 100 percentinterestin the instant application hereby
disclaims, except as provided below,the terminal part of the statutory term of any patent granted on the instant application which would extend!
beyond the expiration date of the full statutory term of prior patent No. 6,209,672 as the term of said prior patentis presently
shortened by any terminal disclaimer. The applicant hereby agrees that any patent so granted on the instant application shall be enforceable
only for any during such period that it and the prior patent are commonly owned. This agreement runs with any patent granted onthe instant
application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the applicant does not disclaim the terminal part of the term of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer,” in the event that said prior patentlater:

expiresfor failure to pay a maintenance fee;
is held unenforceable;
is found invalid by a court of competent jurisdiction;
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;
has ali claims canceled by a reexamination certificate;
is reissued; or
is in any mannerterminated prior to the expiration ofits full statutory term as presently shortened by any terminaldisclaimer.

Checkeither box 1 or 2 below, if appropriate.

1. [] The undersigned is the applicant. If the applicant is an assignee, the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledgethat any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonmentof not more
than five (5) years, or both.

2. [Vv] The undersignedis an attorney or agent of record. Reg.No._27,869

Michael de Angeli

Typed orprinted name

Attorney of record 401-423-3190
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(d) included.

WARNING:Information on this form may becomepublic, Credit card information snonotbe included onthis form. Provide credit card information and authorization on PTO-2
10/81/2813 TTUHAR“Faoeen32 13573728
@2 FC:1814

 
This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is govemed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to c omplete,
including gathering, preparing, and submitting the completed application form to the USPTO. Timewill vary depending upon the individual case. Any comments
on the amountof time you require to complete this form and/or suggestions for reducing this bu rden, should be sentto 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 FORMSTO THIS
ADDRESS. SEND TO: Commissionerfor 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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THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of:

Severinskyet al : Examiner: Calvin C. K. Cheung

Serial No.: 13/573,728 : Group Art Unit: 3662

Filed: October 5, 2012 : Att.Dkt:PAICE201.DIV.12

For: Hybrid Vehicles

Hon. Commissioner for Patents

P.O. Box 1450

Alexandria VA 22313-1450

TRANSMITTAL OF AMENDMENT

Transmitted herewith is an amendmentin the above- identified application.

__ Acheck for the additional claim fee of $ 0.00 as calculated below is enclosed for this
amendment.

_x. The Commissioneris hereby authorized to charge the additional claims fee calculated below
and any underpayment(or to credit overpayment) to our Deposit Account No. 04-0401.

LARGE ENTITY

TOTAL CLAIMS PRESENT ADDITIONAL

CLAIMS PREVIOUSLY EXTRA RATE

PAID FOR

TOTAL 12 20 = 0 Extra x 80 $ 0.00

INDEP. 2 3 = 0 Extra x 420 $ 0.00

TOTAL: $ 0.00

BMW1052

Page 63 of 300



BMW1052 
Page 64 of 300

Dated: Sas/2

Respectfully submitted,

~L
Michael de Angeli
Reg. No. 27,869
34 Court Street

Jamestown RI 02835

401-423-3190

**** CERTIFICATE OF MAILING ****

I hereby certify that this correspondence is being mailed with
adequate postage on the date below via the US Postal Service,
and addressed to Hon. Commisioner for Patents, P.O. Box 1450,
Arlington VA 22313-1450.

_____MichaeldeAngeli

ACEFhRepresentativeSignatureab pe, Date?7 
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PTO/SB/06 (09-11)
Approvedfor use through 1/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF GOMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD[|4ppiication or Docket Number Filing Date
Substitute for Form PTO-875 13/573,728 10/05/2012|L] Tobe mailed

ENTITY: [X)carRGce [] smatt [] micro

APPLICATION AS FILED — PART|

(Column 1) (Column 2)

NUMBER FILED NUMBER EXTRA

37 CFR 1.16(a), (b), or (¢

37 CFR 1.16(k), (i), or (m

CL EXAMINATION FEE

TOTAL CLAIMS j .
37 CFR 1.16(i minus 20 =

INDEPENDENT CLAIMS J .
37 CFR 1.16(h minus 3 =

If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
for small entity) for each 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 1,16(j)

LAPPLICATION SIZE FEE
(37 CFR 1.16(s))

* If the difference in column 1 is less than zero, enter “O” in column 2.

APPLICATION AS AMENDED- PARTII

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

CLAIMS HIGHEST

hereNG p SREYOUSLY PRESENT EXTRA ADDITIONALFEE($)AMENDMENT PAID FOR

C Application Size Fee (837 CFR 1.16(s))

Cc FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

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

CLAIMS HIGHEST
REMAINING NUMBER

AFTER PREVIOUSLY PRESENT EXTRA
AMENDMENT PAID FOR

Total (37 CFR + ; aosCiae
Ind dent * i tik

esCdee
[_] Application Size Fee (37 CFR 1.16(s))

Cc FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))
AMENDMENT
* If the entry in column 1 is less than the entry in column2, write “O” in column 3. LIE
** If the “Highest NumberPreviously Paid For” IN THIS SPACEis less than 20, enter “20”. /CAROLYN THOMAS/
*** If the “Highest Number Previously Paid For’ IN THIS SPACEis less than 3, enter “3”.
The “Highest Number Previously Paid For’ (Total or Independent) is the highest numberfound 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 whichis tofile (and by the USPTOto
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 uponthe individual case. Any comments on the amountof 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 TrademarkOffice, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS
ADDRESS. SEND TO: Commissionerfor 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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From: Jamestown Hardware To: 15712738300 09/23/2013 17:48 #275 P. O05

RECEIVED
CENTRALFAX CENTER

SEP 23 2013

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of:

Severinskyet al : Examiner: Calvin C. K. Cheung

Serial No.: 13/573,728 _: Group Art Unit: 3662 _

Filed: October 5,2012 — > Att.Dkt:PAICE201.DIV.12

For: Hybrid Vehicles

Hon. Commissionerfor Patents

P.O. Box 1450 \

Alexandria VA 22313-1450

AMENDMENT

Sir:

In response to the Office Action mailed June 12, 2013 in the above-identified application,

setting a shortened statutory period for response extendedby a paperfiled herewith with fee to

~ expire October 12, 2013, kindly amendthe application as follows: 
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In the Claims:

1-16 (Cancelled)

17. (Currently amended) A methodofoperation of a hybrid vehicle, said-vehiole comprisingthestepsof:

e-bettery-banicfor storing and supplying electrical power from a battery bank,

on-internalcombustionengine-fer applying torque to road wheels of said hybridvehicle from one or both
of an internal combustion engine[[, ]Jetteastene-+ractionmeterfer applyingterque-te-wheels-ofsaid
vehiele and at least one traction motor, and 

-t-controHerfer controlling flow of torque betweensaid internal combustion engine, said at least one

traction motor, and said road wheels, and fer controlling flow ofelectrical power between said battery
bank and said at least one traction motor employing a controller, and

wherein seid-methed-eomprises-the step-ef said controller derives a predicted pattern of operation ofsaid
brid vehi monitoring operationofsaid hybrid vehicle: and

eentreliing controls operation ofsaid at least one traction motorand said internal combustion enginefor
propulsion of said hybrid vehicle responsive to said derived predicted pattern{[s]] of vehiele-operation of
said hybrid vehicle.

18. (Currently amended) The methodofclaim 17, wherein said derived predicted pattern of operation
comprises at least one repetitive pattern of operation of said hybrid vehicle said-eentreller-centrels _

  
 

 
      

O ottG eS S rOSpeons TOS SiS Petters o   

19. (Currently amended) The method ofclaim 18, wherein said controller stores a day-to-day record of

vehicle operation in order to detect repetitive patterns ofvekiele operation of said hybrid vehicle.

20. (Currently amended) The methodofclaim 19, wherein said controller monitors variation in road load

experiencedbysaid hybrid vehicle and comparespatterns of variation in road load experienced from day
to day in order to identify said repetitive patterns of vehiele operation_of said hybrid vehicle.
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21. (Currently amended) The method of claim 18, wherein said hybrid vehicle is Operated in different

operational modes dependent on road load experienced bysaid hybrid vehicle, including switching from a 

low-load mode wherein the hybrid vehicle is propelled solely by the-eleetrie-said at least one traction
motorto a higher-load mode wherein the hybrid vehicle is propelled at least in part bysaid internal
combustion engine,the transition betweensaid low-load and higher-load modes being initiated whenthe
road load reaches a predetermined percentage ofathe-engine’s maximum torque Outputof the internal
combustion engine, and wherein said the-speeifie-valie-efsaid predetermined percentage can be varied by
said controller responsive to said detected patterns of vehicle operation so as to avoid excessive

transitions between said low-load and higher-load modes,thereby avoiding excessive engine starting
operationsstarts.

22. (Currently amended) The method of claim 17, wherein said hybrid vehicle is operatedin different

operational modes dependent on road load experienced by said hybrid vehicle, including switching from a
low-load mode wherein the hybrid vehicle is propelled solely by the-eleetrie said at least one traction 

motorto a higher-load mode wherein the hybrid vehicle is propelled at least in part by said internal
 

combustion engine, and wherein a the-speeifie value ofsaid road load at which said transition between

said first and second modes occurs can be varied by said controller responsive to anticipated patterns of
vehicleoperation.

23. (Currently amended) A methodofoperation of a hybrid vehicle, said-vehicle comprising the steps of:

@battery-bankfer storing and supplying electrical power from a battery bank,

an-intornalcombustionengineforapplying torque to road wheels ofsaid hybrid vehicle from one or‘both
of an internal combustion engine[[, ]}e

¥ehicle and at least one traction motor, and

 
 

s-eontrelerfercontrolling flow oftorque between said internal combustion engine, said at least one

traction motor, and said roadwheels, and fer controlling flow of electrical power between said battery
bank andsaid at least one traction motor employing a controller, and

 

whereinseid-methedcomprisesthe-step—ofsaid controller predicts a pattern of operation ofsaid hybrid
vehicle by monitoring operation of said hybrid vehicle, and
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predictively contreling controls operation ofsaid at least one traction motor and said internal
combustion engine for propulsion of said hybrid vehicle responsive to said anticipated predicted
pattern[[s]] of vehiele operation of said hybrid vehicle.

 

24. (Currently amended) The methodofclaim 23, wherein said identified pattern of operation of said
hybrid vehicle comprises at least one repetitive pattern of operation of said hybrid vehicleeentreHer

    

 
25. (Currently amended) The method ofclaim 24, wherein said controller stores a day-to-day record of
vehicle operation in orderto detect repetitive patterns ofvehicle operation of said hybrid vehicle.

26. (Currently amended ) The method of claim 24, wherein said controller monitors variation in road load

experienced by said hybrid vehicle and comparespatterns ofvariation in road load experienced from day
to day in order to identify said repetitive patterns ofvehiele operation_ofsaid hybrid vehicle.

27, (Currently amended ) The method of claim 23 24, wherein said hybridvehicleis operated in different
operational modes dependenton the road load, including switching from a low-load mode wherein the

said hybrid vehicle is propelled solely by-the said at least one eleetrie traction motortoa higher-load
mode wherein the said hybrid vehicle is propelled at least in part by said internal combustion engine, the
transition between said low-load and higher-load modes beinginitiated when the road load reaches a

predetermined percentage ofthe a engine’s maximum torque outputofsaid internal combustion engine,
and wherein said the-speeifie-vahie-ofsaidpredetermined percentage can be predictively varied by said
controller responsive to said deteeted anticipated patterns ofvehiele operation of said hybrid vehicle so as

to avoid excessive transitions between said low-load and higher-load modes, thereby avoiding excessive
enginestarts.

28. (Currently amended) The method of claim 23 27, wherein said hybrid vehicle is operated in different
operational modes dependenton the road load,including switching from a low-load mode wherein the

said hybrid vehicle is propelled solely by the-electrie said at least one traction motorto a higher-load
mode wherein the vehicle is propelledat least in part by said internal combustion engine, and wherein the
speeifie value of said road toad at whichsaid transition occurs can be predictively varied by said
controller responsive to anticipated patterns ofvehicle operation.

4
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EDCaNTRALFAXENTER
SEP 23 2013

REMARKS

The Examineris thanked for his courtesy in extending a telephonic interview to the undersigned
on September13, 2013. During the interview, the Examiner agreedthat the independentclaims as

proposed to be amendedin a draft submitted previously distinguished over the primary reference,
Severinsky patent 5,343,970, but requested the claims be rewritten to comprise only method steps. This
has been accomplished in the present amendment.

Applicants respectfully respondto the points madein the Office Action mailed June 12, 2013 as
follows.

On pp. 2 —3 of the Office Action, the Examiner indicates that as the prior art made ofrecord

against the present applicationis already of record, applicants need not resubmit a listing of all such prior
art unless they desire the identification of such art to be listed on a patent issuing on this application.
Applicants have already submitted such anidentification of the art previously cited, by way of an
Information Disclosure Statement filed May 7, 2013, do indeed desire thatit be listed on the patent, if
issued, and respectfully request that this be done.

Onpp. 3 — 6 of the Office Action, the Examiner made numerousobjectionsto the form ofthe

claims, requesting that language be used consistently through theclaims, e.g., “hybrid vehicle”, “at least

onetraction motor”, and “said internal combustion engine” be used consistently instead of “vehicle”,

“motor”, and “engine”, and moreovernoted that “the” and “said” had been usedinconsistently, By the
present amendment, theseinformalities have been addressed, andit is respectfully submitted that these

objections have been overcome. Amendmentsalong the samelines in addition to those in response to the
specific objections made by the Examiner have also been made, for consistency and clarity.

Onpp. 6 ~ 8, the Examiner madefurther objectionsto the claims under 35 USC § 112, stating
that independent claims 17 and 23 were hybrid claims and therefore indefinite, in particular that they
included both method andstructural limitations. Claims 17 and 23 have been amendedto be specifically
drawn to methods of operation of a hybrid vehicle, and as noted above nowinclude only explicit method
steps.It is therefore respectfully submitted that the objection based on the alleged hybrid nature of these

claims should be reconsidered and withdrawn, and this action is respectfully requested.

 
i
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The Examiner alsoobjected to claims 17 and 23 asreciting “the method comprising the
step..[now ‘steps’]...” as lacking in antecedent basis. To say “A method comprising the steps of...” isa
typical fashion employedin drafting a method claim,andit is respectfully requested that this objection be
withdrawn. The alternative, to say “A method comprising steps..” would be awleward.

f

The Examiner’s paralle] objections to claims 21, 22, 27 and 28 as reciting “the specific value”as
lacking in antecedent basis have been addressed by the above amendmentand itis respectfully submitted
that these objections should be reconsidered and withdrawn.

Turning nowto the rejections on the art, the Examiner’s primary reference js Severinsky patent
5,343,970 (the “970 patent”), this reference having been applied to reject claims 17, 18, 21 — 24, 27, and
28 under 35 USC § 102, and the remaining claims 19, 20, 25, and 26 under 35 USC § 103 on the
combination of the ‘970 patent with patent 5,825,283 to Camhi.

The present claimsrelate to a methodofcontrol of a hybrid vehicle comprising at least two
sources of torque to propel the vehicle, namely an internal combustion engine andat least one traction

motor. The vehicle also comprises a battery for supplying electrical power to the traction motor, and a
controller for determining whetherthe motor, the engine, or both, should propel the vehicleat any given
time.

Independentclaims 17 and 23 as amendedrecite, among otherthings, a method of operation of a

hybrid vehicle, the method comprising the steps of a controller of the hybrid vehicle monitoring operation
of the hybrid vehicle in order to predict a pattern of operation ofthe hybrid vehicle, and controlling
operation of the traction motor and internal combustion engineofthe hybrid vehicle responsive to the
predicted pattern of operation.

This exemplary feature is recited in claim 17, as amended, as follows:

wherein said controller derives a predicted pattern of operation ofsaid hybrid vehicle by
monitoring operation of said hybrid vehicle; and

controls operation ofsaid at least one traction motorandsaid internal combustion engine for
propulsion of said hybrid vehicle responsive to said derived predicted pattern of operation of said
hybrid vehicle.
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Independent claim 23 includes similar limitations:

wherein said controller predicts a pattern of operation of said hybrid vehicle by monitoring
operation of said hybrid vehicle, and

predictively controls operation ofsaid at least one traction motor and said internal combustion
engine for propulsion of said hybrid vehicle responsive to said predicted pattern of operation of
said hybrid vehicle.

The Examinerhad rejected these claims prior to the present amendment in view ofthe ‘970

patent, arguing that the ‘970 patent showstheessential structural components of the hybrid vehicle and
that the “970 patent showsoperation of the engine and motor responsiveto predicted pattems of vehicle
operation in that the ‘970 patent “discloses highway speeds during highway cruising and low-speed for
traffic; thus these are predicted patterns”. Office Actionat 9.

The fact that the ‘970 patent acknowledgesthat a hybrid vehicle can be expected to be operated at
both highway speeds andin traffic —as would anyvehicle, hybrid or not - hardly suggests the specific
method steps recited in amended independentclaims 17 and 23. The ‘970 patent discloses selection of
the appropriate made ofvehicle operation — motor-only, engine-only, or both — in realtime, responsive to
the vehicle speed, not in response to any predicted pattern of operation as presently claimed.

More particularly, independent claims 17 and 23 have both been amended herebyto recite that

the controller performs the separate steps of monitoring vehicle operation to derive a predicted pattern of

operation, and then controlling vehicle operation accordingly. The ‘970 patent discloses only that the

vehicle is operated in different modes responsive to vehicle speed, makes this mode determination Strictly
in real time, and says nothing aboutpredicting a pattern of operation, andaltering vehicle operation
accordingly.

Further, the ‘970 patent says nothing aboutthe controller performingthe step ofmonitoring
vehicle operations in order to derive a predicted pattern or anticipate a pattern of operation ofthe vehicle.

Thatis, as noted by the Examiner, highwayoperation and operation in traffic are predictable modes of

" operating any vehicle, and therefore any vehicle must be designed to accomplish both properly. But in
this case, it is the vehicle designer who anticipates highway and low-speed driving, and incorporates the

necessary componentsinto the vehicle to permit the vehicle to perform in both modes. And, of course,
the designer incorporates the necessary components well before the vehicle actually experiences these
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conditions. This is very different from the vehicle’s controller monitoring operation ofthe particular
vehicle and using this data to predict future operational patterns accordingly, as claimed.

Stated differently, the Office Action asserts that “Severinsky discloses highwayspeeds during
highway cruising and low-speedfortraffic; thus these are predicted patterns.’” Contrary to the Examiner’s
assertions, vehicle operation in highwaycruising and low-speed driving, albeit Certainly part of the
vehicle’s overall operation, are not “predicted patterns” as used in the present claims. Instead, they are
actions taken by the microprocessor controller 48 to control the internal combustion engine and the
electric motor responsive to input received from the operator input devices 70 in orderto provide the
necessary propulsive force during either driving condition. Such simple control operations by the
microprocessor controller 48 do not suggest the claimed steps of the controller monitoring operations of
the hybrid vehicle in order to predict a pattern of operation of the hybrid vehicle.

It is therefore respectfully requested that the rejection ofthe independentclaims as anticipated by
the ‘970 patent be reconsidered and withdrawn. The dependent claimsare allowable as dependent
therefrom. Because claims 17 and 23are distinguishable over the 970 patent, the Examiner’s rejection of
the claims that are dependent therefrom are moot. Moreover, Applicants disagree with the Examiner’s

characterization of the ’970 patent and maintain that the ’970 patentfails to anticipate the dependent
claims, For example, the ’970 patentfails to disclose that the controller monitors variation in road load

experienced by said hybrid vehicle and compares patterns ofvariation in said road load experienced from
day to dayin orderto identify said repetitive patterns of vehicle operation of said hybrid vehicle as
required, for example, by claim 20. . .

As noted above, the Examiner rejected dependent claims 19, 20, 25 and 26 on the combination of

the ‘970 patent with Camhi 5,825,283. These claims are allowable for at least the reasons discussed:
above with respect to independent claims 17 and 23. Furthermore,it is respectfully submitted that Camhi
does not overcomethe deficiencies of the‘970 patent with respect to the independent claims. Camhi was
cited by the Examinerfor a teaching of monitoring day to day record of vehicle operation, with reference

to col. 7, lines 53 — 65. This section of Camhi simply discloses an Automotive Warning and Recording
System which appears to store a recording of various vehicle operational parameters for accident

reconstruction and like purposes. There is no suggestion here orin the other portion of Camhi

specifically mentioned by the Examiner,i.e., col. 9, line 59 — col. 11, line 47, of monitoring patterns of
vehicle operation and usingthis to predictively control operation of the vehicle, as claimed.
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«Fron: Jamestown Hardware To: 15712738300 09/23/2013 17:51 #275 P.613.

Finally, the Examinerrejected all claims for obviousness-type double Patenting with respect to
commonlyassigned Severinsky patent 6,209,672. A terminal disclaimeris accordingly submitted
herewith.

Early and favorable reconsideration and allowance ofthe application are earmestly solicited.

Respectfully submitted,

Dated:2L222. LAL
Michael de Angeli
Reg. No. 27,869
34 Court Street

Jamestown, RI 02835
401-423-3190 
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. From: Jamestown Hardware To: 15712738300 09/23/2013 17:51 . #275 P.014

RECEIVED
CENTRAL FAX CENTER

PTO/AIA/Z6 (04-13)
SEP 23 2013

Approved for use through 04/30/2013, OMB 0651-0031
; U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCEUnderthe Paperwork Reduction Act of 1995, no persons are raquired te respond te a collection of information unlessit displays a valid OMB control number.

TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT PAICE201.D1V.12

    
 

 
In re Application of: Severinsky et al’

Application No.: 13/573,728 89/24/2613 APEREZAM GBBGB845 13573728
Filed: October 5, 2102 . , @2 Fo:1814
For, Hybrid Vehicles

percent interestin the Instant application hereby
anted on the instant application which would extend

beyond the expiration date of the full statutory term of prior patent No. 6,209,872 as the term of sald prior patentis presently
shortened by any terminaldisclaimer. The applicant hereby agrees thal any patent so granted on the instant application shall ba enforceable
only for any during such period that it and the prior patent are commonly cwned, This agreement runs with any patent granted on the instant
application and Is binding upon the grantee,its successors or assigns. .

In making the above disclaimer, the applicant doesnotdisclaim the terminal part of the term of any patent granted an the instant application
that would extend to the expiration date of the full statutory term ofthe prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer," In the event that said prior patentlater: :

expiresfor failure to pay a maintenance fee:
is held unenforceable;
is found invalid by a court of competentjurisdiction;
is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;
hasall claims canceled by a reexamination certificate:
is reissued; or

Is In any manner terminated prior to the expiration ofits full statutory term as presently shortened by anyterminal disclaimer.

Check either box 1 or 2 below,if appropriate.

1. C] The undersigned is the applicant. If the applicantis an assignee,the undersigned is authorized to act on behalf of the assignee.

| hereby acknowledgethat any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonmentof not more
thanfive (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No._27,869

2/234
Si}gature

Michae! de Angeli
Typed or printed name

Attomey of record 401-423-3180
Title Telephone Number

Terminal disclaimer fee under 37 CFR 1.20(q) included.

WARNING:Information on this form may become public. Credit card information shoutd not
be included onthis form. Provide credit card information and authorization on PTO-2038.

   

This collection af information is required by 37 CFR 1.321. The infarmation is raquired 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.422 and 37 CFR 1.11 and 1.14, This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the comptetad application form to the USPTO. Time will vary depending upen the Individual case. Any comments
on the amount of time you require to complete this form and/or suggestions far reducing this bu rden, should ba sent to the Chiaf laformation Officer, U.S, Patent
and Trademark Office, U.S. Department of Commerce, P.O, Box 1456, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO THISADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1480, Alexandria, VA 22313-1460,

{f you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Fron: Jamestown Hardware To: 15712738300 09/23/2013 17:46 #275 P.OO1

RECEIVED
CENTRAL FAX CENTER

SEP 23 2013

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Applicationof:

Severinsky etal : Examiner: Calvin C, K. Cheung

Serial No.: 13/573,728 : Group Art Unit: 3662

Filed: October 5, 2012 : Att.Dkt:PAICE201.DIV.12

For: Hybrid Vehicles

Hon.. Commissioner for Patents
P.O. Box 1450

. Alexandria VA 22313-1450

TRANSMITTAL OF AMENDMENT

Transmitted herewith is an amendmentin the above- identified application.

_._ Acheck for the additional claim fee of $ 0.00 as calculated belowiis enclosed forthis
amendment.

_x_ The Commissioner is hereby authorized to charge the additional claims feecalculated below
and any underpayment(orto credit overpayment) to our Deposit Account No. 04-0401.

| . LARGE ENTITY

TOTAL CLAIMS PRESENT ADDITIONAL
CLAIMS PREVIOUSLY EXTRA RATE

PAID FOR , :
TOTAL 12 20 Extra x 80 $ 0.00ist oO

0 ~=Extra x 420 $ 0.00-INDEP. 2 3

TOTAL: $ 0.00
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From: Jamestown Hardware To:15712738300 09/23/2013 17:47 #275 P.o0e2

Respectfully submitted,

Dated: P/r3/; 2 . Michael de Angeli
Reg. No. 27,869
34 Court Street

Jamestown RI 02835
401-423-3190

 

  
  

**** CERTIFICATE OF FACSIMILE TRANSMISSION **##

 I herebycertify that this correspondence (/total pages) is being transmitted
via facsimile to the United States Patent and Trademark Office (Fax No. 571-
276+s741) on the date shown below:

273 F300
Michael de Angeli

NameofRegistered Representative

tons ; Date

PAGE2/14 * RCVD AT 9/23/2013 5:40:01 PM [Eastern Daylight Time] * SVR:W-PTOFAX-001/1 * DNIS:2738300 * CSID:4014423+0490 * DURATION (mmsirk4 052
Page 77 of 300



BMW1052 
Page 78 of 300

' From: Jamestown Hardware To: 15712738300 09/23/2013 17:47 #275 P.003

RECEIVED
CENTRALFAX CENTER

SEP 23 2013

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of :

Severinsky etal : Examiner: Calvin C. K. Cheung

Serial No.: 13/573,728 : GroupArt Unit: 3662

Filed: October 5, 2012 > Att.Dkt:PAICE201.DIV.12

For: Hybrid Vehicles

Hon. Commissioner of Patents and Trademarks
P.O. Box 1450

Alexandria VA 22313-1450

PETITION FOR EXTENSION OF TIME

Dear Sir:

The above-named applicant hereby requests a one-month extension oftimeto

respond to the Office Action mailedin this application on June 12, 2013.

A credit card charge form includingthepetition fee of $ 200 is enclosed.

Respectfully submitted,

{2-3 /773 nr LEY .
Dated Michael de Angeli

Reg. No. 27,869 ,
34 Court Street

Jamestown, RI 02835
401-423-3190

69/24/2613 APEREZAN 88888045 13573728

@i FC:1251 268.68 OP
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PTO/SB/06 (09-11)
Approvedfor use through 1/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF GOMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD[|4ppiication or Docket Number Filing Date
Substitute for Form PTO-875 13/573,728 10/05/2012|L] Tobe mailed

ENTITY: [X)carRGce [] smatt [] micro

APPLICATION AS FILED — PART|

(Column 1) (Column 2)

NUMBER FILED NUMBER EXTRA

37 CFR 1.16(a), (b), or (¢

37 CFR 1.16(k), (i), or (m

CL EXAMINATION FEE

TOTAL CLAIMS j .
37 CFR 1.16(i minus 20 =

INDEPENDENT CLAIMS J .
37 CFR 1.16(h minus 3 =

If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
for small entity) for each 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 1,16(j)

LAPPLICATION SIZE FEE
(37 CFR 1.16(s))

* If the difference in column 1 is less than zero, enter “O” in column 2.

APPLICATION AS AMENDED- PARTII

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

CLAIMS HIGHEST

hereNG p SREYOUSLY PRESENT EXTRA ADDITIONALFEE($)AMENDMENT PAID FOR

C Application Size Fee (837 CFR 1.16(s))

Cc FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

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

CLAIMS HIGHEST
REMAINING NUMBER

AFTER PREVIOUSLY PRESENT EXTRA
AMENDMENT PAID FOR

Total (37 CFR + ; aosCiae
Ind dent * i tik

esCdee
[_] Application Size Fee (37 CFR 1.16(s))

Cc FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))
AMENDMENT
* If the entry in column 1 is less than the entry in column2, write “O” in column 3. LIE
** If the “Highest NumberPreviously Paid For” IN THIS SPACEis less than 20, enter “20”. /BRENDA HARRISON/
*** If the “Highest Number Previously Paid For’ IN THIS SPACEis less than 3, enter “3”.
The “Highest Number Previously Paid For’ (Total or Independent) is the highest numberfound 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 whichis tofile (and by the USPTOto
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 uponthe individual case. Any comments on the amountof 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 TrademarkOffice, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS
ADDRESS. SEND TO: Commissionerfor 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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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

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

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

13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12 9367

7590 09/17/2013 ~. : EXAMINER

Michael de Angeli
34 Court Street CHEUNG,CALVIN K 
Jamestown, RI 02835 ART UNIT PAPER NUMBER

3662

MAIL DATE DELIVERY MODE

09/17/2013 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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Application No. Applicant(s)

 . vas . 13/573,728 SEVERINSKYETAL.
Applicant-initiated Interview Summary

Examiner Art Unit

CALVIN CHEUNG 3662

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

(1) CALVIN CHEUNG. (3) ,

(2) Michael de Angeli (Reg# 27869). (4) ,

Date of Interview: 13 September 2013.

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

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

Issues Discussed []101 112 {kl102 (103 [Others
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 77.

Identification of prior art discussed: prior art of record.

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

Discussed proposed amendments.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already beenfiled, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summaryform, whichever islater, to file a statement of the substance of the
interview

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

[] Attachment
/CALVIN CHEUNG/

Primary Examiner, Art Unit 3662

 
U.S. Patent and Trademark Office

PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20130913
BMW1052
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substanceof Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be madeof record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must befiled by the applicant. An interview does not removethe necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Businessto be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendanceof applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substanceofinterviews.

It is the responsibility of the applicant or the attorney or agent to make the substanceof an interview of record in the applicationfile, unless
the examinerindicates he or she will do so. It is the examiner's responsibility to see that such a record is made andto correct material inaccuracies
whichbeardirectly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxesandfilling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise providedfor in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Recordis required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portionofthefile, and listed on the
“Contents” section ofthe file wrapper. In a personalinterview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephoneor video-conferenceinterview, the copy is mailed to the applicant's correspondence address
either with or prior to the next official communication. If additional correspondence from the examineris not likely before an allowanceorif other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:
— Application Number (Series Code and Serial Number)
—Nameofapplicant
—Nameof examiner
— Date of interview

—Type ofinterview (telephonic, video-conference, or personal)
—Nameofparticipant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)
—Anindication whetheror not an exhibit was shown or a demonstration conducted

—Anidentification of the specific prior art discussed
— Anindication whether an agreement was reached andif so, a description of the general nature of the agreement (may be by

attachment of a copy of amendments or claims agreed as being allowable). Note: Agreementas to allowability is tentative and does
not restrict further action by the examinerto the contrary.

—The signature of the examiner who conductedthe interview (if Form is not an attachmentto a signed Office action)

It is desirable that the examinerorally remind the applicant of his or her obligation to record the substance of the interview of each case.It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unlessit includes, or is supplemented by the applicant or the examinerto include,all of the applicable items required below concerning the
substanceofthe interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:
1) A brief description of the nature of any exhibit shown or any demonstration conducted,
2) an identification of the claims discussed,
3) an identification of the specific prior art discussed,
4) an identification of the principal proposed amendmentsof a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,
5) a briefidentification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the argumentsis not
required. The identification of the argumentsis sufficient if the general nature or thrust of the principal arguments madeto the
examiner can be understoodin the context of the applicationfile. Of course, the applicant may desire to emphasize andfully
describe those arguments which heor she feels were or might be persuasive to the examiner.)

6) a generalindication of any other pertinent matters discussed, and
7) if appropriate, the general results or outcomeofthe interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substanceof an interview. If the record is not complete and
accurate, the examinerwill give the applicant an extendable one month time period to correct the record.

Examiner to Checkfor Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statementattributed to him or her. If the record is complete and accurate, the examiner should placethe indication, “Interview Record OK” on the
paper recording the substanceof the interview along with the date and the examiner'sinitials.
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

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

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

13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12 9367

7590 06/12/2013 ~. : EXAMINER

Michael de Angeli
34 Court Street CHEUNG,CALVIN K 
Jamestown, RI 02835 ART UNIT PAPER NUMBER

3662

MAIL DATE DELIVERY MODE

06/12/2013 PAPER

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.
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Application No. Applicant(s)

 13/573,728 SEVERINSKYETAL.

Office Action Summary Examiner Art Unit AIA (First Inventor toFile)
CALVIN CHEUNG 3662 No
 

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

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 3 MONTH(S) OR THIRTY(30) DAYS,

WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.

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

Any reply received by the Office later than three months after the mailing date of this communication, evenif timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1) Responsive to communication(s) filed on7May2013.
L] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon___

2a)L] This action is FINAL. 2b)X] This action is non-final.
3)L] An election was made bythe applicant in responseto a restriction requirementset forth during the interview on

; the restriction requirement and election have been incorporated into this action.

4)L] Sincethis application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordancewith the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

 

Disposition of Claims

5) Claim(s) 17-28 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.

6)L] Claim(s)___is/are allowed.
7) Claim(s) 17-28 is/are rejected.
8)L] Claim(s)___ is/are objectedto.
9)L] Claim(s) are subjectto restriction and/or election requirement.

* If any claims have been determined allowable, you may beeligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see

 

 

 

nite://www.usoto.dov/patenis/init events/oph/index.isp or send an inquiry to PPHieedback@uspte.dov.  

Application Papers

10) The specification is objected to by the Examiner.
11) The drawing(s) filed on is/are: a)[_] accepted or b)[_] objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

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

Priority under 35 U.S.C. § 119

12)L] Acknowledgment is made ofa claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)LJ All b)L] Some* c)L] None ofthe:
1.) Certified copies of the priority documents have beenreceived.
2.L] Certified copies of the priority documents have been received in Application No.
3.L] Copies of the certified copies of the priority documents have been receivedin this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

“ See the attached detailed Office action for a list of the certified copies not received.

Interim copies:

a)LI All b)LJ Some c)L) Noneof the: Interim copies of the priority documents have been received.

 

Attachment(s)

1) X Notice of References Cited (PTO-892) 3) TC Interview Summary (PTO-413)
; ; Paper No(s)/Mail Date.

2) Xx] Information Disclosure Statement(s) (PTO/SB/08) oO Other

 
Paper No(s)/Mail Date 5/7/2013. 

U.S. Patent and Trademark Office

PTOL-326 (Rev. 03-13) Office Action Summary Part of Paper No./NBA/DAle| 2490606
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Application/Control Number: 13/573,728 Paper No. 20130606 - Page 2

Art Unit: 3662

DETAILED ACTION

1. This office action is given an identifier, Paper No. 20130606, for reference purposes

only.

Status of Claims

2. Claims 1-16 were cancelled by claim amendmentsfiled 7 May 2013; therefore, claims

17-28 are examined in this office action.

Continuation-In-Part Application

3. This application is a continuation-in-part (“CIP”) application of U.S. Application No.

09/264817 filed on 9 March 1999, now U.S. Patent 6209672 (“Parent Application”) according to

Applicants’ Original Specification (p1:4-5). See MPEP §201.08. In accordance with MPEP

§609.02 A. 2 and MPEP §2001.06(b) (last paragraph), the Examiner has reviewed and

considered the prior art cited in the Parent Application. Also in accordance with MPEP

§2001.06(b) (last paragraph), all documents cited or considered ‘of record’ in the Parent

Application are now considered cited or ‘of record’ in this application. Additionally,

Applicant(s) are remindedthata listing of the information cited or ‘of record’ in the Parent

Application need not be resubmitted in this application unless Applicant(s) desire the

information to be printed on a patent issuing from this application. See MPEP §609.02 A.2.

Finally, Applicant(s) are remindedthat the prosecution history of the Parent Application is

relevant in this application. See e.g., Microsoft Corp. v. Multi-Tech Sys., Inc., 357 F.3d 1340,

BMW1052
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Application/Control Number: 13/573,728 Paper No. 20130606 - Page 3

Art Unit: 3662

1350, 69 USPQ2d 1815, 1823 (Fed. Cir. 2004) (holding that statements made in prosecution of

one patent are relevant to the scopeofall sibling patents).

Claim Objections

4, Claims 17-18, 20-24, and 26-28 are objected to because of the following informalities:

Regarding Claim 17, “said vehicle” (lines 1, 3, 4, and 8), “said engine”(line 5), “‘said at

least one motor”(lines 5 and 6), and “said motor and engine”(line 7) are not consistent. It is

99 Ge

suggested consistency be kept throughoutall claims, for example, “said hybrid vehicle”, “said

internal combustion engine’, “said at least one traction motor’, and “said at least one tractiong

motor and said internal combustion engine”.

Regarding Claim 18, “said motor and engine”(line 1) and “said vehicle”(line 2) are not

consistent. It is suggested consistency be kept throughoutall claims, for example, “said at least

one traction motor and said internal combustion engine” and “said hybrid vehicle”.

Regarding Claim 20, “said vehicle”(line 2) is not consistent. It is suggested consistency

be kept throughoutall claims, for example, “said hybrid vehicle”.

Claim 21 has two particular objections:
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(A) “said vehicle” (lines 1 and 2) and “the engine’s”(line 5) are not consistent. It is

suggested consistency be kept throughoutall claims, for example, “said hybrid vehicle” and

“said internal combustion engine’s”; and

(B) the articles used(i.e., “said” and “the’’) are used interchangeably in “said vehicle”

(lines 1 and 2) and “the vehicle” (twice in line 3); and “said internal combustion engine”(line 4)

and “the engine’s”(line 5). Examiner suggests Applicant decide on a single article which will be

uniformly used throughoutall claims.

Claim 22 has twoparticular objections:

(A) “said vehicle” (lines 1 and 2) is not consistent. It is suggested consistency be kept

throughoutall claims, for example, “said hybrid vehicle”; and

(B) the articles used (1.e., “said” and “the’”’) are used interchangeably in “said vehicle”

(lines 1 and 2) and “the vehicle” (twice in line 3). Examiner suggests Applicant decide on a

single article which will be uniformly used throughoutall claims.

Regarding Claim 23, “said vehicle”(lines 1, 3, 4, and 8), “said engine”(line 5), “said at

least one motor”(lines 5 and 6), and “said motor and engine”(lines 7-8) are not consistent. It is

99 Ge

suggested consistency be kept in the claim, for example, “said hybrid vehicle’, “said internal

combustion engine”, “said at least one traction motor’, and “said at least one traction motor

and internal combustion engine”.
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Regarding Claim 24, “said motor and engine”(lines 1-2) and “said vehicle”(line 2) are

not consistent. It is suggested consistency be kept throughoutall claims, for example, “said at

least one traction motor and said internal combustion engine” and “said hybrid vehicle”.

Regarding Claim 26, “said vehicle”(line 2) are not consistent. It is suggested consistency

be kept throughoutall claims, for example, “said hybrid vehicle”.

Regarding Claim 27 has two particular objections:

(A) “said vehicle” (line 1) and “said detected patterns”(line 7) are not consistent. It is

suggested consistency be kept throughoutall claims, for example, “said hybrid vehicle” and

“said detected repetitive patterns”; and

(B) the articles used(i.e., “said” and “the’’) are used interchangeably in “said vehicle”

(line 1) and “the vehicle” (lines 2 and 3); and “said internal combustion engine”(line 4) and

“the engine’s” (line 5). Examiner suggests Applicant decide on a single article which will be

uniformly used throughoutall claims.

Regarding Claim 28 has two particular objections:

(A) “said vehicle”(line 1) is not consistent. It is suggested consistency be kept

throughoutall claims, for example, “said hybrid vehicle”; and

(B) the articles used(i.e., “said” and “the’’) are used interchangeably in “said vehicle”

(line 1) and “the vehicle”(lines 2 and 3); and “the road load”(line 2) and “said road load”(line
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4). Examiner suggests Applicant decide on a single article which will be uniformly used

throughoutall claims.

Claim Rejections - 35 USC § 112

5. The following is a quotation of 35 U.S.C. 112(b):

(B) CONCLUSION.—Thespecification shall conclude with one or more claims particularly pointing out and
distinctly claiming the subject matter which the inventoror a joint inventor regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-ATA), second paragraph:

The specification shall conclude with one or more claimsparticularly pointing out and distinctly claiming the subject
matter which the applicant regards as his invention.

6. Claims 17-28 are rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second

paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject

matter which the inventor or a joint inventor, or for pre-AIA the applicant regards as the

invention.

Claim 17 is a hybrid claim.’ In particular, it is unclear if claim 17 is drawn to a product

(1.e., “said vehicle comprising’) or a process(i.e., “A method”). Evidence to support a position

that claim is drawn to a product includesthe recitation of: “said vehicle comprising”in line 1; “a

battery bank”in line 2; and “an internal combustion engine”in line 3; “‘at least one traction

motor”in line 4; and “a controller” in line 5. On the other hand, evidence to support a position

that the claim is drawn to a process includes: “A method”in line 1; and “wherein said method

comprises the step of...” in line 7. In light of the conflicting evidence noted above and MPEP§

2173.05(p) IL, the Examiner concludesthat claim 1 is a hybrid claim and therefore indefinite.

' MPEP § 2173.05(p) Subsection II
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Claims 18-22 are rejected based on dependency.

Claim 17 recites the limitations “the step”in line 7. There is insufficient antecedent basis

for this limitation in the claim.

Claim 21 recites the limitations “the electric traction motor” in line 3 and “the specific

value”in line 6. There is insufficient antecedent basis for this limitation in the claim.

Claim 22 recites the limitations “the electric traction motor” in line 3 and “the specific

value”in line 4. There is insufficient antecedentbasis for this limitation in the claim.

Claim 23 is a hybrid claim. In particular, it is unclear if claim 17 is drawn to a product

(1.e., “said vehicle comprising’) or a process(i.e., “A method”). Evidence to support a position

that claim is drawn to a product includesthe recitation of: “said vehicle comprising”in line 1; “a

battery bank”in line 2; and “an internal combustion engine”in line 3; “‘at least one traction

motor”in line 4; and “a controller” in line 5. On the other hand, evidence to support a position

that the claim is drawn to a process includes: “A method”in line 1; and “wherein said method

comprises the step of...” in line 7. In light of the conflicting evidence noted above and MPEP §

2173.05(p) IL, the Examiner concludesthat claim 1 is a hybrid claim and therefore indefinite.

Claims 24-28 are rejected based on dependency.
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Claim 23 recites the limitation “the step” in line 7. There is insufficient antecedentbasis

for this limitation in the claim.

Claim 27 recites the limitation “the road load”in lines 2 and 5; “the electric traction

motor”in line 3; and “the specific value” in line 6. There is insufficient antecedentbasis for this

limitation in the claim.

Claim 28 recites the limitation “the road load”in lines 2 and5;“the electric traction

motor”in line 3; and “the specific value” in line 4. There is insufficient antecedent basis forthis

limitation in the claim.

Claim Rejections - 35 USC § 102

7. The following is a quotation of the appropriate paragraphsof 35 U.S.C. 102 that form the

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

A personshall be entitled to a patent unless —

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

8. Claims 17-18, 21-24, 27, and 28 are rejected under 35 U.S.C. 102(b) as being anticipated

by US 5343970 (“Severinsky’”).

Regarding Claim 17, Severinsky discloses a method of operation of a hybrid vehicle(i.e.,

hybrid electric vehicle), said vehicle comprising (Abstract):
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a battery bank (i.e., batteries) for storing and supplying electrical power (Abstract,

FIG. 3-4 with associated text),

an internal combustion engine(i.e., internal combustion engine 40) for applying

torque to road wheels of said vehicle (Abstract, FIG. 3 with associated text),

at least one traction motor(i.e., electric motor 20) for applying torque to wheels of

said vehicle (Abstract, FIG. 3 with associated text), and

a controller (i.e., microprocessor controller 48):

o for controlling flow of torque between said engine, said at least one motor,

and said wheels (C9:61-C10:24; in particular, C9:61-65. Microprocessor

controller 48 “controls the operation of the torque transfer unit 28”.), and

o for controlling flow of electrical power between said battery bank andsaid at

least one motor (C9:61-C10:24;in particular, C9:67-C10:4. Microprocessor

controller 48 “controls the operation of the torque transfer unit 28”.), and

wherein said method comprises the step of said controller controlling operation of

said motor and engine for propulsion of said vehicle responsive to predicted patterns

of vehicle operation (Abstract, C9:47-57, C13:16-29, FIG. 3-9 with associated text.

Severinsky discloses highway speeds during highwaycruising and low-speed for

traffic; thus these are predicted patterns.).

Regarding Claim 18, Severinsky discloses wherein said controller controls operation of

said motor and engine for propulsion of said vehicle responsive to detected repetitive patterns of

vehicle operation so as to avoid excessive repetitive engine starting operations (C10:52-67).
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Regarding Claim 21, Severinsky discloses wherein said vehicle is operated in different

operational modes(e.g., “low speeds” and “steady state highwaycruising”) dependent on road

load experienced(i.e., “in traffic”, “highway”, “heavytraffic’, “acceleration and hill climbing”)

by said vehicle (Abstract, FIG. 3-9 with associated text), including switching from a low-load

mode wherein the vehicle is propelled solely by the electric traction motor to a higher-load mode

wherein the vehicle is propelled at least in part by said internal combustion engine (C9:47-57),

the transition between said low-load and higher-load modes being initiated when the road load

reaches a predetermined percentage of the engine’s maximum torque output (C17:34-C21:8), and

wherein the specific value of said predetermined percentage can be varied by said controller

responsive to said detected patterns of vehicle operation so as to avoid excessive transitions

between said low-load and higher-load modes (C17:34-C21:8, FIG. 6 and 8 with associated text),

thereby avoiding excessive engine starts (C17:56-C18:42).

Regarding Claim 22, Severinsky discloses wherein said vehicle is operated in different

operational modes(e.g., “low speeds” and “steady state highway cruising”) dependent on road

load experienced(i.e., “in traffic”, “highway”, “heavytraffic”, “acceleration and hill climbing”)

by said vehicle (Abstract, FIG. 3-9 with associated text), including switching from a low-load

mode wherein the vehicle is propelled solely by the electric traction motor to a higher-load mode

wherein the vehicle is propelled at least in part by said internal combustion engine (C9:47-57),

and wherein the specific value of said road load at which said transition occurs can be varied by
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said controller responsive to anticipated patterns of vehicle operation (C9:47-57, C13:16-29,

FIG. 3-9 with associated text).

Regarding Claim 23, Severinsky discloses a method of operation of a hybrid vehicle (..e.,

hybrid electric vehicle), said vehicle comprising (Abstract):

e a battery bank(..e., batteries) for storing and supplying electrical power (Abstract,

FIG. 3-4 with associated text),

e an internal combustion engine(i.e., internal combustion engine 40) for applying

torque to road wheels of said vehicle (Abstract, FIG. 3 with associated text),

e at least one traction motor(i.e., electric motor 20) for applying torque to wheels of

said vehicle (Abstract, FIG. 3 with associated text), and

e acontroller (i.e., microprocessor controller 48):

o for controlling flow of torque between said engine, said at least one motor,

and said wheels (C9:61-C10:24; in particular, C9:61-65. Microprocessor

controller 48 “controls the operation of the torque transfer unit 28”.), and

o for controlling flow of electrical power between said battery bank andsaid at

least one motor (C9:61-C10:24;in particular, C9:67-C10:4. Microprocessor

controller 48 “controls the operation of the torque transfer unit 28”.), and

e wherein said method comprises the step of said controller predictively controlling

operation of said motor and engine for propulsion of said vehicle responsive to

anticipated patterns of vehicle operation (C9:47-57, C13:16-29, FIG. 3-9 with
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associated text. Severinsky discloses highway speeds during highwaycruising and

low-speedfortraffic; thus these are anticipated patterns).

Regarding Claim 24, Severinsky discloses wherein said controller predictively controls

operation of said motor and engine for propulsion of said vehicle responsive to detected

repetitive patterns of vehicle operation so as to avoid excessive repetitive engine starting

operations (C10:52-67).

Regarding Claim 27, Severinsky discloses wherein said vehicle is operated in different

operational modes(e.g., “low speeds” and “steady state highway cruising’’) dependent on the

road load(i.e., “in traffic”, “highway”, “heavytraffic’, “acceleration and hill climbing’)

(Abstract, FIG. 3-9 with associated text), including switching from a low-load mode wherein the

vehicle is propelled solely by the electric traction motor to a higher-load mode wherein the

vehicle is propelled at least in part by said internal combustion engine (C9:47-57), the transition

between said low-load and higher-load modes being initiated when the road load reaches a

predetermined percentage of the engine’s maximum torque output (C17:34-C21:8), and wherein

the specific value of said predetermined percentage can be predictively varied by said controller

responsive to said detected patterns of vehicle operation so as to avoid excessive transitions

between said low-load and higher-load modes (C17:34-C21:8, FIG. 6 and 8 with associated text),

thereby avoiding excessive engine starts (C17:56-C18:42).

BMW1052

Page 95 of 300



BMW1052 
Page 96 of 300

Application/Control Number: 13/573,728 Paper No. 20130606 - Page 13

Art Unit: 3662

Regarding Claim 28, Severinsky discloses wherein said vehicle is operated in different

operational modes(e.g., “low speeds” and “steady state highway cruising’’) dependent on the

road load(i.e., “in traffic”, “highway”, “heavytraffic’, “acceleration and hill climbing’)

(Abstract, FIG. 3-9 with associated text), including switching from a low-load mode wherein the

vehicle is propelled solely by the electric traction motor to a higher-load mode wherein the

vehicle is propelled at least in part by said internal combustion engine (C9:47-57), and wherein

the specific value of said road load at which said transition occurs can be predictively varied by

said controller responsive to anticipated patterns of vehicle operation (C9:47-57, C13:16-29,

FIG. 3-9 with associated text).

Claim Rejections - 35 USC § 103

9. The following is a quotation of 35 U.S.C. 103(a) which formsthe basis for all

obviousnessrejections set forth in this Office action:

(a) A patent may not be obtained though the inventionis not identically disclosed or described as set forth in
section 102 ofthistitle, if the differences between the subject matter sought to be patented andthe prior art are
such that the subject matter as a whole would have been obviousat the time the invention was madeto a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

10. Claims 19-20 and 25-26 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Severinsky and further in view of US 5825283 (“Camhi’’).

Regarding Claim 19, Severinsky discloses wherein said controller detects repetitive

patterns of vehicle operation (C5:45-50, C14:34-35. Severinsky discloses highway speeds and

low-speed; thus these are repetitive patterns in driving speeds.).

Severinsky does not directly disclose stores a day-to-day record of vehicle operation.
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However, Camhiteachesstores a day-to-day record of vehicle operation (C7:53-65). It

would have been obviousto one of ordinary skill in the art at the time of the invention was made

to modify the hybrid vehicle as disclosed by Severinsky by incorporating a tracking feature as

taught by Camhiin orderto track an object (C9:59-C1 1:47).

Regarding Claim 20, Severinsky discloses wherein said controller:

e¢ monitors variation in road load experienced by said vehicle (Abstract, FIG. 3-9 with

associated text) and

e patterns of variation in road load experiencedto identify said repetitive patterns of

vehicle operation (Abstract, C9:47-57, C13:16-29, FIG. 3-9 with associated text).

Severinsky does not directly disclose compares day to day patterns.

However, However, Camhi teaches compares day to day patterns (C7:53-65). (See

motivation andrationale to combine as discussed in claim 25 above.)

Regarding Claim 25 Severinsky discloses wherein said controller detects repetitive

patterns of vehicle operation (C5:45-50, C14:34-35. Severinsky discloses highway speeds and

low-speed; thus these are repetitive patterns in driving speeds.).

Severinsky does not directly disclose stores a day-to-day record of vehicle operation.

However, Camhiteachesstores a day-to-day record of vehicle operation (C7:53-65). It

would have been obviousto one of ordinary skill in the art at the time of the invention was made

to modify the hybrid vehicle as disclosed by Severinsky by incorporating a tracking feature as

taught by Camhiin orderto track an object (C9:59-C1 1:47).
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Regarding Claim 26, Severinsky discloses wherein said controller:

e¢ monitors variation in road load experienced by said vehicle (Abstract, FIG. 3-9 with

associated text) and

e patterns of variation in road load experiencedto identify said repetitive patterns of

vehicle operation (Abstract, C9:47-57, C13:16-29, FIG. 3-9 with associated text).

Severinsky does not directly disclose compares day to day patterns.

However, However, Camhi teaches compares day to day patterns (C7:53-65). (See

motivation andrationale to combine as discussed in claim 25 above.)

Double Patenting

11. The nonstatutory double patenting rejection is based on a judicially created doctrine

groundedin public policy (a policy reflected in the statute) so as to prevent the unjustified or

improper timewise extension ofthe “right to exclude” granted by a patent and to prevent possible

harassment by multiple assignees. A nonstatutory obviousness-type double patenting rejection

is appropriate where the conflicting claims are not identical, but at least one examined

application claim is not patentably distinct from the reference claim(s) because the examined

application claim is either anticipated by, or would have been obviousover, the reference

claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re

Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225

USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re
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Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); and Jn re Thorington, 418 F.2d 528, 163

USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may

be used to overcome an actual or provisional rejection based on a nonstatutory double patenting

ground provided the conflicting application or patent either is shown to be commonly owned

with this application, or claims an invention madeasa result of activities undertaken within the

scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record maysign a terminal

disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR

3.73(b).

Claims 17-28 are rejected on the ground of nonstatutory obviousness-type double

patenting as being unpatentable over claims * of U.S. Patent No. 6209672. Although the

conflicting claims are not identical, they are not patentably distinct from each other because the

patent and pending application disclose the same inventive concepts.

Contact Information

12. Examiner Calvin Cheung can normally be reached Monday- Friday, 8:00a.m. - 5:00p.m.,

EST.

If attempts to reach the Examinerare unsuccessful, Primary Patent Examiner Tuan To’s

telephone numberis (571) 272-6985. The fax phone numberfor the organization where this

application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the Patent

Application Information Retrieval (PAIR) system. Status information for published applications

maybe 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.

/CALVIN CHEUNG/

Primary Examiner, Art Unit 3662
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov
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CONFIRMATIONNO.9367
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APPLICANTS

Alex J. Severinsky, Washington, DC;
Theodore Louckes, Holly, MI;
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This application is a DIV of 18/065, 708 03/29/2011
which is a DIV of 12/820,600 01/29/2009 ABN
which is a DIV of 11/459,458 07/24/2006 ABN
which is a DIV of 10/882,577 03/07/2003 PAT 7104347
which is a DIV of 09/822,866 04/02/2001 PAT 6554088
which is a CIP of 09/264,817 03/09/1999 PAT 6209672
which claims benefit of 60/100,095 09/14/1998
and claims benefit of 60/122,296 03/01/1999

RK FOREIGN APPLICATIONS KEEKEKREKERERERERERERERERER

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **
11/01/2012
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Application/Control No. Applicant(s)/Patent Under
Reexamination

Index of Claims 13573728 SEVERINSKYET AL.

Examiner

CALVIN CHEUNG

Rejected | Cancelled
= Allowed | Restricted

  
U.S. Patent and TrademarkOffice Part of Paper No. : 20130606
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MAY 072013 ©ba HE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of:

Severinskyet al : Examiner: N/A

Serial No.: 13/573,728 : Group Art Unit: 3662

Filed: October 5, 2012 : Att.Dkt:PAICE201.DIV.12

For: Hybrid Vehicles

Hon. Commissioner for Patents

P.O. Box 1450

Alexandria VA 22313-1450

PRELIMINARY AMENDMENT

Sir:

Prior to examination of the above-identified application, kindly amend the application as

follows:

BMW1052
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In the Claims:

1 — 16 (Cancelled)

17. (New) A method ofoperation of a hybrid vehicle, said vehicle comprising:

a battery bank for storing and supplying electrical power,

an internal combustion engine for applying torque to road wheels ofsaid vehicle,

at least one traction motor for applying torque to wheels of said vehicle, and

a controller for controlling flow of torque between said engine, said at least one motor, and said wheels,

and for controlling flow of electrical power between said battery bank andsaid at least one motor, and

wherein said method comprises the step of said controller controlling operation of said motor and engine

for propulsion of said vehicle responsive to predicted patterns of vehicle operation.

18.(New) The method of claim 17, wherein said controller controls operation of said motor and engine

for propulsion of said vehicle responsive to detected repetitive patterns of vehicle operation so as to avoid

excessive repetitive engine starting operations.

19. (New) The method of claim 18, wherein said controller stores a day-to-day record of vehicle operation

in order to detect repetitive patterns of vehicle operation.

20. (New) The method of claim 19, wherein said controller monitors variation in road load experienced

by said vehicle and comparespatterns of variation in road load experienced from dayto dayin order to

identify said repetitive patterns of vehicle operation.

21. (New) The method of claim 18, wherein said vehicle is operated in different operational modes

dependent on road load experienced bysaid vehicle, including switching from a low-load mode wherein

the vehicle is propelled solely by the electric traction motor to a higher-load mode wherein the vehicleis

propelled at least in part by said internal combustion engine, the transition between said low-load and

higher-load modes being initiated when the road load reaches a predetermined percentage of the engine’s

BMW1052
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maximum torque output, and wherein the specific value of said predetermined percentage can be varied

by said controller responsive to said detected patterns of vehicle operation so as to avoid excessive

transitions between said low-load and higher-load modes, thereby avoiding excessive enginestarts.

22. (New) The methodof claim 17, wherein said vehicle is operated in different operational modes

dependent on road load experiencedbysaid vehicle, including switching from a low-load mode wherein

the vehicle is propelled solely by the electric traction motorto a higher-load mode wherein the vehicleis

propelled atleast in part by said internal combustion engine, and wherein the specific value of said road

load at which said transition occurs can be varied bysaid controller responsive to anticipated patterns of

vehicle operation.

23. (New) A methodofoperation of a hybrid vehicle, said vehicle comprising:

a battery bank for storing and supplying electrical power,

an internal combustion engine for applying torque to road wheels of said vehicle,

at least one traction motor for applying torque to wheels of said vehicle, and

a controller for controlling flow of torque between said engine, said at least one motor, and said wheels,

and for controlling flow of electrical power between said battery bank and said at least one motor, and

wherein said method comprisesthe step of said controller predictively controlling operation of said

motor and engine for propulsion ofsaid vehicle responsive to anticipated patterns of vehicle-operation.

24.(New) The method of claim 23, wherein said controller predictively controls operation of said motor

and engine for propulsion of said vehicle responsive to detected repetitive patterns of vehicle operation so

as to avoid excessive repetitive engine starting operations.

25. (New) The methodof claim 24, wherein said controller stores a day-to-day record of vehicle operation

in orderto detect repetitive patterns of vehicle operation.
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26. (New) The method of claim 24, wherein said controller monitors variation in road load experienced

by said vehicle and comparespatterns of variation in road load experienced from day to day in order to

identify said repetitive patterns of vehicle operation.

27. (New) The methodof claim 24, wherein said vehicle is operated in different operational modes

dependentonthe road load, including switching from a low-load mode wherein the vehicle is propelled

solely bytheelectric traction motor to a higher-load mode wherein the vehicle is propelled at least in part

by said internal combustion engine, the transition between said low-load and higher-load modesbeing

initiated when the road load reaches a predetermined percentage of the engine’s maximum torque output,

and wherein the specific value of said predetermined percentage can be predictively varied by said

controller responsive to said detected patterns of vehicle operation so as to avoid excessive transitions

betweensaid low-load and higher-load modes, thereby avoiding excessive enginestarts.

28. (New) The method of claim 27, wherein said vehicle is operated in different operational modes

dependentonthe road load, including switching from a low-load mode wherein the vehicle is propelled

solely by theelectric traction motor to a higher-load mode wherein the vehicle is propelled at least in part

by said internal combustion engine, and wherein the speciftc value of said road load at which said

transition occurs can be predictively varied by said controller responsive to anticipated patterns of vehicle

operation.
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REMARKS

In copending Ser. No. 13/573,821 an Office Action mailed April 16, 2013 set forth a restriction

requirement, wherein applicants were required to elect between claims 17 — 22 and 29 — 34 to a hybrid

vehicle and claims 23 — 28 and 35 — 40 to a methodofoperation of a hybrid vehicle. In order to expedite

prosecution of this application, method claims 23 — 28 and 35 — 40 were cancelled and are now presented

in this application.

Early and favorable consideration of the application is earnestly solicited.

Respectfully submitted,

pate: &§/nf4 F AS~eort—
Michael de Angeli
Reg. No. 27,869
34 Court Street

Jamestown, RI 02835
401-423-3190
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 Vrs soto” IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re the Patent Application of:

Severinskyet al : Examiner: N/A

Serial No.: 13/573,728 : Group Art Unit: 3662

Filed: October 5, 2012 : Att.Dkt:PAICE201.DIV.12

For: Hybrid Vehicles

Mail Stop Missing Parts
Hon. Commissioner for Patents

P.O. Box 1450

Alexandria VA 22313-1450

REQUEST FOR FURTHER CORRECTEDFILING RECEIPT

Sir:

Applicants hereby request a further corrected filing receipt, in the form shown on the

attached copy of the Corrected Filing Receipt mailed January 14, 2013.

Specifically, the Filing Receipt mailed January 14, 2013 indicates that application Ser.

No. 11/459,458, one of the prior application from which the present application claimspriority,

was abandoned. In fact, Ser. No. 11/458,458 issued as patent 7,520,353, as was indicated on the

Application Data Sheetfiled on January 2, 2013.

Furthermore, the assignee address shown onthe Corrected Filing Receipt mailed January

14, 2013 is erroneous; the address should be Baltimore, MD, as shown.

Therefore, issuance of a further corrected Filing Receipt is earnestly solicited.

. Respectfully submitted,

Dated: Chil AfaKRLAD
Michael de Angeli
Reg. No. 27,869
34 Court Street

Jamestown, RI 02835
401-423-3190
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
Alexia,Vigan222313-1450www uspto. pov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY .DOCKET.NO TOT CLAIMSTIND CLAIMS

CONFIRMATION NO.‘036713/573,728 10/05/2012 3662 2230 PAICE201. DIV. 12

Michael de Angeli CORRECTEDFILING RECEIPT
34 Court Street

Jamestown, RI 02835 LOANENOEACC e

WAoka | Date Mailed: 01/14/2013

 
    

Receipt is acknowledged ofthis non-provisional patent application. The application will be taken up for examination
in due course. Applicantwill be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT,and TITLE OF INVENTION. Feestransmitted by check or draft are subject to collection.
Pleaseverify the accuracy of the data presented onthis receipt. If an error is noted onthis Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copyofthis Filing Receipt with the
changes noted thereon.If you received a "Notice to File Missing Parts"for this application, please submit
any correctionsto this Filing Receipt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Filing Receiptincorporatingthe requested.corrections ~
Inventor(s) .

Alex J. Severinsky, Washington, DC;
Theodore Louckes,Holly, MI;

Applicant(s)
Alex J. Severinsky, Washington, DC;
Theodore Louckes, Holly, Ml;

AssignmentFor Published Patent ApplicationPAICE LLC, Windsortecks-eF Ga/ 4, 1,674, Mp
Powerof Attorney:
Michael De Angeli--27869

Domestic Priority data as claimed by applicant
This application is a DIV of 13/065,708 03/29/2011
which is a DIV of 12/320,600 01/29/2009 ABN

whichis a DIV of 11/459,458 07/24/2006 mare OAT 7, $2 0953
which is a DIV of 10/382,577 03/07/2003 PAT 7104347
which is a DIV of 09/822,866 04/02/2001 PAT 6554088
which is a CIP of 09/264,817 03/09/1999 PAT 6209672
which claims benefit of 60/100,095 09/14/1998
and claims benefit of 60/122,296 03/01/1999

Foreign Applications for whichpriority is claimed (You maybeeligible to benefit from the Patent Prosecution
‘Highway program at the USPTO.Please see http://www.uspto.govv for more information.) - None.
-Foreign application information must be provided in an Application Data Sheetin order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.
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te

If Required, Foreign Filing License Granted: 11/01/2012

The country code and numberof yourpriority application, to be usedforfiling abroad underthe Paris Convention,
is US 13/573,728

Projected Publication Date: 04/18/2013

Non-Publication Request: No

Early Publication Request: No
Title

Hybrid vehicles

Preliminary Class

701

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

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

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on how to protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4158).
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LICENSE FOR FOREIGNFILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

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

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

The grantofa license doesnot in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof 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 grantedatthis time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 monthsfrom the filing date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeignfile the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote andfacilitate business investment. SelectUSAprovidesinformation assistance to the international investor
community; serves as an ombudsmanforexisting and potential investors; advocates on behalf of U. S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow yourbusiness,visit http:/www.SelectUSA.govorcall
+1-202-482-6800.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the Patent Application of:

Severinskyet al : Examiner: N/A

Serial No.: 13/573,728 : Group Art Unit: 3662

Filed: October 5, 2012 : Att.Dkt:PAICE201.DIV.12

For: Hybrid Vehicles

Hon. Commissionerfor Patents

P.O. Box 1450

Alexandria VA 22313-1450

INFORMATION DISCLOSURE STATEMENT

Sir:

Submitted herewith are copies of Information Disclosure Statements filed in related prior
applications, with the associated listings of references. These are incorporated herein bythis
reference. Copies of the non-patent literature references have been provided previously.

Also submitted herewith is a single sheet of PTO/SB/08a, specific to this application,

listing US patent references cited in more recent related applications.

The Examineris respectfully requested to consider these references with respect to the

claimsof this application, as provided in a Preliminary Amendmentfiled herewith, and to
indicate that he has donesointhefile of the application.

Asstated in the Preliminary Amendment, the claims now pendingin this application were
divided out of copending Ser. No. 13/573,821. It is respectfully submitted that the invention
defined by these claims is novel and unobviouswith respectto the prior art thus made ofrecord.
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Early and favorable consideration of the merits of the invention claimedis earnestly
solicited.

Respectfully submitted,

offs ¥ eh
Michael de Angeli
Reg. No. 27,869
34 Court Street

Jamestown, RI 02835
401-423-3190
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Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
quired to respondto a collection of information unless it contains a valid OMB control number.
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U. S. PATENT DOCUMENTS
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Examiner|Cite Publication Nameof Patentee or Pages, Columns,Lines,
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Country Code"Number“Kind Code’(if known’ 
Examiner Date
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*EXAMINER;: Initial if reference considered, whether or notcitation is in conformance with MPEP 609. Drawline throughcitation if not in conformance and not
considered. {nclude copy of this form with next communication to applicant. ‘Applicant's unique citation designation number(optional). ?See Kinds Codesof
USPTO Patent Documents at www.uspto.gov or MPEP 901.04. ° Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). ‘ For
Japanese patent documents,the indication of the yearof the reign of the Emperor must precede the serial numberof the patent document. °Kind of documentby
the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a check mark here if English languageTranslation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTOto 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. Timewill vary depending uponthe individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sentto the Chief Information Officer, U.S. Patent
and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1460.

Ifyou need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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PAA

  fw HAY 07-2013 ©
3

ON MH THE UNITED STATES PATENT AND TRADEMARK OFFICE
£TapewrS

In re the Patent Application of:

Severinskyet al : Examiner: N/A

Serial No.: 13/573,728 : Group Art Unit: 3662

Filed: October 5, 2012 : Att.Dkt:PAICE201.DIV.12 -

For: Hybrid Vehicles

Hon. Commissionerfor Patents

P.O. Box 1450

Alexandria VA 22313-1450

TRANSMITTAL OF AMENDMENT

Sir:

Transmitted herewith is an amendmentin the above- identified application..

_ Acheckfor the additional claim fee of $ 0.00 as calculated below is enclosedfor this
amendment.

__ The Commissioneris hereby authorized to charge the fee for any underpayment(or to credit
overpayment) to our Deposit Account No. 04-0401. A duplicate copy of this sheet is attached.

LARGE ENTITY

TOTAL CLAIMS PRESENT ADDITIONAL

CLAIMS PREVIOUSLY EXTRA RATE

PAID FOR

TOTAL 12 24 = 0 Extra x 80 $ 0.00

INDEP. 2 4 = 0 Extra x 420 $ 0.00

TOTAL: $ 0.00
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Respectfully submitted,

Alo
Michael de Angeli
Reg. No. 27,869
34 Court Street

Jamestown RI 02835

401-423-3190

**** CERTIFICATE OF MAILING ****

I hereby certify that this correspondence is being mailed with
adequate postage on the date below via the US Postal Service,
and addressed to Hon. Commisioner for Patents, P.O. Box 1450,
Arlington VA 22313-1450.

Michael de Angeli
Name of Register Representativ

ra] x/ aA fa3DatSignature
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PTO/SB/06 (09-11)
Approvedfor use through 1/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF GOMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD[|4ppiication or Docket Number Filing Date
Substitute for Form PTO-875 13/573,728 10/05/2012|L] Tobe mailed

ENTITY: [X)carRGce [] smatt [] micro

APPLICATION AS FILED — PART|

(Column 1) (Column 2)

NUMBER FILED NUMBER EXTRA

37 CFR 1.16(a), (b), or (¢

37 CFR 1.16(k), (i), or (m

CL EXAMINATION FEE

TOTAL CLAIMS j .
37 CFR 1.16(i minus 20 =

INDEPENDENT CLAIMS J .
37 CFR 1.16(h minus 3 =

If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
for small entity) for each 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 1,16(j)

LAPPLICATION SIZE FEE
(37 CFR 1.16(s))

* If the difference in column 1 is less than zero, enter “O” in column 2.

APPLICATION AS AMENDED- PARTII

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

CLAIMS HIGHEST

hereNG p SREYOUSLY PRESENT EXTRA ADDITIONALFEE($)AMENDMENT PAID FOR

C Application Size Fee (837 CFR 1.16(s))

Cc FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

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

CLAIMS HIGHEST
REMAINING NUMBER

AFTER PREVIOUSLY PRESENT EXTRA
AMENDMENT PAID FOR

Total (37 CFR + ; aosCiae
Ind dent * i tik

esCdee
[_] Application Size Fee (37 CFR 1.16(s))

Cc FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))
AMENDMENT
* If the entry in column 1 is less than the entry in column2, write “O” in column 3. LDRC
** If the “Highest NumberPreviously Paid For” IN THIS SPACEis less than 20, enter “20”. /NICOLE NICHOLSON/
*** If the “Highest Number Previously Paid For’ IN THIS SPACEis less than 3, enter “3”.
The “Highest Number Previously Paid For’ (Total or Independent) is the highest numberfound 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 whichis tofile (and by the USPTOto
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 uponthe individual case. Any comments on the amountof 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 TrademarkOffice, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSTO THIS
ADDRESS. SEND TO: Commissionerfor 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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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
! OX.

Alexandria, Virginia 22313-1450www.uspto.gov

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

 
 
   

13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12
CONFIRMATION NO.9367

Michael de Angeli PUBLICATION NOTICE
34 Court Street

Jamestown, Ri 02835 MOC000000060546399

Title:Hybrid vehicles

Publication No.US-2013-0096752-A1

Publication Date:04/18/2013

NOTICE OF PUBLICATION OF APPLICATION

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

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

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

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

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

 

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
) OX.

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO ITOT CLAIMSJIND CLAIMS

16 4

 
 
   

13/573,728 10/05/2012 3662 2230 PAICE201. DIV. 12

CONFIRMATION NO. 9367

Michael de Angeli CORRECTEDFILING RECEIPT
34 Court Street

Jamestown, RI 02835 MO
Date Mailed: 01/14/2013

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted onthis Filing Receipt, please
submit a written requestfor a Filing Receipt Correction. Please provide a copyofthis Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Alex J. Severinsky, Washington, DC;
Theodore Louckes,Holly, Ml;

Applicant(s)
Alex J. Severinsky, Washington, DC;
Theodore Louckes,Holly, Ml;

Assignment For Published Patent Application
PAICE LLC, Windsor Locks, CT

Powerof Attorney:
Michael De Angeli--27869

Domestic Priority data as claimed by applicant
This application is a DIV of 13/065,708 03/29/2011
whichis a DIV of 12/3820,600 01/29/2009 ABN
whichis a DIV of 11/459,458 07/24/2006 ABN
whichis a DIV of 10/882,577 03/07/2003 PAT 7104347
whichis a DIV of 09/822,866 04/02/2001 PAT 6554088
whichis a CIP of 09/264,817 03/09/1999 PAT 6209672
which claims benefit of 60/100,095 09/14/1998
and claims benefit of 60/122,296 03/01/1999

Foreign Applications for which priority is claimed (You may beeligible to benefit from the Patent Prosecution
Highway program at the USPTO.Please see http:/Avww.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheetin order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

page 1 of 3
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lf Required, Foreign Filing License Granted: 11/01/2012

The country code and numberof your priority application, to be usedfor filing abroad under the Paris Convention,
is US 13/573,728

Projected Publication Date: 04/18/2013

Non-Publication Request: No

Early Publication Request: No
Title

Hybrid vehicles

Preliminary Class

701

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider thefiling of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-membercountry. The PCT process simplifies the filing
of patent applications on the sameinvention in membercountries, but does notresult in a grantof "an international
patent" and doesnoteliminate the needof applicantsto file additional documents and fees in countries where patent
protection is desired.

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Avww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on how to protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcementissues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4158).

page 2 of 3

BMW1052

Page 127 of 300



BMW1052 
Page 128 of 300

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

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

This licenseis to be retained by the licensee and maybe usedat any time onorafter the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license doesnot in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof 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" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeignfile the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
businessinvestment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote andfacilitate business investment. SelectUSAprovides information assistance to the international investor
community; serves as an ombudsmanfor existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic developmentorganizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/Awww.SelectUSA.govorcall
+1-202-482-6800.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSPO. Box 1450

Alexandria, Virginia 22313-1450www.uspto.gov

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

 
 
   

13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12
CONFIRMATION NO.9367

Michael de Angeli NEW OR REVISED PPD NOTICE
34 Court Street

Jamestown, Ri 02835 OCMC00000005858 1399

NOTICE OF NEW OR REVISED PROJECTED PUBLICATION DATE

The above-identified application has a new or revised projected publication date. The
current projected publication date for this application is 04/18/2013. If this is a new projected
publication date (there was no previous projected publication date), the application has been
cleared by Licensing & Review or a secrecy order has been rescinded and the application is
nowin the publication queue.

If this is a revised projected publication date (one thatis different from a previously
communicated projected publication date), the publication date has been revised due
to processing delays in the USPTO or the abandonment and subsequentrevival of an
application. The application is anticipated to be published on a date that is more than six
weeksdifferent from the originally-projected publication date.

More detailed publication information is available through the private side of Patent
Application Information Retrieval (PAIR) System. The direct link to access PAIR is currently
http://pair.uspto.gov. Further assistance in electronically accessing the publication, or about
PAIR,is available by calling the Patent Electronic Business Center at 1-866-217-9197.

Questionsrelating to this Notice should be directed to the Office of Data Management,
Application Assistance Unit at (571) 272-4000, or (571) 272-4200, or 1-888-786-0101.

PART 1 - ATTORNEY/APPLICANT COPY

page 1 of 1
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re the Patent Application of

Severinsky et al : Examiner: N/A

Serial No.: 13/573,728 Group Art Unit: 3618

Filed: October 5, 2012 : Dkt.:PAICE201.DIV.12

For: HYBRID VEHICLES

RESPONSE TO RESPONSE TO REQUEST FOR CORRECTED FILING
RECEIPT

Hon. Commissioner for Patents

P. O. Box 1450

Alexandria VA 22313-1450

Sir:

A corrected filing receipt is again requested for this

application. In a previous request for a corrected filing

receipt, applicants noted that the “’Domestic priority data

as claimed by applicant’ field has been left blank. This

should read as follows:
This application is a DIV of 13/065,708, 03/29/2011
which is a DIV of 12/320,600 01/29/2009 ABN

which is a DIV of 11/459,458 07/24/2006 PAT 7,520,353
which is a DIV of 10/382,577 03/07/2003 PAT 7,104,347
which is a DIV of 09/822,866 04/02/2001 PAT 6,554,088
which is a CIP of 09/264,817 03/09/1999 PAT 6,209,672

which claims priority of 60/100,095 09/14/1998
and claims benefit of 60/122,296 03/01/1999. ™

A copy of the filing receipt showing the requested

correction was attached.

In response, the Office mailed a Response to Request

for Corrected Filing Receipt indicating that the corrected

priority data needed to be submitted by way of submission

of an Application Data Sheet (ADS). The ADS is submitted

herewith.
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A corrected filing receipt is again earnestly

solicited.

Respectfully submitted,

Michael de Angeli
Reg. No. 27,869
34 Court Street

Jamestown RI 02835

401-423-3190
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PTO/AIA/14 (08-12)
Approved for use through 01/31/2014. OMB 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 respondto a Collection of information unlessit contains a valid OMB control number.

Application Number 13/573,728

-|Title of Invention|Hybrid Vehicles

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.
This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the

 
 
 

 
 
 

document may be printed and included in a paperfiled application.

Secrecy Order 37 CFR 5.2
Portionsorall of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to

L) 37CFR5.2 (Paperfilers only. Applications that fall under Secrecy Order may notbefiled electronically.) 
Inventor Information:

  
  
  
  

 
  

  
  
    
  
  

  

  
  
  
 

 Inventor 1

Legal Name

On
Residence Information (Select One) @ US Residency (©) NonUS Residency () Active US Military Service

Mailing Addressof Inventor:

Address1 4704 Foxhall Crescent

Address 2

Inventor 2

Legal Name

Prefix!GivenName==——_—i|_Middle Name Family Name Suffix
a

Residence Information (Select One) @ US Residency (©) NonUS Residency () Active US Military Service

Mailing Addressof Inventor:

a

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

 

 
 

 

  

CorrespondenceInformation:
Enter either Customer Number or complete the CorrespondenceInformation section below.
For further information see 37 CFR 1.33(a).
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* PTO/AIA/14 (08-12)
Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unlessit contains a valid OMB controj number.

oo. Attorney Docket Number|PAICE201.DIV.12
Application Data Sheet 37 CFR 1.76 —

Application Number 13/573,728

Title of Invention{|Hybrid Vehicles

An Addressis being provided for the correspondence Information of this application.

[stacldoAreeiName?

city [amestown«|StateProvince[RIS
Country

 

 
 

  
 

  

 
   
  
 
  

   

Application Information:

 Title of the Invention Hybrid Vehicles

Total Numberof Drawing Sheets(if any) Suggested Figure for Publication (if any)

Publication Information:

[_] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Notto Publish.| hereby requestthat the attached application not be published under
35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen monthsafterfiling.

 

  
   
    

 
Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a powerof attorney in the application (see 37 CFR 1.32).
Either enter Customer Numberor complete the Representative Name section below. If both sections are completed the customer
Numberwill be used for the Representative Information during processing.

Please Select One: © Customer Number @ US Patent Practitioner|(©) Limited Recognition (37 CFR 11.9)

[aeserge
Registration Number 27869

Additional Representative Information blocks may be generated within this form by
selecting the Add button.

EFS Web 2.2.5
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‘ PTO/AIA/14 (08-12)
Approved for use through 01/31/2014. OMB 0651-0032

. U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no personsare required to respondto a collection of information untessit contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76 —

Hybrid Vehicles

. Domestic Benefit/National Stage Information:
This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

Prior Application Status "Remove:

Application Number ; Continuity Type Prior Application Number|Filing Date (YYYY-MM-DD)

 

  
  

 

 

Title of Invention 

 
  

 
 
 

 

 
 

 
 

 

 

Prior Application Status Remove:

Application Number Filing Date (YYYY-MM-DD)

Prior Application Status “Remove.

Application Continuity Type (YYMM-DD) Patent Number
  

  

12320600

Application . Prior Application Filing Date Issue Date
Number Continuity Type (YYYY-MM-DD) Patent Number (YYYY-MM-DD)

11459458 Division of 10382577 2003-03-07 7104347 2006-09-12

Application _ Prior Application Filing Date Issue Date
Number Continuity Type (YYYY-MM-DD) Patent Number (¥YYY-MM-DD)

10382577 Division of 09822866 2001-04-02 6554088 2003-04-29

Prior Application Status Remo

Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)

09822866 Continuation in part of 09264817 1999-03-09 6209672 2001-04-03

Prior Application Status "Removes

Application Number Continuity Type Prior Application Number} Filing Date (WYYYY-MM-DD)

 

 

  
  
  

 
 
 

 
 

 
 

 
 
 

 
  

 
 

oe

Prior Application Status Moves,

09264817 non provisional of

Additional Domestic Benefit/National Stage Data may be generated within this form
by selecting the Add button.

   
Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.55(a). 
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x PTO/AIA/14 (08-12)
. Approved for use through 01/31/2014. OMB 0651-0032

‘ U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respondto a collection of information unless it contains a valid OMB contro! number.

Application Number 13/573,728
  

 
 

 Application Data Sheet 37 CFR 1.76

 
Title of Invention|Hybrid Vehicles

  
Priority Claimed

 
  

 
  
  

 

Additional Foreign Priority Data may be generated within this form by selecting the
Addbutton.

 

Authorization to Permit Access:

[_] Authorization to Permit Accessto the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),
the Japan Patent Office (JPO), the KoreanIntellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any otherintellectual property offices in which a foreign application claiming priority to the instant patent application
is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checkedif the applicant
does not wish the EPO, JPO, KIPO, WIPO,or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have accessto the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect
to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application
claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirementof
37 CFR 1.55 has beenfiled in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
soughtin the instant patent application.

In accordance with 37 CFR 1.14(c), access may be providedto information concerning the date offiling this Authorization.

 
Applicant Information:

Providing assignmentinformation in this section does not substitute for compliance with any requirementof part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant 1

If the applicantis the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be providedin this section is the name and addressof the legal representative whois the applicant under 37 CFR
1.43; or the name and addressof the assignee, person to whom the inventoris under an obligation to assign the invention, or person
who otherwise showssufficient proprietary interest in the matter whois the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventoris obligated to assign, or person whootherwise showssufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors whoare also the applicant should be
identified in this section.

© Legal Representative under 35 U.S.C. 117 ©_Joint Inventor

O Person to whomtheinventoris obligated to assign. O Person who showssufficient proprietary interest

If applicantis the legal representative, indicate the authority to file the patent application, the inventoris:
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PTOIAIA/14 (08-12)
. Approved for use through 01/31/2014. OMB 0651-0032

‘ U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Underthe Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 13/573,728

Title of Invention|Hybrid Vehicles

Nameof the Deceased or Legally Incapacitated InventorPo
"| If the Applicant is an Organization check here. C]

Mailing Address Information:

Address 2

cy [StateProvines[
County [PostalCode|

[FaxnumberfT

  
 
 

 Application Data Sheet 37 CFR 1.76

 

 

 
 
  
 

  
 

  
 

Phone Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button.

Non-Applicant Assignee Information:

Providing assignmentinformation in this section does not subsitute for compliance with any requirementof part 3 of Title 37 of CFR to
have an assignment recorded by the Office.

Complete this section only if non-applicant assignee information is desired to be included on the patent application publication in
accordance with 37 CFR 1.215(b). Do not include in this section an applicant under 37 CFR 1.46 (assignee, person to whom the
inventoris obligated to assign, or person who otherwise showssufficient proprietary interest), as the patent application publication will
include the nameof the applicant(s). 
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a) PTOIAIA/14 (08-12)
‘ Approved for use through 01/31/2014. OMB 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 respondto a collection of information untessit contains a valid OMB control number.

oo. Attorney Docket Number|PAICE201.DIV.12
Application Data Sheet 37 CFR 1.76 —

Application Number 13/573,728

Title of Invention|Hybrid Vehicles

Mailing Address Information:

Address1

Address 2

City State/Province

Email Address

  

 
 
 

 
 
  
 
  
 

 

 

 
 

in‘ll
Additional Assignee Data may be generated within this form by selecting the Add button.

Signature:
NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4 for signature requirements and
certifications 7

Additional Signature may be generated within this form by selecting the Add button.

This collection of information is required by 37 CFR 1.76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending uponthe individual case. Any comments on the amountof time you require to
complete this form and/or suggestions for reducing this burden, should be sentto 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 FORMSTO THIS ADDRESS. SEND TO: Commissionerfor Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSQ. Box 1450

Alexandria, Virginia 22313-1450www.uspto.gov

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

 
 
   

13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12
CONFIRMATION NO.9367

Michael de Angeli IMPROPER CFR REQUEST
34 Court Street

Jamestown, Rl 02835 IOC000000058 161040

Date Mailed: 12/19/2012

RESPONSE TO REQUEST FOR CORRECTEDFILING RECEIPT

Continuity, Priority Claims, Petitions, and Non-Publication Requests

In response to your requestfor a corrected Filing Receipt, the Office is unable to comply with your request
because:

* To add or correct a benefit claim of a U.S. prior-filed application, applicant must submit a new application
data sheet (ADS) with the desired benefit claim. For any section of information being changedrelative to the
information already of record, additions should be shown with underlining, and deletions should be shown with
strikeouts. A domestic benefit claim that is presented after the time period set forth in 37 CFR 1.78 must be
accompanied by a petition under 37 CFR 1.78.

/gasgedom/

 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of

Severinsky et al : Examiner: N/A

Serial No.: 13/573,728 . Group Art Unit: 3618

Filed: October 5, 2012 : Dkt.:PAICE201.DIV.12

For: HYBRID VEHICLES

REQUEST FOR CORRECTED FILING RECEIPT

Hon. Commissioner for Patents

P. O. Box 1450

Alexandria VA 22313-1450

Sir:

A corrected filing receipt is requested for this

application. The filing receipt received shows the

asSignee’s address as Windsor Locks, CT; in fact, it is

Bonita Springs, FL.

Additionally, the “Domestic priority data as claimed

by applicant” field has been left blank. This should read

as follows:

This application is a DIV of 13/065,708, 03/29/2011
which is a DIV of 12/320,600 01/29/2009 ABN
which is a DIV of 11/459,458 07/24/2006 PAT 7,520,353
which is a DIV of 10/382,577 03/07/2003 PAT 7,104,347
which is a DIV of 09/822,866 04/02/2001 PAT 6,554,088
which is a CIP of 09/264,817 03/09/1999 PAT 6,209,672

which claims priority of 60/100,095 09/14/1998
and claims benefit of 60/122,296 03/01/1999

A copy of the filing receipt showing the requested

corrections is attached.
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CZ-
Dated:

f 1k

Respectfully submitted /

AfbK<£~
Michael de Angeli
Reg. No. 27,869
34 Court Street

Jamestown RI 02835

401-423-3190

BMW1052

Page 140 of 300



BMW1052 
Page 141 of 300

 
 UNITED STATES DEPARTMENT OF COMMERCE

United States Patent and Trademark Office
Address. COMMISSIONER FOR PATENTSP.O. Boa

Alexandna,
50
Virginsn 22313-1450

  
  

ag es

Ww aspto covoo

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD TOT CLAIMS]IND CLAIMS

13/573,728 10/05/2012 3618 2230 PAICE201. DIV. 12 16 4
CONFIRMATIONNO.9367

Michael de Angeli FILING RECEIPT
34 Court Street

Jamestown, RI 02835 LALORAARa
Date Mailed: 11/05/2012

 

Receipt is acknowledgedofthis non-provisionalpatent application. The application will be taken up for examination
in due course. Applicantwill be notified as to the results of the examination. Any correspondence conceming the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER,FILING DATE,
NAME OF APPLICANT,and TITLE OF INVENTION. Feestransmitted by checkordraft are subject to collection.
Please verify the accuracyof the data presentedonthis receipt. If an error is noted on this Filing Receipt, please
submit a written requestfor a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon.If you received a “Notice to File Missing Parts" for this application, please submit
any correctionsto this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate anotherFiling Receipt incorporating the requested corrections

Inventor(s) _ a
Alex J. Severinsky, Washington, DC; This application is a DIV of 13/065,708, 03/29/2011
Theodore Louckes,Holly, MI; : whichis a DIV of 12/320,600 01/29/2009 ABN

Applicant(s) ; whichis a DIV of 11/459,458 07/24/2006 PAT 7,520,353
axe Severe NoaDC;|which is a DIV of 10/382,577 03/07/2003 PAT 7,104,347

oly whichis a DIV of 09/822,866 04/02/2001 PAT 6,554,088
Assignment For Published Patent ApplicationSig PP whichis a CIP of 09/264,817 03/09/1999 PAT 6,209,672

PAICE LLC, Windsertocke-GTichisaCIPoF
Gowt «a Sovir which claimspriority of 60/100,095 09/14/1998erectbeAngel27869 PTIm*SEPLJand claims benefit of 60/122,296 03/01/1999

Domestic Priority data as claimed by applicantra-
Foreign Applications (You maybeeligible to benefit from the Patent Prosecution Highway program atthe
USPTO.Piease see http:/Avww.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 11/01/2012

The country code and numberof yourpriority application, to be usedforfiling abroad underthe Paris Convention,
is US 13/573,728

Projected Publication Date: 04/10/2014

Non-Publication Request: No

Early Publication Request: No
page 1 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE
 

In re the Patent Application of

Severinsky et al . : Examiner: N/A

Serial No.: 13/573,728 : Group Art Unit: 3618

Filed: October 5, 2012 : Dkt.:PAICE201.DIV.12

For: HYBRID VEHICLES

RESPONSE TO INFORMATIONAL NOTICE TO APPLICANT

Hon. Commissioner for Patents

P. O. Box 1450

Alexandria VA 22313-1450

Sir:

The “Informational Notice to Applicant” mailed in this

application on November 5, 2012 indicates that the declaration

submitted with this application is defective in that it does not

state that the application was made or authorized to be made by

the person executing the declaration. It is understood that

this is a reference to the new form of declaration required

under the America Invents Act. However, this application is the

latest in a lengthy series of divisional applications claiming

priority as far back as 1998; the specific declaration filed was

executed in 2001, in connection with Ser. No. 09/822,866.

BMW1052

Page 142 of 300



BMW1052 
Page 143 of 300

\fe

In these circumstances it is respectfully submitted that no

new declaration is in fact required.

Respectfully submitted,

lf, fp tt<Q~
Dated: Michael de Angeli

Reg. No. 27,869
34 Court Street

Jamestown RI 02835

401-423-3190
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 13/573,728

APPLICATION AS FILED - PART| OTHER THAN

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

BASIC FEE
(37 CFR 1.16(a), (b), or (c))
SEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A 620

SCNasen(37 CFR 1.16(0)

TOTAL CLANSa7 OFA ‘6==>oRaINDEPENDENT CCAS
If the specification and drawings exceed 100

APPLICATION SIZE_|sheets of paper, the application size fee dueis
FEE $310 ($155 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheetsorfraction thereof. See 35 U.S.C.

41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT(37 CFR 1.16(j))

* If the difference in column1 is less than zero, enter "0" in column 2. TOTAL

APPLICATION AS AMENDED- PARTII

OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16(i))

Independent(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTA

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16(i))
Independent

(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTB

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

* |f the entry in column 1 is less than the entry in column 2, write "0" in column 3.
* If the "Highest Number Previously Paid For” IN THIS SPACEis less than 20, enter "20".

** If the "Highest Number Previously Paid For” IN THIS SPACEis less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
! OX.

Alexandria, Virginia 22313-1450www.uspto.gov

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

13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12
CONFIRMATION NO.9367

 
 
   

Michael de Angeli NOTICE
34 Court Street

Jamestown, Rl 02835 IOCACUAL
Date Mailed: 11/05/2012

INFORMATIONAL NOTICE TO APPLICANT

Applicantis notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant mustfile an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statementin compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

A newinventor's oath or declaration that identifies this application (e.g., by Application Numberandfiling
date) is required. The inventor's oath or declaration does not comply with 37 CFR 1.63 in thatit:

* doesnotstate that the above-identified application was made or authorized to be made by the person
executing the oath or declaration.

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
! OX.

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO ITOT CLAIMSJIND CLAIMS

 
 
   

13/573,728 10/05/2012 3618 2230 PAICE201. DIV. 12 16 4

CONFIRMATIONNO.9367

Michael de Angeli FILING RECEIPT
34 Court Street

Jamestown, Rl 02835 ACCA0000000574223

Date Mailed: 11/05/2012

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application mustinclude the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted onthis Filing Receipt, please
submit a written requestfor a Filing Receipt Correction. Please provide a copyofthis Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processesthe reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Alex J. Severinsky, Washington, DC;
Theodore Louckes,Holly, Ml;

Applicant(s)
Alex J. Severinsky, Washington, DC;
Theodore Louckes,Holly, Ml;

Assignment For Published Patent Application
PAICE LLC, Windsor Locks, CT

Powerof Attorney:
Michael De Angeli--27869

Domestic Priority data as claimed by applicant

Foreign Applications (You may beeligible to benefit from the Patent Prosecution Highway program atthe
USPTO.Please see http://www.uspto.gov for more information.)

lf Required, Foreign Filing License Granted: 11/01/2012

The country code and numberof your priority application, to be usedfor filing abroad under the Paris Convention,
is US 13/573,728

Projected Publication Date: 04/10/2014

Non-Publication Request: No

Early Publication Request: No
page 1 of 3
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Title

Hybrid vehicles

Preliminary Class

180

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider thefiling of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-membercountry. The PCT process simplifies the filing
of patent applications on the sameinvention in membercountries, but does notresult in a grantof "an international
patent" and doesnoteliminate the needof applicantsto file additional documents and fees in countries where patent
protection is desired.

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http:/Avww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on how to protectintellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcementissues, applicants may
call the U.S. Governmenthotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED"followed by a date appears on this form. Such licenses are issuedin all applications where
the conditions for issuance of a license have been met, regardless of whetheror not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope andlimitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicatedis the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This licenseis to be retained by the licensee and maybe usedat any time onorafter the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grantof a license doesnot in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof 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" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeignfile the application pursuant to 37 CFR 5.15(b).

 

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USAoffers tremendous
resources and advantagesfor those who invest and manufacture goods here. Through SelectUSA, our nation

works to encourage, facilitate, and accelerate business investment. To learn more about why the USAis the best
country in the world to develop technology, manufacture products, and grow your business,visit SelectUSA.gov.
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PATENT APPLICATION SERIAL NO. 

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE

FEE RECORD SHEET

11/02/2012 WANIL 00000005 040401 13573728
01 FC:1201 250.00 DA

PTO-1556 _

(5/87)

“U.S. Government Printing Office: 2002- 489-267/69033
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U.S. PTO

13/573728

10/05/2012

MIcHAEL M. DE ANGELI, P.C.
ATTORNEY AT Law
34 COURT STREET

JAMESTOWN, RHODE ISLAND 02835

tN o1a's'n08720WON
REGISTERED PATENT

ATTORNEY

(401) 423-3190

FAX: (40) 423-3191
E-MAIL: MDEANGELI2ZO0@GMAIL.COM

ADMITTED TO BARS WWW.RIPATENTLAW.COM
OF PA & MD

NOT ADMITTED
IN RI

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

RULE 60 APPLICATION

Atty. Dkt. PAICE201.DIV.12
October 1, 2012

Hon. Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

This is a request for filing a divisional application under 37
CFR § 1.60 of pending prior application Serial No.
on March 29,

13/065,708 filed

2011 entitled Hybrid Vehicles

Full Name of first joint inventor: Alex J. Severinsky

Residence: Washington, D.C. Citizenship: U.S.

Post Office Address: 4704 Foxhall Crescent, Washington D.C. 20007

Full Name of second joint inventor: Theodore Louckes (deceased)

Residence: Holly, Michigan Citizenship: U.S.

Post Office Address: 10398 Appomattox, Holly MI 48442

x Enclosed is a copy of the prior application as originally
filed. I hereby verify that the attached papers are a true
copy of the prior application Serial No. 13/065,708 as
originally filed on March 29, 2011.
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X The filing fee is calculated below: Claims as filed, less any
claims canceled:

LARGE ENTITY

CLAIMS Basic Filing Fee: $ 390

Total 1 - 20 = 0 x $62 * 9°

Indep. 1 - 3 = 0 x $250 0

Search fee $620
Examination fee $250

Fee for non-electronic filing $400
Size fee $320

Total Fee $1980

x The Commissioner is hereby authorized to charge additionally
required fees under 37 CFR § 1.16 and § 1.17 which may be
required, or credit any overpayment to Deposit Account No. 04-
0401. A duplicate copy of this sheet is enclosed.

Status as a "small entity" under 37 CFR 1.9 is claimed by way
of the attached declaration.

A preliminary amendment is enclosed.

An information disclosure statement is enclosed.

Xx Cancel the following claims before calculating the filing fee:
1 - 15.

x A credit card authorization for the filing fee is enclosed.

Priority of application Serial No. filed on
in (country) is claimed under 35 U.S.C. § 119.

a) Certified copy is on file in prior application
Serial No. filed

b) Certified copy filed herewith.

2

BMW1052

Page 151 of 300



BMW1052 
Page 152 of 300

ikfs

>

Amend the specification by inserting the following before the
first line thereof:

This is a divisional application of application Serial No.
13/065,708, filed March 29, 2011, which was a divisional
application of Ser. No. 12/320,600, filed January 29, 2009,
now abandoned, which was a divisional application of Ser. No.
11/459,458, now patent 7,520,353, which was a divisional
application of Ser. No. 10/382,577 filed March 7, 2003, now
patent 7,104,347, which was a divisional application of Ser.
No. 09/822,866 filed April 2, 2001, now patent 6,544,088,
which was a continuation-in-part of Ser. No. 09/264,817 filed
March 9 1999, now patent 6,209,672, issued April 3, 2001,
which in turn claimed priority from provisional application
Ser. No. 60/100,095, filed September 14, 1998, and was also a
continuation-in-part of Ser. No. 09/392,743 filed September 9,
1999, now patent 6,338,391 issued January 15, 2002, in turn
claiming priority from provisional application Ser. No.
60/122,296, filed March 1, 1999.

Transfer the drawings for the prior application to this
application, and abandon said prior application as of the
filing date accorded this application. A duplicate copy of
this sheet is enclosed for filing in the prior application
file.

New formal drawings are enclosed.

The prior application is assigned of record to PAICE LLC via a
document dated April 28, 2004 and recorded by the Patent and
trademark Office as Reel 014546, Frame 0351.

The original power of attorney in the prior application (filed
in Ser. No. 09/822,866; copy enclosed) is to Michael de
Angeli, Reg. No. 27,869.

Address all future communications to:

Michael de Angeli
34 Court Street

Jamestown RI 02835

401-423-3190

The undersigned declares further that all statements made
herein of his own knowledge are true and that alli statements
made on information and belief are believed to be true; and
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further that these statements were made with the knowledge
that willful false statements and the like so made are

punishable by fine or imprisonment, or both, under Section
1001 of Title 18 of the United States Code and that such

willful false statements may jeopardize the validity of the
application or any patent issuing thereon.

Respectfully submitted,

ALL
Michael de Angeli
Reg. No. 27,869
34 Court Street

Jamestown RI 02835

401-423-3190

  
Dated: [2 ZL Ie
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. application Ser. No. 60/100,095,

HYBRID VEHICLES

Inventors: Alex 3. severinskyTheodore N. Louckes

cross-Refe to Related icationsa continuation-in-part of ser. No-
This application is 1999, now U. S. patent 6,209,672, issued

09/264,817, filed March 9,April 3, 2001, which in turn claims priority from provisionalfiled September 14, 1998, and is
also a continuation-in-part of Ser. No. 09/392,743, filed September9, 1999, which in turn claims priority from provisional application
Ser. No. 60/122,296, filed March 1, 1999.

Field of the InventionThis application relates to improvements in hybrid vehicles,
that is, vehicles in which both an internal combustion engine and
one or more electric motors are provided to supply torque to thedriving wheels of the vehicle. More particularly, this invention
relates to a hybrid electric vehicle that is fully competitive with
presently conventional vehicles as regards performance, operating
convenience, and cost, while achieving substantially improved fuel
economy and reduced pollutant emissions.

Discussion © he io t
For many years great attention has been given to the problem

of redauction of fuel consumption of automobiles and other highway
vehicles. Concomitantly very substantial attention has been paid
to reduction of pollutants emitted by automobiles and other
vehicles. To a degree, efforts to solve these problems conflict
with one another. For example, increased thermodynamic efficiency
and thus reduced fuel consumption can be realized if an engine is
operated at higher temperatures. Thus there has been substantial
interest in engines built of ceramic materials withstanding higher
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combustion temperatures than those now in use. However, higherfueled engines lead to increase
combustion temperatures in gasoline-
in certain undesirable pollutants, typically NO,.

Another possibility for reducing emissions is toor straight ethanol. However,

purn mixtures

of gasoline and ethanol ("gasohol"),to date ethanol has not become economically competitive withand consumers have not accepted ethanol to any great
to make an alternate fuel such as ethanol

appreciable
gasoline,
degree. Moreover,available to the extent necessary _ to achieveimprovements in nationwide air quality and fuel conservation wouldrequire immense costs for infrastructure improvements; not only the
entire nation's motor fuel production and delivery system, but also
the vehicle manufacture, distribution, and repair system, would
have to be extensively revised or substantially duplicated.

One proposal for reducing pollution in cities is to limit the
use of vehicles powered by internal combustion engines and instead
employ electric vehicles powered by rechargeable batteries. To
date, all such "straight electric" cars have had very limited
range, typically no more than 150 miles, have insufficient power
for acceleration and hill climbing except when the batteries are
substantially fully charged, and require substantial time for
battery recharging. Thus, while there are many circumstances in-
which the limited range and extended recharging time of the
batteries would not be an inconvenience, such cars are not suitable
for all the travel requirements of most individuals. Accordingly,
an electric car would have tobe an additional vehicle for most
users, posing a substantial economic deterrent. Moreover, it will
be appreciated that in the United States most electricity is
generated in coal-fired power plants, so that using electric
vehicles merely moves the source of the pollution, but does not
eliminate it. Furthermore, comparing the respective net costs per
mile of driving, electric vehicles are not competitive with
ethanol-fueled vehicles, much less with conventional gasoline-
fueled vehicles. See, generally, Simanaitis, "Electric Vehicles",
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Road & Track, May 1992, PP- 126-136; Reynolds, "AC propulsion
CRX", Road & Track, October 1992, PP- 126-129. h an electric

Brooks et al U.S. patent 5,492,192 shows sucvehicle; the invention appears to pe directed to incorporation ofantilock praking and traction control technologies into an
otherwise conventional electric vehicle.

Much attention has also been paidvehicles including internal combustion
over the years to

development of: electric.engines powering generators, thus eliminating the defect of limitedby simple electric vehicles. The simplest such
range exhibited

1-electric

vehicles operate on the same general principle as dieselocomotives used by most railroads. In such systems, an internalcombustion engine drives a generator providing electric power totraction motors connected directly to the wheels of the vehicle.This system has the advantage that no variable gear ratiotransmission is required between the engine and the wheels of the
vehicle.More particularly, an internal combustion engine produces zerotorque at zero engine speed (RPM) and reaches its ‘torque peaksomewhere in the middle of its operating range- accordingly, allvehicles driven directly by an internal combustion engine (otherthan certain single-speed vehicles using friction or centrifugal
clutches, and not useful for normal driving) require a variable-
-ratio transmission between the engine and the wheels, so that the
engine's torque can be matched to the road speeds and loadsencountered. Further, some sort of clutch must be provided so that
the engine can be mechanically decoupled from the wheels, allowing
the vehicle to stop while the engine is still running, and to allow
some slippage of the engine with respect to the drive train while
starting from a stop. It would not be practical to provide a
diesel locomotive, for example, with a multiple speed transmission,
or a clutch. Accordingly, the additional complexity of the
generator and electric traction motors is accepted. Electrictraction motors produce full torque at zero RPM and thus can be
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when it is desired that the train
connected directly to the wheels; e is simply throttled to
should accelerate, the diesel enginincrease the generator output and the train begins to move.The same drive system may be employed in a smaller vehicle
such as an automobile or truck, but has several aistinctdisadvantages in this application. In particular, and as discussedit is well known
in detail below in connection with Figs. 1 and 2,that a gasoline or other internal combustion engine is mostefficient when producing near its maximum output torque.Typically, the number of diesel locomotives on a train is selectedjn accordance with the total tonnage to be moved and the grades tobe overcome, SO that all the Locomotives can be operated at nearly
full torque production. Moreover, such locomotives tend to be runat steady speeds for long periods of time. Reasonably efficient
fuel use is thus achieved. However, such a direct drive vehicle
would not achieve good fuel efficiency in typical automotive use,
involving many short trips, frequent stops in traffic, extended
low-speed operation and the like.So-called "series hybrid" electric vehicles have been proposed
for automotive use, wherein batteries are used as energy storage
devices, so that an internal combustion engine provided to power a
generator can be operated in its most fuel-efficient output power
range while still allowing the electric traction motor(s) powering
the vehicle. to be operated as required. Thus the engine may be
loaded by supplying torque to a generator charging the batterieswhile supplying electrical power to the traction motor(s) as
required, so as to operate efficiently. This system overcomes the
limitations of electric vehicles noted above with respect to
limited range and long recharge times. Thus, as compared to a
conventional vehicle, wherein the internal combustion engine
delivers torque directly to the wheels, in a series hybrid electric
vehicle, torque is delivered from the engine to the wheels via a
serially connected generator used as a_ battery charger, the
battery, and the traction motor. However, energy transfer between
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‘climbing and the like, is rather heavy: and expensive. Thus,

% of engine

those components consumes at least approximately 25. he cost andpower. Further, such components add substantially to t ble of

toweight of the vehicle; in particular, an electric motor capant torque to meet all expected demand, ©-9:-:providing sufficie :during hill-

allow reasonable performance under acceleration, series

hybrid vehicles have not been immediately successful.A more promising "parallel hybrid" approach iPatent Nos. 3,566,717 and 3,732,751 to Berman et al. In Berman et
al an internal combustion engine and an electric mo
through a complex gear train so that both canairectly to the wheels, the vehicle being operated in severalaifferent modes. Where the output of the internal combustion engine

s shown in U.S.

tor are matched

provide torque

is more than necessary to drive the vehicle ("first modeoperation") the engine is run at constant speed and excess power isconverted by 4 first motor /generator ("speeder") to electrical
energy for storage in a pattery. In "second mode operation", theinternal combustion engine a@rives the wheels directly, and isthrottled. When more power is needed than the engine can provide,
a second motor/generator or "torquer" provides adaitional torque as
needed.Berman et al thus show two separate electric motor/generators
separately powered by the internal combustion engine; the "speeder"
charges the patteries, while the Ntorquer" propels the vehicle
forward in traffic. This arrangement is a source of additional
complexity, cost and difficulty, as two separate modes of engine
control are required. Moreover, the operator. must control the
transition between the several modes of operation. Such a complex
vehicle is unsuited . for the automotive market. Automobilesintended for mass production can be no more complicated to operate
than conventional vehicles, and must be essentially "foolproof",
that is, resistant to damage that might be caused by operator
error. Further, the gear train shown by Berman et al appears to be
quite complex and difficult to manufacture economically. Berman et
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at one or even two variable-speed transmissions
al also jndicate th -~ 22 and 36 - 38 of

see, @-9-r col. 3, lines 19nes 53 — 55 of patent 3,732,751.
ly parallel

may be required;
patent 3,566,717, and col. 2, liLynch et al patent 4,165,795 also shows an earhybrid drive. Lynch argues that maximum fuel efficiency can becombustion engine is
realized when 4 relatively small internal. rated at an efficient
provided, such that when the engine is opespeed, it produces approximately the average power required over atypical mission. The example given is of an engine producing 25hp maximum and 17 hp at its most efficient speed, about 2500 rpm.This is to be combined with an electric motor-generator of about 30peak hp. This vehicle requires a yariable-ratio transmission toachieve reasonable performance. It appears that the engine is to berun continuously, at a -steady speed, with additional torqueprovided by the motor when needed and excess torque produced by theengine being used to charge the batteries. In a first embodiment,torque provided by the motor is transmitted to the drive wheelsthrough the engine, while in a second embodiment their respective

positions are reversed.Nishida U.S. patent 5,117,931 shows a parallel hybrid vehicle
where torque from an electric motor may be combined with torque
from an internal combustion engine in a "torque transmission unit"
comprising paired bevel gears and means for controlling the
relative rates of rotation of the motor and engine, SO that the
motor can be used to start the engine, absorb excess torque from
the engine (by charging a battery), or provide additional
propulsive torque. A variable-speed transmission is coupled
between the torque transmission unit and the propelling wheels.
Both the torque transmission unit and the variable-speed
transmission are complex, heavy, and expensive components, the use
of which would preferably be avoided.Helling U.S. patent 3,923,115 also shows a hybrid vehicle
having a torque transmission unit for combining torque from an
electric motor ana an internal combustion engine. However, in
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Helling the relative rates of rotation of the motor and engine
s are fixed; 4 flywheel is provided to spattery to store excess electricalinput shaft tore excess

mechanical energy as well as aenergy - Albright, Jr. et al patent 4,588,040 shows another hybriddrive scheme using 4 flywheel in addition to patteries to storevarious complicated -mechanical connections are
Capacitors have also been

U.S. patent 5,318,142-
a parallel hybrid drive
tors is combined with

gine; the combination

excess energy;

provided between the various components.
proposed for energy storage; See Bates et al

Fjallstrom U.S. patent 5,120,282 shows
train wherein torque from two electric mo
torque produced by an internal combustion enis performed by a complex arrangement of paired planetary gearsets,and unspecified control means are alleged to be able to allow
variation of road speed without a variable-ratio transmission.

Hunt U.S. Patent Nos. 4,405,029 and 4,470,476 also disclose
parallel hybrids requiring complex gearing arrangements, including
multiple speed transmissions. More specifically, the Hunt patents
disclose several embodiments of parallel hybrid vehicles. Hunt
indicates (see col. 4, lines 6 - 20 of the '476 patent) that an
electric motor may drive the vehicle at low speeds up to 20 mph,
and an internal combustion engine used for speeds above 20 mph,
while “in certain speed ranges, such as from 15 - 30 mph, both
power sources may be energized... Additionally, both power sources
could be utilized under heavy load conditions." Hunt also indicates
that "the vehicle could be provided with an automatic changeover
device which automatically shifts from the electrical power source
to the internal combustion power source, depending on the speed of
the vehicle" (col. 4, lines 12 - 16).-

However, the Hunt vehicle does not meet the objects of the
present invention, as discussed in detail below. Hunt's vehicle in
each embodiment requires a conventional manual or automatic
transmission. See col. 2, lines 6 - 7. Moreover, the internal
combustion engine is connected to the transfer case (wherein torque
from the internal combustion engine and electric motor is combined)
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of the present invention, again as. discus

' @riving the electric motor in generator configuration.

"fluid coupling oF torque converter of conventionalCol. 2, lines 16 - 17. such transmissions and fluid
converters are very inefficient, are heavy,

ding to one object

by 4a

construction".

couplings or torque
bulky, and costly, and are to be eliminated accorsed in detail below.

Furthermore, the primary means of battery charging disclosede complexity, namely a turbine
by Hunt involves a further undesirabl The turbine

a by waste heat from the internal combustion engine. See
60. Hunt's internal combustion engine is alsois fuele

col. 3, lines 10 ~fitted with an alternator, for additional battery charging
capability, adding yet further complexity. Thus it is clear that-Hunt fails to teach a hybrid vehicle meeting the objects of the
present invention - that is, a hybrid vehicle competitive withconventional vehicles with respect to performance, cost and
complexity, while achieving substantially improved fuel efficiency.

Kawakatsu U.S. Patents Nos. 4,305,254 and 4,407,132 show a
parallel hybrid involving a single internal combustion engine
coupled to the drive wheels through a conventional variable-ratio
transmission, an electric motor, and an alternator, to allow
efficient use of the internal combustion engine. As in the Hunt
aisclosure, the engine is intended to be operated in a relatively
efficient range of engine speeds; when it produces more torque than
is needed to propel the vehicle, the excess is used to charge the
batteries; where the engine provides insufficient torque, the motor
is energized as well.

A further Kawakatsu patent, No. 4,335,429, shows a hybrid
vehicle, in this case comprising an internal combustion engine and
two motor/generator units. A first larger motor/generator, powered
by a battery, is used to provide additional torque when that
provided by the engine is insufficient; the larger motor-generator
also converts excess torque provided by the engine into electrical
energy, to be stored by the battery, and is used in a regenerative
braking mode. The second smaller motor/generator is similarly used
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to provide additional torque and additional regenerative praking as
needed.More particularly, the latter Kawakatsu pateelectric motor sized to provide sufficiending suff jcient

nt asserts that

a single t torque to
propel the yehicle would not be capable of proviregenerative praking force; see col. 1, line 50 — col. 2 line 8-
accordingly, Kawakatsu provides two separate mots also provided. See col.

or/generators, as

noted; a separate engine starting motor i6, lines 22 - 23- In the embodiment shown, the largermotor/generator is connected to the wheel drive shaft, while theengine and the smaller motor/generator are connected to the wheelsthrough 4 complex mechanism comprising three separately
controllable clutches. See col. 5, lines 50 - 62.Numerous patents disclose hybrid vehicle drives tending to
fall into one or more of the categories discussed above- A numberof patents disclose systems wherein an operator is required toselect between electric and internal combustion operation; forexample, an electric motor is provided for operation insidebuildings where exhaust fumes would be dangerous, and an internal
combustion engine provided for operation outdoors. It is also
known to propose 4 hybrid vehicle comprising an electric motor for
use at low speeds, and an internal combustion engine for use at
higher speed. The art also suggests using both when maximum torqueis required. In several cases the electric motor drives one set of
wheels and the internal combustion engine drives a aifferent set.
See generally Shea (4,180,138); Fields et al (4,351,405); Kenyon
(4,438,342); Krohling (4,593,779) i and Ellers (4,923,025).Many of these patents show hybrid vehicle drives wherein a
variable speed transmission is required, as do numerous additional
references. A transmission as noted above is typically required
where the internal combustion engine and/or the electric motor are
not capable of supplying sufficient torque at low speeds. See Rosen
(3,791,473) i Rosen (4,269,280); Fiala (4,400,997); and Wu et al
(4,697,660). Kinoshita (3,970,163) shows a vehicle of this general
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road wheels
videds turbine engine is coupled to the

type wherein a ga a transmission; an electric motor is pro
through a three-speeto supply additional torque at low speeds.For further examples of series hybrid vehicles generally asdiscussed above, see Bray (4,095,664) j cummings (4,148,192) i Monacoet al (4,306,156)i park (4,313,080); Mccarthy (4,354,144);Heidemeyer (4,533,011); Kawamura (4,951,769) i and Suzuki et al(5,053,632) - various of these address specific problems arising inthe manufacture or use of hybrid vehicles, oF specific allegedsses certain specifics

of battery charging and discharge characteristics, while Mccarthyn internal combustion
design improvements. For example, Park addre
shows a complex drive system involving 4engine ariving two electric motors; the torque generated by thelatter is combined in a complex differential providing continuouslyvariable gear ratios. Heidemeyer shows connecting an internalcombustion engine to an electric motor by 4 first friction clutch,and connecting the motor to a transmission by 4a second friction
clutch.other patents of general relevance to this subject matter
include Toy (3,525,874), showing 4 series hybrid using a gasturbine as internal combustion engine; Yardney (3,650,345), showing
use of a compressed-air or similar mechanical starter for the
internal combustion engine of a series hybrid, such that batteries
of limited current capacity could be used; and Nakamura
(3,837,419), addressing improvements in thyristor pattery-chargingand motor drive circuitry- Somewhat further afield but of general
interest are the disclosures of Deane (3,874,472) i Horwinski
(4,042,056); Yang (4,562,894); Keedy (4,611,466); and Lexen
(4,815,334) i Mori (3,623,568); Grady, Jr. (3,454,122); Papst
(3,211,249); Nims et al (2,666,492); and Matsukata (3,502,165) -
Additional references showing parallel hybrid vehicle drive systemsinclude Froelich (1,824,014) and Reinbeck (3,888,325) .U.S. patent
No. 4,578,955 to Medina shows a hybrid system wherein a gas turbine
is used to drive a generator as needed to charge patteries. Of
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particular interest to certain aspects of the present invention isthat Medina discloses that the battery pack should have 4 voltagein the range of 144, 168 or 216 volts and the generator shoulddeliver currentin the range of 400 to 500 amperes. Those of skillin the art will recognize that these high currents involve" substantial resistance heating losses, and additionally requirethat all electrical connections be made by positive mechanicalmeans such as bolts and nuts, OF py welding. More specifically, forreasons of safety and in accordance with industry practice,currents in excess of about 50 amperes cannot be carried by theconventional plug-in connectors preferred for reasons ofconvenience and economy, put must be carried by much heavier, moreexpensive and less convenient fixea connectors (as used onconventional starter and battery cable connections)- Accordingly,it would be desirable to operate the electric motor of a hybrid
vehicle at lower currents.U.S. patent 5,765,656 to Weaver also shows 4 series hybrid
wherein a gas turbine is used as the internal combustion engine;
hydrogen is the preferred fuel.U.S. Patent No. 4,439,989 to Yamakawa shows a system wherein
two different internal combustion engines are provided, so thatonly one need be run when the load is low. This arrangement would
be complex and expensive to manufacture.Detailed discussion of various aspects of nybrid vehicle
drives may be found in Kalberlah, WElectric Hybrid Drive Systems
for Passenger Cars and Taxis", SAE Paper No. 910247 (1991)-
Kalberlah first compares "straight" electric, series hybrid, and
parallel hybrid drive trains, and concludes that parallel hybridsare preferable, at least when intended for general use (that is,
straight electric vehicles may be useful under certain narrowconditions of low-speed, limited range urban driving) - Kalberlah
then compares various forms of parallel hybrids, with respect to
his Fig. 4, and concludes that the most practical arrangement is
‘one in which an internal combustion engine drives a first pair of
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and an electric motor the second; more particularly,
wheels, i of the torque from
Kalberlah jndicates that mechanical combinationan internal combustion engine and an electric motor is impractical.Gardner U-S- patents 5,301,764 and 5,346,031 followKalberlah's teachings, in that Gardner shows separately driving at
least two pairs of wheels; one pair is ariven by
motor, and the second by 4 second electric motor or

a first electric
alternatively

by a small internal combustion engine. Three aifferent clutchesare provided to allow various sources of drive torque to be.connected to the wheels, and to a generator, depending on thevehicle's operation mode. The internal combustion engine is runcontinuously, and provides the driving torque when the vehicle isin a cruise mode; at other times it is used to charge the batteries
powering the electric motors.Bullock, "The Technological constraints of Mass, Volume,Dynamic Power Range and Energy Capacity on the Viability of Hybridand Electric Vehicles", SAE Paper No. 891659 (1989) provides adetailed theoretical analysis of electric vehicles in terms of the
loads thereon, anda a careful analysis of the various battery types
then available. Bullock concludes that a vehicle having two
electric motors of differing characteristics, driving the wheels
through a variable-speed transmission, would be optimal for
automotive use; see the discussion of Fig. 8- Bullock also
suggests the use of an internal combustion engine to drive batterycharging, but does not address combining the engine's torque with
that from the motors; see PpPp- 24 - 25.Further related papers are collected in Electric and Hybrid
Vehic ec ogy, volume sp-915, published by SAE in February
1992. See also Wouk, "Hybrids: Then and Now"; Bates, "On the road
with a Ford HEV", and King et al, "Transit Bus takes the Hybrid
Route", all in JEEE Spectrum, Vol. 32, 7, (July 1995).Urban et al U.S. patent 5,667,029 shows two embodiments of
parallel hybrids; a first embodiment is shown in Figs. 1 7 9 and
11, anda second in Figs. 12 — 17. Both embodiments have numerous
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referring to
gs torqueincluding similar operating modes-

the first embodiment, an internal combustion engine providecommon features,

r to a generator; two electric motors can
to the road wheels O roaa wheels, or charge patteries during
provide torque to theregenerative praking- Torque from the engine and motors iscombined at the input shaft to a variable-ratio transmission.overrunning, clutches are provided, e.g., to allow the engine'storque to be applied to the road wheels without also rotating the
motors.As indicated at col. 6, lines 25 - 54, certain transitionsbetween various operating modes are made automatically, responsiveto the position of the accelerator pedal; for example, if theoperator does not depress the pedal beyond a given point, only theinternal combustion engine is employed to propel the vehicle; ifthe operator depresses the pedal more fully, the electric motorsare also energized. Other changes in the operational mode must bemade by the operator directly; for example, the vehicle may beoperated as a “straight electric" vehicle, @-9: for short durationtrips, by the operator's making an appropriate control action. see

col. 7, lines A9 - 56.The Urban et al design appears to suffer from a number ofsignificant defects. First, the internal combustion engine isstated to provide all torque needed to accelerate the vehicle tocruising speed under normal circumstances (see col. 5, lines 3 -10), and also to propel the vehicle auring cruising (see col. 6,lines 48 - 54)- The electric motors are to be used only during
rapid acceleration and hill-climbing; col. 5, lines 10 — 13. A 20horsepower engine, operated through a continuously variable-ratiotransmission and a torque converter, is stated to be adequate forthis purpose: Such components are clearly complex and expensive;
further, torque converters are notoriously inefficient. Moreover,
using the internal combustion engine as the sole source of powerfor low-speed running would require it to be run at low speeds,e.g., at traffic lights, which is very inefficient and highly
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itional references suggest that excess
patteries; if this were incorporated

t be run at a reasonably
polluting: (various add
torque can be used to chargejn the Urban system, the engine mighefficient output level while the vehicle was stationary, put thiswoulda lead to high levels of noise and vibration. In any event
Urban does not appear to consider this possibility-) .on the other hand, Urban does suggest that the vehicle can beoperated as a ngtraight electric" under low-speed conditions, butthis requires the operator to provide an explicit control input;this complexity is unacceptable ina vehicle intended to pe sold inquantity, as would be required in order to reach Urban's statedgoals of reduction of atmospheric pollution ana reduced energyconsumption. As noted, hybrid vehicle operation must beessentially nfoolproof", OF "transparent" to the user, to have any

chance of commercial success.Urban's second embodiment is mechanically simpler, employing
put a single naynamotor", through which torque is transmitted fromthe engine to the. variable-ratio transmission, put suffers from the
same operational deficiencies.a second Urban et al patent, 5,704,440, js directed to the
method of operation of the vehicle of the '029 patent and suffers
the same inadequacies.Various articles describe several generations of Toyota. Motor
Company hybrid vehicles, believed to correspond to that availablecommercially as the "Prius". see, for example, Yamaguchi, "Toyota
readies gasoline/electric hybrid system", Automotive Engineering,
July 1997, pp- 55 ~ 58; Wilson, "Not Electric, Not Gasoline, But
Both", Autoweek, June 2, 1997, PP- 17 - 18; Bulgin, "The FutureWorks, Quietly", Autoweek February 23, 1998, pp- 12 and 13; and
"Toyota Electric and Hybrid Vehicles", a Toyota brochure. A moredetailed discussion of the Toyota vehicle's powertrain is found in
Nagasaka et al, "Development of the Hybrid/Battery EcU for theToyota Hybrid System", SAE paper 981122 (1998), PP- 19 - 27.According to the Wilson article, Toyota describes this vehicle as
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a ngeries-parallel nybria”; regardless of the label applied, itso be similar to that of the Berman patents
powertrain appears t poth of an internal
described above, that is, torque from either ormotor are controllably combined
combustion engine and an electric drive wheels

in a "power-split mechanism" and transmitted tothethrough a planetary gearset providing the functionality of aticle at PP- 19 -

variable-ratio transmission. See the Nagasaka ar
20. .Furutani U-5- patent 5,495,906 describes a vehicle having aninternal combustion engine driving 4 first set of wheels through avariable-ratio transmission and an electric motor driving 4 secondset of wheels. The engine is apparently intended to be runcontinuously; at low speeds, jt drives 4 generator to chargebatteries providing energy to the motor, and at higher speeds theengine or poth engine and motor propel the vehicle. In somecircumstances the transmission may not pe required; compare, for

example, col. 3, lines 4 - 8 with col. 5,.iines 59 - 64.U.S. patent 5,842,534 to Frank shows a "charge depletion"control method for hybrid vehicles; in this scheme, the internalcombustion engine is essentially used only when the state of thebatteries is such that the vehicle cannot otherwise reach arecharging point. See col. 3, lines 50 - 55. In normal operation,the batteries are recharged from an external power source. Frankalso discusses two-mode brake pedal operation, wherein mechanicalbrakes are engaged in addition to regenerative braking when the
pedal is depressed beyond a preset point.U.S. patent 5,823,280 to Lateur et al shows a parallel hybrid
wherein the shafts of an internal combustion engine and first and
second electric motors are all coaxial; the engine is connected to
the first motor by a clutch, and the first motor to the second by
a planetary gearset, allowing the speeds of the motors to bevaried so as to operate them jn their most efficient range- See
col. 4, line 57 - col. 5, line 60.U.S. patent 5,826,671 to Nakae et al shows a parallel nybrid
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. . . . sthwherein torgue from an internal combustion engine 15 combined witLanetary gearset; 4 clutch is provided
that from a motor in a P g of engine

therebetween - The specific invention relates to sensinwarmup conditions, So aS to limit. emission of unburnt fuel and thus
lower emissions.U.S. patent 5,846,155 to Taniguchi et al sho
nybrid wherein torque from an internal combustionmotor is again combined in a planetary gearset;fa continuously-variable

ws a parallel
engine and a
the specific

improvement appears to be the use °
transmission.It will be appreciated py those of skill in the art that thereare significant Limitations jnherent in the use of planetarygearsets as a means for connecting aifferent sources, ©-9:" aninternal combustion engine and an electric motor, to the drivewheels of a vehicle, namely, that unless the planetary gearset iseffectively locked (anathematic to its use as a continuously~variable transmission, ©-9:: in the Toyota vehicle) it is capableof additive combination of shaft speeds, but not of output torque.Hence, the principal advantage of the parallel hybrid drivetrain,additive combination of the output torque of both the electricmotor and the internal combustion engine, is only available whenthe planetary gearset is locked. This fact is acknowledged by

Lateur, for example, at col. 6, line 27-. Additional disclosures of possible interest include U.S.patent 5,845,731 to Buglione et al; this patent issued December 8,1998, and therefore is not necessarily available as 4 referenceagainst the claims of the present application. The basic powertrainshown by Buglione et al includes an internal combustion engine 12,_ coupled through a first clutch 18 to a first electric motor 20,coupled to a second electric motor 26 through a second clutch 24;the wheels are (apparently; .see col. 3, line 8) driven py thesecond motor 26. The overall hybrid operational scheme provided byBuglione et al is jllustrated in Fig. 4. At low speeds one Or bothmotors may be used to propel the vehicle, with the engine off,
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idling, OF running to drive one motor as a generator: puring low-
speed cruising the second motor propels the vehicle,e propels the vehicle. When

while during

high-speed cruising, the enginacceleration js required at high speed, the engine and both motorsmay be used to propel the vehicle. Buglione et al also indicatesthat a variable-ratio transmission may. be unnecessary, col. 3, line9, and that the first motor can be used to start the engine, col.
4, lines 8 — 15. .U.S. patent 5,586,613 to Ehsani, showing an welectricallypeaking nybrid" vehicle is also of interest. Ehsani's vehicle isshown in several embodiments; in each, an engine is apparently tobe run continuously, with excess torque used to charge thepatteries, and one or more motors used to provide additionalpropulsive torque when the engine's output torque js inadequate. Atransmission is provided in some embodiments of the Fhsani vehicle.An embodiment involving two motors is shown in Fig. 7, and can bemodified as discussed inthe text at col. 9, lines 4 —- 5- Fig. 7itself shows driving a first set of wheels by @ first "electricmachine", 1i-.@-, 4 motor capable of operation as a4 generator. Thisdrive arrangement is independent of a second drive arrangement,whereby a second set of wheels is driven by an engine connectedthrough a first clutch to a second electric machine, connected tothe second set of wheels by 4 second clutch. Fhsani suggests atcol. 9, lines 4 - 5 that the arive shaft otherwise coupled to thefirst electric machine could also be ariven by the engine.Although it is not made explicit that the first electric machine isto be retained, this seems likely; otherwise, the modified Fig.. 7

embodiment would be the same as Ehsani's Fig. 1, modified to have
all four wheels driven by a common ariveshaft.This application discloses a number of improvements over and
enhancements to the hybrid vehicles disclosed in U-5S. patent
5,343,970 (the "1970 patent"), to one of the present inventors,which is jncorporated herein by this reference. Where aifferencesare not mentioned, it is to be understood that the specifics of the
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icable to the
1970 patentvehicle design shown in the '970 patent areapplherein as well. piscussion of thea to limit the scope of its claims.

1970 patent discloses hybrid vehicles
provided capable of

venicles shown
herein is not to be construe

Generally speaking, the
wherein a controllable torque transfer unit istransferring torque petween an internal combustion engine, anelectric motor, and the drive wneels of the yehicle. The directionof torque transfer is controlled by 4 microprocessor responsive tothe mode of operation of the vehicle, to provide highly efficienta wide variety of operating conditions, and while
operation over

either electrical

providing good performance. the flow of energy ~energy stored in a substantial battery pank, or chemical energystored as combustible fuel - is similarly controlled by the
microprocessor.For example, according to the operating scheme of the hybridvehicle disclosed in the '970 patent, in low-speed city driving,the electric motor provides all torque needed responsive to energyflowing from the battery. in high-speed highway driving, where theinternal-combustion engine can be operated efficiently, ittypically provides all torque; additional torque may be provided bythe electric motor as needed for acceleration, hill-climbing, oFpassing. The electric motor is also used to start the internal-combustion engine, and can be operated as a generator by

appropriate connection of its windings by a solid-state,microprocessor-controlled inverter. For example, whenthe state of
charge of the pattery bank is relatively depleted, ©-9-, after alengthy period of battery-only operation in city traffic, theinternal combustion engine is started and drives the motor at

between 50 and 100% of its maximum torque output, for efficientcharging of the battery bank. Similarly, during praking or hill
descent, the kinetic energy of the vehicle can be turned into
stored electrical energy by regenerative praking.

The hybrid drive train shown in the 1970 patent has many
advantages with respect to the prior art which are retained by the
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present invention. For example, the electric drive motor isselected to be of relatively high power, specifically, equal to orgreater than that of the internal combustion engine, ana to havethis allows the

high torque output characteristics at low speeds; As

conventional multi-speed vehicle transmission to be eliminated.to the prior art, the battery bank, motor/generator, and
power circuitry are operated at relatively high voltageto resistive

compared

associatedand relatively low current, reducing losses dueheating and simplifying component selection and connection.It can thus be seen that while the prior art, including the
1970 patent, clearly discloses the desirability of operating an
internal combustion engine in its most efficient operating range,ana that a battery may be provided to store energy to pe suppliedto an electric motor in order to even out the load on the internal
combustion engine, there remains substantial room for improvement.
In particular, it is desired to obtain the operational flexibilityof a parallel hybrid system, while ‘optimizing the system's
operational parameters and providing a substantially simplified
parallel hybrid system as compared to those shown in the prior art,
again as including the '970 patent.As noted above, the present application is a continuation-in-
part of Ser. No. 09/264,817, filed March 9, 1999 (the '817
application), which discloses and claims several distinct
improvements over the hybrid vehicles shown in the '970 patent, as
aiscussed in further detail below. Similarly, the present
application is a continuation-in-part of Ser. No. 09/392,743,
filed September 9, 1999 (the '743 application), which discloses
and claims several distinct improvements over the hybrid vehicles
shown in the '970 patent and the '817 application, as discussed in
further detail below. The present application discloses and claims
further improvements over the vehicles of the '817 and '743
applications.As discussed in detail below, the '817 and '743 applications
(which are not to be limited by this brief summary) disclose a4 new
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wherein an internal combustion
"topology" for 4 hybrid vehicle, :can be operate
engine and a first electric "starting" motor, whichto start the engine, 4 generator, to charge the
as a starter,battery bank responsive to torque from the engine or the wheels
(i.e., during regenerative braking) or as a source of torque, topropel the vehicle, are connected to the road wheels of the vehiclethrough a clutch, so that the engine can be decoupled from the
wheels during starting ana battery charging, but can be connected
to the wheels to propel the vehicle. A second "traction" motor is
directly connected to the road wheels to propel the vehicle. The
vehicle operating mode is determined by a microprocessor responsive
to the "road load", that is, the vehicle's instantaneous torque
demands. The '743 application further discloses that 4
turbocharger may be provided, ana operated when needed to increase
the torque output of the engine when torque jn excess of its
normally-aspirated capacity is required for more than a minimum
time. The present application builds further on these concepts.

Koide U.S. patent 5,934,395 and Schmidt-Briicken U.S. patent
6,059,059 were addressed during the prosecution of the '817
application. Tsuzuki 6,018,198 and Werson 5,986,376 were also each
applied against one claim. As indicated, the 1817 application
discloses a hybrid vehicle comprising a controller, a battery bank,
an internal combustion engine, and two electric motors, a starting
motor and a traction motor. The starting motor and engine are
connected to the road wheels through a clutch, while the traction
motor is connected directly and permanently to the road wheels for
torque transmission therebetween, i.e., without a clutch
therebetween. Koide does not show this "topology" for a hybrid
vehicle; although Koide does show a hybrid vehicle having first and
second motors along with an engine, the components are not
connected as described. Specifically, in Koide, both motors and
the engine are connected to the road wheels by way of a variable-
ratio transmission and a clutch, while, as noted, in the '817
application only the combination of the engine and starting motor
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is connected to the wheels through a clutch, while the tractionmotor is connected directly to the wheels for torque transmissiontherebetween, that is, without a clutch or variable-ratiotransmission. More specifically, Koide's entire disclosure is
premised on being able to vary the ratios between the torque-producing components of his system and the road wheels, in orderthat the engine can be smoothly started when needed. according tothe '817 application, only the starter motor and engine need to bedaisconnectible from the wheels for smooth starting, while thetraction motor can be connected to the road wheels at all times.This represents a substantial simplification with respect to the
system shown by Koide.The Schmidt-Briicken patent also fails to show the topologyshown in the '817 application. schmidt-Briicken shows an engine 1 incombination with a starting motor 7, connected to the road wheelsthrough a first clutch 11, ana a traction motor 19 connected to the
road wheels through a second clutch 23.The '817 and 1743 applications also disclose that the
vehicle operating mode is determined by 4 microprocessor responsive
to the "road loaa", that is, the vehicle's instantaneous torquedemands, i-@-, that amount of torque required to propel the vehicle
at a desired speed. The operator's input, by way of the
accelerator or brake pedals, oF a "cruise control" device,indicates that continuing at steady speed is desired, or that achange in vehicle speed is called for. For example, the
operator's depressing the accelerator pedal signifies an increasein desired speed, i.e-, an increase in road load, while reducing
the pressure on the accelerator or depressing the brake pedal
signifies a desired reduction in vehicle speed, indicating that the
torque being supplied is to be reduced or should be negative. More
particularly, it is important to note that the road load can varybetween wide limits, independent of vehicle speed, and can be
positive or negative, 1.@-, when decelerating Or descending a hill,in which case the negative road loaa (that is, torque available at
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the wheels in excess of that required to propel the venicle) is
usually employed to charge the battery bank.More particularly, jt is important to recognize that road
load is not the same thing as vehicle velocity. Indeed, 4s noted,
road load can be negative while vehicle velocity is positive, as
auring deceleration or descent. Moreover, widely aiffering road
loads may be encountered during operation at the same velocity; for
example, operation at 50: mph on a flat road may involve a road load
of only 30 - 40% of the engine's maximum output torque (MTO) , while
accelerating from the same speed while climbing a hill may involve
a road load of well over 100% of MTO. .

By the same token, control of the vehicle's operating mode in
response to monitoring of road load is not the same as controlling
its operating mode in response to vehicle speed. Numerous prior art
references, including the Koide and Schmidt-Briicken patents, teach.
the latter, i.e., indicate the vehicle operating mode should be
controlled in response to vehicle speed. See Koide at col. 12,
lines 45 - 48, ana Schmidt-Briicken at col. 5, line 56 - col. 6 line
29. Neither Koide nor Schmidt-Brticken, nor any other reference of
which the inventors are aware, recognizes that the desired vehicle
operational mode should preferably be controlled in response to the
vehicle's actual torque requirements, i.e., the road load. Doing so
according to the invention provides superior performance, in terms
of both vehicle response to operator commands ana fuel efficiency,
under the widely-varying conditions encountered in "real world"
driving situations, than is possible according to the prior art.

Moreover, as set forth in the '817 and '743 applications, in
order to provide maximum efficiency in use of fuel, it is essential
to operate the internal combustion engine of a hybrid vehicle only
under circumstances where the engine will he loaded so as to
require at least 30% of its maximun torque output ("MTO") (it being
understood throughout this specification and the appended claims
that this 30% figure is arbitrary and can be varied). If the
vehicle is controlled to shift-into an engine-only mode whenever it
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exceeds some arbitrary road speed, as in Koide and Schmidt-Briicken,
it is apparent that the engine will be operated at various times
when the road load is less than 303 of MTO, for. example, during
deceleration or during descents. Moreover, as noted above, the
torque actually required can vary widely irrespective of vehiclespeed. For example, 30% of MTO may be sufficient to maintainsteady speed on a flat road, .but 150% of MTO may be required foracceleration from the same speed. If the vehicle's operational
mode is selected based solely on speed, as taught by Koide and
schmidt-Briicken, it will be incapable of responding to the
operator's commands, and will ultimately be unsatisfactory-BY comparison, according to the invention of the 'g17 and '743
applications, and as further disclosed and claimed herein, thevehicle's operating mode -- that is, the selection of the source of
torque needed to propel the vehicle -- is determined based on the
amount of torque actually required. In this way the proper
combination of engine, traction motor, and starting motor is always
available. This apparently-simple point has evidently been missed
entirely py the art.Moreover, according to this aspect of the invention, the
engine is used to propel the vehicle only when it is efficient to
do so. This is in accordance with another aspect of the invention,
wherein the engine is operated only at high efficiency, leading
directly to improved fuel economy. For example, the engine is also
used as needed to charge the battery bank, ©-9-, in low-speed city
driving, where the battery bank may become depleted. The starter
motor, which is operated as a generator in these circumstances, is
accordingly sized so as be able to accept at least 30% of MTO as
input torque; the battery bank is likewise sized so as to be able
to accept a corresponding amount of charging current. Therefore
the engine is never operated at less than 30% of MTO, and is thus
never operated inefficiently. Koide and schmidt-Brticken, because
they teach switching the vehicle's operational mode based on
vehicle speed and not its torque requirements, would inherently
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operate the engine under less efficient conditions.Furutani patent 5,495,906 discloses selection of operating
mode based on a combination of vehicle speed and "yehicle load";
see, e-g., col. 2, lines 39 - 47: "It is preferable that the
running state detection means detects vehicle speed and vehicle
load... {and] that the control means transfers the a@riving force
generated by the engine to the power generator and changes the
electric power generated .by the power generator {[i-e., more of the
engine power is used to charge the batteries] in accordance with
the vehicle load if the vehicle speed is the predetermined value or
less. Moreover, it is preferable to change the predetermined value
of the vehicle speed in accordance with the vehicle load." It thus
appears that Furutani determines the vehicle operating state based
on vehicle speed, although the change-over speed can be varied
responsive to the vehicle load. Furutani's "vehicle load" thus
apparently includes the torque required to charge the battery, as
distinguished from applicants' "road load", i-e-, the torque
required to propel the vehicle. Even assuming that Furutani's
Nyehicle load", which is not defined, were suggestive of "road
load" as used by applicants, Furutani clearly does not suggest
determining the operating mode based on road load. More
specifically, although Furutani recognizes a distinction between
a@iffering vehicle loads, and that the vehicle load can vary
independent of vehicle speed, the vehicle operating mode is
nonetheless selected based on vehicle speed; see col. 3, line 62 -
col. 4, line 32. Instead of varying the operating mode of the
vehicle based on road load, Furutani directs more or less of the
engine's torque to battery charging; see col. 4, lines 24 - 32.

Frank 6,054,844 shows several embodiments of hybrid vehicles.
In those where an engine is used to provide torque to thevehicle
wheels, a continuously-variable transmission is employed, and the
ratio R is considered in determining the response to be made to
operator input, e.g., accelerator and brake pedal positions.
Frank's control strategy is to operate the engine along a line of
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otor to add to or subtract
optimal efficiency and use an electric m See col. 6, line 49
from the engine's output torque as appropriate.—~ col. 7, line 7 and col. 10, line 33 — col. 11, line 22- Frank
thus does not suggest control of the vehicle operating mode
responsive to road load.Patent 6,018,694 to Egami et al-shows a controller for a
hybrid vehicle comprising an internal combustion engine and first
ana second "rotary electric units". Although the question is not
free from doubt, jt appears from a detailed review of Egami's
disclosure that torque from the engine is not supplied directly to
the road wheels, put instead is used to drive one of the rotary
electric units as a generator, in turn supplying the second with
current to provide torque for propelling the vehicle. Hence Egami
does not show selection of the operational mode of the vehicle
(that is, the determination whether propulsive torque is to be
provided from the engine, one or poth of the motors, or all three)
jn response to the road load, since it does not appear that
propulsive torque is ever supplied from the engine to the wheels.
Moreover, despite making reference to a "Nyehicle driving torque
demand Mv*", which might be misunderstood to be equivalent to
applicant's road load, Egami in fact does not determine the road
load. More specifically, Mv* is determined by consulting a "map",
using "the vehicle speed V, the accelerator lift ACC, the brake
state BRK, and the shift position SFT as the jnput parameters".
See col. 22, lines 23 — 26. The same point, i-.e., that the
"yehicle driving torque demand Mv*" is not equivalent to
applicant's claimed road load, is made throughout Egami's extensive
specification; see, for example, col. 10, lines 28 - 32 and col.
27, lines 58 - 65. ,

Deguchi patent 5,993,351 refers to decision-making regarding
the vehicle mode of operation “based on the vehicle speed detected
value and the required motive force detected value" (Abstract; see
also col. 1, line 41); the latter might be misunderstood to be
equivalent to the road load. Deguchi also states (col. 2, lines 7
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- 9) that the vehicle "runs on the motor at times of low load andruns on the internal combustion engine at times of high load".
However, Deguchi makes it clear that in fact the operational-mode
decision is made "based on the accelerator aperture detected value
6 which represents the required driving force of the vehicle and
the detected: vehicle speed" (col. 5, lines 19 —- 21). . The
accelerator position and vehicle speed signals are the only
relevant inputs to the vehicle controller shown in Fig. 2. Hence
Deguchi does not show controlling the vehicle operating mode
responsive to road load as defined by applicants.

Along generally similar lines, Boll patent 5,327,992 teaches
a hybrid vehicle comprising a diesel engine and a motor on a common
shaft, and intended to be operated such that the engine is only
operated efficiently, i.e., under relatively high load. The torque
required to overcome the “instantaneous tractive resistance" is
determined responsive to the deflection of the accelerator pedal,
ij.e., in response to operator command (see col. 3, line 13 and line
35); when this is less than the minimum amount of torque that can
be produced efficently by the engine, the excess torque is used to
power the motor as a generator. Boll also suggests that both the
motor and engine can be used to propel the vehicle when needed,
e.g., during acceleration, and that the vehicle can be operated in
four different modes: (a) engine alone powering the vehicle; (b)
motor only powering the vehicle, with the engine "generally
switched off"; (c)engine and motor both powering the vehicle; and
(a) engine powering vehicle, with excess torque powering motor in
generator mode. Boll also teaches that a second motor can be
provided, operable as a generator and then driven ‘either by the
engine directly or by exhaust gas, and that the resulting current
can be used to charge the battery or to power the other motor.

Other references of interest are directed to the braking
systems of hybrid vehicles, see for example German patent 19 05 641
to Strifiler, discussing a method of control of a braking system
providing both regenerative and mechanical braking, and the
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powering of ancillary systems, such as power steering pumps, seeU.S. patent 5,249,637 to Heidl. These references are discussed infurther detail below with reference to improvements provided in
these areas by the present application.

je e 10°It is an object of the invention to provide an improved hybrid
electric vehicle realizing substantially increased fuel economy and
reduced pollutant emissions as compared to present day internal
combustion and hybrid vehicles while ‘suffering no significant
penalty in performance, operating convenience, cost, complexity, oFweight, which can be operated efficiently by an operator accustomed
to conventional vehicles without special training, and which does
not require modification of the existing infrastructure developed
over the years to support conventional vehicles.

More specifically, it is an object of the invention to provide
such an improved vehicle that operates on fuel now widely available
ana uses batteries already well understood and widely available, 50°
that the operator need not learn new driving techniques, deal with
new fuel supply arrangements, nor be obliged to be attentive to
maintenance of batteries employing complex new technologies.

It is a more particular object of. the present invention to
provide an improved series-parallel hybrid electric vehicle wherein
an internal combustion engine and two separately-controlled
electric motors can separately or simultaneously apply torque to
the driving wheels of the vehicle, controlled to realize maximum
fuel efficiency at no penalty in convenience, performance, OF cost.

-Tt is a further object of the jnvention to provide a series-
parallel hybrid electric vehicle comprising two electric motors,
together providing output power equal to at least 100 percent of
the rated output power of the internal combustion engine, and more
preferably up to about 150 - 200 percent thereof, so that the
engine operates under substantially optimum conditions in order to
realize substantial fuel economy and reduced emission of
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undesirable pollutants in operation.More particularly, jt is an object of the invention to provide
-parallel hybrid electric vehicle wherein the internalthe average powera series

combustion engine is sized to efficiently provideeeds, with two yor
zea torequired for operation at moderate and highway SPseparately-controlled electric motors together si

more) tion and hill
deliver the additional power needea for accelera
climbing.Still another object of the invention is to provide a series-
parallel hybrid electric vehicle wherein the electric motor andbattery charging circuits operate at no more than about 30 - 50
amperes continuous current (although significantly greater currents
may flow for short periods, under peak load conditions) , whereby
resistance heating losses are greatly reduced, and whereby
inexpensive and simple electrical manufacturing and connection.
techniques can be employed.It is a more specific object of the present invention to
provide a hybrid drive system for vehicles that does not require
the controllable torque-transfer unit shown in the 1970 patent,
while providing the functional advantages of the hybrid vehicle
shown in the '970 patent.

It is a more specific object of the invention to employ the
control flexibility provided by the improved hybrid drive train of
the invention to allow starting of the engine at comparatively high
RPM, while controlling the fuel/air mixture supplied during
starting, throttling the engine, and providing a preheated
catalytic converter, minimizing emission of unburned fuel and
further improving fuel economy.

It is a more specific object of the invention to employ the
control flexibility provided by the improved hybrid drive train of
the invention to allow employment of a motor producing
substantially constant torque up to a base speed, and substantially
constant power thereafter, as the engine starting motor, so that
torque produced thereby can also be used to propel the vehicle.
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In addition to the above objects of the invention, which are
similar to those listed in the '817 and '743 applications, the
invention of the present continuation-in-part application has as
objects the broadening of the useful ranges of loading of vehiclesaccording to the invention, @-9-, to provide highly efficient
hybrid operation for a vehicle that may weigh 7,000 pounds emptyput which can be loaded to weigh 10,000 pounds or more, and may be
expected to pull a trailer also weighing 10,000 pounds or more.A further object of the present invention is to provide
further improvements in methods of control of internal combustion
engines for hybrid vehicles, to obtain very efficient use of fuel.Another object of the present invention is to provide an
optimal HVAC system for hybrid vehicles.still a further object of the invention is to provide a
praking system for hybrid vehicles including regenerative brakingthat provides optimal operator feedback despite changes in
operation responsive to the state of charge of the pattery bank.Other aspects and objects of the invention will become clear
as the discussion below proceeds.

Summary of the Invention
As discussed above, the '970 patent discloses hybrid vehicles

wherein a controllable torque transfer unit is provided capable of
transferring torque between an internal combustion engine, an
electric motor, and the drive wheels of the vehicle. see Figs. 3 -
11 thereof. .The direction of torque transfer is controlled by 4
microprocessor responsive to the mode of operation of the vehicle,to provide highly efficient operation over a wide variety ofoperating conditions, and while providing good performance. “Theflow of energy — either electrical energy stored in a substantial
pattery bank, or chemical energy stored as combustible fuel — is
similarly controlled by the microprocessor.According to one aspect of the invention of the '817 and '743
applications, which is also employed according to the present
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continuation-in-part application, the controllable torque-transfer
unit shown in the '970 patent is eliminated by replacing the single
electric motor shown therein by two separate motors, both operable
as generators and as traction motors when appropriate. See Figs.
3 and 4 hereof. As in the '970 patent, an internal combustion
engine is provided, sized to provide sufficient torque to be
adequate for the range of cruising speeds desired, and is used for
pattery charging as needed. The internal combustion engine is
connected to the drive wheels by a clutch operated by the
microprocessor responsive to its selection of the vehicle's mode of
operation in response to evaluation of the road load, that is, the
vehicle's instantaneous torque demands and input commands provided
by the operator of the vehicle. A relatively high-powered
Neraction" motor is connected directly to the output shaft of the
vehicle; the traction motor provides torque to propel the vehicle
in low-speed situations, and provides additional torque when
required, ©-9-, for acceleration, passing, or hill-climbing during
high-speed driving.According to the invention of the '817 and '743 applications,
a relatively low-powered starting motor is also provided, and can
be used to provide torque propelling the vehicle when needed. This
second motor is connected directly to the internal combustion
engine for starting the engine. Unlike a conventional starter
motor, which rotates an internal combustion engine at low speed
(e.g-, 60 — 200 rpm) for starting, necessitating provision of a
rich fuel/air mixture for starting, the starter motor according to
the invention spins the engine at relatively high speeds, e.g., 300
- 600 rpm, for starting; this allows starting the engine with a
much less fuel-rich fuel/air mixture than is conventional,
significantly reducing undesirable emissions and improving fuel
economy at start-up. A catalytic converter providea to
catalytically combust unburnt fuel in the engine -exhaust is
preheated to an effective working temperature before starting the
engine, further reducing emissions.
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In the embodiment discussed in detail, the starting motor is
connected directly to the engine, and this combto the traction motor by a clutch for transfer of. torque; theoutput shaft of the traction motor is then connected to the road
wheels of the vehicle. tin other embodiments,a first set of road wheels

ination is connected

the engine/starting

motor combination may be connected tothrough a clutch, with the traction motor connected to another: setof road wheels directly; in a further embodiment, plural tractionmotors may be provided. In each case, the engine is controllablyaisconnectead from the road wheels by control of the clutch.
Engagement of the clutch is controlled by the microprocessor, e.g-,controlling an electrical or hydraulic actuator as part of
controlling the stateof operation of the vehicle in response to
the road load.For example, during low-speed operation, the clutch will be
disengaged, so that the engine jis aisconnected from the wheels; thevehicle is then operated as a "straight" electric car, i1.e@., power
is drawn from the battery bank and supplied to the traction motor.
Should the patteries become relatively depleted (e.g., become
discharged to 50% of full charge), the starter motor is used to
start the internal combustion engine, which then runs at relatively
high torque output (e.g-, at least about 30% of its maximum
torque), for efficient use of fuel, ana the starting motor is
operated aS a high-output generator to recharge the pattery bank.

Similarly, when the operator calls for more power than
available from the traction motor alone, e-g-, in accelerating onto
a highway, the starter motor starts the internal combustion engine;
when it reaches an engine speed at which it produces useful torque,
the clutch is engaged, so that the engine and starter motor can
provide additional torque. As noted above, the engine is rotated
at relatively high speed for starting, so that the engine rapidly
reaches a useful speed.

As in the '970 patent, the engine is sized so that it provides
sufficient power to maintain the vehicle in a range of suitable
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highway cruising speeds, while being operated in a torque range
providing good fuel efficiency; if additional power is then needed,
e.g., for hill-climbing or passing, the traction and/or starter
motors can be engaged as needed. Both motors can be operated as
generators, ©-9J-, to transform the vehicle's kinetic energy intoelectrical power during descent or deceleration. Also as in the1970 patent, the peak power of the two motors together at least
equals the rated power of the engine, as is necessary to provide
good performance without employment of a variable-speed
transmission or the equivalent. 7In each of these aspects of the operation of the vehicle, and
as in the ‘'970 patent, the operator of the vehicle need not
consider the hybrid nature of the vehicle during its operation, but
simply provides control inputs by operation of the accelerator and
brake pedals. The microprocessor determines the: appropriate state
of operation of the vehicle based on these and other inputs and
controls the various components of the hybrid agrive train
accordingly.It is also within the scope of the invention to operate one
or both of the motors at differing rotational speeds than the
engine, so that each can be optimized for the demands thereon.
More specifically, motors can in general be made smaller if they
can be operated at relatively high RPM. Motors operating at up to
9000 - 18,000 RPM appear appropriate for the present application.
However, operating the internal combustion engine at this speed
would likely lead to undesirable levels of noise and vibration, and
might constrain its performance characteristics in an undesirable
manner. Accordingly, for example, the starter motor might drive
the engine through a pinion gearea to a larger toothed flywheel,
as conventional. Similarly, it might be desirable to provide the
traction motor as 4 relatively high-speed unit, a@riving the road
wheels through a chain, belt, or gear reduction unit. The starter
motor may be configured as a "faceplate" oF "pancake" motor,
essentially forming the flywheel of the engine, and rotating at
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‘engine speed, while the traction motor js a.much higher speedinduction motor connected to the vehicle a@riveshaft by 4 chain
drive reduction unit. It is also within the scope of the invention,
as noted above, to operate the engine and the two motors at the
same speed when the clutch is engaged, avoiding intermediate gear
trains or like mechanical components and the attendant cost,
complexity, weight, audible noise, and frictional losses occasioned
by their use.Other improvements provided according to the invention include
providing the batteries in two series-connected battery banks, withthe vehicle chassis connected to the batteries at a central point,
between the banks. This "center-point-chassis" connection reduces
the voltage between various. circuit components ana the vehicle
chassis by half, significantly reducing the electrical insulation
required and simplifying such issues as heat-sinking of power:
semiconductors used in the inverter circuitry. Providing dual
battery banks and dual electric motors, as above, also provides a
degree of redundancy, permitting certain component failures without
loss of vehicle function. ,

In the preferred embodiment, both the traction and starting
motors are AC induction motors of four or more phases and the
accompanying power circuitry provides current of more than three,
preferably five, phases, allowing the vehicle to function even
after failure of one or more components. These motors, and the
inverter/chargers driving them, should be chosen and operated such
that the motors have torque output characteristics varying as a
function of rpm as illustrated in Fig. 14 of the '970patent; that
is, the motors should produce substantially constant torque up to
a base speed and should produce substantially constant power at
higher speeds. The ratio of the base. to maximum speed can vary
between about 3 to 1 and about 6 to 1. By comparison, the series-
wound DC motors conventionally used as engine starting motors
provide very high torque, but only at very low speeds; their torque
output drops precipitously at higher speeds. Such conventional
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starter motors would be unsatisfactory in the present system.During substantially steady-state operation, e€-9:, ‘during
highway cruising, the control system operates the engine at varyingtorque output levels, responsive to the operator's commands. Therange of permissible engine torque output levels js constrained to
the range in which the engine provides. good fuel efficiency. Wherethe vehicle's torque requirements exceed the engine's maximum
efficient torque output, ©-9-, during passing or hill-climbing, oneor both of the electric motors are energized to provide additional
torque; where the vehicle's torque requirements are less than theminimum torque efficiently provided by the engine, @-9-, during
coasting, on downhills or auring braking, the excess engine torque
is used to charge the batteries. Regenerative charging may be
performed simultaneously, aS torque from the engine and thevehicle's kinetic energy poth arive either or both motors in
generator mode. The rate of change of torque output by the engine
may be controlled in accordance with the patteries' state ofcharge. a

The vehicle is operated in different modes, depending on its
instantaneous torque requirements, anda the state of charge of the
battery, and other operating parameters. The mode of operation is
selected by the microprocessor in response to a control strategy
discussed in detail below; the values of the sensed parameters in
response to which the operating mode is selected may vary depending
on recent history, or upon analysis by the microprocessor of
trips repeated daily, and may also exhibit hysteresis, so that the
operating mode is not repetitively switched simply because one of
the sensed parameters fluctuates around a defined setpoint.

None of the implementations of the invention shown in the
1970 patent or the '817 and '743 applications include a
conventional multi-speed transmission between the motors and engine
ana the road wheels, and it was stated that a desirable aspect of
the invention was to avoid such ‘transmissions, so that the
rotational speeds of the two motors and the engine were fixed with
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respect to one another, and to the speed of the road wheels.
However, it now appears that in some circumstances a two-speed
transmission may be desired in some cases to broaden the range of
utility of the vehicles of the invention (principally to extend
their load-carrying capabilities) while still providing highly
efficient operation, and to include such a two-speed transmission
is accordingly part of the invention of the present continuation-
in-part application. Such a two-speed transmission could be
operated infrequently as a two-speed "range selector", or could be
operatea essentially as 4 conventional automatic transmission, that
is, be repetitively shifted during acceleration, upon "kick-down"
anda the like.More specifically, it is of great present interest to
optimize the hybrid power train of the invention for use with
relatively heavy vehicles, such aS vans, pickup trucks and "sport—
utility vehicles" (SUVs). Such vehicles have become increasingly
popular in recent years, despite their generally poor fuel mileage;it would be highly desirable to provide vehicles with generally
similar load-carrying abilities and performance with better fuel
economy. Still more particularly, heretofore large classes of such
vehicles have not been subject to certain emission regulations;
however, such regulations are expected to take effect shortly.
accordingly, it would be very desirable to provide such vehicles
with hybrid power trains that will allow their owners to enjoy the
load-carrying and performance abilities of the existing vehicles
with improved fuel economy and reduced emissions.

one of the aspect of SUVS and similar vehicles that must be
considered in design of a suitable hybrid powertrain is that their
owners use them to carry and tow widely-varying loads. That is, a
conventional SUV might weigh 5,500 pounds, and might typically be
used during the week to transport a 140 pound person,’ up to 300
pounds of children, and 50 pounds of groceries. However, on theweekend the family might load the vehicle with half a ton of
camping gear and the like and set off for the mountains towing a
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7,500 pound trailer. The vehicle must. provide adequate
acceleration, passing, and hill-climbing performance in both uses.
In order to have sufficient power at times of maximum loading, the
vehicle is grossly overpowered under all different circumstances;
that is, only when the vehicle is laden to near-maximum capacity
and pulling up a long hill does the engine deliver near maximum
torque for any length of time. Under all other circumstances, it is
run very inefficiently, as noted in connection with Figs. 1 and 2
(reproduced herein from the '970 patent).

An important aspect of the invention as described by the
present continuation-in-part application as well as the predecessor
applications anda the '970 patent lies in controlling the operation
of the internal combustion engine of a hybrid vehicle so that it is
only operated at high efficiency, that is, only when is it loaded
to require a substantial fraction e.g-, 30% of its maximum torque
output. That is, the engine is never run at less than30% of
maximum torque output ("MTO"). AS discussed in the '970 patent and
the '817 application, this can be accomplished py sizing the engine
so that it can efficiently propel the vehicle unassisted at highway
speeds; if additional torque is required for passing or hill-
climbing, the traction motor is operated. Application Ser. No.
392,743 further adds the idea of providing a turbocharger,
controlled by the microprocessor only to operate when torque in
excess of the engine's rated normally-aspirated maximum torque
output (MTO) is needed for an extended period of time, for example
in towing a trailer. By employing the turbocharger only when
actually needed, many of the drawbacks inherent in conventional
turbocharger uses are eliminated. Typically the turbocharger may
be sized such that the engine provides up to 150% of MTO when
turbocharged.

According to one aspect of the invention of the present
continuation-in-part application, the range of efficient use of the
hybrid vehicle of the invention is further broadened by providing
a two-speed transmission between the engine and road wheels, so as
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to allow variation in the overall gear ratio and therefore vary the
amount of torque available at the wheels. As noted above, this
coulda be a manually-~ or automatically-operated "range shifting"
gearbox akin to those presently provided on SUVS and the like, to
allow shifting into a “low range", for example, when a2 heavy
trailer is be towed, or could be operated similarly to 4
conventional multispeed transmission, that is, to provide a
sequence of effective overall gear ratios each time the vehicle is
accelerated.A further improvement made according to the present
continuation-in-part application has to do with the’ braking systen.
As noted above, the '970 patent (as well as numerous other prior
art references) disclose regenerative praking, that is, employing
the microprocessor to control the operation of inverter/chargers
connected between the motor and battery bank so that when the
operator desires to slow the vehicle, its momentum is used to drive
the motor in generator mode, charging the battery. There are
certain Limitations on this as a method of vehicle braking, which
must be addressed by any useful vehicle. In particular, 4
hydraulic praking system of generally conventional design must be
provided for several reasons: first, for safety, in the event thatthe regenerative system fails for any reason; second, to provide
praking in the event the battery bank is fully charged and cannot
accept further charge (since overcharging is highly detrimental to
battery life); and to provide praking when regenerative braking is
not available, ©-9-» when at a standstill. The present application
discloses certain improvements in hydraulic braking systems desired
to optimize their design for use with hybrid vehicles, as well asa mechanism providing optimized prake "feel" to the ariver,regardless whether conventional, regenerative, oF both braking
systems are in use.The present application also discloses certain problemsconventional vehicles’ heating,
{nherent in application ofventilation and air conditioning systems to hybrid vehicles, and
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describes preferred solutions to these problems.A further improvement according to the present invention
includes the provision of an auxiliary 12 volt supply system,allowing the hybrid vehicle of the invention to "jumpstart" anothervehicle, or likewise to be jumpstarted’ as might be necessary aftera long hiatus, and to allow use? of conventional 12 volt
accessories, such as radios and other! electronic items.The present application alsoi discloses further useful
modifications and enhancements to the hybrid’ vehicles of the
predecessor applications.The above and still further objects, features and advantages
of the present invention will become apparent upon consideration ofthe following detailed description of a specific embodimentthereof, especially when taken in conjunction with the accompanyingdrawings, wherein like reference numerals in the various figures
are utilized to designate like components.

Brief pescription of the DrawingsThe invention will be better understood if reference is made
to the accompanying drawings, in which:Fig. 1 is a plot of output power, versus rotational speed (RPM)for a typical internal combustion engine, jllustrating the relativefuel consumptionof the engine as used in a conventional automobile
in gallons/horsepowerhour;Fig. 2 is a similar plot describing operation of a relativelysmall internal combustion engine used in the present invention
under circumstances similar to those depicted in Fig. 1;-Fig. 3 shows a schematic diagram of the principal components
of a first embodiment of the hybrid vehicle drive system according
to the invention;Fig. 4 shows a plock diagram of the principal components ofthe drive system of the invention in a second embodiment, aifferingin certain mechanical arrangements from that of Fig- 3, andillustrating various control signals provided in both embodiments;
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Fig. 5 shows a partial schematic diagram of the battery bank,
jinverter, and motor circuitry;Fig. 6 is a diagram illustrating differing modes of vehicle
powertrain operation, plotted on 4 three dimensional chart,illustrating that the mode of vehicle operation is a function ofthe state of charge of the battery bank, the instantaneous road
load, and time; , .. Fig. 7, comprising. Figs- 7 (a)-(c), ana extending over two
sheets, is 4 timing diagram showing road load, engine torqueoutput, the state of charge of the pattery bank, and engineoperation as functions of time, thus jllustrating a typical controlstrategy employed during low-speed city driving, highway cruising,
and extended high-load ariving;Fig. 8, comprising Figs. 8 (a)-(d), are diagrams indicating
the flow of torque ana of energy among the components of the hybrid
powertrain of the invention, in various modes of operation;Fig. 9 is a simplified flow chart of the algorithm employedby the microprocessor to implement the control strategies provided
by the vehicle according to the invention;Fig. 9(a) is a flow chart of an engine starting subroutine
employed in the flowchart of Fig. 9;Fig. 9(b) is an alternate version of one of the steps of the
flowchart of Fig. 9, implementing 4 modification to the vehicle
control strategy;Fig. 9(c) is an alternate version of another of the steps of
the flowchart of Fig. 9, similarly implementing a modification to
the vehicle control strategy;Fig. 10 jllustrates the preferred torque versus speed
characteristics of the electric starting and traction motors, and
of the internal combustion engine;Fig. 11 is a schematic diagram similar to Fig. 3, illustrating
an alternative embodiment of the hybrid vehicle powertrain
according to the invention, wherein the engine is provided with a
turbocharger which is controllably operable, so 45 to be employed
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only when needed;Fig. 12 is a three-dimensional diagram comparableto Fig. 6,
showing the modes of operation of the turbocharged hybrid vehicle
of Fig. 11;Fig. 13 is a timing diagram similar to Fig. 7, again
comprising Figs. 13(a) - (cc), ‘extending over two sheets, andillustrating typical operation of the turbocharged hybrid vehicle
of Fig. 11;Fig. 14 is a schematic diagram similar to Figs- 3 and il,
illustrating 4 further alternative embodiment of the hybria vehiclepowertrain according to the invention, wherein a second tractionmotor is connected to a second set of road wheels, providing a
particularly convenient way of providing four-wheel drive;Fig. 15 is a schematic diagram of the preferred brake .system
of a hybrid vehicle according to the invention; andFig. 16 is a is a schematic diagram of the preferred heating,
ventilation and air conditioning system of a hybrid vehicle
according to the invention.

Referring specifically to Fig. 1, which is reproduced here
from the '970 patent for convenience, curve 10 represents the
output power versus engine speed (RPM) of a typical spark ignition
gasoline-fueled internal combustion engine as used with anautomatic transmission in a typical sedan of 3,300 pounds. AS can
be seen, the maximum engine power available is about 165 horsepower
at about 5,000 RPM. Also shown in Fig. 1 by the curve labeled
"Large Car Average Power Requirements" are the average power
requirements of such a vehicle. Points Cc, S, and H on this curve
show average fuel consumption in city, suburban, and highway
ariving, respectively; in particular, point C shows that the
average power required in typical city driving is less than 5 hp.
Point S$ shows that the average power consumed in suburban driving
is 10 hp, and point H shows that the power needed for steady-speed
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highway driving is only about 30 hp. Thus, the vehicle is vastlyoverpowered at all times except during acceleration or hill-
climbing.Fig. 1 aiso includes dashed-line curves indicating the
relative fuel consumption of the engine. As can be seen, reasonable
fuel efficiency, that is, at least about 105 percent relative fuelconsumption (100% being ideal), is reached only when the engine is
operated at between about 2,000 and 4,000 RPM, and when producingbetween about 75 and 150 horsepower. Fig. 1 thus indicates that the
typical internal combustion engine is operated with reasonableefficiency only when producing between about 50 and about 90% of
jts maximum output power. The typical automobile only requires suchsubstantial power under conditions of extreme acceleration or hill
climbing.accordingly, it will be appreciated that the typical engine
is operated efficiently only auring relatively prief intervals;more specifically, at lower power outputs, losses due to friction
and pumping consume larger fractions of the engine's total torque,so that a lower fraction is available to propel the vehicle. As canbe seen, auring typical highway ariving, shown by point H, therelative fuel consumption is on the order of 190 percent of thatrequired auring the most efficient operation of the engine. Thesituation is even worse in suburban dariving, where the relative
fuel consumption is nearly 300 percent of the most efficient value,and in city ariving, where the relative fuel consumption is almost
350 percent of that required at most efficient operation.Fig. 1] thus demonstrates that an internal combustion enginehaving sufficient norsepower for adequate acceleration and hillclimbing capability must be so oversized with respect to the loadsencountered during most normal driving that the engine is grosslyinefficient in its consumption of fuel. As noted, Fig. 1 furthershows that only about 30 horsepower is needed to cruise on the
highway even in a relatively large car.Fig. 2 (again reproduced from the '970 patent for convenience)
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is similar to Fig. 1, and illustrates. the operational ©
characteristics of the same 3,300 pound car if driven by a
relatively small engine having a maximum horsepower rating of about
45 horsepower at 4,000 RPM. The power requirement of the vehicle
during highway cruising, shown by point H on the curve marked
"Large Car Average Power Requirements", is in the center of the
most efficient region of operation of the engine. However, even
with this small engine thus optimized for highway cruising, there
is a substantial gap: between the "Engine Operating Power" curve and
the Average Power Requirement curve 14. That is, even this small
engine produces substantially more power at low RPM than needed for
city driving (point C) or for suburban driving (point S).
accordingly, even with a small engine sized appropriately for
highway cruising, substantial inefficiencies persist at lower
speeds. Moreover, of course, such a vehicle would have
unsatisfactory acceleration and hill climbing ability. Therefore,
the answer is not simply to replace large internal combustion
engines with smaller internal combustion engines. .

The prior art recognizes that there are substantial advantages
to be gained by combining the virtues of a gasoline or other
internal combustion engine with those of an electric motor running
from a battery charged by the internal combustion engine. However,
the prior art has failed to provide a solution which is directly
price- and performance-competitive with vehicles now on the market;
moreover, in order that such a vehicle can be commercially
successful, it must also ‘be no more complex to operate than
existing vehicles.

As indicated above, "straight" electric vehicles, that is,
vehicles having electric traction motors and batteries requiring
recharge at the end of each day's use, do not have sufficient range
and require too much time to recharge to fully replace conventional
automobiles. Further, the operational costs of such vehicles are
not competitive with internal combustion vehicles operated on fuels
derived from renewable resources such as ethanol, and are even less
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competitive with gasoline-fueled automobiles.4A first type of series hybrid vehicles, involving a gasoline
engine driving a generator charging a battery powering an electric
traction motor, are limited in acceleration and hill climbing
ability unless the electric motor is made very large, costly, and
pulky- The alternative series hybrid approach, involving 4a
transmission between a relatively smaller electric motor and the
wheels to provide the torque needed to accelerate quickly, loses
the virtue of simplicity obtained by elimination of a multi-speed
transmission. These vehicles fail to realize the advantages
provided by the parallel hybrid system in which both an internal
combustion engine and an electric motor provide torque to the
wheels as appropriate.However (apart from the 1970 patent) the prior art relating
to parallel hybrid vehicles fails to disclose 4 system sufficiently
simple for economical manufacture. The art further has failed to
teach the optimum method of operation of a parallel hybrid vehicle.
Moreover, the art relating to parallel hybrids (again, apart from
the '970 patent) does not teach the appropriate operational
parameters to be employed, relating to the relative power outputs
of the internal combustion engine and the electric motor; the type
of electric motor to be employed; the frequency, voltage, and
current characteristics of the motor/battery system; the proper
control strategy to be employed under various conditions of use;
and combinations of these.As shown in the '970 patent with reference to Figs. 1 and 2
thereof, and again above, typical modern automobiles operate at
very low efficiency, due principally to the fact that internal
combustion engines are very inefficient except when operating at
near peak torque output; this condition is only rarely met. (The
same is true, to greater or lesser degree, of other road vehicles
powered by internal combustion engines.) According to an important
aspect of the invention of the '970 patent, substantially improved
efficiency is afforded by operating the internal combustion engine
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only at relatively high torque output levels, typically at least
35% and preferably at least 50% of peak torque. When the vehicle
operating conditions require torque of this approximate magnitude,
the engine is used to propel the vehicle; when less torque is
required, an electric motor powered by electrical energy stored in
a substantial battery bank drives the. vehicle; when more power is
required than provided by either the engine or the motor, both are
operated simultaneously.. The same advantages are provided by the
system of the present invention, with further improvements and
enhancements described in detail below.

. According to one aspect of the invention of the '970 patent,
the internal combustion engine of a hybrid vehicle is sized to
supply adequate power for highway cruising, preferably with some
additional power in reserve, SO that the internal combustion engine
operates only in its most efficient operating range. The electric
motor, which is substantially equally efficient at all operating
speeds, is used to supply additional power as needed for
acceleration and hill climbing, and is used to supply all power at
low speeds, where the internal combustion engine is particularly
inefficient, e-9-, in traffic.

As indicated above, this application discloses certain
modifications, improvements, and enhancements of the hybrid
vehicles shown in U-S. patent 5,343,970; where not otherwise
stated, the design of the vehicle of the present invention is
similar to that shown in the '970 patent. Components commonly
numbered in this application and the '970 patent are functionally
similar, with detail differences as noted. The advantages of the
system shown in the '970 patent with respect to the prior art are
provided by that of the present invention, with further
improvements provided by the latter, as detailed herein.

In the system of the '970 patent, torque from either or both
the engine and motor is transferred to the drive wheels of the
vehicle by a controllable torque-transfer unit. This unit also
allows torque to be transferred between the motor and engine, for
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starting the engine, and between the wheels and motor, for
regenerative battery charging auring deceleration of the vehicle.This unit, while entirely practical, comprises gears for powertransfer, which are inevitably a source of audible noise andfrictional losses. According to one aspect of the present
invention, the controllable torque-transfer unit is eliminated.Instead, two electric motors are provided, each separately
controlled by a microprocessor controller responsive to operator
commands and sensed operating conditions.In this connection, it will be understood that the terms
"microprocessor" and “microprocessor controller" are used
interchangeably throughout the present application, | and it is to be
further understood that these terms as used herein include various
types of computerized control devices not always referred to asnnicroprocessors" per se, such as computers themselves
incorporating microprocessors, digital signal processors, fuzzy
logic controllers, analog computers, ana combinations of these. In.short, any controller capable of examining input parameters and
signals and controlling the mode of operation of the vehicleaccording to a stored program, aS discussed below in detail, is
considered to be a "microprocessor" or “microprocessor controller"
as used herein. Furthermore, the electronic fuel injection and
electronic engine management devices shown in Figs. 3 and 4 as
separate elements might also be integrated within the"nicroprocessor" or "microprocessor controller" as described
herein.Fig. 3 of the present application shows a first embodiment of
the present invention, while Fig. 4, discussed below, shows asecond embodiment illustrating certain alternative mechanical
arrangements; overall the two embodiments are very similar, and
functionally they are substantially identical. Fig. 11, also
discussed below, illustrates a further embodiment, and Fig. 14
incorporates still further improvements.In the Fig. 3 embodiment, a traction motor 25 is connected
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directly to the vehicle differential 32, and thence to the road
wheels 34. A starting motor 21 is connected directly to the
internal combustion engine 40. The motors 21 ana 25 are functional
as motors or generators by appropriate operation of corresponding
inverter/charger units 23 and27, respectively, connected between
the motors and battery bank 22. - At present, essentially
conventional lead-acid batteries are preferred for battery bank 22,

- since these are widely available and well understood. More
advanced batteries may be used if and when they become widely
available and economically competitive.Motors 21 and 25 are controllably connected for torque
transfer by a clutch 51, mechanically interlocking the shafts 15
and 16 of motors 21 and 25 respectively. As discussed furtherbelow in connection with Fig. 4, microprocessor ("pp") 48 is
provided with signals indicative of the rotational speeds of shafts
15 and 16, and controls operation of engine 40, motor 21, and motor
25 as necessary to ensure that the shafts are rotating at
substantially the same speed before engaging clutch 51.
Accordingly, clutch 51 need not necessarily be an ordinary
automotive friction clutch (as illustrated schematically in Fig.
1), as conventionally provided to allow extensive relative slipping
before the shafts are fully engaged. More particularly, as
slipping of clutch 51 is not required to propel the vehicle
jnitially from rest, as js the case in conventional vehicles,
clutch 51 need not allow for extensive slipping when being engaged.
In some cases it may be satisfactory to provide clutch 51 as a
simple self-aligning mechanical interlock (as shown in Fig. 4),
wherein positive mechanical connection is made between the shafts
15 and 16 upon engagement. Such a mechanical interlock is much
simpler and less expensive than a friction clutch. In either case,
clutch 51 is operated by microprocessor 48, ©-9-, through a known
electric or hydraulic actuator 53, together with the other
components of the system, in. accordance with the operational state
of the vehicle and the operator's input commands.
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The respective positions of motor 21 and engine 40 with
respect to clutch 51, motor 25, and wheels 34 could be reversed as
compared to their positions in Figs. 3 and 4 without affecting the
function of the systen, although as engine 40 would then require
torque transmitting connection at both ends of its crankshaft, some
additional complexity would result.

As shown in Fig. 4, shaft encoders 18 and 19 may be mounted
on the shafts 15 and 16 of starting motor 21 and traction motor 25,
respectively, to provide signals to microprocessor 48 indicative of
the relative rotational speeds of the shafts, and their respective
rotational positions. Such shaft encoders are well-known and
commercially available. Alternatively, signals indicative of the
rotational speeds of the shafts may be derived from the inverter
control signals, in accordance with well-known principles of
control of "sensorless" motor Grives (see, for example, Bose,
"power Electronics and Variable Frequency Drives", IEEE, 1996).
However, provision of encoders 18 and 19 will allow better low-
speed torque characteristics of motor 21 ana 25, and thus reduction
in cost.

Thus being provided with signals indicative of the rotational
speeds of shafts 15 and 16, microprocessor 48 controls operation
of engine 40, motor 21, and motor 25 as necessary to ensure that
the shafts are rotating at substantially the same speed before
engaging clutch 51; therefore, clutch 51 need not be an ordinary
automotive friction clutch (as jllustrated schematically in Fig.
3), as conventionally provided to allow extensive slipping before
the shafts are fully engaged. According to this aspect of the
invention, and particularly if microprocessor 48 is made capable of
ensuring that shafts 15 and 16 bear a desired relative angular
relationship, clutch 51 instead may be a simple, relatively
inexpensive self-aligning mechanical interlock (as illustrated
schematically in Fig. 4), wherein positive mechanical connection is
made between the shafts 15 and 16 upon engagement.

Fig. 4 also shows additional signals provided to
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microprocessor 48 in both the Fig. 3 and the Fig. 4 embodiments.
These include operator input commands, typically acceleration,
direction, deceleration, and "cruise mode" commands, as shown.
The acceleration and deceleration commands may be provided by
position-sensing encoders 71 and 72 (Fig. 3) (which could be
configured as rheostats, Hall-effect sensors, or otherwise)
connected to microprocessor 48 by lines 67 and 68, to inform the
microprocessor of the operator's commands responsive to motion of
accelerator and brake pedals. 69 and 70 respectively. The
microprocessor monitors the rate at which the operator depresses
pedals 69 and 70 as well as the degree to which pedals 69 and 70
are depressed. The operator may also provide a "cruise mode"
signal, as indicated, when a desired cruising speed has been
reached. The microprocessor uses this information, and other
signals provided as discussed herein, in accordance with the
operational strategy discussed in detail below in connection with
Figs. 6 - 9, to properly control operation of the vehicle according
to the invention by appropriate control signals provided to its
various components.For example, suppose the vehicle has been operated in city
traffic for some time, that is, under battery power only.
Typically the operator will only depress the accelerator pedal 69
slightly. to drive in traffic. If the operator then depresses
accelerator pedal 69 significantly farther than he or she had, for
example, the prior few times acceleration was required, this may -be
taken as an indication that an amount of torque that can
efficiently be provided by engine 40 will shortly be required;
microprocessor will then initiate the sequence whereby starting
motor 21 will be used to start engine 40.

Upon initiation of the engine starting sequence, a heater 63
(Fig. 3) will first be used to preheat a catalytic converter 64
provided in the engine exhaust system 62, so that any fuel that is
not combusted during starting and subsequent running of the engine
40 will be catalytically combusted, reducing emission of
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undesirable pollutants. A temperature sensor 102 is preferably
provided, so as to ensure the engine is not started until the
catalytic material is heated to effective working temperature. AS.
noted above, engine starting is preferably performed with the
engine turning at a higher speed than is conventional, so that a
the fuel/air ratio need only be slightly (e.g., 20%) richer than
stoichiometric. As a result, only very limited amounts of
pollutants are emitted during engine starting. By comparison, in
conventional vehicles, a very significant fraction of the total
pollutants emitted during any given trip are emitted during the
first 30 - 60 seconds of operation, due to the extremely rich
mixtures normally supplied during starting, ana to the
ineffectiveness of the catalyst until it has been heated by the
exhaust.

If the operator depresses the pedal 69 rapidly, indicating an
immediate need for full acceleration, the preheating step may be
omitted; however, a preferable alternative may be to allow the
traction and starting motors to be driven at or slightly beyond
their rated power, providing adequate torque, for a short time
sufficient to allow the catalyst to be warmed and the engine
started.

Similarly, if the operator depresses the brake pedal 70
relatively gently, all braking may be provided by regenerative
charging of the batteries; if the operator instead presses
aggressively on brake pedal 70, and/or presses brake pedal 70
beyond a predetermined point, both mechanical and regenerative
braking will be provided. Mechanical braking is also provided on
long downhills when the batteries are fully charged, and ‘in case of
emergency. Further aspects of the preferred brake system of the
hybrid vehicles of the invention are added by the present
continuation-in-part application, and are discussed below.

In addition to engine and starting motor speed and traction
motor speed, monitored by shaft encoders 18 and 19 as discussed
above, battery voltage, battery charge level, and ambient
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temperature are also either monitored: directly or derived from
monitored variables. In response to these inputs, and the operator
inputs, microprocessor controller 48 operates a control program
(see the high-level flowchart of an exemplary control program
provided as Fig. 9), and provides output control signals to engine
40, by commands provided to its electronic fuel injection unit
(EFI) 56 and electronic engine management system (EEM) 55, and to
starting motor 21, clutch 51, traction motor 25, inverter/charger
units 23 and 27, and other components.

As indicated in Fig. 4, the control signals provided to
inverter/chargers 23 and 27 by microprocessor 48 allow control of
the current (represented as I), of the direction of rotation of the
motor 25 (represented as +/-), allowing reversing of the vehicle,
and of the frequency of switching (represented as f), as well as
control of operation of the motors 21 and 25 in motor or generator
mode. Inverter/chargers 23 and 27 are separately controlled to
allow independent operation of motors 21 and 25. Inverter/charger
operation is discussed further below in connection with Fig. 5.

As noted above, the Figs. 3 and 4 embodimentsof the system
of the invention differ in certain mechanical arrangements,
intended to illustrate variations within the scope of the
invention, and Fig. 4 also provides more detail concerning the
specific control signals passing between various elements of the
system. .

Referring to the differing mechanical arrangements, it will
be observed that in Fig. 3 the shafts of motors 21 and 25 are
jllustrated as coaxial with that of engine 40; this is the simplest
arrangement, of course, but would require the engine 40 and starter
motor 21 to rotate at the same speed at all times, and at the same
speed as traction motor 25 when clutch 51 is engaged. As noted
above, it may be preferable to design motors 21 and 25 to have
maximum speeds of 9000 - 15,000 rpm, so that they could be made
smaller, lighter, and less costly than slower-rotating motors.
However, it is envisioned that a preferred maximum speed for
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engine 40 is 6000 rpm, as internal combustion engines running at
substantially higher speeds wear rapidly and tend to have limited
torque at low speed, and because higher frequency engine noise and
vibration can also be difficult to absorb. It is within the scope
of the invention to provide the motors coaxial with the engine
shaft, as illustrated in Fig. 3, but to provide a planetary
gearset(s) between the shafts of either or both of traction motor
25 and starting motor 21 and the output shaft to permit differing
engine and motor speeds. Further alternatives to this aspect of
the invention are again addéd by the present continuation-in-part
application, and are discussed below.

Fig. 4 illustrates an alternative construction, . also
permitting differing engine; and motor speeds. In this case, the
output shaft of starting motor 21 is shown connected to that of
engine 40 by spur gears 52, and traction motor 25 is connected to
the outputshaft 55 by chain :drive indicated at 54. Numerous other
arrangements will occur to those of skill in the art. However, in
each case there is no variable-ratio transmission between the
sources of torque -- that is, the motors 21 and 25, and the engine
40 -- and the road wheels 34. Again, further alternatives to this
aspect of the invention are.added by the present continuation-in-
part application, and are aGiscussed below.

It is also within the ‘scope of the invention to connect the
traction motor to one set of wheels, and to connect the combination
of the engine 40 and starting motor 21 to another set of wheels
through clutch 51, thus providing a four-wheel drive vehicle with
differing power sources for the alternate pairs of wheels. In
this embodiment, the torque from the traction motor 25 is
effectively combined with that from engine 40 (and from starting
motor 21, when used as a source of propulsive torque) by the road
surface, rather than by mechanical connection, as in the Figs. 3
ana 4 embodiment. A further alternative would be to provide a

e system as in Fig. 3 driving. one pair of road wheels, andcomplet d pair of road wheels.
a separate traction motor a@riving a secon
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Both embodiments are within the scope of the. invention, and the
control strategy is essentially the same as to both. See Fig. 14
ana the related text below for further discussion.

Other elements of the system as illustrated in Figs. 3 and 4
are generally as discussed in the '970 patent, including supply of
fuel 36 from tank 38, air filter 60, and throttle 61.

Control of engine 40 by microprocessor 48 is accomplished by
way of control signals provided to electronic fuel injection (EFI)
unit 56 and electronic engine management (EEM) unit 55, responsive
to throttle operation; preferably, the throttle in turn is operated
electronically responsive to the opertor's depression of the
accelerator pedal. Control of starting of engine 40, and using
either or both of starting motor 21 ana traction motor 25 as
motors, providing propulsive torque, or as generators, providing
recharging current to battery bank 22, is accomplished by
microprocessor 48 by way of control signals provided to
inverter/charger units 23 and 27.

Under deceleration, for example, during descents, or as needed
for braking, or when the engine's instantaneous torque output
exceeds the vehicle's current torque requirements, either or both
of motors 21 and 25 are operated as generators, providing
regenerative recharging of battery pank 22. Fig. 7, discussed
below, illustrates this aspect of the operation of the vehicle of
the invention in further detail.

Thus, as indicated above, when microprocessor 48 detects a
continued operator requirement for additional power, such as during
transition from slow-speed to highway operation, or by measuring
the rate at which the operator depresses accelerator pedal 69,
engine 40 is startea using starter motor 21 and brought up to speed
pefore clutch 51 is engaged, to ensure a smooth transition. As
cruising speed is reached (as determined by monitoring the
operator's commands), power to traction motor 25 (and to starter
motor 21, if also used to accelerate the vehicle) is gradually
reduced. Provision of the clutch 51 and separate starter motor21,
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as compared to using the single traction motor to start engine 40
while simultaneously accelerating the vehicle, that is, as in the
1970 patent, simplifies the control arrangements somewhat.

| In one possibly preferred embodiment, both motors 21 and 25
ana clutch 51 may be provided in a. single sealed housing, possibly
bathed in oil for cooling and protection from dust and the like.
It is also known to control auxiliary motors, such as conventional
starter motors, to absorb or add torque to that provided by an
associated internal combustion engine, to damp out vibration caused
by fluctuation of the torque provided by the engine; doing so
herein using either or both of motors 21 and 25 is within the scope
of the invention, and is simplified by virtue of the direct
connection of the engine 40 to the drive wheels through motors 21
and 25 according to the invention.

Provision of the clutch 51 and separate starter motor 21 also
allows another important improvement to be provided according to
the present invention, namely starting engine 40 at high speed,
e.g., about 300 -600 rpm, as compared to the 60 - 200 rpm starts
conventionally provided. As is generally known in the art (see
Simanaitis, "What goes around comes around", Road & Track, November
1998, p. 201) high-rpm starting allows substantial elimination of
the usual necessity of providing a fuel-rich air/fuel mixture to
start engine 40, reducing emission of unburned fuel and improving
fuel economy at start-up, particularly from cold.

More particularly, in conventional low-rpm starts, a rich
mixture comprising up to on the order of 6 to 7 times the
stoichiometric amount of fuel is provided, to ensure that some
fraction of the fuel is in the vapor phase, as only fuel in the
vapor phase can be ignited by a spark. Most of the excess fuel
condenses as liquid on the cold cylinder walls, and thus does not
burn efficiently, if at all, and is immediately emitted unburned.
By comparison, at high starting speeds according to the invention,
turbulence in the combustion chamber is sufficient to ensure the
presence of vapor, so that a near-stoichiometric mixture, typically
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including only 1.2 times the stoichiometric amount of fuel, can be
provided to engine 40 during the starting phase. The avoidance of
rich mixtures at starting significantly reduces emission ofunburned fuel - since most of the fuel provided to a conventional
engine at starting. is jmmediately exhausted unburnt - and provides
some improvement in overall fuel efficiency. |

Furthermore, aS noted above, whenever possible - that is,
whenever the engine is started except when jmmediate full torque is
required by the operator - 2 catalytic converter 64 is preheated to
an effective working temperature of at least about 350° Cc beforestarting the engine, to prevent even this relatively small emission
of unburned fuel.Thus, the primary consideration in selecting the torque of
starting motor 21 is that it be capable of rotating the engine 40
at about 300 — 600 rpm for starting, and that it be capable of
accepting at least about 30% of the engine's maximum torque outputwhen operated aS 4a generator, 50 that the engine can be
efficiently employed when charging the battery bank dauring extended
low-speed operation; the main consideration in specification of the
torque of engine 40 is that it provides sufficient power for
highway cruising while being operated at high efficiency, i.e.,
that its maximum power output be sufficent to cruise in a range of
desired cruising speeds; and the principal consideration defining
the power required of the traction motor 25 is that it be
sufficiently powerful to provide adequate acceleration in
combination with the engine 40 and starting motor 21. Stated
aifferently, the total power available provided by all of these
torque-producing components should be at least equal to and
preferably exceeas the peak power provided by the internalcombustion engines of conventional vehicles of similar intended
use, both as measured at the wheels. Moreover, as set forth in the1970 patent, the total torque provided by motors 21 and 25 should
be at least equal to that produced by engine 40, in order to
provide adequate low-speed performance under motor alone, and
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without necessity of a variable-ratio transmission.
At the same time, motors 21 and 25 are also sized to be

capable of recovering almost all of the vehicle's kinetic energy
when operated as generators in the regenerative braking mode. A
particularly high fraction of the vehicle's kinetic energy can be
recovered during low-speed operation; as compared to high-speed
operation, where air resistance and road friction consume a
relatively large fraction of the total energy required, in low
speed operation much energy is lost by conventional vehicles as
heat released during braking. ,

Given the above considerations, the following are typical
power specifications for the engine 40, starting motor 21 and
traction motor 25 of a 3000 pound vehicle having performance
approximately equivalent to that of a "mid-size" sedan of United
States manufacture. It should be understood that in these
specifications, reference is made to the rated power produced
continuously by the engine, not to the rated peak power of the
motors, as is generally conventional in the art. Further, the
motors are specified assuming the direct-drive embodiment of Fig.
3; if the motors run at higher speeds, their ratings would be
determined accordingly. .

Engine 40: 40 to 50 horsepower at 6000 rpm
Starting motor 21: 10 - 15 horsepower at approximately 1500

rpm and higher speedsTraction motor25: 50 - 75 horsepower from 1500 to 6000 rpm.
The same starting motor woulda be satisfactory for a larger,

4000 pound sedan, but the engine would typically provide 70 — 90
horsepower at 6000 rpm and the traction motor 75 - 100 horsepower.

In both cases, the total power available from the electric
motors together should equal, and preferably exceeds, the maximum
power available from the engine. ooIn the hybrid vehicle of the invention, which as noted does
not require 4 complex, heavy, ana costly variable-ratio
transmission, these components would provide acceleration much
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superior to that of typical similarly-sized automobiles of UnitedStates manufacture, together with far better fuel economy and
substantially reduced emission of pollutants. It will be apparent
that these specifications may vary over relatively wide ranges
depending on the intended use of the vehicle of the invention, and
should not be construed to limit the scope of the invention.

As indicated . above, in the preferred embodiment, both the
starting and traction motors are AC induction motors, althoughother types may also be employed. These motors, and the
inverter/chargers controlling them in response to control signals.
from the microprocessor (as discussed further below), should be
chosen and operated such that the motors have torque output
characteristics varying as a.function of rpm as illustrated by
curve A in Fig. 10. That is, the motors are operated by the
inverter/chargers, in response to control signals from the
microprocessor, SO as produce constant torque up to a base speed C,
typically 1500 rpm for a motor having a top speed of 6000 rpm, as
employed in the direct-drive embodiment of Fig. 3, and should
produce constant power at higher speeds; accordingly, the torque
drops off at speeds above the base speed C, as shown. The ratio of
the base to maximum speed, 4: i in this example, can vary between
about 3 to 1 and about 6 to 1. This torque output characteristic
essentially allows the vehicle of the invention to provide quite
acceptable performance, especially acceleration, without the
weight, complexity and cost of a variable-ratio transmission.

By comparison, theseries-wound pc motors conventionally used
as automotive engine starting motors provide very high torque, but
only at very low speeds; their torque output drops precipitously athigher speeds. Such conventional starter motors would be
unsatisfactory in the present system.

Fig. 10 also shows the torquecombustion engine at B; as noted, the torque is zero at zero rpm,so that a clutch allowing slippage is required to allow the enginest. Fig. 10 shows at D typical curves

curve of a typical internal

to move the vehicle from re
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for. torque as measured at the wheels of a vehicle propelled by a
typical internal combustion engine driving the vehicle through a
four-speed transmission, used to provide additional torque at low
speeds; the vertical spaces between sections of curve D represent
changes in gear ratio, that is, the vehicle will be shifted to move
between the sections of curve D. As shown by Fig. 10, the desired
torque characteristics of the starting and traction motors
discussed above allow the vehicle of the invention to provide low-
speed performance comparable to or better than a conventional
vehicle, while eliminating the necessity of a variable-ratio
transmission. However, as discussed further below, it is within
the invention of the present continuation-in-part application to
extend the load-carrying capabilities of the hybrid vehicle of the
invention by also providing a variable-ratio, e.g., two-speed,
transmission, where not excluded by the appended claims. This
should not be necessary with respect to passenger cars.

The ratio between the base speed and maximum speed of the
motors as used according to the invention is thus comparable to the
ratio between the lowest and highest. gears of a conventional
transmission; for passenger cars, the latter ratio is typically
between 3 and 4 : 1, so that the engine's torque is relatively well
matched to the road load over a reasonable range of road speeds. -

As discussed above, while it is within the scope of the
invention to operate the motors 21 and 25 and the internal
combustion engine 40 at the same maximum speed, so that no gearing =
is required to couple these elements, it is presently preferred
that atleast traction motor 25 have a maximum speed substantially
higher than that of the internal combustion engine 40; the output
shaft of motor 25 can be connected to the road wheels by achain-
drive reduction unit, as indicated in Fig. 4. The maximum speed of
the internal combustion engine is preferably limitea@ to on the
order of 6000 rpm to limit wear, noise and vibration, which
jncrease with higher operating speeds, and because engines capable
of higher-rpm operation tend to have narrow ranges of rpm within
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which they produce substantial torque; the latter characteristic
would be undesirable in a vehicle not having a variable-ratio
transmission and intended to cruise powered solely by the internal
combustion engine, according to the invention.

. By comparison, operating the motors 21 and 25 at maximum
speeds of 9000 ~- 18,000 rpm allows them to be made smaller,
lighter, and less costly; whether this advantage overcomes the
added complexity of chain, gear, or belt drives, or other
mechanical means allowing combination of torque from the motors
with that from the engine, is a matter of engineering choice that
may vary from one model of vehicle to the next. Both are
accordingly within the present invention. If each of the torque-
producing components (that is, engine 40 and starting and traction
motors 21 and 25) js to be operated at the same speed, a maximum
speed of approximately 6000 rpm is preferred, as this represents a
good compromise between cost, weight, and size of the key
components.

As discussed above, it is. preferred that motors 21 and 25: have
more than two poles, and be operated by current applied over more
than three phases, SO that failure of some components - such as the
power semiconductors used in the inverter/charger units, as
discussed below - can be tolerated without total failure of the

‘vehicle. It is also desired that the battery bank be divided into
two, with the vehicle chassis connected between them, halving the
voltage between given components and the vehicle chassis, and thus
simplifying their construction, insulation, and connection. Fig.
5 shows a partial schematic diagram of a circuit providing these
attributes.' mhe functions of the inverter/chargers 23 ana 27 (separate
inverter/chargers being required to allow independent operation of
motors 21 and 25) include control of motors 21 and 25 to operate as
motors or as generators; operation of traction motor 25 in the

site direction for reversing the vehicle; conversion of DC
oppostorea by the pattery bank to aAc for motor operation; and
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conversion of AC induced in the motors when operated as generators
to DC for battery. charging. Essentially similar functions were
provided by the solid-state switching AC/DC converter 44 in the
1970 patent; where not specified to the contrary, the discussion
thereof is applicable to the inverter design shown in Fig. 5
hereof.

As illustrated in Fig. 5, traction motor 25 is embodied as a
five-phase AC induction. motor; starting motor 21, which is not
fully illustrated, as indicated, can be but is not necessarily
generally similar. Other motor types, such as permanent magnet
brushless DC motors orsynchronous motors, might also be employed.
The motors are operated as multiphase devices, having three phases
or more, permitting employment of smaller and overall less costly
semiconductors, and allowing operation even if some of the
semiconductors fail. Use of motors operated at relatively high
frequency, @-9g-, more than 60 Hz, also permits motors of a given
power output to be smaller. As shown in Fig. 5, it is currently
preferred that at least traction motor 25 be wired in the "“wye"
arrangement shown, rather than the known "delta" arrangement; it is
found that certain undesirable harmonics are reduced by the "wye"
arrangement. Both are well known in the art, and within the scope
of the invention.

As illustrated in Fig. 5, each of the windings 78 of motor 25
is connected to a pair of semiconductor switching elements 80
collectively making up inverter/charger 27. Inverter/charger 27 is
correspondingly configured as a set of ten power semiconductors 80
controlled by switching signals A through J provided by a pulse
generator 88 responsive to frequency, polarity anda current signals
received from microprocessor 48 (Figs. 3 and 4). Typical operating
frequencies can be up to 200, 400 or 600 Hz; the transfer of power
between the pattery bank 22 and motors 21 and 25 is then controlled
by pulse-width modulation, that is, by controlling the
semiconductors 80 to conduct during portions of the power
waveform, the duration of the conducting portions varying in
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accordance with the power required. Semiconductors 80 may be any
type suitable for handling relatively high voltages and currents;
satisfactory insulated-gate bipolar transistors (IGBTs) are
currently available and are presently preferred. As conventional,
each of the semiconductors 80 is paralleled by a freewheeling
rectifier diode 82.

Design of the inverter/chargers 23 and 27 and of pulse
generator 88 to providesuitable control signals A through T so
that the inverter/chargers perform the functions listed above is
within the skill of the art; again, see, for example, Bose, "Power
Electronics and Variable Frequency Drives", IEEE, 1996.

The current drawn from the battery bank 22 during long-term
operation of the traction and starting motor(s) to propel the
vehicle should be limited to 30 - 50 amperes, to reduce the size of
the conductors and other components required, as discussed in the
1970 patent; these components are satisfactory to carry currents of
up to 200 amperes, as may be encountered during full-power
acceleration, as this condition will not persist for more than
about 30 seconds.

As indicated, the battery. bank 22 comprises two substantially
similar battery assemblies 84; in one embodiment, each battery
assembly will comprise eight 48-volt batteries, such that 384 ‘volts
is provided by each. The battery assemblies 84 are connected in
series, so that 768 volts are provided across the circuit "rails"
86, ' 88. However, the vehicle chassis connection is taken from
between the series-connected battery assemblies, so that only 384
volts is present between any given circuit component and the
vehicle chassis; this "center-point-chassis" connection
significantly reduces various insulation and heat-sinking.
requirements. More specifically, the conductors, connectors,
relays, switches and like elements can be as. approved by the
National Electrical Manufacturers' Association (NEMA) for 600 volt
service; such elements are widely available, and are much more
easily employed and much less expensive than those needed for
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continuously carrying current at, for example, 300 volts and 300
amperes.

Preferably, as indicated by Fig. 5(a), jllustrating a detail
of a portion of one of the battery assemblies 84, the 48-volt
batteries 85 are connected by normally-open relays 87, so that the
batteries 85 are isolated from one another under fail-safe
conditions; for example, if the vehicle is involved in an accident,
power to the relays is cut off, so that the maximum open voltage
anywhere in the vehicle is 48 volts, reducing the danger of fire.
Similarly, the relays open when the vehicle's "ignition" is shut
off by the operator.

The present continuation-in-part application adds to the above
from the 1817 application that an auxiliary 12-volt system may also
be provided, as shown at 223 in Fig. 14, discussed further below.
This would be a DC-to-DC converter, allowing the vehicle to provide
"jumping" current to start other vehicles having conventional 12-
volt electrical systems, ana would also allow the vehicle of the
invention to be jumpstarted similarly, if necessary. Provision of
a 12-volt system also allows convenient employment of conventional
automotive accessories, such as radios and the like. The 12-volt
system could perhaps most conveniently be implemented by a separate
gemiconductor-implemented voltage conversion circuit, transforming
the 48 volts from one of the batteries to 12 volts for jumping
others, and providing the inverse 12 to 48 volt transformation as
needed. It should also beunderstood that the individual batteries
could be 42 volt units, conforming to the apparent trend toward 42
volt systems for new vehicles. Further preferably, the entire
pattery bank assembly, including the relays, is enclosed in a
rugged container, significantly reducing the danger of electrical
shock and the like.' purning now to detailed discussion of the inventive control
strategy according to which the hybrid vehicles of the invention

as in the case of the hybrid vehicle system shown in
are operated: ner detail below, the
the '970 patent, and as discussed in furt
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vehicle of the invention is operated in different modes depending
on the torque required, the state of charge of the batteries, and
other variables. Throughout, the object is to operate the internal
combustion engine only under circumstances providing a significant
load, thus ensuring efficient operation. In the following, the
relationships between these modes are illustrated using several
aifferent techniques, to ensure the reader's full understanding of
various aspects of the vehicle control strategy; some of these are
seen more clearly in one form of illustration than another.

Fig. 6 illustrates the several modes of vehicle operation
with respect to the relationship between the vehicle's
instantaneous torque requirements or "road load", the state of
charge of the battery bank 22, and time, while Fig. 7 shows
variation in, and the relationship between, road load, ‘engine
torque output, ana the state of charge of the battery bank over
time, that is, during an exemplary trip. Figs. 8(a) - (4) show
simplified schematic diagrams of the vehicle of the invention in
its principal modes of operation, showing the flow of energy, in
the form of electricity or combustible fuel, by dot-dash lines, and
the flow of torque by dashed lines. Finally, Fig. 9 provides a
high-level flowchart, showing the principal decision points in the
algorithm according to which the microprocessor operates the
various components of the hybrid vehicle drivetrain according to
the invention, and Figs. 9 (a)-(c) show details and modifications
thereof.

As noted, the preferred control strategy of the invention is
illustrated in several different ways by Figs- 6 — 9- The same
specific numerical examples for various significant control

data items, and the like are used throughout for
It will be understood that these examples would normally

not used in the

variables,

clarity.

be expressed as ranges; although ranges are
following, to simplify the: discussion, it should be understood
throughout that these numerical examples areimited to the exact values of the

exemplary only, and

that the invention is not to be I
, \
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control variables mentioned herein. .
Further, it should be realized that certain of these control

variables need not be restricted to specific numbers; in some
cases, the decision points may be "fuzzy", j.e., so-called "fuzzy
‘logic" may be employed, so that while the operating scheme retains
its overall characteristics, the specific values against which the
control variables and data items are tested in implementation of
the control strategy according to the invention may vary from time
to time. Examples of this practice -~ amounting in many
circumstances to modifying certain specific values depending on
other data items not discussed in detail, or by monitoring the
vehicle's actual usage patterns over time -- are given below.

Given these several different explanations of the
relationship between the various operating modes of the vehicle of
the invention, and specifically these different illustrations of
the combinations of conditions in response to which the
microprocessor controls mode selection, one of ordinary skill in
the art would have no difficulty in implementing the invention.

As noted, during low-speed operation, such as in city traffic,
the vehicle is operated as a simple electric car, where all torque
is provided to road wheels 34 by traction motor 25 operating on
electrical energy supplied from battery bank 22. This is referred
to as "mode I" operation (see Fig. 6), and is illustrated in Fig.
8(a). The same paths of energy and torque may also be employed
under emergency circumstances, referred to as mode III operation,
as discussed below.

While operating at low speeds, e@.g-, when the vehicle's torque
requirements ("road load", or "RL") are jess than 30% of the
engine's maximum torque output ("MTO"), engine 40 is run only as
needed to charge battery pank 22. Starting motor 21 is first used
to start engine 40, and is then operated as 4a generator by
appropriate operation of inverter/charger 23, 50 that charging

s to battery bank 22. Accordingly, clutch 51 is
o that the road speed of the vehicle is independent ofcurrent flow

aisengaged, S$
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the speed of engine 40; engine 40 can thus be operated at
relatively high output torque level, for fuel efficiency. This
"mode II" operation is illustrated in Fig. 8(b); as indicated,
clutch 51 is disengaged, so that engine operation to charge battery
bank 22 through starting motor 21, and propulsion of the vehicle by
traction motor 25, are completely independent of one another.

As in the '970 patent, engine 40 is sized so that its maximum
torque is sufficient to. drive the vehicle in a range of desired
cruising speeds; this requirement ensures that the engine is
operated at high efficiency during normal highway cruising.
Therefore, when a sensed increase in the road load (e.g., by a
continued operator request for more power) indicates that the
preferred operating mode is changing from low-speed to highway
cruising operation, the microprocessor controls starting motor 21
by way of inverter/charger 23 to start engine 40. When engine 40
is essentially up to speed, clutch 51 is engaged, so that engine 40
drives road wheels 34 through the shafts of motors 21 and 25. When
the operator releases pressure on the accelerator pedal, indicating
that a desired cruising speed has been reached, traction motor 25
is accordingly depowered. The highway cruising mode is referred to
as “mode Iv" operation, and the flow of energy and torque are as
jllustratea in Fig. 8(c)-

If extra torque is needed during highway cruising, e.g., for
acceleration or hill-climbing, either or both of motors 21 and 25
can be powered. This "mode V" operation is illustrated in Fig.
8(d); energy flows from tank 38 to engine 40, and from battery bank
22 to traction motor 25, and possibly also to starting motor 21;
torque flows from either or both motors and engine to wheels 34.

The flow of energy during battery charging is not illustrated
per se in Fig. 8, but will be understood by those of skill in the
art, and is further described below. For example, when the
engine's instantaneous output torque exceeds the road load, the
starter motor 21 is operated as a charger, supplying recharging
current to the battery bank. Similarly, when the road load is
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trending downwardly or is negative, either the traction motor or
the starter motor, or both, can be operated as a regenerative
battery charger, supplying recharging current to the battery bank;
braking can be accomplished similarly in response to an appropriate
operator command.

Fig. 6, as indicated above, is 4 diagram illustrating
aiffering modes of. operation of the hybrid vehicle powertrain of
the invention; the modes .of operation, indicated by numerals I — Vv,
are plotted on a three dimensional chart, illustrating that the
mode of vehicle operation as controlled by microprocessor 48 isa
function of the state of charge of the battery bank, the
instantaneous road load, and time. Fig. 7, discussed below,
further illustrates the inventive mode of vehicle operation.

Fig. 6 shows on one axis the state of battery charge extending
from 70% at the origin outwardly to a minimum value shown of 30%.
Normally the batteries are maintained at least 30% of full charge.
Preferably, the battery bank is not charged to more than 70% of its
theoretical full capacity; if a number of series-connected
batteries were all charged to 100% of their nominal full charge,
some would likely be overcharged due to manufacturing variation,
local temperature variation and the like, which would significantly
shorten their service life. Moreover, frequently recharging any
individual battery to 100% of its theoretical capacity is
deleterious to battery life as well.

The road load is shown in Fig. 6 ona second axis as varying
from 0 at the origin to 200% of the engine's maximum torque output.
(Negative road load, occurring during descents or under braking, isnot shown in Fig. 6 due to the difficulty of illustration. This
circumstance is discussed in connection with Fig. 7, below.) Time
is shown on the third axis extending from an arbitrary point at the
origin; that is, Fig. 6 shows the mode of the vehicle's operationover the next short period of time (on the order of 30 — 60
seconds) from a present instant at the origin. stated differently,
according to one aspect of the invention, the microprocessor 48
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controls the vehicle's mode of operation at any given time in
dependence on "recent history," as well as on the instantaneous
road load and battery charge state.

More specifically, Fig. 6 shows that during city driving (mode
I), defined in this example as driving where the vehicle's

_ instantaneous torque requirements, or "road load", is up to 30% of
the engine's maximum torque, the vehicle is operated as a "straight
electric" car, the clutch being disengaged and energy from the
battery bank 22 being used to power traction motor 25 to propel the
vehicle, as long as the battery remains charged to between 50 and
70% of its full charge. If the charge falls to below a given
value, which may vary over time as indicated by the curved line
defining the extent of mode II, mode II is entered as indicated,
the engine is started, and the starter motor 21 is operated as a
generator to charge the battery to substantially full charge. As
indicated in mode III, operation of the vehicle as an electric car
may also be permitted when the battery falls to below 40% of full
charge, for example, if there is a fault in the engine or charging
system, but only on an emergency basis; such deep discharge is
harmful to battery life.

During highway cruising, region IV, where the road load is
between about 30% and 100% of the engine's maximum torque output,
the engine alone is used to propel the vehicle. Accordingly, when
the microprocessor detects that transition between regions I and IV
is required (e.g., the microprocessor can effectively determine the
road load by monitoring the response of the vehicle to the
operator's command for more power), it causes the starting motor 21
to spin the engine 40 to relatively high speed; when a desired
starting speed, typically 300 rpm, is reached, the electronic
engine management unit 55 and electronic fuel injection unit 56 are
controlled to fire the spark plugs and supply fuel, respectively,
starting the engine. Thus starting the engine at relatively high
rpm allows a near-stoichiometric fuel/air mixture to be used, as
compared to the much richer mixtures normally used for starting.
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Emissions of unburned hydrocarbons are thus substantially reduced,
and fuel economy improved.

When the speed of the engine output shaft substantially
matches that of traction motor 25, clutch 51 is engaged; the power
produced by motor 25 is reduced as that produced by engine 40 is
increased, so that the transition between modes I and IV is smooth
and essentially undetected by the operator. When the operator
reduces pressure on the accelerator pedal 69, indicating that the
desired cruising speed has been reached, power to motor 25 is
reduced to zero.

If the operator then calls for additional power, ¢-g- for
acceleration or passing, region V is entered; that is, when the
microprocessor detects that the road load exceeds 100% of the
engine's maxinum torque output, it controls inverter/charger 27
so that energy flows from battery bank 22 to traction motor 25,
providing torque propelling the vehicle in addition to that
provided by engine 40. Starting motor 21 can similarly be
controlled to provide propulsive torque.

As indicated above, auring highway cruising, where the torque
required to propel the vehicle varies as indicated by the
operator's commands, the control system operates the engine at
correspondingly varying torque output levels. The range of
permissible engine torque output levels is constrained to the range
in which the engine provides good fuel efficiency. Where the
vehicle's instantaneous torque ‘requirement exceeds the engine's
maximum efficient torque output, e.g-, during passing or hill-
climbing, one or both of the electric motors are energized to
provide additional torque; where the vehicle's torque requirements
are less than the torque then being produced by the engine, ©-gJ-,
during coasting, on downhills or during braking, the excess engine
torque is used to charge the batteries. Regenerative charging may
occur simultaneously, as torque from the engine and recovery of the
vehicle's kinetic energy both drive one or both motors operated in
generator mode. The rate of change of torque output by the engine
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may be controlled to reduce emissions, and in accordance with the
state of charge of the battery bank. Fig. 7 illustrates these
relationships.

As mentioned above, Fig. 7, comprising Figs. 7(a) - (c), and
extending over two sheets, is a timing diagram showing the
relationship between road load, engine. torque output, the state ofcharge of the battery bank, and operation of the engine as these
vary over tine, during low-speed city driving, highway cruising,
and extended high-load driving, thus further illustrating the
control strategy employed according to the invention.

Fig. 7(a) shows the vehicle's instantaneous torque
requirement, that is, the "road load", by a solid line, and the
engine's instantaneous output torque by a dashed line, as these
vary over time. (The engine's instantaneous output torque is
repeated in Fig. 7(c), for clarity, and in order to clearly show
certain additional aspects of the inventive control strategy.) The
road load is expressed as a function of the engine's maximum
torque output. Where the road load exceeds the engine's
instantaneous output torque, the cross-hatched areas between these
two lines represent. torque provided by the traction and or starting
motor(s); where the road load is less than the engine's
instantaneous output torque, the cross-hatched areas represent
charging of the batteries.

It will be appreciated that positive vehicle torque demands
correspond to steady-state cruising, acceleration, hill-climbing,
or the like, while negative vehicle torque requirements correspond
to deceleration or descent. The engine's output torque is
constrained to the range of efficient operation; as illustrated in
Fig. 7 (a) and (c), this range is controlled to be between 30% and
100% of the engine's maximum torque output ("MTO"). AS mentioned
above, it will be appreciated that the 30% figure, as well as
similar figures mentioned herein, may vary without departure from
the scope of the invention.

In the example of vehicle operation shown in Fig. 7, initially
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the vehicle is operated only at road loads below 30% of MTO, that
is, in traffic, as indicated at A. Accordingly, all the torque
required is provided by the traction motor 25, and the state of
charge of the battery bank 22 ("BSC"), as illustrated by Fig. 7(b),
corresponds directly to the road load; when the road load is
negative, BSC increases as the battery bank is charged by
regenerative braking. (Changes in BSC are significantly
exaggerated in order to clearly explain the events shown.)

At point B, the road load exceeds 30% of MTO for the first
time on this particular trip. When this is detected by
microprocessor 48, starting motor 21 spins the engine 40 at
relatively high speed, and the catalytic converter 64 is preheated,
causing a short drain on BSC, as shown at c. When the engine
reaches the desired starting speed, e.g. 300 RPM, and the catalyst
reaches a mininun effective operating temperature, e.g. at least
about 350° C, the engine is started by supply of fuel and firing of
its spark plugs, and the clutch is then engaged. As the engine is
already rotating at relatively high speed, and will have been
warmed by compression of air in its cylinders during the starting
process, it begins to produce useful torque almost immediately, as
indicated at D.

Thereafter, when the vehicle's torque requirement exceeds the
instantaneous engine output torque, as at points E-G and P, one
or both of the traction and starting motors 25 and 21 are powered
to provide additional torque to the road wheels, that is, the
vehicle is operated in mode V. While the road load RL remains
within the engine's efficient operating range, e.g., while 30% MTO
> RL > 100% of MTO, the vehicle is operated in mode IV. During
mode I1V operation, if the engine's instantaneous torque output
exceeds the vehicle's torque requirement, but the battery is
relatively fully charged, as at point H, the engine's torque output
is reduced to match the road load; when MTO exceeds the road load,
and BSC falls below a predetermined level (see Fig. 7(b)), as at I
ana J, the excess torque available from engine 40 is used to charge
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the batteries, as indicated at K and L (Fig. 7(c))- When the
vehicle's torque requirement is less than the minimum permissible
engine torque output, as at M, the engine is again used to charge
the batteries, and regenerative braking is also performed, further
charging the batteries. If the batteries become substantially fully
charged, @-gJ-, during a long descent, as at N, the engine may be
shut off entirely, as seen at © in Fig. 7(c)- Od

More particularly,. during deceleration or “coast-down", the
engine may be "motored", that is, driven by torque from the wheels,
with the clutch engaged, but with at least the fuel supply shut
off. In addition to using no fuel, this has the advantage that
when the operator next requires torque, ©-J-, when reaching the
point at the pottom of a hill, the engine is rotating and can be
immediately restarted by supply of fuel. The exhaust valves might
be opened during the motoring of the engine to reduce pumping
losses.

The rate of change of the engine's torque output is limited,
e.g., to 2% or less per revolution, as jndicated by noting that the
dashed line in Fig. 7(a), indicating the instantaneous engine
output torque, lags the solid line indicating the vehicle's
instantaneous torque requirement. Thus limiting the rate of change
of engine output torque is preferred to limit undesirable emissions
and improve fuel economy; that is, as the stoichiometric fuel/air
ratio varies somewhat as the load changes, simply opening the
throttle and causing additional fuel to be injected (as is
typically practiced) upon the operator's depressing the accelerator
pedal would result in non-stoichiometric, inefficient combustion.
According to this aspect of the invention, the rate of change of
engine torque is limited; this provides sufficient time for the
essentially conventional electronic engine management and
electronic fuel injection systems, which comprise 4 "lambda sensor"
47 (Fig. 3) for monitoring the oxygen content of the exhaust gas
stream aS an indication of stoichiometric combustion, to respond as
the load changes, preserving stoichiometric combustion and reducing
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emission of unburned fuel.
The maximum permissible rate of change of engine output torque

also may be varied in accordance with the state of charge of the
patteries; more specifically, if the batteries are relatively
discharged, it may be preferable to allow the engine's output
torque to ramp-up more quickly than otherwise, in order to limit
the amount of electrical power drawn from the batteries in response
to an acceleration command. More generally, it is preferred to
operate the engine so as to limit the amount of power drawn from
the batteries, as there are unavoidable losses attendant on
conversion of energy stored in the patteries to motor output
torque, and during the corresponding recharging period.

As mentioned above, Fig. 9 is a high-level flowchart of the
principal decision points in the control program used to control
the mode of vehicle operation. Broadly speaking, the
microprocessor tests sensed and calculated values for system
variables, such as the vehicle's instantaneous torque requirement,
j.e., the "road load" RL, the engine's instantaneous torque output
ITo, both being expressed aS a percentage of the engine's maximum
torque output mro, and the state of charge of the battery bank BSC,
expressed as a percentage of its full charge,. against setpoints,
and uses the results of the comparisons to control the mode of
vehicle operation. .

As noted above, certain control decisions involved in the
inventive control strategy illustrated in Fig. 9, and described
therein as being determined in response to precise criteria (in
order to clearly present the main features of the inventive
operating strategy), may instead be usefully somewhat "fuzzy"; in
the present application, this term is intended to indicate that the
value of a setpoint (for example) may vary somewhat in response to
recent history, oT in response to monitored variables not discussed
above. As mentioned above, 4t is also to be understood that the
values given above for various numerical quantities may varysomewhat without departing from the invention. specific
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alternatives are provided below for steps set forth in Fig. 9 that
implement certain of these alternatives.For example, in the example of the inventive control strategy
discussed above, it is repeatedly stated that the transition fromLow-speed operation to highway cruising occurs when road load is
equal to 30% of MTo. This setpoint, referred to in the appendedclaims. as "gp", and sometimes hereinafter as the transition point
(i.e., between operation in modes I and Iv) is obviously arbitraryand can vary substantially, ©-9-, between 30 — 50% of MTO, within
the scope of the invention. .It is also within the scope of the invention for the
microprocessor to monitor the vehicle's operation over a period of
days or weeks and reset this important setpoint in response to arepetitive driving pattern. For example, suppose the operatordrives the same route from a congested suburban development to aworkplace about the same time every morning; typically the roadload might remain under 20% of MTO for the first few minutes of
each day, then vary between o and 50% of MTO for another fewminutes as the operator passes through a few traffic lights, and
then suddenly increase to 150% of MTO as the operator accelerates
onto a highway. It is within the skill of the art to program amicroprocessor to record and analyze such daily patterns, and to
adapt the control strategy accordingly. For example, in responseto recognition of a regular patternas above, the transition point
might be adjusted to 60% of MTO; this would prevent repetitiveengine starts as the road load exceeded 30% of MTO for a fewnunareda yards at a time, as might often occur in. suburban traffic.Similarly, the engine starting routine might be initiated after
the same total distance had been covered each day-It. is also within the scope of the invention to make the
setpoint SP to which the road load is compared to control thetransition from mode I to mode Iv somewhat "fuzzy", SO that SP mayvary from one comparison of road load to MTO to the next dependingon other variables. For example, as aiscussed above, if during
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low-speed operation the operator depresses the accelerator pedalrapidly, this can be treated as an jndication that full power willshortly be required, and the engine-starting operation begun before
the road load reaches any particular setpoint SP-The value of the transition point may also vary in dependenceon the mode of operation in effect when the road load equals agiven setpoint SP- For example, suppose the setpoint at which themode of operation is controlled to change from the low-speed modeto the highway cruising mode is normally set to 30% of MIO, as inthe examples discussed above- If traffic conditions were such thatthe road load fluctuated around this value, and engine operation_ were controlled solely in response to road load, the engine wouldbe repeatedly started and shut off as the road load exceeded 30% ofmro for a few hundred yards at a time, and then fell back below 30%of MTO, as might often occur in suburban traffic. Repeatedrestarts might also occur if the road load averaged over 30% of MTObut occasionally dropped below this value, as might occur in

moderate-speed, flat-road cruising. .BY monitoring the road load over time, and compar ing it toaifferent setpoints accordingly, much of this undesirablerepetitive sequence of engine starting and shut-off can beeliminated. It might be preferable to commence mode Iv operationupon the occurrence of differing conditions; for example, mode IVmight be entered from mode I only after the road load exceeded afirst, lower setpoint sp for an extended period of time, so thatthe engine would be run for extended low-speed cruising, but to
start the engine immediately if the road load exceeded a higher
setpoint SP2, ©-9: 50% of MTO, as during acceleration to highwayspeed. Similarly, the engine might preferably be shut down only ifthe road load was less than a minimum setpoint for mode IVoperation for an extended period of time. Thus providing"hysteresis" in the mode-switching. determination would limitrepetitive engine starts in certain types of driving. These limitscoula be further adjusted as the driving pattern pecame clear,
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j.e., as discerned by the microprocessor.in a further refinement, the setpoint at which the engine is
shut off as the road load aroppped below the usual minimum valuefor mode IV operation could vary dependent on psc; if the patterieswere substantially fully charged, the engine might be shut off asroad load dropped below 30% of Mro, but if their charge was lowerthe engine might be controlled to continue to run, ‘even at a stop,i.e., zero road loaa, to charge the batteries. of course, theclutch would still have to be disengaged at when the road load fell
pelow 20 — 30% of MTO, in order that the engine could run at an
efficient speed for production of torque.Fig. 9 thus shows the main decision points of the control
program run by the microprocessor, with the transition pointpetween mode I, low-speed operation, and mode IV highway cruising,set at a road load equal to 30% of MTO. Examples are then givenfor some of the various options discussed above, by substituting
various of the decision points with alternatives indicated below.other optional points not specifically shown but discussed herein
are within the scope of the invention.The control program is entered at step 100, where the
microprocessor determines whether the road load RL is less than 30%of MTO. If the answer isyes c("y"), the clutch is disengaged if
necessary as indicated at steps 103 and 105. The state of chargeof the battery pank BSC is then tested at step 110; if BSC isbetween 50 ana 70% of full charge, the vehicle can operate for some
time as 4 straight electric vehicle, and mode I is accordinglyentered, a& jndicated at 115. A "mode I" loop is then established,
including steps 100, 103, and 110; as long as all conditions
tested in these steps remain stable, the vehicle continues to be
operated in mode I. .However, if at step 110 it was determined that BSC was less
than 50% of its maximum value ("Ni"), the engine should be run, if
possible, to charge the pattery bank, up to, for example, 75% ofits maximum charge, a& tested at step 120. If the engine is
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already running, aS tested at step 125, the battery is charged asindicated at 130, and a stable "mode II" loop, as noted at 135, isestablished jncluding steps 100, 103, 110, 120, 125, and 130.(Normal operation of step 110 would be bypassed or disabled in thismode to prevent pattery charging from being stopped when BSCreaches 70%)- If the engine is not running, an engine startingsubroutine (shown separately, by Fig. Q9(a), is entered, aS
jndicated at step 140.In the engine starting subroutine, beginning with the tenter'plock 141, the clutch is disengaged if necessary at steps 142 -143, and the catalyst temperature is tested at 145, to determinewhether it is at least about 350° Cc; the catalyst is heated asnecessary, 45 indicated at 150. When the catalyst is heatedsuitably, the engine is then spunby the starter motor until adesired starting speed is reached, aS indicated by the loopincluding blocks 155 and 160. When the engine reaches its desiredstarting speed, it is started at step 165, by supply of fuel andfiring of its spark piugs, concluding the engine startingsubroutine as indicated by treturn' block 170. If the enginestarting subroutine was entered from the mode II loop, as above,the battery bank may then be charged as indicated at 130.If in performance of step 120 it appeared that BSC was less

than 40%, which would only occur upon failure of the engine orcharging system, step 175 may be performed; thus, if 30% < BSC <40%, the vehicle may be operated in mode III as an electric car, toprovide emergency operation. However, this should be strictlylimited to avoid deep discharge of the battery bank, tending toshorten its useful life. As indicated at 177, the vehicle is
completely disabled if BSC falls below 30%.If RL is determined to exceed 30% of MTO in step 100, the
program goes to step 180, where the term 30% > RL 7? 100% isevaluated; that is, the microprocessor determines whether the roadload is appropriate for highway cruising in mode Iv. If so, and if
the engine is running, as tested at step 190, @a stable loop
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including steps 180 and 190 is established; the system remains inmode IV, as indicated at 185, until the state of one of these
tests changes-If in step 190 it is determined that the engine is not
running, the engine start subroutine, starting with step 140 asdiscussed above, is entered as indicated at 195; upon return, at200, the clutch is engaged at 210, and the loop including steps 180
and 190 is entered.as noted, in step 180 it is determined whether RL is between
30 and 100% of MTo; if not, it is determined in step 220 whether RLis greater than 100% of MTO. If so, mode V is entered, and thetraction motor (and optionally the starting motor) is powered toprovide additional torque propelling the vehicle, as indicated at230. A loop including steps 220 and 230 is thus established, sothat mode V remalins stable until the state of the test performed in
step 220 changes.When in performance of step 220, it appears that RL is now
less than 100% of Mro, it is then determined in step 215 whether RL
is less than. 30% of MTO. If so, the engine is shut off, asindicated at 240, and the program returns to step 400; if not, the
program is returned to step 180. .It will be appreciated that according to the Fig. 9 flowchart,
it is possible for the system to proceed directly from mode I tomode V, that is, from step 100 to step 220, if the road load
rapidly increases from less than 30% of MTo to more than 100% ofMTO. permitting the operator to thus operate the system is an
important safety feature, for example when fast acceleration froma stop is required to merge into highway traffic. In these
circumstances the engine would not be running during initialoperation in mode V, necessitating a significant drain on thepattery bank and overdriving the traction motor. accordingly,
steps equivalent to steps 190, 195, and 210 (including the enginestarting subroutine) are to be understood to follow step 220 and
precede step 230. That is, in the event mode Iv was effectively
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omitted in passing directly from mode I to mode Vv, the engine isstarted and the clutch engaged as soon as possible; these duplicate
steps are not shown, for clarity.In the above discussion of Fig. 9, it was assumed that thetransition point between jow-speed and highway operation is set sothat the transition occurs when the road load is equal to 30% ofmro under all circumstances. However, as discussed above, it maybe desirable to operate the system so that the vehicle goes fromthe low-speed mode I to the highway-cruising mode IV at a higherroad load, @-9-» 50% of MTO, than the road load at which the low-speed mode is reentered, @-9:: when road load in mode IV falls tobelow 20%. This "hysteresis" of the mode switching point -~ forexample, allowing the vehicle to accelerate in mode I UP to roadloads of up to 50% of MTO, put not shutting the engine off, endingmode IV operation, until road load falls pelow 20% of MTO -~. avoids excessive mode-switching during periods of fluctuating road

load. For example, in typical, suburban traffic, one might commonlyaccelerate past 30% of MTO, to what might otherwise be a normalcruising speed, but stop again shortly thereafter; it would beinefficient to thus repetitively stop and restart the engine as theload fluctuates around 30%. Hysteresis might similarly be useful inavoiding needless mode switching in moderate-speed, flat roadcruising in mode IV, when the road load might well occasionallydrop below 30%; again, jt would be jnefficient to repeatedly shut
off and restart the engine. .Thus providing aiffering mode switching points depending onthe direction of the change in road load can be accomplishedreadily by monitoring the road load RL as a function of time, andtaking appropriate control action. For example, if the system ismaintained in mode I until RL exceeds the tnormal" 30% of MTO modeswitching point for a period of, for example, 39 seconds, andwithout exceeding 50% of mTo, the excessive mode switchingotherwise likely .to be encountered in suburban traffic can be
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largely avoided. Fig. 9(b) shows a step 100' replacing step 100 inFig. 9 and implementing this "low-speed hysteresis" - as indicated,the system remains in the low-speed mode I as long as RL is lessthan 30% of MTO, Or unless RL exceeds 30% of mro for more than 30seconds, Or exceeds 50% of MTO; jf either of the latter conditionsoccurs, the program goes to step 180, jnitiating mode Iv operation.Similarly, hysteresis in mode IV cruising, in order toimplement excessive mode shifting that might otherwise occur if theroad load fluctuates around a fixed mode switching point, can beimplemented py simply providing that the system remains in mode IVas long as RL remains between 30 and 100% of mro, unless RL is lessthan RD for more than 30 seconds, OF exceeds 100% of mro. This canbe implemented as shown in Fig. 9(c); 4 revised step 215' replacesstep 215 of Fig. 9, and provides that, if the system is in mode IV,uniess RL is less than 30% of MTO for more than 30 seconds, step180 is re-entered, thus preserving the "mode IV loop"; when RL isless than 30% of MTO for more than 30 seconds, the engine is shutdown, at step 240, control is passed to step 100, ana mode I re~
entered.Numerous further modifications to the detailed control
strategy of the invention as jllustrated in Figs. 6 - 9 will occurto those of skill in the art, and are within the scope of theinvention. For example, it-may be desirable to vary the operationof the system insofar as responsive to Bsc in accordance withmonitored variables indicative of battery temperature, ambienttemperature, and the like; ©-9-, on a hot day it may be advisableto avoid charging the battery bank to more. than 60% of full charge,as this may cause overheating. Further, a& noted above thetransition points between modes I, IV, and V in particular may varyin accordance with the. operator's commands, sO a5 to providemaximum vehicle responsiveness for safety and ease of consumeracceptance, and over periods of days oF weeks, as themicroprocessor builds up 4 detailed historical record of thevehicle's usage pattern, from which an optimized control strategy
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may be derived.It may also be possible to provide the microprocessor with
useful control information from the operator, without requiring theoperator to understand the workings of the system in detail. Forexample, operators are now well-accustomed to set a "oruise
control" when a4 desired cruising speed is reached; thereafter,existing engine management systems control the instantaneous engine
torque output with respect to variation in the road load to
maintain vehicle speed substantially constant. It would be a4simple matter for the microprocessor to accept a desired cruisingspeed thus input by the operator, as indicated in Fig. 4. Theoperator would then be relieved of continuous throttle control, andthe microprocessor woulda similarly control the instantaneous engine
torque output with respect to variation in the road load to
maintain vehicle speed substantially constant, both as
conventional; however, according to the invention, the
microprocessor would also reset the transition point so that the
system would remain in cruising mode Iv until the operator had
indicated to the contrary, 1-@-5 by exiting cruise mode.As discussed above, according to a further embodiment of the
invention, additional flexibility is provided to the hybrid vehicleas described above by providing a turbocharger 100, also controlled
by the microprocessor 48, so as to be operated when useful infurther improving vehicle efficiency and drivability and not atother times. providing the tturbocharger-on-demana" allows the
engine to function efficiently in different torque output ranges,as needed. Essentially, the turbocharger 100 is employed only whenthe vehicle's torque requirements, the "road load" as above,exceeds the engine's normally-aspirated maximum torque capacity fora relatively extended period Tt of time, for example, duringextended high-speed driving, towing a trailer, Or driving up a longnill. Where the road load exceeds the engine's maximum torque fora relatively short period less than T, the traction motor (andpossibly also the starting motor) are used to provide additional
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torque, as in the '970 patent and above. According to a further
aspect of the invention, the period T is controlled in response to
the state of charge of the battery bank; when the pattery bank is
relatively depleted, the turbocharger is activated sooner than
otherwise, so as to preserve the pattery bank.

“as is well known to those of skill in the art, a turbocharger
100 (see Fig- 11) typically comprises two turbine wheels 102 and
104 on a common shaft 106, referred to herein as the exhaust-side
and air-side wheels respectively- The flow of exhaust gas from
engine 40 causes exhaust-side wheel 102 to spin; air-side wheel 104
is driven by shaft 106, drawing air into the body of turbocharger
100 through air filter 110. Waste heat in the exhaust stream isthus effectively recovered by compressing the intake air, which is
then ducted to the intake manifold 122 of engine 40. Additional
fuel can be burned in the additional air thus provided, so thatadditional torque is produced. The compressed air may be cooled
adiabatically by heat exchange with ambient air in intercooler 117
if desired, further improving thermal efficiency of engine 40.

In typical turbocharger operation, a Nwastegate" 114 is
provided to limit the exhaust pressure incident on exhaust-sidewheel 102, thus limiting the speed of air-side wheel 104 and
regulating the "boost" provided by the turbocharger. The waste
gate may be spring-loaded to open at a fixed boost pressure (astypically provided to regulate the output of turbocharged racingengines) or may be controlled in a feedback loop using the pressure
in the engine intake manifold as the control variable. See
Automotive Handbook, and_Ed., Robert Bosch GmbH (1986), P- 356.Further, in conventional practice, the turbocharger is used at all
times, and the engine's design is optimized accordingly- For

example, turbocharged gasoline engines typically have compression
ratios of 7 or 8 to 1, as compared to 9 — 11 to 1 for normally-
aspirated engines. Neither practice is employed according to thepresent invention; the turbocharger is controlled by themicroprocessor to operate only when needed, and the engine's
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compression ratio, and other design parameters, are selected basedon design criteria relevant when operated in the normally-aspirated
mode. According to the present invention, the waste gate 114 iscontrolledby the microprocessor 48; except under circumstanceswhen the extra power provided by turbocharging is needed, the wastegate 114 is open (as shown in Fig. 1). s° that the engine exhaustessentially bypasses the turbocharger 100. A valve 120, alsocontrolled by microprocessor 48, may also pe provided in the ductconnecting the air side of the turbocharger 100 and the intakemanifold 122 of the engine, So that the engine 40 araws air throughthe turbocharger only when in use; a second air filter 124 is then

also provided.Commonly, turbocharging for automotive use is employed in
order that relatively small-displacement engines will produce high
horsepower at the upper end of their operating range; the other
design parameters of such engines (e.g-, camshaft profiles) are
chosen similarly. Engines thus optimized for high-rpm horsepower
produce reduced low-speed torque, that is, are "peaky" compared tonormally-aspirated engines. A variable-ratio © transmission isessential to obtain reasonable acceleration from low speeds. stated
differently, turbocharging as usually implemented for automotive
use provides relatively high torque at the upper end of the
engine's speed range, but relatively poor torque at lower speeds;such an engine would be unsuitable in practice of the present
invention. Moreover, turbocharged engines typically suffer "turbo
lag", that is, slow response to sudden increase in terque required.As discussed further below, this particular problem is overcome by
use of the turbocharger in a hybrid vehicle according to the
invention.qhose of skill in the art will recognize that turbocharged
engines are also used in heavy-load road vehicle applications, suchas trucks and the like, but these vehicles demand transmissions
having 12, 16, OF more ratios, S° that the engine's narrow power
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peak can be matched to the load, and exhibit extremely pooracceleration, as well as excessive gear-changing and cost, all of
which would be unacceptable to the ordinary motorist. Thus,
normally-turbocharged engines, of both the low-speed truck type, orthe high-speed automotive tyPer are not satisfactory in
implementation of the present invention.As also noted above, 45 conventionally employed, 4
turbocharger is used at all times. By comparison, according to the
present invention, the turbocharger is controlled by themicroprocessor 4g to be used only ‘under specified drivingconditions, allowing the engine to be operated efficiently in other
modes.Fig. 12, as indicated above, is a diagram comparable to Fig.
6. The differing modes of operation of the hybrid vehicle
powertrain of the invention shown thereon are identical to those ofthe Figs. 3 and 4 vehicle jllustrated in Fig. 6, with the aadition
of turbocharged mode VI. Similarly, Fig- 13 is similar to Fig. 7,
put illustrates the operation of a vehicle including 4nturbocharger-on-demana" according to this aspect of the invention.

as shown in Fig- 12, according to this aspect of the present
invention, 4 further region VI is provided, wherein the
turbocharger 100 is activated by the microprocessor 48 when it
detects that the road load has exceeded the engine's maximum output
for more than a period of time T.. Typically these events will

occur when the vehicle is towing a trailer or is otherwise heavilyladen, is climbing a long hill, or is operated at high speed for 4
long period of time.More specifically, when the road load only exceeds the
engine's maximum power for 4 short time, less than T, as auringacceleration onto a highway or during passing, the traction motor
is employed to provide the additional torque required, as described
above. When the road load exceeds the engine's maximum power fora time greater than T, the turbocharger is energized by closing
waste gate 114, and operating valve 120, if provided, to open the
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duct between the air-side of turbocharger 100 and the intake
manifold 122 of engine 40. As the turbocharger "spools up" to its
operating speed range, the maximum torque produced by engine 40
increases, and the torque . produced . by traction motor. 25 is
gradually reduced. This sequence of events is discussed further
below in connection with Fig. 13.Fig. 12 also shows, by the angle of the line separating
regions V and VI with respect to the t = 0 plane, that T canvary
with the state of charge of the battery bank 22; when the battery
pank is fully charged, T is longer ~~ that is, energy from the
battery bank is used to satisfy road load in excess of the engine's

Maximum torque output for a longer period —~ than when the battery
bank is relatively less fully charged. The turbocharger can also
be operated to provide additional engine power when full
acceleration is needed, e-.g-, upon detection of the operator's
aggressively pressing the accelerator pedal down completely.

As mentioned above, Fig. 13, comprising Figs. 13(a) - (Cc), and
extending over two sheets, is a timing diagram showing the
relationship between road load, engine torque output, the state of
charge of the battery bank, and operation of the engine in
electric car, normally-aspirated and turbocharged modes as these
vary over time, during low-speed city driving, highway cruising,
and extended high-load driving, thus further illustrating the
control strategy employed according to the invention. Fig. 13 is
essentially identical to Fig. 7, with the addition of illustration
of the operation of turbocharger 100 when the road load exceeds
100% of MTO for more than a period of time T.

Thus, as shown in Fig. 13(a) at ti, to, ts, ana t,, the
microprocessor monitors the length of time t during which road load
exceeds 100% of MTO, and compares t continually to a value T
preferably varied in accordance with BSC; this is shown by the
relative lengths of the arrows marked T on Fig. 13(b).- While t <
T, as at E, F, and G in Fig. 13(a), the excess torque required by
the road load is provided by either or both of the traction and

83

BMW1052

Page 236 of 300



BMW1052 
Page 237 of 300

10

15

20

25

30

starting motors, drawing power from the battery bank. Note that
the motors together are rated to be capable of continuously
providing torque up to at least 100% of MTO, in accordance with the —
1970 patent; this allows the motors to provide adequate torque for
good vehicle performance without a variable-ratio transmission.The motors may also be overdriven to provide more than their rated
torque, well over 100% of MTO, for short periods of time, t < T, as
at F; as noted, according to an important aspect of the invention,
where torque in excess of MTO is needed for a longer period of
time, t > T, the turbocharger is activated. _

Thus, when t, 2 T, as at P, the microprocessor activates the
turbocharger essentially as discussed above, that is, by closing
waste gate i114 ana valve 120 (if provided). As the turbocharger
"spools up", which may take some seconds, and the boost jt providesincreases, aS indicated at Q, the torque provided by the traction
motor (and possibly also by the starting motor) is decreased
accordingly, as indicated at R. The operator need not be aware of
or take any action to initiate the turbocharger's activation; this
is controlled by the microprocessor in response to monitoring the
road load over time ana the state of charge of the battery bank.

As discussed in connection with both Figs. 12 and 13, T is
preferably varied in accordance with BSC, so that the turbocharger
is activated relatively sooner when Bsc is relatively low; this
limits the amount: of energy drained from the pattery during
operation of the engine and the traction motor (or both motors)
when the road load exceeds 100% of MTO, so that BSC does not fall
to an undesirably low value.

Those of skill in the art will recognize that provision of a
microprocessor-controlled turbocharger in a hybrid vehicle
according to the invention permits operation in an additional mode,
providing increased flexibility in the operational scheme provided;
essentially the turbocharger provides a larger engine only when
needed, at no cost in efficiency at other times. This is
particularly significant in meeting the goals of the hybrid vehicle
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of the invention. More specifically, in. addition to the
operational advantages noted, provision of a "tyrbocharger-on—demand" in the hybrid vehicle according to the invention allows the
engine to be smaller than otherwise, that is, to provide adequatehighway performance in a vehicle of a given weight. As thestarting motor/generator must be sized such that when it is
operated to charge the batteries (e-9-, in extended city driving)it loads the engine adequately that the engine is operated
efficiently, employment of a smaller engine allows use of a smaller
generator motor. For similar reasons, provision of a smallerengine allows it to be used to efficiently propel the vehicle inhighway driving commencing at lower average speeds, resulting in
turn in better fuel economy. BY providing the "turbocharger—on-
demand" according to the invention, all these advantages can be
realized without sacrifice in the ultimate performance of the
vehicle.As noted above, one convenient implementation of the
nturbocharger-on-demand" according to the invention is to operate
the wastegate by a solenoid or the like controlled by the
microprocessor, that is, to employ the wastegate as a bypass valve
except when turbocharged operations are desired. A separate bypassvalve might also or alternatively be provided. The wastegate is
still preferably implemented as a4 spring-loaded relief valve, as
illustrated in Fig. 11, and as generally conventional, to limit the
"poost" provided. It is also within the. invention to operate the
waste gate to take intermediate positions, that is, between fully-
open and closea positions, 5s0 as to limit the torque. to Limitwheelspin as detected, and to keep the turbocharger wheels spinning
at an intermediate speed, to reduce the time necessary to "spool
up" to full speed. It is also within the invention to adjust thewastegate responsive to an atmospheric-pressure signal provided bya suitable sensor 107 (Fig- 11) to ensure that adequate boost is
provided at higher altitudes to ensure vehicle performance.It will also be appreciated that a supercharger, that is, a
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positive-displacement air pump driven by the engine, could be used
to implement the aiffering modes of vehicle operation illustrated
in Figs. 12 and 13; for example, the supercharger 'S operation could
pe controlled by the microprocessor by driving it through an
electrically-controlled clutch, and this is accordingly within the
invention. However, this would be less efficient than turbocharger
operation, as turbocharging effectively recovers some of the waste
heat in the engine exhaust by compressing the air reaching the
iniet manifold, while supercharging consumes engine torque.
Turbocharging, aS discussed in detail, is accordingly preferred.

It will therefore be appreciated that by providing the
internal-combustion engine of a hybrid vehicle with a turbocharger
controlled by the vehicle's controller to operate only during
extended periods of high torque requirements, a number of important
advantages are realized, both as compared to a conventional system
wherein the turbocharger is continually activated, or as compared
to a large engine having the same maximum torque as the smaller
turbocharged engine. As to the latter, as explained above: all
internal combustion engines are extremely inefficient, except when
operated at near peak torque output; the larger the engine, the
less frequently this will occur. As to the former, employing a
conventionally-turbocharged engine, having the typical "peaky"
torque curve, would not allow the engine to be used to propel the.
vehicle during highway driving without a . variable-speedtransmission. Instead, by providing a nturbocharger-on-demand"
that is, which is only employed when it is actually needed, the
vehicle of the invention can employ 4 small engine optimized for
its main function of propelling the vehicle efficiently during
highway cruising, ana which is operable as a much larger engine
when needed.Other advantages provided by the invention include the fact
that as the wastegate is normally open, the exhaust temperature
will stay high, optimizing catalytic converter performance; as
conventionally implemented, cooling of the exhaust gases as their
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energy is removed in spinning the turbocharger rotor can prevent
good catalytic converter performance, especially at low speeds.
Further, because the traction motor provides additional torque when
needed, the "turbo lag" experienced in conventional turbocharged
vehicles as the turbocharger. "spools up" when the operator calls
for more power is eliminated. ‘

When constructed and operated according to the invention, that
is, as a hybrid vehicle having an internal-combustion engine with
a turbocharger controlled by the vehicle's controller to operate
only during extended periods of high torque requirements, even a
heavy vehicle having poor aerodynamic characteristics, such aS a
sport-utility vehicle or van, can offer good acceleration and hill-
climbing and towing ability, while still providing extremely good
fuel economy and extremely low emissions.

Another aspect of the invention concerns the method of sizing
the various components of the system. Examples were given above of
component selection for a vehicle not including a turbocharger
according to this aspect of the present invention. Using as a
further example a5,500 pound "sport-utility vehicle" ("SUV")
required to have reasonable acceleration and passing performance
even while towing a 6,000 pound trailer, sizing of the components
of the hybrid drive system of the present invention is preferably
accomplished as follows:

1. An internal combustion engine is ‘selected which has
sufficient torque to drive the SUV without trailer at medium to
high speed along a moderate grade. More specifically, a typical
specification will require that the engine be sufficiently powerful
to proceed up a 6% grade of unlimited extent at 50 mph. An engine
of 100 hp at 6,000 maximum RPM is appropriate to meet this
requirement for the SUV described above.

2. If a trailer is to be towed, a turbocharger, operated as
above, is added. The turbocharger is sized so that when it is
operated the engine provides up to 140 hp.

3. The charger motor is sized so as to provide an engine load
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equal to approximately 70% of the engine's maximum torque at a'
suitable engine speed. In this way fuel is used efficiently during
pattery charging, as discussed above. In the example, the charger
motor is preferably an induction motor of 15 — 30 hp capacity,
possibly configured as a "faceplate”™ or ‘“pancake" tyPe,- essentially
forming the flywheel of the engine. ‘Such a motor can be operated
as a generator requiring 20 - 22 hp, which is 70% of the maximum
torque produced by the engine specified above when operated at 1200
- 1500 rpm; battery charging can thus ‘be accomplished in a very
fuel-efficient manner. This is essentially equivalent to
specifying the starter/generator based on its ability to accept at
least about 30% of the engine's maximum torque output (MTO, as
above); in this way the engine is operated at.a fuel-efficient
power level during charging.

4. The traction motor is sized to provide adequate torque at
zero speed to overcome the maximum grade specified from rest, with
the starter motor assisting as needed. In the example the traction
motor may be an induction motor of 100 hp, with a maximum speed of
16,000 rpm, and be connected to the drive wheels through a chain
drive providing the appropriate reduction ratio. It will be
appreciated that in this example the total torque available from
the starting and traction motors combined exceeds that provided by
the engine, in accordance with an aspect of the invention of the
1970 patent.

5. The torque vs. speed profile of the traction motor is.
selected to allow city driving, in particular, to provide
acceleration sufficient to conform to the Federal urban driving
fuel mileage test ("FUDS") , without use of torque from the engine.

6. The battery capacity is then selected to provide sufficient
cycle life, i.e., so as not to be overstressed by deep discharge
over many repetitive driving cycles. In the example, an 800 Vv, 8.5
KAH battery pack is provided. The battery bank should be sized and
arranged so that the maximum current to be absorbed with the
starter/generator being driven at 30% of MTO is no more than 50
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amperes.

7. Finally, the controller is provided with software to
implement the control scheme described in detail above, that is, to
use the traction motor as.the only source of drive torque at low
speed, to start the engine when the road load increases beyond a
setpoint, to operate the turbocharger when the road load exceeds
the engine's maximum torque for more than a prescribed time T,
which may be varied in accordance with the state of charge of the
batteries, and otherwise as described above. Essentially, the
controller is operated so that the engine is only operated in a
fuel-efficient range, e.g., driving a load at least equal to 30% of
MTO.

Simulations show that vehicles configured as above will
generally be capable of 80 — 100% improvement in fuel economy with
respect to conventional vehicles of similar size, weight and
performance characteristics.

ther Improvements accordi to the Continuation-in-Part

Component Specification
In addition to the methods of sizing the components of the

powertrain and ancillary components set forth above, another method
of doing so is generally as follows. As set forth above, it is
desirable for a number of reasons to operate the system of the
invention at relatively high voltages, e.g., 800 V or above, in the
case of larger vehicles; this reduces the current flowing
throughout the system, which allows use of plug-in rather than
bolted connectors, allows use of inexpensive automatic disconnects,
and reduces resistance heating losses.

More particularly, suppose that the "average maximum" current
(e.g., defined as the maximum current flowing for more than, for
example, thirty seconds; under. most circumstances, the average
current would be much less) is controlled to be 50 A. This allows
use of inexpensive mass-produced plug-in connectors, and can be
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controlled by inexpensive mass-produced - power electronic
components, as needed to construct the inverter/charger units.
These components can be designed to conduct up to approximately 200
A for up to thirty seconds, so that full acceleration can be
provided for a time sufficient for the vehicle to reach essentially
its maximum speed; according to this aspect of the invention, the
peak current can accordingly be set at, for example, 150 A, and the
power electronics components then sized based on this value.

More particularly, it appears useful to size the components
with respect to one another, in particular, the battery bank with
respect to the traction motor(s), so that the peak current is no
more than about 150 A, and so that under peak electrical loading
(usually under acceleration) a ratio of at least 2.5 : 1 of the
battery voltage to the peak current is exceeded.

For example, suppose it is desired to implement the invention
with respect to a relatively heavy, e-g-, 6000 pound, vehicle
having target acceleration capabilities such that a 120 HP electric
traction motor, typically drawing 100 kw, will be required. The
battery bank for such a vehicle is sized to provide a nominal
voltage of 830 V (i-e., when not under load); this will drop to
approximately 650 V under load. The battery bank will thus be
required to produce 153 A (= 100 kW/650 V) during full
acceleration, and the ratio of voltage to peak current is 3.92 (=
650 V/153 A). -

In another example, of a much lighter 3000 lb vehicle, a 80
HP, 60 kW motor might be sufficient. To keep the peak current to
115 A, a battery bank of 600 V nominal, 500 V under load would be
required. The ratio is then 4.3 (= 500V/115 A).

By comparison, insofar as known to the inventors, the Toyota
"prius" hybrid car now being marketed uses a 30 kW motor, and its
battery bank provides approximately 230 V under load; the current
required is thus approximately 120 A (= 30 kw/230 V) and the ratio
between the voltage under load and the peak current is only about
2 (= 230V/120A). The motor in the Prius is incapable of providing
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adequate acceleration without assistance; this in turn requires

that an internal combustion engine (ICE) be provided, and be

connected to the wheels by way of a variable-ratio plantary

gearset. Operation of the ICE in the Prius is thus constrained by

the vehicle's torque requirements, which unacceptably complicates

its operation and renders it incapable of maximally efficient

operation.

Applicants assert, therefore, that according to the invention
the components of the hybrid vehicles of the invention are to be
sized so that the ratio between battery voltage under load to peak
current is at least about 2.5, and preferably is at least 3.5 to 4

: 1; this allows adequate acceleration from low speeds without use

of torque from the ICE, which in turn allows elimination of any

multiple-speed or variable-ratio transmission, and allows the ICE
to be declutched from the wheels except when the ICE can be

employed efficiently to propel the vehicle (or the ICE is being
motored during deceleration or coast-down, as above). In turn this

requirement leads to operation at higher voltages than typical, to
keep both average maximum and peak currents low, which provides the
very significant advantages mentioned above.

e- smiss

As mentioned above, in some embodiments of the invention as
disclosed by the present continuation-in-part application, a two-
speed transmission may be provided to broaden the range of utility
of the vehicle. An exemplary hybrid vehicle powertrain providing
this and further additional features is shown in Fig. 14; where not
otherwise described, this embodiment of the invention includes
features in common with those discussed above in connnection with
the '970 patent and the '817 and '743 applications.

More specifically, according to one embodiment of this aspect
of the invention of the present continuation-in-part application,
the range of efficient use of the hybrid vehicle of the invention

zy

BMW1052

Page 244 of 300



BMW1052 
Page 245 of 300

10

15

20

25

30

is further broadened by providing a two-speed "range shifting"

transmission, akin to those presently provided on SUVs and the like
to allow shifting into a "low range", so that when the load is

expected to be heavy for extended period of time, for example, when
a heavy trailer is to be towed, the transmission can be operated to
select the low range. As indicated, such a transmission would
normally only be operated once per trip, and is accordingly not

equivalent to a conventional multiple-speed transmission which is
operated to provide a sequence of effective overall gear ratios
each time the vehicle is accelerated, as suggested in numerous

prior art references dealing with hybrid vehicles. However, in
another embodiment, the two-speed transmission thus provided could
be operated conventionally, i.e., shifted automatically during
acceleration, or in "kick~-down" mode responsive to the operator's
demand for acceleration.

In one implementation of this aspect of the invention, as
shown in Fig. 14, a planetary gearbox 33 is disposed between the
output shafts from the. traction motor 25 and the combination of
engine 40 and starting motor 21. Gearbox 33 may be controlled
directly by the operator, as conventional, or by the microprocessor
48, in response to an operator command or responsive to sensing
that the road load has exceeded some predetermined value, e.g. 125%
of MTO, for an extended time, e.g. several minutes, or
conventionally, i.e., shifted under ordinary acceleration.
Typically the gearbox 33 will be locked, providing a direct drive,
under ordinary circumstances; when a lower ratio is needed, for
example, when towing a heavy trailer, ‘the gearbox 33 may be
controlled to yield a reduction of 0.5 - 0.8 : 1.

Fig. 14 also shows a second traction motor 222 driving. a
second set of road wheels 210 through a second differential 211.
This is a convenient way of providing a "four-wheel drive" hybrid

which avoids the fore-and-aft driveshaft and third
-wheel drive vehicles. In

vehicle,

differential needed by conventional four
this embodiment, road wheels 210 are configured as the steering
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wheels of the vehicle; accordingly halfshaft assemblies 212

incorporating universal joints are employed allowing wheels 210 to
pivot, as illustrated. Traction motor 222 is connected to battery
bank ("BB" in Figs. 14 and 15) via a further inverter/charger 224,

controlled by microprocessor 48 essentially similarly to traction
motor 25. As noted above, a DC-to-DC converter 223 may be provided
to allow the vehicle of the invention to be connected to vehicles
having conventional 12. volt electrical systems for emergency
starting purposes, and to provide 12 vpc for operation of
conventional accessories. ,

Provision of separate traction motors 222 and 25 with respect
to the corresponding pairs of road wheels 210 and 34 has several
advantages with respect to conventional vehicles; as noted above,
the fore-and-aft driveshaft and third differential normally

required are eliminated, freeing substantial space normally
required by these components. Further, "traction control" -- that
is, control of the amount of torque directed to each pair of wheels
responsive to the traction conditions, which is useful in driving
in snow or mud, or on wet or icy pavement -- is conveniently
accomplished by the microprocessor, simply by monitoring the
wheels' response to given amounts of current and reducing the
current to spinning wheels.

As shown by Fig. 14, vehicles according to the invention
provided with two traction motors and having a planetary gearbox 33
between one traction motor and its corresponding road wheels may
have a similar gearbox 213 between the second traction motor 222
and its wheels; however, this second gearbox 213 is not expected to
be commonly required. Similarly, second traction motor 222 can be
configured as a high-RPM unit, with its output shaft connected to
the road wheels’ through reduction gears 214. In this
implementation starter motor/generator 21 is also shown connected
to the road wheels through a reduction device 34, illustrated as a
chain drive; as indicated above, providing a mechanical reduction
between the various motors 21, 25, and 222 and the respective road
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35

wheels is desirable in order that the motors can be selected and
optimized to operate at higher speeds than engine 40.

Another possibility not shown specifically by Fig. 14, but
within the scope of the invention, is to provide a "torque
converter" of essentially conventional design, preferably fitted
with a "lock-up" clutch, between the traction motor(s) and the
corresponding wheels. As is well known, torque converters are
commonly employed as part of automatic transmissions for passenger
cars; the torque converter multiplies the input torque at low
speeds. Such a torque converter would provide increased
acceleration from rest. However, a similar effect can be obtained
more simply by overdriving the traction motor(s) beyond their rated
power for the first few seconds of acceleration.

Braking System

Numerous patents, including the '970 patent discussed above,
recognize that one advantage of hybrid vehicles is that by
appropriate control of electric motor/generators connected to the
road wheels, a substantial fraction of the energy lost by
conventional vehicles to friction can be recovered through
regenerative braking, that is, by converting the vehicle's kinetic
energy to stored battery power by using torque available at the
road wheels to drive the motor(s) in generator mode, and storing
the resulting electrical energy in the battery bank for use later.
It is commonly estimated that most of the energy expended in
accelerating the vehicle in city driving can be recovered in this
way, since irrecoverable losses due to air resistance and rolling
resistance contribute relatively little to the vehicle's energy
demands at low speeds; by comparison, less of the energy expended
to drive the vehicle at highway speeds can thus be recovered,
although regenerative braking is nonetheless desirable.

More particularly, it is known to operate the motor/generator
and cooperating inverter/charger electronics of hybrid vehicles so
that electrical power is generated and stored in the battery bank
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when the operator desires to slow the vehicle. Accordingly
"regenerative braking" per se is known. It is generally also
apparent to those of skill in the art that a conventional
mechanical braking system must also be provided, both for safety in
the event of a-failure in the regenerative braking system and to
provide braking in the event the battery bank is fully charged;
that is, it is important to avoid overcharging the battery bank in
order to maximize its useful life. See Boll U.S. patent 5,788,597
and Frank U.S. patent 5,842,534. Similarly, mechanical braking is
also needed when regenerative braking is not possible, e.g., ata
stop. However, the art known to the inventors does not address all
the concerns relevant to provision of a braking system of a hybrid
vehicle, and to do so is another object of the present invention.
See, e.g., Mikami et al patent 5,839,533, which suggests employment
of engine braking (i.e., retardation of the vehicle using torque
due to compression of air in the engine, and friction therein) as
well as regenerative braking. The choice between the two is
apparently to be made by the operator, at least in part responsive
to the battery's state of charge. This would be far too complex
for general acceptance.

The disclosure of the Boll patent itself is directed to
optimizing the use of regenerative, engine, and mechanical braking.
Boll also recognizes the desirability of maintaining a consistent
brake pedal "feel" in the various brake modes.

German patent application DT 19 05 641 B2 to Strifler
discloses a combined regenerative and mechanical braking system for
an electric vehicle, wherein regenerative braking is effected upon
the operator's first operating a brake lever, and mechanical
braking is further effected upon reaching the maximum regenerative
braking effect. If the battery cannot accept further charge, the
mechanical braking is triggered relatively earlier, so that the
operator experiences substantially the same pedal "feel" regardless
whether regenerative or mechanical braking is being implemented.

The present invention also recognizes that providing proper
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brake "feel" to the operator is important .to provision of a
satisfactory vehicle, but differs substantially from the teachings
of the art, and the Boll and Strifler references in particular, in
the type of pedal feel preferred.

More particularly, it will be appreciated that typical vehicle
mechanical brake systems provide a relatively linear relationship
between the force exerted on the brake pedal and the retarding
force exerted on the wheels by the brakes. It is essential that
this relatively linear relationship be provided by the brake system
of any hybrid vehicle, so that the operator can smoothly and
controllably brake the vehicle as desired.

Providing a relatively linear relationship between the force
exerted on the brake pedal and the retarding force exerted on the
tires by the brakes is substantially straightforward in the case of
conventional mechanical braking systems. It is much more
complicated in the case of a brake system incorporating
regenerative braking as described above, since such a system must
provide a linear relationship between the force exerted on the
brake pedal and the retarding force exerted on the tires by the
brakes and motor/generator(s) under all circumstances. The problem
is particularly complicated during transitions from one braking
regime to another. For example, if regenerative braking is used to
commence deceleration but hydraulic braking must take over, ©@-g-,
if the battery bank's state of charge becomes full during a long
descent, or if a leisurely stop suddenly becomes abrupt, the
braking regime must change smoothly and controllably. . Regenerative
braking is also not available when the vehicle is moving very
slowly or is at rest, and mechanical brakes must be available under
these circumstances.

In addition to maintenance of the linear relationship, it is
deemed preferable by the present inventors that the operator be
made aware by a change in the "feel" of the brake pedal that
regenerative braking jis not available, typically due to the battery
bank's state of charge becoming full. As noted, this is contrary to

96

BMW1052

Page 249 of 300



BMW1052 
Page 250 of 300

10

15

20

25

30

the teachings of the Boll patent and the Strifler German
application. More specifically, it is considered desirable by the
inventors that the brake pedal resist depression by the operator
to a degree proportional to the amount of regenerative braking
actually being effected at all times.

Finally, it will be appreciated that the engine manifold
vacuum as conventionally used to produce "power braking", i.e.,
servo assistance, is not available to a hybrid vehicle if the
engine is not running; some other source of power for servo
assistance is required in order that brake effort is not
unacceptably high. .

Fig. 15 shows schematically the principal components of a
brake system for a hybrid vehicle that addresses the concerns
above. Where common reference numerals are employed, the
components are common with those shown in other Figures, while
components not important to understanding of the braking system are
omitted for simplicity. Thus, Fig. 15 shows traction motors 222
and 25 connected directly to the respective road wheels 210 and 34
respectively, omitting the other components discussed above. (in
vehicles where a single traction motor drives a single pair of
wheels, the improvements described herein would be provided as to
these, while a four-wheel hydraulic braking system would also be
provided. ) As also discussed above, motors 222 and 25 are
connected to battery bank 22 through respective inverter/chargers
224 and 27. Inverter/chargers 224 and 27 are controlled by
microprocessor 48 to operate so that the motors can draw power from
battery bank 22 and impart torque to the respective wheels to
propel the vehicle in the appropriate modes of vehicle operation;
during regenerative braking, inverter/chargers 224 and 27 are
controlled so that the motors absorb torque from the wheels,
slowing the vehicle, and storing the power thus generated in the
battery bank 22.

Control of the inverter/chargers and motors to absorb a
desired amount of torque from the wheels in response to a braking
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command from microprocessor 48 is considered to be within the skill
of the art. The command itself may be determined by microprocessor
48 responsive to the degree to which brake pedal 70 is depressed,
as measured by a potentiometer or similar device, indicated at 71.
However, according to the invention, as above, a device is provided
which varies the "feel" of the pedal (essentially its resistance to
being depressed by the driver) responsive to the degree
regenerative braking is in fact being implemented, thereby
providing tactile feedback to the driver enabling smooth
deceleration and, when appropriate, also providing an indication
that regenerative braking is not available.

In the implementation of the invention shown, controllable
resistance to the movement of brake pedal 70 is provided by
connecting it to a microprocessor-controlled pneumatic cylinder
assembly 230. A piston 232 fitting within a pneumatic cylinder 238
is a@riven by a connecting rod 234 attached to pedal 70 by a clevis
236. As the pedal is depressed, moving from right to left in Fig.
15, i-e., from the position shown in full to that shown in dotted
lines, piston 232 expels air from the interior of cylinder 238 via
vent 240. The rate at which air is expelled in response to any
given pedal pressure is controlled by the spacing of a needle valve
242 from a seat 244; the needle valve 242 is moved closer to its
seat 244 to increase the resistance to airflow, or moved away from
seat 244 to reduce the resistance. The spacing is controlled by
microprocessor 48 in order to vary the feel of the brake pedal 70;
in the implementation shown, the needle valve 242 is threaded into
the body in which valve seat 244 is formed, and the spacing is
controlled by the microprocessor 48 by commands sent to a motor 248
rotating the needle valve 242 through a pair of gears 250. A spring
252 may be provided to return the pedal to its initial position.
Thus, for example, if regenerative braking is not available, needle.
valve 242 is opened, so that the cylinder provides little
resistance to the pedal, effectively informing the driver that only
hydraulic braking is available. When regenerative braking is
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initiated, responsive to the microprocessor's. detecting a signal
from potentiometer 71, the needle valve is closed responsive to the
degree of braking provided, resisting motion of the pedal 70, and

‘so that the pedal feel provided to the operator is responsive to
the degree of regenerative braking actually being effected.
Obviously, numerous other arrangements to thus controllably vary
the feel of the brake pedal will occur to those of skill in the
art. ;

The mechanical design of the hydraulic braking system of the
hybrid vehicle according to the ‘invention is generally
conventional, with two principal exceptions as follows: First, as
the engine is not always running during movement of the hybrid
vehicle, there is no consistent source of manifold vacuum as
conventionally employed to provide servo assistance to braking.
Therefore, a motor 254 powered directly by the battery bank BB is
provided, and drives a vacuum pump 256, providing vacuum to a
conventional servo booster 258, in turn operating conventional
wheel brakes 260. The same motor 254 can be used to power other
"Nancillary" systems that in conventional vehicles are powered by
the engine, such as the power steering pump and the air
conditioning compressor. (The art does recognize that hybrid
vehicles require different sources of power for ancillary devices,
such as power steering pumps or power brake pumps. See Heidl
patent 5,249,637, at col. 1, lines 7 - 45.) Second, in order that
the initial movement of the brake pedal 70 activates only the

regenerative braking process (in order to obtain the maximum
benefit therefrom), a mechanism is provided so that the rod 262
actuating the piston within master cylinder 264 and thence the
wheel brakes 260 moves a distance X before the master cylinder
itself is actuated. In the implementation shown, this mechanism

simply involves provision of a cross-pin 266 fixed to rod 262 and
sliding within a slot 268 formed in the piston rod 270 of master
cylinder 264; accordingly, the master cylinder piston(s) do not
begin to move until the cross-pin 266 reaches the left end of slot
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268. If the overall pedal travel Y is six inches, the distance X
defined by slot 268 may be such as to allow pedal 70 to move freely
through 1-1/2 inches before the piston(s) of the master cylinder
264 begins to move.

Thus, according to this aspect of the invention, potentiometer
71 provides a signal to the microprocessor 48 when the brake pedal
70 is depressed by the @river. The microprocessor 48 evaluates the
battery bank state of charge (soc) as indicated at 66; unless this
is such that further charging is undesirable, the inverter/chargers
224 and 27 are operated such that motors 222 and 25 are operated as
generators, so that torque provided to the wheels by the road is
converted into electrical power, retarding the vehicle and charging
the battery bank. The degree of retardation thus provided depends
on the degree to which pedal 70 is depressed. The driver feels
resistance to depressing the pedal from air resistance controlled
by the opening of needle valve 242; microprocessor 48 controls the
opening of valve 242 so that the pedal feel corresponds to the
degree of regenerative braking that is provided. In the event
regenerative braking is not available for some reason, perhaps
because the battery bank is fully charged, because of some flaw in
the charging circuits, or because the vehicle is stopped, valve 242
is opened, so that the driver feels little resistance to initial
pedal travel, until the hydraulic brake system is activated.

It will .be apparent that other types of devices for
controlling the resistance to pedal travel to correspond to the
amount of regenerative braking being provided, and thus to provide
the desired linear relationship between pedal resistance and
vehicle retardation, could be substituted for the pneumatic
cylinder with microprocessor-controlled vent device shown. For
example, a device controllably varying the friction between the
pedal pivot and its mounting structure could be provided; a
hydraulic system, similarly controlling the resistance to fiow of
a fluia through an orifice, might be provided; or a device varying
the preload of a return spring might be provided. other equivalent
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devices for achieving the same goals will occur to those of skill
in the art.

HVACSystem
The essential components of the heating, ventilation and air

conditioning (HVAC) systems of conventional vehicles are a heater
core, connected to the engine cooling system, an air conditioning
system including an evaporator, ‘and a fan to blow air over the
heater core and evaporator and into the passenger cabin. There are
several issues to he addressed in adapting the conventional
automotive HVAC system to use in a hybrid vehicle. one is that
conventionally the air conditioning compressor is driven by the
engine through an electrically-controlled clutch; in a hybrid
vehicle this is unacceptable, as the engine is not run constantly.
Therefore the air conditioning compressor must be powered
differently. Similarly, again as the engine is not run constantly,
the heater core cannot be relied upon to heat the cabin.

The art does recognize that hybrid vehicles require different
sources of power for ancillary devices, such as power steering
pumps or power brake pumps. See Heidl patent 5,249,637, at col. 1,
lines 7 - 45. Heidl's disclosure is to the effect that a
motor/generator used to drive the ancillaries during electric
operation can be used as a generator when the vehicle is propelled
by an internal combustion engine.

Fig. 16 shows the principal components of an HVAC system for
a hybrid vehicle according to the invention. The complex ducting
that is typically provided to supply conditioned air throughout the
vehicle cabin is represented by a single duct 300. A fan 302
forces air through the duct 300, and in succession past an
evaporator 304, a heater core 306, and an electric heater 308. The
evaporator 304 is connected to an air conditioning compressor 310
driven by an electric motor 312 powered from the battery bank, so
that the air conditioning system can be operated independent of the
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engine 40.
Motor 312 could be the same motor used to power other

ancillaries, such as the vacuum pump 256 (Fig. 15) used to provide
servo assistance to the brake system, or could be a separate motor
dedicated to powering the compressor 310. The latter may be
preferred, as this would allow elimination of the clutch otherwise
needed to permit operation of the compressor only when needed;
elimination of the clutch would also allow elimination of seals
that are a source of leaks. Another advantage of driving the
compressor from the battery bank according to the invention is as
follows. Conventionally, in order to he useful under all
circumstances, the compressor must be sized to provide full cooling
with the engine at idle. Such a compressor is very inefficient at
higher speeds; by decoupling the compressor from the vehicle
drivetrain according to the invention, it can be designed to be
driven by motor 312 ata single optimally efficient speed. Cabin
temperature can he thermostatically controlled by a throttling
valve controlling the flow of refrigerant, or by turning motor 312
on and off as required. The other components of the air
conditioning system, including an expansion valve 314 and a
condenser 316, are ‘shown schematically, and are generally
conventional.

When the engine is running, it is efficient to employ waste
heat from the engine cooling system to provide cabin heat, and
accordingly an essentially conventional heater core 306 and control
elements (not shown) are provided; heater core 306 is downstream of
the evaporator 304 with respect to the flow of air through duct
300, as conventional, so that dehumidified air can be heated to
provide efficient demisting.

In order to provide heat as may be required when the engine
is not running, an electric heating element 308, essentially
comprising a coil of Nichrome wire or the like, is provided, again
downstream of the evaporator 304. Heating element 308 is provided
with conventional controls (not shown) and is powered directly from
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It will be appreciated that according to this aspect of the

invention, suitably heated or cooled cabin air is thus available
regardless of the mode of operation of the vehicle, as needed in
order that the hybrid vehicle of the invention suffers no comfort
or convenience. drawback with respect to conventional vehicles.
Indeed, because ample electrical power is available from the large
battery bank of the hybrid vehicle, electric heater 308 can be
designed to heat the cabin much more rapidly than does the coolant
heat exchanging core of a conventional engine, thus providing a
convenience advantage. Similarly, conductors can be embeddedin

-the vehicle windows and windshield and powered by the battery bank
for improved electrically-operated de-misting and de-icing.

It will be appreciated that the hybrid vehicle and operational
strategy therefor of the invention provide numerous advantages over
the prior art discussed herein, and that further improvements and
modifications thereto are within the skill of the art. Accordingly,
while a preferred embodiment of the invention has been disclosed,
and various alternatives mentioned specifically, the invention is
not to be limited thereby.
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1. In a method of controlling an internal combustion engine
of a hybrid vehicle, said engine being operatively connected to
drive wheels of said vehicle through a clutch, said vehicle further
comprising a traction motor operatively connected to drive wheels
of said vehicle, a starter/generator motor operatively connected to

-saia engine for starting said engine and for providing electrical
power in response to torque from said engine, 4 battery bank
adapted to store electrical energy to power saia traction motor and
to start said engine, at least one ‘inverter/charger adapted to
cooperate with saia traction motor and said starter/generator such
that said traction motor can be operated to provide torque to said
road wheels responsive to electrical power from said battery bank,
or to provide electrical power to said battery bank responsive to
torque from said road wheels, and such that said starter /generator
can be operated to provide torque to start said engine, or to
provide electrical: power to said battery bank responsive to torque
provided by said engine, anda microprocessor adapted to control
operation of said engine, said traction motor, said
starter/generator, and said at least one inverter/charger, So as to
control flow of torque and electrical power therebetween in
response to sensed parameters, the improvenent comprising:

establishing at least four vehicle operating modes, including:
a mode I, wherein said engine is not operated and said vehicle

is propelled by torque from said traction motor in response to
electrical power drawn from said battery bank;

- a mode II, wherein said vehicle is propelled by torque from
saia traction motor in response to electrical power drawn from said
battery bank, and said starter/generator is driven by torque
provided by said engine to provide electrical power to recharge
said battery bank;

a mode III, wherein said vehicle is propelled by torque from
said engine;a mode IV, wherein said vehicle is propelled by torque from
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said engine and from said traction motor in response to electrical
power drawn from said battery bank;

wherein said microprocessor controls operation of said engine,
said traction motor, said starter/generator, and said at least one
inverter/charger in response to. the instantaneous torque demands
(RL) of said vehicle, and such that said engine is operated only in
response to a load equal at least to a predetermined minimum value
of its maximum torque output.

2. The method of claim 1, wherein said starter/generator is
sized with respect to said engine such that said starter/generator
is capable of being driven by said engine in said mode II while
said engine produces at least about 30% of its maximum torque
output.

3. The method of claim 2, wherein said battery bank is sized
‘such that the charging current supplied by said starter/generator
in response to torque from said engine while producing at least
about 30% of its maximum torque output is no more than about 50
amperes.

4. The method of claim 1, wherein said microprocessor controls
operation of said vehicle such that said mode III is entered only
when RL is at least equal to a predetermined fraction of the
engine's maximum torque output (MTO) .

5. The method of claim 4, wherein mode III is entered only
when RL is substantially equal to at least 30% of MTO.

6. The method of claim 5, wherein said vehicle is operated in
mode III while 30% < RL < 100% of MTO.

7. The method of claim 1, wherein mode IV is entered only when
RL > 100% of MTO.
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8. The method of claim 1, wherein said vehicle further
comprises a turbocharger adapted to be controlled by said
microprocessor SO as to increase the torque outputof said. engine
from its maximum value while normally aspirated (MTO), and wherein
a further vehicle operating mode V is established, wherein said
turbocharger is controlled to operate when RL is greater than MTO
for more than a given period of time T.

9. The method of claim 8, wherein if said vehicle is in said
mode IV, with RL between 30 and 100% of MTO, and if RL then exceeds
100% of MTO, torque required in excess of 100% of MTO is initially
provided by said traction motor, and if RL continues to exceed 100%

- of MTO for more than a given period of time T, said turbocharger is
activated by said microprocessor such that said engine produces
torque in excess of 100% of MTO.

10. A brake system for a hybrid vehicle, said vehicle
comprising a drive train including an internal combustion engine
operated to provide vehicle propulsive torque only during
predetermined modes of operation of said vehicle and at least one
traction motor and corresponding inverter/charger adapted to
provide vehicle propulsive torque during predetermined modes of
operation of said vehicle and to provide electrical energy
responsive to torque from wheels of said vehicle during a
regenerative braking mode of operation of said vehicle, a battery
bank adapted to provideelectrical energy to said motor as required
and to accept charging energy from said motor when operated as a
generator during said regenerative braking mode of operation of
said vehicle, and a microprocessor for controlling the mode of
operation of said vehicle, said brake system comprising:

a brake pedal adapted to be operated by a driver of said.
vehicle, |

a hydraulic brake system coupled to said brake pedal and
comprising at least one master cylinder and a number of wheel
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brakes operatively connected to said master cylinder for retarding
said vehicle upon actuation of said pedal,

a sensor for providing a signal to said microprocessor
responsive to motion of said brake pedal,

a sensor for providing a signal to said microprocessor
responsive to the state of charge of said battery bank,

a device controllable by said microprocessor to vary the
resistance to motion of said pedal during braking responsive to the
amount of regenerative braking being provided,

wherein said microprocessor controls the amount of
regenerative braking provided upon motion of said pedal responsive
to the state of charge of said battery bank, and controls the
resistance to motion of said pedal during braking responsive to the
amount of regenerative braking being provided.

11. The brake system of claim10, wherein said device
controllable by said microprocessor to vary the resistance to
motion of said pedal during braking responsive to the amount of
regenerative braking being provided comprises a pneumatic cylinder
having a piston sliding therein, said piston being operated by said
brake pedal, and comprising a vent passage including an orifice
controllable by said microprocessor to control the resistance to
motion of said pedal.

12. The brake system of claim 10, wherein said at least one

master cylinder is coupled to said brake pedal by an actuating rod
arranged so that said pedal can be moved through a predetermined
distance before said master cylinder begins to apply pressure to
said wheel brakes.

13. The brake system of claim 10, wherein said hydraulic
brake system comprises a servo actuator and a vacuum pump driven by

-a motor responsive to electrical power supplied from said battery
bank.
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14. A heating, ventilation, and air conditioning (HVAC)
system for a hybrid vehicle, said vehicle comprising a drive train
including an internal combustion engine run only during
predetermined modes of operation of said vehicle and at least one
traction motor adapted to provide vehicle propulsive torque during

‘predetermined modes of operation of said vehicle, a battery bank
adapted to provide electrical energy to said motor as required,
said HVAC system comprising:

-a duct having a fan disposed therein for forcing air along
said duct;

an evaporator in said duct; .
an air conditioning compressor connected to said evaporator,

and driven by an electric motor powered by said battery bank;
a heater core in said duct and connected to a cooling system

of said engine; and
an electrical- heating element in said duct and connected to

said battery bank.

15. The HVAC system of claim 14, wherein said evaporator is
disposed in said duct upstream of said heater core and said
electrical heating element with respect to the direction of air
flow through said duct.

16. A method for determining the relative sizes of the
internal combustion engine, starting/charging and traction
motors, and battery bank of a hybrid vehicle comprising said
components, said method comprising the steps of:

a. selecting an internal combustion engine having
sufficient torque to drive the vehicle without trailer at medium
to high speed along a moderate grade;

b. sizing the starting/charging motor to provide an
engine load during battery charging equal to at least
approximately 30% of the engine's maximum torque output;

c. sizing the traction motor to provide adequate torque
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at zero speed to overcome the maximum grade specified from rest,
with the starter motor assisting as needed;

da. determining the maximum power drawn by the selected
motor under full power conditions;

e. calculating the battery voltage under load that will
be required to provide the power to be drawn by the motor (S)
under full power conditions, ana so that the ratio of the battery
voltage under load to the peak current drawn by the motor(s) is
at least 2.5:1, and

f£. selecting the battery bank to provide the calculated
voltage under peak load conditions.
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ABSTRACT OF THE DISCLOSURE

A hybrid vehicle comprises an internal combustion engine, a
traction motor, a starter motor, and a battery pank, all controlled
by a microprocessor in accordance with the vehicle's instantaneous
torque demands so that the engine is run onlyunder conditions of
high efficiency, typically only when the load is at least equal to
30% of the engine's maximum torque output. In some embodiments, a
turbocharger may be provided, activatedonly when the load exceeds
the engine's maximum torque output for an extended period; a two-
speed transmission may further be provided, to further broaden the
vehicle's load range. A hybrid brake system provides regenerative
braking, with mechanical braking available in the event the battery
bank is fully charged, in emergencies, or at rest; a control
mechanism is provided to control the brake system to provide linear
brake feel under varying circumstances.
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Best Available Copy

| ON
DECLARATION AND POWER: OF ATTORNEY FOR PATENT APPLICATL

as a below named jnventor, J hereby declare that:2 2 . - ted

My residence, post office address and citizenship are as |sta
next to my name. first and sole inventor (if jonly onefirst and joint in entorI believe I am the original, which isname is Listed below) or an original,(if plural names are listed below) of the subject matterclaimed and for whicha patent is sought on the jnventio
entitled:
Hybrid Vehicles,the specification of which ©igs attached hereto . val_X_ was filed on “April2,2001_ now assigned Applicati n SeriaNo . 09/822, 866 and was amended on (if
applicable).I hereby state that I have reviewed and understand the conten. ofthe above identified application, including the specific tion andclaims, as amended by any amendment referred to above.

is ma erial to
I acknowledge the duty to disclose information which itle 37,

the examination of this application in accordance with
Code of Federal Regulations, § 1.56(a).
I hereby claim foreign priority benefits under Title 35), UnitedStates Code, § 119, of the international application for patent orinventor's certificate listed below and have also Cjentified belowany foreign application for patent or inventor's certificate havinga filing date before that of the application on which priority is
claimed: NONE

 
Prior International Application (s) priority_° Claime

eoFilled) __(Number) (Country) (Day/Month/Yr. Filed) Yes No
I hereby claim the penefit under Title 35, United States Code, §120 of any United States application Listed. below and, imsofar asthe subject matter of each of the claims of this application is notdisclosed in the prior United States application in the mannerprovided by the first paragraph of Title 35, United States Code, §112, I acknowledge the duty to disclose material information asdefined in Title 37, Code of Federal Regulations, § 1.56((a) which
occurred between the filing date of the prior applicatio and thenational or PCT international filing date of this application:

 09/264, 817 3/9/99 . Issued (6,209, 67 )
60/100, 095 9/14/98 Converted
09/392,743 9/9/99 Pending
60/122, 296 ‘3/1/99 ‘Converted(Application SN) (Filing Date) Status (patented, pendingabandoned, converted)
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I hereby ap int the.
tion and transact all

ected therewith:POWER OF ATTORNEY: As a named inventor,is applicai hifollowing attorney to prosecute tbusiness in the Patent and Trademark office conn
Michael de Angeli, Reg- No. 27,869

Michael de Angeli
1901 Research Blvd.
Suite 330
Rockville, MD 20850

Send correspondence to;

pirect Telephone Calls to: (30) 217-9585,
t hereby declare that all statements made herein 0 my owntrue and that all statements made on information and
knowledge arebelief are believed to be true; and further that these s atementswere made with the knowledge that willful false statement and thelike so made are punishable by fine or imprisonment, OF both, under§ 1001 of Title 18 of the United States Code and that such willfulfalse statements may jeopardize the validity of the appli ation or
any patent issued thereon. :
Full name of sole or first joint inventor: Alex J. Severinsky

 

 

 

Inventor's, Signature ty 7 { Date C3
Residence: Washington,DC Citizenship: up
Post Office Address: 4707 Foxhall Crescent, Washinaton| DC
20007

Full name of second joint, inventor, if any: Theodore LouckesInventor's signaturebead, A *t nabec Date S/2\Zou
Residence: Holly, MI | Citizenship: bs
Post Office Address: 10398 Appomatox, Holly, MI, 48442
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PATENT APPLICATION SERIAL NO.

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE

FEE RECORD SHEET

16/83/eb1¢ CHGUYENE B66BBHS7 13573728
BL FCs1811 398.88 OP

G2 FCshiii 628.88 OF
43 FCst3il . 258.88 OP
64 FC:i@36 468.66 OP
45 FL21831 328.68 OP

PTO-1556

5/87)

*U.S. Government Printing Office: 2002- 489-267/69033
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