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ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

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

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

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

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

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 USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is 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 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

15 to require a substantial fraction e.g., 30% of its maximum torque
output. That is, the engine is pever run at less than 30% of
maximum torque output ("MTO"). As discussed in the '970 patent and
the '817 application, this can be acéomplished by sizing the engine
so that it can efficiently propel the vehicle unassisted at highway

Ch%$hwi?eeds; if additionél torque is required for passing or hill-

todocument, Climbing, the traction motor is operated. Application Ser. No.

fgiﬁ;} i further adds the idea of providing a turbocharger,
controlled by the microprocessor only to operate when torgue 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.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
13/573,728 10/05/2012 3668 2530 PAICE201. DIV. 12 16 4
CONFIRMATION NO. 9367
Michael de Angeli CORRECTED FILING RECEIPT
34 Court Street
Jamestown, RI 02835 R AT

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 must include 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 on this Filing Receipt, please
submit a written request for 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 corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

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

Power of 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
which is a DIV of 11/429,458 05/08/2006 PAT 7520353
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 which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.
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If Required, Foreign Filing License Granted: 11/01/2012

The country code and number of your priority application, to be used for 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 AlA (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 the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

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

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

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

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

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

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

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

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

NOT GRANTED

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

SelectUSA

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

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
13/573,728 10/05/2012 3668 2530 PAICE201. DIV. 12 16 4
CONFIRMATION NO. 9367
Michael de Angeli CORRECTED FILING RECEIPT
34 Court Street
Jamestown, RI 02835 RO AR

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 must include 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 on this Filing Receipt, please
submit a written request for 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 corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Alex J. Severinsky, Washington, DC;
Theodore Louckes, Holly, MI;
Applicant(s)
Alex J. Severinsky, Washington, DC;
Theodore Louckes, Holly, MI;
Assignment For Published Patent Application
PAICE LLC, Windsor Locks, CT

Power of 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
which is a DIV of 11/429,458 05/08/2006 PAT 7520353
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 which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.
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If Required, Foreign Filing License Granted: 11/01/2012

The country code and number of your priority application, to be used for 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 AlA (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 the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

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

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

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

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

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

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

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

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

NOT GRANTED

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

SelectUSA

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

Commissioner for Patents

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

Alexandria, VA 22313-1450
www.uspto.gov

. Application No. : 13573728
D 4 /1p . «
y\ G)p)( a Applicant : Severinsky
WB Filing Date : 10/05/2012
Datc Mailed : 11/12/2013

Y

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Notice of Allowance Mailed

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

Applicant is given 1 month from the mail date of this Notice, or the time remaining from the
Notice of Allowance and Fee(s) Due, whichever is 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 of this notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissioner for 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 SEPTEMBER 16, 2012 AND BEFORE MARCH 16, 2013,
NOT IN COMPLIANCE WITH 37 CFR 1.78

[:l The 37 CFR 1.78(a)2) reference on the application data shect does not indicate the relationsh@p (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 appl@cation _number
(series code and serial number) or, with respect to an international PCT application designating the US., it provides the
international application number or international filing date but not both. See document coded dated, in which the following is
missing;: .

b

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. 11/459.458 is 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 US. 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: .

U oot O

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 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 document identified 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)i) or 37 CFR 1.78(aX6)(i)). Such amendments to the specification or
supplemental ADS submission may be filed after payment of 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.
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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, no persons are required to respond to a collection of information unless it contains a valid OMB control number,

o Attorney Docket Number | PAICE201.DIV.12 / ~ ’“"'\?7
Application Data Sheet 37 CFR 1.76 — A
Application Number 13/573,728 { Ny 25 Pl
©
. , . - /
Title of Invention | Hybrid Vehicles 2 «
4?4?»\ A&L\()/

L/, A
The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains-(HE "]
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 paper filed application.

Secrecy Order 37 CFR 5.2

N Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name -

Prefix| Given Name Middle Name Family Name - Suffix
Alex J. Severinsky

Residence Information (Select One) (® US Residency (O NonUS Residency. (O Active US Military Service

City | Washington State/Province | DC | Country of Residencd | US

Mailing Address of Inventor:

Address 1 4704 Foxhall Crescent

Address 2

City | Washington | State/Province DC

Postal Code 20007 I Countryi I us

Inventor 2

Legal Name

Prefix, Given Name Middle Name Family Name Suffix
Theodore Louckes

Residence Information (Select One) (@) US Residency (O Non US Residency () Active US Military Service

City | n/a(deceased) State/Province Country of Residencd

Mailing Address of Inventor:

Address 1

Address 2

City I I State/Province
Postal Code | | Country i

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

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.

For further information see 37 CFR 1.33(a).
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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 1895, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | PAICE201.DIV.12
Application Number 13/573,728

Application Data Sheet 37 CFR 1.76

Title of Invention | Hybrid Vehicles

[] An Address is being provided for the correspondence Information of this application.

Customer Number 114953
Email Address mdeangeli20@gmail.com [ AddEmail |  [Remove Email

Application Information:

Title of the Invention Hybrid Vehicles

Attorney Docket Number| PAICE201.DIV.12 Small Entity Status Claimed [ ]
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 17 Suggested Figure for Publication (if any) | 3

Publication Information:
[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under

J 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 months after filing.

Representative Information:

Representative information should be provided for all practiticners 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 Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One: (® Customer Number (O Us Patent Practitioner | (O 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.

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number |  Filing Date (YYYY-MM-DD)
13573728 Division of 13065708 2011-03-29
Prior Application Status | Abandoned

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
Under the 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 Data Sheet 37 CFR 1.76

Attorney Docket Number

PAICE201.DIV.12

Application Number 13/573,728
Title of Invention | Hybrid Vehicles
Application Number Continuity Type Prior Application Number | Filing Date (YYYY-MM-DD)
13065708 Division of 12320600 2009-01-29
Prior Application Status | Patented

Azr;l:ztei?n Continuity Type Priokﬁ;:r;‘)tl)i:?tion (Ym_gM?\?_th) Patent Number (Y%?MDIV?ESD)
12320600 Division of 11429458 2006-07-24 7520353 2009-04-21
Prior Application Status | Patented Remove
Aﬁﬂ:ﬁzg?n Continuity Type Priorr\lﬁpl::)l!’iecration (Y\I(:w?MDI\:-tSD) Patent Number (W?MDJESD)
11429458 Division of 10382577 2003-03-07 7104347 2006-09-12
Prior Application Status | Patented Remove
Azzliﬁztei?n Continuity Type Prior,\lAu;::tl)i:ftion (Y\’(:\i;i\r;?MEI,\:-tSD) Patent Number (Y:(si\lfMDlv?-th)
10382577 Division of 09822866 2001-04-02 6554088 2003-04-29
Prior Application Status | Patented Remove
AZT:%Z?" Continuity Type Prior,‘lﬁ;;?tl)i:?tion (Y$\"(i$-gMDl\:-th) Patent Number (Y¢$YS$?MDI\§}SD)
09822866 Continuation in part of 09264817 1998-03-09 6209672 2001-04-03
Prior Application Status | Expired
Application Number Continuity Type Prior Application Number| Filing Date (YYYY-MM-DD)
09264817 non provisional of 60100095 1998-09-14
Prior Application Status | Expired
Application Number Continuity Type Prior Application Number|  Filing Date (YYYY-MM-DD)
09264817 non provisional of 60122296 1999-03-01

by selecting the Add button.

Additional Domestic Benefit/National Stage Data may be generated within this form

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 for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority 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 attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the PDX program, epplicant bears the ultimate
responsibility for ensuring that a copy of 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).

| Remove |

Application Number

Countryi

Filing Date (YYYY-MM-DD)

Access Code (if applicable)

Add button.

Additional Foreign Priority Data may be generated within this form by selecting the

EFSWeb 2.2.8
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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, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | PAICE201.DIV.12
Application Number 13/573,728

Application Data Sheet 37 CFR 1.76

Title of Invention | Hybrid Vehicles

Statement under 37 CFR 1.55 or 1.78 for AlA (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 effective filing date on or after March
O 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 under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

[ Authorization to Permit Access to 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 (JPQ), the Korean Intellectual Property Office (KIPQO), the World Intellectual Property Office (WIPO),
and any other intellectual 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 checked if 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 access to 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 requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date o f filing this Authorization.

Applicant Information:

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

BMW1052
Page 14 of 300

EFSWeb 228




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, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | PAICE201.DIV.12
Application Number 13/573,728

Application Data Sheet 37 CFR 1.76

Title of Invention | Hybrid Vehicles

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

O Assignee (O Legal Representative under 35 U.S.C. 117 O Joint Inventor

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

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

|

Name of the Deceased or Legally Incapacitated inventor :

If the Applicant is an Organization check here. J

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information For Applicant:

Address 1

Address 2

City State/Province
Country Postal Code
Phone Number Fax Number
Email Address

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

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not subsitute for compliance with any requirement of 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
patent application publication.

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

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

Attorney Docket Number | PAICE201.DIV.12

Application Data Sheet 37 CFR 1.76

Application Number 13/573,728
Title of Invention | Hybrid Vehicles
If the Assignee is an Organization check here. ]
Prefix Given Name Middie Name Family Name Suffix

Mailing Address Information For Non-Applicant Assignee:

Address 1

Address 2

City State/Province
Countryi Postal Code
Phone Number Fax Number

Email Address

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. ~

pa)
Signature MG//@/ Date (YYYY-MM-DD) 1013__/1../(?'

First Name | Michael Last 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 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 upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

e BMW1052
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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 submitesd,
//iu)” 20:3 Md\

Dated Michael de Angeli
Reg. No. 27,869
34 Court Street
Jamestown, RI 02835
401-423-3190

BMW1052
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¥**+ CERTIFICATE OF MAILING ****

I hereby certify that this correspondence 1is being transmitted
via U.S. Mail, postage paid, addressed to Mail Stop Missing
P.0. Box 1450, Alexandria

Parts, Hon. Commissioner for Patents,
VA 22313-1450 on the date shown below:

Michael de Angeli

Wjist%id Representatjve
T p

Signature

BMW1052
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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.USpLo.gov

APPLICATION NO. FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. I CONFIRMATION NO.
13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12 9367
7590 117122013 I
. . EXAMINER
Michael de Angeli

34 Court Street
Jamestown, RI 02835

CHEUNG, CALVINK

[ ART UNIT | PAPER NUMBER
3668

I MAIL DATE | DELIVERY MODE

117122013 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 Trademark Office
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 of Allowance Mailed

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

Applicant is given 1 month from the mail date of this Notice, or the time remaining from the
Notice of Allowance and Fee(s) Due, whichever is 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 of this notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissioner for 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 SEPTEMBER 16, 2012 AND BEFORE MARCH 16, 2013,
NOT IN COMPLIANCE WITH 37 CFR 1.78

]

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., it provides the
international application number or international filing date but not both. See document coded dated , in which the following is
missing: .

]

&

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. 11/459.458 is 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 is 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: .

U du o O

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(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)(0) if the benefit information from the document identified 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)(1)). Such amendments to the specification or
supplemental ADS submission may be filed after payment of 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 Oftfice 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 \ L—\

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 requir.ed{). Blocks | 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 unl?ss corrfgcted below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

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: Usc Block | for any change of address) apers. Each additional paper, such as an assignment or formal drawing, must
' gavc its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

. 739 1071112013 | hercby certify that his 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
addressed 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.

M i Eha e ? d . An@e 1 i (Depoasitor's name)
d/ i 'V > (Signature)

Py
‘7@ [ a8
17 mpacatts 19/24/¢> -
A o 7
APPLICATION NQO. FILING DATE I FIRST NAMED INVENTOR i | ATTORNEY DOCKET NO. I CONFIRMATION NO. J
13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12 9367
" TITLE OF INVENTION: HYBRID VEHICLES
| APPLN. TYPE I ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE I PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE l
nonprovisional UNDISCOUNTED $1780 $300 50 $2080 01/13/2014
| EXAMINER | ART UNIT | CLASS-SUBCLASS I
CHEUNG, CALVIN K 3668 701-022000
1. Chan}ge of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list . ]
CFR 1.363). (1) the names of up to 3 registered patent attorneys IMichael de Angeli
(J Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . 9
(2) the name of a single firm (having as a member a
() "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.
3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assil%nee 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)
PAICE LLC Baltimore, MD
The Abell Foundation Baltimore, MD _
Please check the appropriate assignee category or categories (will not be printed on the patent) : U individual &Corporation or other private group entity Q Govemmént
4a. The following fee(s) are submitted: 4 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee {3 A check is enclosed.
Publication Fee (No small entity discount permitted) &Payment by credit card. Form PTO-2038 is attached. .
Advance Order - # of Copies 10 {0 The Director is hereby authorized 10 charge the required fee(s). any deficiency. or credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

11/01/2013 EEKUBAY2 00000057 13573728

01 FC:1501 1780.00 OP
02 FC:1304 300.00 0P
03 FC:8001 30.00 OP

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

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
O Applicant asserting small entity status. See 37 CFR 1.27 NOQTE: 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.
D Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

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

Authorized Signature IAPCQ )yd/ Datc __ 0// 7——.54/// 3

Typed or printed name Michael de An ge 11 Registration No. 27,86 9

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 USPTO to process)
an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submutting 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 complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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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. CONFIRMATION NO. |
13/573,728 10/05/2012 Alex I. Severinsky PAICE201. DIV. 12 9367
7590 10/22/2013
. . EXAMINER
Michael de Angeli
34 Court Street CHEUNG, CALVINK

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.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
Corrected 13/573,728 SEVERINSKY ET AL.
Notice of Allowabilit Examiner Art Unit AlA (First Inventor to
y CALVIN CHEUNG 3668 File) Status
No

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

1. X This communication is responsive to 30 September 2013.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

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

3. X The allowed claim(s) is/are 17-28. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hitp:/www.usplo.gov/patents/init_events/pph/index.isp or send an inquiry to PPHisedback@usplo.gov .

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

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

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

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

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[0 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)

1. [0 Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

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

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

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

/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 amendments filed 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 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 must interpret 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 must prevail ....” Id. Using these definitions for the claims, the claimed invention

was not reasonably found in the prior art.
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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 steps of:

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 and said 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 steps of:

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 and said 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 and said 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

payment of the issue fee and, to avoid processing delays, should preferably accompany the 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 Examiner are unsuccessful, Supervisory Patent Examiner (SPE)
Fadey S. Jabr’s telephone number is (571) 272-1516. The fax phone number for the organization
where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at §66-217-9197 (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 (Oftice)
571-270-8041 (Fax)
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OK TO ENTER: /C.C/{10/18/2013)

In the Claims:
1 — 16 (Cancelled)

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

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

an-nternel-combustion-enginefor applying torque to road wheels of said hybrid vehicle from one or both
of an internal combustion engine[[, ] JatHeast-one-traction-meotor-for applying-torque-to-wheels-ofsaid

vehiele and at least one traction motor, and

-a-eentroler-for controlling flow of torque between said internal combustion engine, said at least one

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

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

wherein said-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

eentrolling 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]] of vehiele

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 vehicle said-eontrollercontrols

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 by said hybrid vehicle and compares patterns of variation in road load experienced from day

to day in order to identify said repetitive patterns of ¥ehiele 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 modes being initiated when the
road load reaches a predetermined percentage of athe-eagire’s maximum torque output of the internal
combustion engine, and wherein said the-speeifie-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 engine starting

operationsstarts.

22. (Currently amended) The method of claim 17, 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, 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 steps of:

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

an-internal-combustion-enginefor applying torque to road wheels of said hybrid vehicle from one or both
of an internal combustion engine[[, ]|atHeast-ene-traction-motor-forapplying torque-to—wheels-of said

vehiele and at least one traction motor, and

a-contrellerfor controlling flow of torque between said internal combustion engine, said at least one
traction motor, and said road wheels, and for controlling flow of electrical power between said battery

bank and said at least one traction motor emploving a controller, and

wherein satd-methed-eemprises-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 eentreting- controls operation of said at least one traction motor and said internal

combustion engine for propulsion of said hybrid vehicle responsive to said antieipated 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 vehicleeontroHer

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 of vehiele 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 compares patterns of variation in road load experienced from day

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

27. (Currently amended ) The method of claim 23 24, wherein said hybrid vehicle is operated in different
operational modes dependent on 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 motor to a 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 being initiated when the road load reaches a

predetermined percentage of the a engine’s maximum torque output of said internal combustion engine,

and wherein said the-speeifie-value-of-said predetermined percentage can be predictively varied by said
controller responsive to said deteeted anticipated patterns of ¥ehiele operation of said hybrid vehicle so as

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

engine starts.

28. (Currently amended) The method of claim 23 27, wherein said hybrid vehicle is operated in different
operational modes dependent on 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 which said transition occurs can be predictively varied by said

controller responsive to anticipated patterns of vehicle operation.

BMW1052
Page 34 of 300



UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
7590 10/11/2013
Michael de Angeli CHEUNG, CALVINK
34 Court Street
Jamestown, RI 02835 | ART UNIT PAPER NUMBER |
3668
DATE MAILED: 10/11/2013
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  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

nonprovisional UNDISCOUNTED $1780 $300 $0 $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 ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

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

HOW TO REPLY TO THIS NOTICE:

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

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

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

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

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

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

or Fax

Commlssmner for Patents
P.O.Box 1

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

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

malntenance fee notifications.

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

7590 10/11/2013
Michael de Angeli
34 Court Street
Jamestown, RI1 02835

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

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

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

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

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | 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
nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 01/13/2014
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
CHEUNG, CALVIN K 3668 701-022000

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

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

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

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

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

2. For printing on the patent front page, list

1

2

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

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

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

(A) NAME OF ASSIGNEE

Please check the appropriate assignee category or categories (will not be printed on the patent) :

[ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

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

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies
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5. Change in Entity Status (from status indicated above)

d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see form PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 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.

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

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

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toalt'f}lle Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandgria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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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 O 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 Adjustment is the filing date of the most recent CPA.

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

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

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

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

1.

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

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

. A record in this system of records may be disclosed, as a routine use, to a Member of Congress

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

. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency

having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

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

. A record in this system of records may be disclosed, as a routine use, to another federal agency for

purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

. A record from this system of records may be disclosed, as a routine use, to the Administrator,

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

. A record from this system of records may be disclosed, as a routine use, to the public after either

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

. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local

law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Notices of Allowance and Fee(s) Due mailed between October 1, 2013 and
December 31,2013

(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 due is 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) decreases to $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 amount in effect on January 1, 2014.
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Application No. Applicant(s)
13/573,728 SEVERINSKY ET AL.
: I H i i AlA (First Inventor to
Notice of Allowability g’/:i':/‘;;ecrHEUNG Qgtsg"" File) Status
No

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

1. X This communication is responsive to 23 September 2013.
OA declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

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

3. X The allowed claim(s) is/are 17-28. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
hitp:/fwww.uselo.gov/patents/init_events/pph/index.isp or send an inquiry to PPHieedback@usplo.qov .

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

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

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

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

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

O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .
Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)

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

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

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

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

/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 must interpret 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 must prevail ....” Id. Using these definitions for the claims, the claimed invention
was not reasonably found in the prior art.

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 steps of:

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 and said 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 and said 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 steps of:

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 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 and said 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 motor and said 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
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled “Comments on Statement of Reasons for

Allowance.”
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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, §:00a.m. - 5:00p.m.,
EST.

If attempts to reach the Examiner are unsuccessful, Supervisory Patent Examiner (SPE)
Fadey S. Jabr’s telephone number is (571) 272-1516. The fax phone number for the organization
where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at §66-217-9197 (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 (Oftice)
571-270-8041 (Fax)
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S
ITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of :

Severinsky et 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

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

setting a shortened statutory period for response extended by a paper filed herewith with fee to
expire October 12, 2013, kindly amend the application as follows:

18/01/2013 1JUHARL B68BBA32 13573728
81 FC:1251 268. 88 op
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In the Claims:
1 — 16 (Cancelled)

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

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

an-nternel-combustion-enginefor applying torque to road wheels of said hybrid vehicle from one or both
of an internal combustion engine[[, ] JatHeast-one-traction-meotorfor applying-torque-to-wheels-ofsaid

vehiele and at least one traction motor, and

-a-eentroler-for controlling flow of torque between said internal combustion engine, said at least one

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

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

wherein said-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

eentrolling 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]] of vehiele

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 vehicle said-eontrollercontrols

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 by said hybrid vehicle and compares patterns of variation in road load experienced from day

to day in order to identify said repetitive patterns of ¥ehiele 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 modes being initiated when the
road load reaches a predetermined percentage of athe-eagire’s maximum torque output of the internal
combustion engine, and wherein said the-speeifie-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 engine starting

operationsstarts.

22. (Currently amended) The method of claim 17, 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, 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 steps of:

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

an-internal-combustion-engine-for applying torque to road wheels of said hybrid vehicle from one or both
of an internal combustion engine[[, ]|atHeast-ene-traction-meotor-forapplying torque-to—wheels-of said

vehiele and at least one traction motor, and

a-contrellerfor controlling flow of torque between said internal combustion engine, said at least one
traction motor, and said road wheels, and for controlling flow of electrical power between said battery

bank and said at least one traction motor emploving a controller, and

wherein satd-methed-eemprises-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 eentreHing- controls operation of said at least one traction motor and said internal

combustion engine for propulsion of said hybrid vehicle responsive to said antieipated 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 vehicleeontroHer

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 of vehiele 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 compares patterns of variation in road load experienced from day

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

27. (Currently amended ) The method of claim 23 24, wherein said hybrid vehicle is operated in different
operational modes dependent on 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 motor to a 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 being initiated when the road load reaches a

predetermined percentage of the a engine’s maximum torque output of said internal combustion engine,

and wherein said the-speeifie-value-of said predetermined 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

engine starts.

28. (Currently amended) The method of claim 23 27, wherein said hybrid vehicle is operated in different
operational modes dependent on 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 which said transition occurs can be predictively varied by said

controller responsive to anticipated patterns of vehicle operation.
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REMARKS

The Examiner is 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

Examiner in 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 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 an identification of the art previously cited, by way of an
Information Disclosure Statement filed May 7, 2013, do indeed desire that it be listed on the patent, if
issued, and respectfully request that this be done.

On pp. 3 — 6 of the Office Action, the Examiner made numerous objections 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 used inconsistently. By the
present amendment, these informalities have been addressed, and it is respectfully submitted that these
objections have been overcome. Amendments along the same lines in addition to those in response to the

specific objections made by the Examiner have also been made, for consistency and clarity.

On pp. 6 — 8, the Examiner made further 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 and structural limitations. Claims 17 and 23 have been amended to 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, and this action is respectfully requested.
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The Examiner’s parallel objections to claims 21, 22, 27 and 28 as reciting “the specific value” as
lacking in antecedent basis have been addressed by the above amendment and it 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 Cambhi.

The present claims relate to a method of control of a hybrid vehicle comprising at least two
sources of torque to propel the vehicle, namely an internal combustion engine and at least one traction
motor. The vehicle also comprises a battery for supplying electrical power to 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 amended recite, 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 of the 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.

Independent claim 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 Examiner had rejected these claims prior to the present amendment in view of the ‘970
patent, arguing that the ‘970 patent shows the essential structural components of the hybrid vehicle and
that the ‘970 patent shows operation 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.

The fact that the ‘970 patent acknowledges that a hybrid vehicle can be expected to be operated at
both highway speeds and in traffic —as would any vehicle, hybrid or not - hardly suggests the specific
method steps recited in amended independent claims 17 and 23. The ‘970 patent discloses 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.

More particularly, independent claims 17 and 23 have both been amended hereby to 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 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 operations in order to derive a predicted pattern or anticipate a pattern of operation of the vehicle.
That is, as noted by the Examiner, highway operation 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 components into 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
highway cruising and low-speed for traffic; thus these are predicted patterns.” Contrary to the Examiner’s
assertions, vehicle operation in highway cruising 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 order to 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 near-term pattern of operation of the hybrid vehicle.

It is therefore respectfully requested that the rejection of the independeni claims as anticipated by
the ‘970 patent be reconsidered and withdrawn. The dependent claims are 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 by said hybrid vehicle and compares patterns of variation in said road load experienced from
day to day in order to 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 combinaﬁon 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 overcome the deficiencies of the ‘970 patent with respect to the independent claims. Camhi was
cited by the Examiner for 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 or in 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 using this 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: ?/j 2‘{1/‘ 7

Respectfully submitted,

AU

Michael de Angeli N
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 :

Severinsky et 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-named applicant hereby requests a one-month extension of time to
respond to the Office Action mailed in this application on June 12, 2013.

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

Respectfully submitted,
(2343 AP
Dated Michael de Angeli N

Reg. No. 27,869

34 Court Street
Jamestown, RI 02835
401-423-3190
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PTO/AIA/26 (04-13)

Approved for use through 04/30/2013. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
r the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

‘TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR” PATENT 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 Abell Foundation , owner of 100 percent interest in 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 patent is 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 on the 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 patent later:

expires for 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 all claims canceled by a reexamination certificate;

is reissued; or

is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

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

I hereby acknowledge that any willful false statements made are punishable under 18 U.S.C. 1001 by fine or imprisonment of not more
than five (5) years, or both.

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

Ap A A4 $/23/

Sb@ture

Michael de Angeli
Typed or printed 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 become public. Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-203

8.
18/81/2813 ZJUHRRL ©8BE8A3R2 13573728
82 FC:1814 168.88 0f

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. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete th is form and/or suggestions for reducing this bu rden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-3199 and select option 2.
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In re the Patent Application of :
Severinsky et al

Serial No.: 13/573,728

Filed: October 5, 2012

For:  Hybrid Vehicles

Hon. Commissioner for Patents

P.O. Box 1450
Alexandria VA 22313-1450

THE UNITED STATES PATENT AND TRADEMARK OFFICE

: Examiner: Calvin C. K. Cheung
: Group Art Unit: 3662

: Att.Dkt:PAICE201.DIV.12

TRANSMITTAL OF AMENDMENT

Transmitted herewith is an amendment in the above - identified application.

__ A check for the additional claim fee of $ 0.00 as calculated below is enclosed for this

amendment.

_x The Commissioner is 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 x420 $ 0.00

TOTAL: $ 0.00
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Dated: f /7—)/ / ’?

Respectfully submitted,

“’///Z_,g—{?2112//§<:;7§
Michael de Angeli v
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.0. Box 1450,
Arlington VA 22313-1450.

Michael de Angeli

WNtered Representative
- ; Date 7 :

Signature
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. 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 unless it displays a valid OMB control number.

APPLICATION AS FILED — PART |

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 13/573,728 10/05/2012 | [ 7o be mailed
eNTITY: [X] LARGE []smALL [ ] MicRO

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
D SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
|:| EXAMINATION FEE
{37 CFR 1.16(0), (p), or (qQ)) N/A N/A N/A
TOTAL CLAIMS , N
(87 CFR 1.16(1)) minus 20 = X3 =
INDEPENDENT CLAIMS , N
(87 CFR 1.16(h) minus 3 = X3 =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
’(ASF;PC';;%U?(’:))S'ZE FEE for small entity) for each additional 50 sheets or
' fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
,_ 09/30/2013 | Ar1cR PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
5 AMENDMENT PAID FOR
S | [oalerem <12 Minus | = 20 -0 x $80 = 0
3 .
Independ .
= IS Minus | -3 -0 x 5420 - 0
<§t [] Application Size Fee (37 GFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
AMENDMENT PAID FOR
Total (37 cFR . ; .
1.16(i)) Minus = X $ =
Independent . !
(272€§r11.1ee?(h)) Minus = X $ =

] Application Size Fee (37 GFR 1.16(s))

AMENDMENT

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16()))

* If 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 SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

TOTAL ADD’L FEE

LIE
/CAROLYN THOMAS/

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

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

SEP 23 2013
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of :

Severinsky et 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

AMENDMENT
Sir:

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

setting a shortened statutory period for response extended by a paper filed herewith with fee to
" expire October 12, 2013, kindly amend the application as follows:
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In the Claims:
1 - 16 (Cancelled)

17. (Currently amended) A method of operation of a hybrid vehicle, said-vehiele comprising the steps of:
e-battery-banlfor storing and supplying electrical power from a battery bank,

er-internal-combustion-engine-for applying torque to road wheels of said hybrid vehicle from one or both
of an internal combustion engine[[, |JetHeast-one-trectionmoterfor applying-torque-to-wheels-of-said

wvehiele_and at least one traction motor, and

-a-eontroller-for 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 and said at least one traction motor emploving a controller, and

wherein seid-methed-eomprises-the step-of said controller derives a predicted pattern of operation of said

brid vehi monitoring operation of said hybrid vehicle: and

eentrolling controls operation of said at least one traction motor and said internal combustion engine for
propulsion of said hybrid vehicle responsive to said derived predicted pattern[[s]] of wehiele-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 vehicle said-eentreler-esntrols

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 by said hybrid vehicle and compares patterns 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 ﬂ&e—eleefﬁ&w traction
motor to a higher-loéd 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 modes being initiated when the
road load reaches a predetermined percentage of athe-engine’s maximum torque output of the internal

combustion engine, and wherein said the-speeifie-value-ofsaid 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 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-elestrie 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-vehicle comprising the steps of:
a-battery-banlkfor storing and supplying electrical power from a battery bank,

&n-mtemal—eembusﬁea—e&gme—fef applymg torque to road wheels of said hxbnd vehicle from one or bot
of an internal combustion engine[[, e

yehiele and at least one traction motor, and

e-eontrellerfor 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 pbwer between said battery
bank and said at least one traction motor employing a controller, and

wherein said-methed-comprises-the-step—ef said controller predicts a pattern of operatigp of said hybrid

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

combustion engine for propulsion of said hybrid vehicle responsive to said enticipated predicted
pattern[[s]] of vehiele operation of said hybrid vehicle.

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

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

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 of vehiele 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 compares patterns of variation in road load experienced from day

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

27. (Currently amended ) The method of claim 23 24, wherein said hybrid vehicle is operated in different
operational modes dependent on 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 motor to a 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 being initiated when the road load reaches a
predetermined percentage of the a ergine’s maximum torque output of said internal combustion engine,
and wherein said the-speeifie-value-of seid predetermined percentage can be predictively varied by said
controller responsive to said deteeted anticipated patterns of ¥ehiele operation of said hybrid vehicle so as
to avoid excessive transitions between said low-load and higher-load modes, thereby avoiding excessive

engine starts.

28. (Currently amended) The method of claim 23 27, wherein said hybrid vehicle is operated in different
operational modes dependent on 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
speeifte value of said road load at which said transition occurs can be predictively varied by said

controller responsive to anticipated patterns of vehicle operation.

4
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ED
CENTRAL FAX GENTE

SEP 23 2013

REMARKS

The Examiner is thanked for his courtesy in extending a telephonic interview to the undersigned
on September 13, 2013. During the interview, the Examiner agreed that the independent claims as
proposed to be amended in 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 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 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 an identification of the art previously cited, by way of an
Information Disclosure Statement filed May 7, 2013, do indeed &esire that it be listed on the patent, if
issued, and respectfully request that this be done.

On pp. 3 — 6 of the Office Action, the Examiner made numerous objections 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 used inconsistently. By the
present amendment, these informalities have been addressed, and it is respectfully submitted that these
objections have been overcome. Amendments along the same lines in addition to those in response to the

specific objections made by the Examiner have also been made, for consistency and clarity.

On pp. 6 — 8, the Examiner made further 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 and structural limitations. Claims 17 and 23 have been amended to 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, and this action is respectfully requested.
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The Examiner also objected to claims 17 and 23 as reciting “the method comprising the
step..[now ‘steps’]...” as lacking in antecedent basis. To say “A method comprising the steps of...” is a
typical fashion employed in drafting a method claim, and it is respectfully requested that this objection be

withdrawn. The alternative, to say “A method comprising steps..” would be awkward.

_ f
The Examiner’s parallel objections to claims 21, 22, 27 and 28 as reciting “the specific value” as
lacking in antecedent basis have been addressed by the above amendment and it 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 referenge 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 claims relate to a method of control of a hybrid vehicle comprising at least two
sources of torque to propel the vehicle, namely an intemal combustion engine and at least one traction
motor. The vehicle also comprises a battery for supplying electrical power to 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 amended recite, 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 of the 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 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 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 of said at least one traction motor and said internal combustion
engine for propulsion of said hybrid vehicle responsive to said predicted pattermn of operation of
said hybrid vehicle. ‘

The Examiner had rejected these claims prior to the present amendment in view of the ‘970
patent, arguing that the ‘970 patent shows the essential structural components of the hybrid vehicle and
that the ‘970 patent shows operation 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.

The fact that the ‘970 patent acknowledges that a hybrid vehicle can be expected to be operated at
both highway speeds and in traffic —as would any vehicle, hybrid or not - hardly suggests the specific
method steps recited in amended independent claims 17 and 23. The ‘970 patent discloses sélection of
the apprdpriate mode of vehicle operation — motor-only, engine-only, or both — in real time, 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 hereby to 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 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 operations in order to derive a predicted pattern or anticipate a pattern of operation of the vehicle.
That is, as noted by the Examiner, highway operation 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 components into 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 of the particular

vehicle and using this data to predict future operational patterns accordingly, as claimed.

Stated differently, the Office Action asserts that “Severinsky discloses highway speeds during
highway cruising and low-speed for traffic; thus these are predicted patterns.” Comra;y to the Examiner’s
assertions, vehicle operation in highway cruising 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 order to provide the
necessary propulsive force during either driving condition. Such sihple control operations by the
microprocessor controller 48 do not suggest the claimed steps of the controller monitofing 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 of the independent claims as anticipated byv
the ‘970 patent be reconsidered and withdrawn. The dependent claims are allowable as dependent
therefrom. Because claim;«; 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 by said Hybrid vehicle and compares patterns of variation in said road load experienced from
day to day in order to identify said repetitive patterns of vehicle operation of said hybrid vehicle as
required, for example, by claim 20, 4 '

As noted above, the Examiner rejected dependent claims 19, 20, 25 and 26 on the combination of
the ‘970 patent with Cambhi 5,825,283. These claims are allowable for at least the feasons discﬁssed*
above with respect to independent claims 17 and 23. Furthermore, it is respectfully submitted that Camhi
does not overcome the deficiencies of the ‘970 patent with respect to the independent claims. Camhi was
cited by the Examiner for 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 or in 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 using this to predictively control operation of the vehicle, as claimed.
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.

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.

Early and favorable reconsideration and allowance of the application are eamestly solicited.

Respectfully submitted,

Dated: E / L’sé;

Michael de Angeli ¢/
Reg. No. 27,869

34 Court Street
Jamestown, RI 02835
401-423-3190
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RECEIVED
CENTRAL FAX CENTER
PTO/AIA/ZE (04-12)

SEP 23 2013
Approved for uge through 04/30/2013, OMB 0651-003 1

) U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGE
Under the Paperwork Reductlon Act of 1395, no parsons are required to respond to a collection of information uniess it displays a valid OMB contral number.
TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number {Optional)

REJECTION OVER A “PRIOR” PATENT PAICE201.0Iv.12
In re Application of: Severinsky et al’
Application No.: 13/673,728 83/24/2013 RPEREZAN 8BRBBBAS 13573728
Filed: October 5, 2102 . : @2 FC:1814 160.88 0F
For: Hybrid Vehiclea
The applicant, PAICE LIC and The Abell Foundation owner of 100 percent interest in the Instant application hereby
disclaims, except as pravided below, the te rminal part of the statutory temmn of any patent granted on the instant application which would extend
beyend the expiration date of (he full statutory term of prior patent No. 6,209,672 as the term of sald prior patent is presently

shortened by any terminal disclaimer. The applicant hereby agrees thal any patent so granted on the instant application shall be enforceable
only for any during such perlod that it and the prlor patent are commonly owned, 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 disciaimer, the applicant does not disclaim 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 of the prior patent, “as the term of said prior patent is presently shortened by
any terminal disclaimer,” In the event that said prior patent later: )

expires for failure to pay a maintenance fee;

is held unenforceabls;

is found invalid by a court of competent jurisdiction:

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

has all claims canceled by a reexamination certificate;

is reissued; or

Is In any manner terminated prier to the expiraticn of its full statutory term as presently shortened by any terminal disclaimer.

Check either box 1 or 2 below, if appropriate.

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

I hereby acknowledge that any willful faise statements made are punishable under 18 U.S.C. 1004 by fine or imprisonment of not more
than five (5} years, or both.

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

L p l =4 $/23/7

Sib@ature Date

Michael de Angeli
Typed or printed name

Attomey of record 401-423-3180
Title Telephone Number

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

WARNING: Information on this form may bacome public. Credit card information should not
be Included on this form. Provide credit card information and authorization on PTO-2038.

b — —

This collection af information is required by 37 CFR 1.321. The information is required 1o obtain or retain a baneﬁTby the public which lu to file {(and by the USPTO
to process) an application. Confidantality is governed by 35 U.5.C. 122 and 37 CFR 1,11 and 1.14. This collection is estimated to take 12 minutes to complete,
Including gathering, proparing, and submitting the complstad application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions far reducing this bu rden, should be sent to the Chiaf Information Officer, U.S, Patent
and Trademark Office, U.S. Departmeant of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450, DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patonts, P.O. Box 1450, Alexandria, VA 22313-1450,

if you need assistance in ccmpleting the form, call 1-800-PTO-9139 and select option 2,
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RECEIVED
CENTRAL FAX CENTER

SEP 23 203

IN THE UNITED STATES PATENT AND TRADEMARX OFFICE

In re the Patent Application of :

Severinsky et 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 amendment in the above - identiﬁed application.

_ A check for the additional claim fee of $ 0.00 as calculated below 1s enclosed for this
amendment.

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

‘ A LARGE ENTITY
TOTAL CLAIMS - PRESENT ADDITIONAL
CLAIMS PREVIOUSLY . EXTRA RATE
S PAID FOR ‘ .
TOTAL 12 20 = 0  Extra x 8 § 0.00
INDEP. 2 3 = 0  Extra x420 8 0.00

TOTAL: $ 0.00
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Respectfully submitted,

AN

#275 P.002

Dated: 7’/7_9 / 2 | Michael'de Angeli Y
Reg. No. 27,869
34 Court Street

Jamestown RI 02835
401-423-3190

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

I hereby certify that this correspondence (/4htotal pages) is being transmitted
via facsimile to the United States Patent and Trademark Office (Fax No. 571-

2Fg~G741) on the date shown below:

233 Fjo o :
Michael de Angeli

Name of Registered Representative

S(g,natureQ ' 7 Date
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RECEIVED
CENTRAL FAX CENTER

SEP 23 2013

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of :

Severinsky et 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-named applicant hereby requests a one-month extension of time to
respond to the Office Action mailed in this application on June 12, 2013.

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

Respectfully submitted,

J/23 43 MW

Dated Michael de Angeli
Reg. No. 27,869 Ca
34 Court Street
Jamestown, RI 02835
401-423-3190

89/24/2613 APEREZAM 6BBBBBAS 13573728
81 FC:1251 286.60 0p
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. 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 unless it displays a valid OMB control number.

APPLICATION AS FILED — PART |

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 13/573,728 10/05/2012 | [ 7o be mailed
eNTITY: [X] LARGE []smALL [ ] MicRO

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 asic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
D SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
|:| EXAMINATION FEE
{37 CFR 1.16(0), (p), or (qQ)) N/A N/A N/A
TOTAL CLAIMS , N
(87 CFR 1.16(1)) minus 20 = X3 =
INDEPENDENT CLAIMS , N
(87 CFR 1.16(h) minus 3 = X3 =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
’(ASF;PC';;%U?(’:))S'ZE FEE for small entity) for each additional 50 sheets or
' fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
|_ 09/23/2013 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
5 AMENDMENT PAID FOR
S | [oalerem <12 Minus | = 20 -0 x $80 = 0
3 .
Independ .
= IS Minus | -3 -0 x 5420 - 0
<§t [] Application Size Fee (37 GFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
AMENDMENT PAID FOR
Total (37 cFR . ; .
1.16(i)) Minus = X $ =
Independent . !
(272€§r11.1ee?(h)) Minus = X $ =

] Application Size Fee (37 GFR 1.16(s))

AMENDMENT

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16()))

* If 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 SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

TOTAL ADD’L FEE

LIE
/BRENDA HARRISON/

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, 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. | CONFIRMATION NO. |
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.

13/573,728

Applicant(s)
SEVERINSKY ET AL.

Applicant-Initiated Interview Summary Exarines

CALVIN CHEUNG

Art Unit

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: [] applicant  [X] applicant’s representative]

Exhibit shown or demonstration conducted: [] Yes X No.
If Yes, brief description:
Issues Discussed []101 X112 X102 []103 [Others
(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed: 17.

[dentification of prior art discussed: prior art of record.

Substance of Interview

reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Discussed proposed amendments.

interview

[] Attachment

(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a

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 areply to the last Office action has already been filed, 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 summary form, whichever is later, to file a statement of the substance of the

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

/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, Substance of 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 made of 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 be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of 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 substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly 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 boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for 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 Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, 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 telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if 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)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

— An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— Anindication whether an agreement was reached and if 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: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally 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
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the 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 amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification 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 arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the 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 substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for 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
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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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. | CONFIRMATION NO. |
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 SEVERINSKY ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
CALVIN CHEUNG 3662 ,S\l*gt”s

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

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

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

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

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

Status
)X Responsive to communication(s) filed on 7 May 2013.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon _____ .
2a)[] This action is FINAL. 2b)[X] This action is non-final.

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

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
5K Claim(s) 17-28 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)X Claim(s) 17-28is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/eatents/init_events/pph/indax.jsp or send an inquiry to PPHfesdback@uspio.qoy.

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

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

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

Attachment(s})

1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)

2) IX] Information Disclosure Statement(s) (PTO/SB/08 Paper No(s)Mail Date. __
) nformation Disclosure Statement(s) ( ) 4) D 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./NBN/DAf 10606
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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 amendments filed 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 reminded that a 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 reminded that 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,
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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 scope of all 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

EE Y

suggested consistency be kept throughout all claims, for example, “said hybrid vehicle”, “said

internal combustion engine”, “said at least one traction motor”, and “‘said at least one traction
g

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 throughout all 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 throughout all 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 throughout all 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 throughout all claims.

Claim 22 has two particular objections:

(A) “said vehicle” (lines 1 and 2) is not consistent. It is suggested consistency be kept
throughout all claims, for example, “said hybrid vehicle”; 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). Examiner suggests Applicant decide on a

single article which will be uniformly used throughout all 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

EE Y

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 throughout all 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 throughout all 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 throughout all 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 throughout all claims.

Regarding Claim 28 has two particular objections:

(A) “said vehicle” (line 1) is not consistent. It is suggested consistency be kept
throughout all 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

throughout all claims.

Claim Rejections - 35 USC § 112

5. The following is a quotation of 35 U.S.C. 112(b):

(B) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing out and
distinctly claiming the subject matter which the inventor or a joint inventor regards as the invention.

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:

The specification shall conclude with one or more claims particularly 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
(i.e., “said vehicle comprising”) or a process (i.¢., “A method”). Evidence to support a position
that claim is drawn to a product includes the 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) 1I., the Examiner concludes that claim 1 is a hybrid claim and therefore indefinite.

L 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 antecedent basis 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
(i.e., “said vehicle comprising”) or a process (i.¢., “A method”). Evidence to support a position
that claim is drawn to a product includes the 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) 1I., the Examiner concludes that 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 antecedent basis

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 antecedent basis for this

limitation in the claim.

Claim 28 recites the limitation “the road load” in lines 2 and 5; “the electric traction
motor” in line 3; and “the specific value” in line 4. There is insufficient antecedent basis for this

limitation in the claim.

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

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

A person shall be entitled to a patent unless —

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

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 and said 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 highway cruising 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 highway cruising”) dependent on road
load experienced (i.e., “in traffic”, “highway”, “heavy traffic”, “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”, “heavy traffic”, “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 (i.e.,

hybrid electric vehicle), said vehicle comprising (Abstract):

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),

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 and said 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

BMW1052
Page 94 of 300



Application/Control Number: 13/573,728 Paper No. 20130606 - Page 12
Art Unit: 3662

associated text. Severinsky discloses highway speeds during highway cruising and

low-speed for traffic; 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”, “heavy traffic”, “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).
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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”, “heavy traffic”, “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
0. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

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

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, Camhi teaches stores a day-to-day record of vehicle operation (C7:53-65). It
would have been obvious to 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 Cambhi in order to track an object (C9:59-C11:47).

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 experienced to 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 and rationale 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, Camhi teaches stores a day-to-day record of vehicle operation (C7:53-65). It
would have been obvious to 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 Cambhi in order to track an object (C9:59-C11:47).
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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 experienced to 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 and rationale to combine as discussed in claim 25 above.)

Double Patenting
11. The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “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 obvious over, 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 In 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 made as a result of activities undertaken within the
scope of a joint research agreement.

Effective January 1, 1994, a registered attorney or agent of record may sign 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 Examiner are unsuccessful, Primary Patent Examiner Tuan To’s
telephone number is (571) 272-6985. The fax phone number for 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
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at §66-217-9197 (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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Early and favorable consideration of the merits of the invention claimed is earnestly

solicited.

Respectfully submitted,

VE Al
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Reg. No. 27,869
34 Court Street
Jamestown, RI 02835
401-423-3190
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Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. *Kind of document by
the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. °Applicant is to place a check mark here if English language
Translation is attached.

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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HE 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: 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:
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In the Claims:

1 — 16 (Cancelled)

17. (New) A method of operation 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 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 compares patterns of variation in road load experienced from day to day in 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 by said 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 vehicle is
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 engine starts.

22. (New) The method of claim 17, wherein said vehicle is operated in different operational modes
dependent on road load experienced by said 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 vehicle is
propelled at least in part by said internal combustion engine, and wherein the specific value of said road
load at which said transition occurs can be varied by said controller responsive to anticipated patterns of

vehicle operation.

23. (New) A method of operation 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 whgels 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 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.

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 method of claim 24, wherein said controller stores a day-to-day record of vehicle operation

in order to 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 compares patterns of variation in road load experienced from day to day in order to

identify said repetitive patterns of vehicle operation.

27. (New) The method of claim 24, wherein said vehicle is operated in different operational modes
dependent on the road load, 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, 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,
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, thereby avoiding excessive engine starts.

28. (New) The method of claim 27, wherein said vehicle is operated in different operational modes
dependent on the road load, 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, 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.
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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 method of operation 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,
Dated: s(/"“ l/l 3 /L""‘/ép 7 ‘ ;
¢ Michael de Angeli

Reg. No. 27,869

34 Court Street
Jamestown, RI 02835
401-423-3190
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’%.,,a oS’ 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: 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 CORRECTED FILING 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 claims priority,
was abandoned. In fact, Ser. No. 11/458,458 issued as patent 7,520,353, as was indicated on the
Application Data Sheet filed on January 2, 2013.

Furthermore, the assignee address shown on the 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: g’/ ’——// 32 W /¢‘/

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 Potent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O Rox 1450

Alexandnia, Virgia 22313-1450

qufp‘ﬂ ROV

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
13/573,728 10/05/2012 3662 2230 PAICE201.DIV. 12 16 4
CONFIRMATION NO. 9367
Michael de Angeli CORRECTED FILING RECEIPT

34 Court Street

Samesonm, 102635 T

D‘lﬁp}r g ‘q .
7‘E“/“ Date Mailed: 01/14/2013
Xj\‘«:\ ’ 17 :;A\J ‘

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 must include 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 on this Filing Receipt, please
submit a written request for 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 corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested.corrections
Inventor(s) o o ' ' '

Alex J. Severinsky, Washington, DC;

Theodore Louckes, Holly, Ml;
Applicant(s)

Alex J. Severinsky, Washington, DC;

Theodore Louckes, Holly, MI;
Assignment For Published Patent Application -

PAICE LLC, Windsertorks—€F aq_/'f"h6/¢'l M P

Power of 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
which is a DIV of 11/459,458 07/24/2006 8% PAT 7 5720 753
which is a DIV of 10/382,577 03/07/2003 PAT 7104347 7 J
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 which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

_Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.
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If Required, Foreign Filing License Granted: 11/01/2012

The country code and number of your priority application, to be used for 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 the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent

protection is desired.

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of -

State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

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

SelectUSA

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

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 by this
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 Examiner is respectfully requested to consider these references with respect to the
claims of this application, as provided in a Preliminary Amendment filed herewith, and to
indicate that he has done so in the file of the application.

As stated in the Preliminary Amendment, the claims now pending in 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 unobvious with respect to the prior art thus made of record.
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Early and favorable consideration of the merits of the invention claimed is earnestly

solicited.

Respectfully submitted,

5/ /e 5 Al

Dated Michael de Angeli
Reg. No. 27,869
34 Court Street
Jamestown, RI 02835
401-423-3190
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PTO/SB/08a (07-09)

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

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

Substitute for form 1449/PTO Comp lete if Known
Application Number 13/573,728
Filing Date 10/5/12
INFORMATION DISCLOSURE it Nt e TSevariogiy
STATEMENT BY APPLICANT Art Unit 3618
(Use as many sheets as necessary) Examiner Name N/A
t 11 | of | Attorney Docket Number [PAICE201.DIV.12

U. S. PATENT DOCUMENTS

Examiner | Cite Document Number Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials* No.! MM-DD-YYYY Applicant of Cited Document Relevant Passages or Relevant
Number-Kind Code? ™™ Figures Appear
US- 5,497,941 03-1996 Numazawa et al
US- 6,089,310 07-2000 Toth et al
Us- 5,501,267 03-1996 Iritani et al
US- 5,301,515 04-1994 Iritani et al
US- 5,806,617 09-1998 Yamaguchi
US- 5,483,939 01-1996 Kamura et al
US- 5,695,722 12-1997 Myers et al
US- 5 927,829 07-1999 Saga
uUs-
us-
us-
uUs-
us-
us-
us-
us-
us-
us-
us-
FOREIGN PATENT DOCUMENTS
Examiner | Cite | Foreign Patent Document Publication Name of Patentee or Pages, Columns, Lines,
Initials* No.! Date Applicant of Cited Document Where Relevant Passages
MM-DD-YYYY Or Relevant Figures Appear | T°
Country Code® Number *"Kind Code® (if known)
Examiner Date
Signature Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in conformance and not

considered. Include copy of this form with next communication to applicant. ' Applicant's unique citation designation number (optional). ?See Kinds Codes of
USPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WIPO Standard ST.3). * For
Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. *Kind of document by
the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. °Applicant is to place a check mark here if English language
Translation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 2 hours to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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PAR

.'{'N THE UNITED STATES PATENT AND TRADEMARK OFFICE
TRADEM

In re the Patent Application of :

Severinsky et 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

TRANSMITTAL OF AMENDMENT

Sir:

Transmitted herewith is an amendment in the above - identified application..

T

__ A check for the additional claim fee of $ 0.00 as calculated below is enclosed for this

amendment.

__ The Commissioner is 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,

AP~

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.0O. Box 1450,
Arlington VA 22313-1450.

Michael de Angeli

Name of Jegister Representativ
Cé 5 ’L/,J

Signature ¥ Datd
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. 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 unless it displays a valid OMB control number.

APPLICATION AS FILED — PART |

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 13/573,728 10/05/2012 | [ 7o be mailed
eNTITY: [X] LARGE []smALL [ ] MicRO

AMENDMENT

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
D SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
|:| EXAMINATION FEE
{37 CFR 1.16(0), (p), or (qQ)) N/A N/A N/A
TOTAL CLAIMS , N
(87 CFR 1.16(1)) minus 20 = X3 =
INDEPENDENT CLAIMS , N
(87 CFR 1.16(h) minus 3 = X3 =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
’(ASF;PC';;%U?(’:))S'ZE FEE for small entity) for each additional 50 sheets or
' fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
,_ 05/07/2013 | Ar1cR PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
5 AMENDMENT PAID FOR
S | [oalerem <12 Minus | = 20 -0 x $80 = 0
3 .
Independ .
= IS Minus | ~4 _ 0 x 5420 - 0
<§t [] Application Size Fee (37 GFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
AMENDMENT PAID FOR
Total (37 cFR . ; .
1.16(i)) Minus = X $ =
Independent . !
(272€§r11.1ee?(h)) Minus = X $ =

] Application Size Fee (37 GFR 1.16(s))

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16()))

* If 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 SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

TOTAL ADD’L FEE

LDRC

/NICOLE NICHOLSON/

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

BMW1052
Page 124 of 300



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12
CONFIRMATION NO. 9367
Michael de Angeli PUBLICATION NOTICE
34 Court Street
Jamestown, Rl 02835 IR T
000000060546399

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 Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

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

In addition, information on the status of the application, including the mailing date of Office actions and the

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

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

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

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
13/573,728 10/05/2012 3662 2230 PAICE201. DIV. 12 16 4
CONFIRMATION NO. 9367
Michael de Angeli CORRECTED FILING RECEIPT
34 Court Street
Jamestown, RI 02835 RO A0 A OIRERRA

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 must include 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 on this Filing Receipt, please
submit a written request for 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 corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Alex J. Severinsky, Washington, DC;
Theodore Louckes, Holly, MI;
Applicant(s)
Alex J. Severinsky, Washington, DC;
Theodore Louckes, Holly, MI;
Assignment For Published Patent Application
PAICE LLC, Windsor Locks, CT

Power of 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
which is a DIV of 11/459,458 07/24/2006 ABN
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 which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

page 1 of 3
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If Required, Foreign Filing License Granted: 11/01/2012

The country code and number of your priority application, to be used for 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 the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

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

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

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

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

NOT GRANTED

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

SelectUSA

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

page 3 of 3

BMW1052
Page 128 of 300



UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12
CONFIRMATION NO. 9367
Michael de Angeli NEW OR REVISED PPD NOTICE
34 Court Street
Jamestown, Rl 02835 RN AL LN
000000058581399

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
now in the publication queue.

If this is a revised projected publication date (one that is 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 subsequent revival of an
application. The application is anticipated to be published on a date that is more than six
weeks different 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.

Questions relating 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. 0. Box 1450
Alexandria VA 22313-1450

Sir:

A corrected filing receipt is again requested for this
application. 1In 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 03/01/1%%9%9. “

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.

IL/7;7 /LfL

Datéd

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 respond to a collection of information unless it contains a valid OMB control number.

©,

*f ) Attorney Docket Number | PAICE201.DIV.12
) ication Data Sheet 37 CFR 1.76 —
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 paper filed application.

Secrecy Order 37 CFR 5.2

Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
[] 37CFR5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Inventor Information:

Inventor 1

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
Alex J. Severinsky

Residence Information (Select One) (@ US Residency (0 Non USResidency () Active US Military Service

City | Washington State/Province | DC Country of Residencd | US

Mailing Address of Inventor:

Address 1 4704 Foxhall Crescent

Address 2

City T Washington | State/Province J DC

Postal Code 20007 J Countryi | us

Inventor 2

Legal Name

Prefix Given Name Middle Name Family Name Suffix
Theodore Louckes

Residence Information (Select One) (® US Residency (O Non US Residency (O Active US Military Service

City | N/A (deceeased) State/Province Country of Residencd

Mailing Address of Inventor:

Address 1

Address 2

City | | State/Province |

Postal Code I l Countryi

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button.

Correspondence Information:

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

BMW1052
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R 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 respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | PAICE201.DIV.12
Application Number 13/573,728

Application Data Sheet 37 CFR 1.76

Title of Invention | Hybrid Vehicles

An Address is being provided for the correspondence Information of this application.

Name 1 Michael de Angeli Name 2

Address 1 34 Court Street

Address 2

City Jamestown State/Province RI

Country’ | US Postal Code 02835

Phone Number 401-423-3190 Fax Number 401-423-3191

Email Address mdeangeli20@gmail.com {- Add’Email | [Remove-Email

Application Information:

Title of the Invention Hybrid Vehicles

Attorney Docket Number| PAICE201.DIV.12 Small Entity Status Claimed []
Application Type Nonprovisional

Subject Matter Utility

Suggested Class (if any) |Sub Class (if any) ]

Suggested Technology Center (if any)

Total Number of Drawing Sheets (if any) 17 Suggested Figure for Publication (if any) | 3

Publication Information:

[(J Request Early Publication (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) 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 months after filing.

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 Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Piease Select One: (O Customer Number (® US Patent Practitioner | (O Limited Recognition (37 CFR 11.9)

Prefix Given Name Middle Name Family Name Suffix

Michael de Angeli

Registration Number 27869

Additional Representative Information blocks may be generated within this form by
selecting the Add button.

BMWT052
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PTO/AIA/4 (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 respond to a collection of information unless it contains a valid OMB control number.

Application Data Shee

Attorney Docket Number

PAICE201.DIV.12

t 37 CFR 1.76

Application Number

13/573,

728

Title of Invention

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 { Pending ‘Remoye:
Application Number Continuity Type Prior Application Number | Filing Date (YYYY-MM-DD)
13573728 Division of 13065708 2011-03-29
Prior Application Status [ Abandoned > :
Application Number Continuity Type Prior Application Number | Filing Date (YYYY-MM-DD)
13065708 Division of 12320600 2009-01-29
Prior Application Status | Patented e
Aml :::g‘:n Continuity Type Prior'\lﬁ;rﬁ);i:ftion (YﬁiY"\r;-gM?\:-th) Patent Number (Y\LSYS\I;?MD,\;T}SD)
12320600 Division of 11459458 2006-07-24 7520353 2009-04-21
Prior Application Status | Patented
Aﬁﬂ:ﬁg?n Continuity Type PriokAu;rﬁ)tl)i:?tion (ﬂ?M[I)VIa-tSD) Patent Number (W?MD;_%D)
11459458 Division of 10382577 2003-03-07 7104347 2006-09-12
Prior Application Status | Patented
Amlmifn Continuity Type Priokﬁﬁggftion (Y\L:w?MIDI\:-tSD) Patent Number (Y;SY%?MDI\:}SD)
10382577 Division of 09822866 2001-04-02 6554088 2003-04-29
Prior Application Status | Patented
Am:zg‘:" Continuity Type Pﬁokﬁ‘;fg:ftion (Y\'(:\"(is?mlﬁ-tgo) Patent Number (Y\I(ss:fMDh:-th)
09822866 Continuation in part of 09264817 1999-03-09 6209672 2001-04-03
Prior Application Status | Expired i
Application Number Continuity Type Prior Application Number
09264817 non provisional of 60100095
Prior Application Status | Expired
Application Number Continuity Type Prior Application Number | Filing Date (YYYY-MM-DD)
09264817 non provisional of 60122296 1999-03-01

by selecting the Add button.

Additional Domestic Benefit/National Stage Data may be generated within this form

Foreign Priority Information:

and 37 CFR 1.55(a).

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)

EFSWeb 225
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3 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 respond to a collection of information unless it contains a vatid OMB control number.

Attorney Docket Number | PAICE201.DIV.12

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

Title of Invention | Hybrid Venhicles

| Remove | ‘
Application Number Country' Filing Date (YYYY-MM-DD) Priority Claimed

O Yes O No

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

Authorization to Permit Access:

[[] Authorization to Permit Access to 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 Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual 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 checked if the applicant
does not wish the EPO, JPO, KIPO, WIPQ, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to 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 requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

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

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 (assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

QO Assignee (O Legal Representative under 35U.S.C. 117 (O Joint Inventor

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

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

BMW1052
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D) 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 respond to a collection of information unless it contains a valid OMB control number.

Attorney Docket Number | PAICE201.DIV.12
Application Number 13/573,728

Application Data Sheet 37 CFR 1.76

Title of Invention | Hybrid Vehicles

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here. O

Prefix Given Name Middle Name Family Name Suffix

Mailing Address Information:

Address 1

Address 2

City State/Province
Country' Postal Code
Phone Number Fax Number
Email Address

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

Non-Applicant Assignee Information:

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

Assignee 1

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
inventor is obligated to assign, or person who otherwise shows sufficient proprietary interest), as the patent application publication will
include the name of the applicant(s).

if the Assignee is an Organization check here. J
Prefix Given Name Middle Name Family Name Suffix
EFS Web 2.2.5 BMW1052
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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

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

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:
Address 1
Address 2
City State/Province
Countryi Postal Code
Phone Number Fax Number

Email Address
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 )

Signature /L_‘_&Q Date (YYYY-MM-DD)|Z.%72./2-27

First Name Michae] Last Name de Anaeli Registration Number 27,869

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 upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12
CONFIRMATION NO. 9367
Michael de Angeli IMPROPER CFR REQUEST
34 Court Street
Jamestown, Rl 02835 IR L TR
000000058161040

Date Mailed: 12/19/2012

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT

Continuity, Priority Claims, Petitions, and Non-Publication Requests

In response to your request for 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 changed relative 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

page 1 of 1
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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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Dated:

Respectfully submitted,

Al 0]~

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
P.O. Box 1450
Alexandna, Virginm 22313-1450
WWS asp1o KOV

APPLICATION FILINGor | GRF ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMS] IND CLAIMS
13/573,728 10/05/2012 3618 2230 PAICE201. DIV. 12 16 4
CONFIRMATION NO. 9367
Michael de Angeli FILING RECEIPT

34 Court Street

Jamestown, Rl 02835 mmmnnmmmmmmmwmmmﬂﬂ

R ISE p Date Mailed: 11/05/2012

$ASTSY AN 1

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 conceming the
application must include 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 on this Filing Receipt, please
submit a written request for 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 corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s) ' _ e
Alex J. Severinsky, Washington, DC; This application is a DIV of 13/065,708, 03/29/2011
Theodore Louckes, Holly, MI; - which is a DIV of 12/320,600 01/29/2009 ABN
Applicant(s) . ) which is a DIV of 11/459,458 07/24/2006 PAT 7,520,353
’T\Le;‘oé A ?:‘l’_i:';ig ‘:{V;Is“'ﬁt?“v DC: [ which is a DIV of 10/382,577 03/07/2003 PAT 7,104,347
1Oy, W which is a DIV of 09/822,866 04/02/2001 PAT 6,554,088

Assignment For Published Patent Application
*'9 O o LG, Windsortomke. CF which is a CIP of 09/264,817 03/09/1999 PAT 6,209,672
. Go “_:,,— e« Sovim which claims priority of 60/100,095 09/14/1998
;?;:;f;:ﬁ:;ﬁ&m 869 P 56FL ) ond daims benefit of 60/122,296 03/01/1999

Domestic Priority data as claimed by applicant

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Piease see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 11/01/2012

The country code and number of your priority application, to be used for 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 10f3
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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.
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In these circumstances it is respectfully submitted that no

new declaration is in fact required.

Respectfully submitted,

1~/ [ et A~

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
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
e .00 0) N/A N/A N/A N/A 390
SEARCH FEE
o o o N/A N/A N/A N/A 620
EXAMINATION FEE
N FEE N/A N/A N/A N/A 250
TOTAL CLAIMS . *
(37 CFR 1.16(i)) 16 minus 20= OR |« 62 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 4 minus 3 = 1 x 250 = 250
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 320
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1830
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
L Total . i “ =
s (37 CF% ?.16(i)) Minus = OR |« =
= Independent * Minus | *** =
E (37 oiR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE() FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
w (37 CFR 1.16(h) = -
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
BMW1052
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12
CONFIRMATION NO. 9367
Michael de Angeli NOTICE
34 Court Street
Jamestown, Rl 02835 IR L 0 AR
000000057422345

Date Mailed: 11/05/2012

INFORMATIONAL NOTICE TO APPLICANT

Applicant is 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 must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in 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 new inventor's oath or declaration that identifies this application (e.g., by Application Number and filing
date) is required. The inventor's oath or declaration does not comply with 37 CFR 1.63 in that it:

+ does not state 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 OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSIND CLAIMS
13/573,728 10/05/2012 3618 2230 PAICE201. DIV. 12 16 4
CONFIRMATION NO. 9367
Michael de Angeli FILING RECEIPT
34 Court Street
Jamestown, RI 02835 LT R
0000000574223

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 must include 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 on this Filing Receipt, please
submit a written request for 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 corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Alex J. Severinsky, Washington, DC;
Theodore Louckes, Holly, MI;
Applicant(s)
Alex J. Severinsky, Washington, DC;
Theodore Louckes, Holly, MI;
Assignment For Published Patent Application
PAICE LLC, Windsor Locks, CT

Power of Attorney:
Michael De Angeli--27869

Domestic Priority data as claimed by applicant

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://www.uspto.gov for more information.)

If Required, Foreign Filing License Granted: 11/01/2012

The country code and number of your priority application, to be used for 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 the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

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

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as

page 2 of 3
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set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation and commercialization of new technologies. The USA offers tremendous
resources and advantages for 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 USA is the best

country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

page 3 of 3

BMW1052
Page 148 of 300



PATENT APPLICATION SERIAL NO.

U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
FEE RECORD SHEET

11/02/2012 WANLL 00000005 040401 13573728
01 FC:1201 250.00 DA

PTO-1556
€5/87)

*U.S. Govemment Printing Office: 2002- 489-267/69033
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216004

U.S. PTO
° 13/573728
S
= R 10/05/2012
==
=
= ° MicHAEL M. be ANGELI, P.C.
=
= C ATTORNEY AT LAw
= { 34 COURT STREET
= 3 JAMESTOWN, RHODE ISLAND 02835
(@] (401) 423-3190
REGISTERED PATENT
ATTORNEY FAX: (401} 423-3191
o E-MAIL: MDEANGELI20@GMAIL.COM
ADMITTED TO BARS
OF PA & MD
NOT ADMITTED

WWW.RIPATENTLAW.COM
IN RI

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
RULE 60 APPLICATION
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October 1, 2012

Hon. Commissioner for Patents

P.0O. 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,

2011 entitled Hybrid Vehicles

13/065,708 filed
Name of

Full

first joint 1inventor: 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.
originally filed on March 29,

13/065,708 as
2011.
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X The filing fee is calculated
claims canceled:

below: Claims as filed, less any

LARGE ENTITY

CLAIMS Basic Filing Fee: $ 390
Total 1 - 20 - 0 x se62 * 0
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

The Commissioner is hereby authorized to charge additionally

X
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.

X 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. § 1109.
a) Certified copy is on file in prior application

Serial No. filed
b) Certified copy filed herewith.
2
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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 all 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,

Yy

pated: /7 /2. [1 + Michael de Angeli
Reg. No. 27,869
34 Court Street
Jamestown RI 02835
401-423-3190

i
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. applicatidn ser. No. 60/100,095, filed september 14, 1998,

HYBRID VEHICLES

Inventors: AleX J. severinsky
Theodore N. Louckes

cross-Refe to Related jcations
a 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 prov151ona1
and is

also a continuation-in—part of Ser. No. 09/392,743, filed September

9, 1999, which in turn claims priority from provisional application

ger. No. 60/122,296, filed March 1, 1999.

Field of the Invention
This 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 the
driving 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.

pDiscussion o he io t

For many years great attention has been given to the problem
of reduction of fuel consumption of automobiles and other highway
vehicles. conconitantly very subsﬁantial 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, higher

combustion tenperatures in gasoline-fueled engines jead to increase

in certain undesirable pollutants, typically NO, .

Another possibility for reducing emissions is to
or .straight ethanol. However,

purn mixtures

of gasoline and ethanol ("gasohol"),
to date ethanol has not become economically competitive with

and consumers have not accepted ethanol to any great

gasoline,
Moreover, to make an alternate fuel such as ethanol

degree.
available to the extent necessary .to achieve
conservation would

ents; not only the

appreciable

improvements in nationwide air quality and fuel
require immense costs for infrastructure improvem
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 patteries. To
date, all such nstraight 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
patteries would not be an inconvenience, such cars are not suitable
for all the travel requirements of most individuals. Accordingly,
an electric car would have to'be 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. Furthefmore, comparinq 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.
v h an electric

prooks et al U.S. patent 5,492,192 shows suc
incorporation of

vehicle; the invention appears to pe directed to
into an

antilock praking and rraction control technologies
otherwise conventional electric vehicle.

Much attention has also been paid over the Yyears to

development of electric vehicles jncluding internal combustion

engines power ing generators, thus eliminating the defect of limited

range exhibited by simple electric vehicles. The simplest such
vehicles operate on the same general principle as diesel—electric
locomotives used by most railroads. In such systems, an internal
combustion engine drives a generator providing electric power to
traction motors connected directly to the wheels of the vehicle.
This systenm has the advantage that no variable gear ratio
transmission is required petween the engine and the wheels of the
vehicle.

More particularly, an internal combustion engine produces zero
torque at zero engine speed (RPM) and reaches its - torque peak
somewhere in the middle of jts operating range. Accordingly, all
vehicles driven directly by an internal combustion engine (other
than certain single-speed vehicles using friction or centrifugal

clutches, and not useful for normal driving) require a variable-

.ratio transmnission between the engine and the wheels, so that the

engine's torque can be matched to the road speeds and loads
encountered. 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 1ocomotive, for example, with a multiple speed transmission,
or a clutch. Accordingly, the additional complexity of the
generator and electric traction motors 1is accepted.. Electric

traction motors produce full torgue at zero RPM and thus can be
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connected directly to the wheels; when it is desired that the train

should accelerate, the diesel engine is simply throttled to

increase the generator output and the train begins to move.
The same drive system may pe employed in a smaller vehicle
such as an automobile oOT truck, but has several distinct

disadvantages in this application. In particular, and as discussed

in detail below in connection with Figs. 1 and 2, it is well known

that a gasoline or other internal combustion engine 1is most

efficient when producing near its maximum output torque-

Typically, the number of diesel 1ocomoti§es on a train is selected
in accordance with the total tonnage to be moved and the grades to
pe overcome, SO that all the locomotives can pe operated at nearly
full torque production. Moreover;, such locomotives tend to be run
at 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 tordﬁe to a generator charging the pbatteries
while supplying electrical power to the tractionk'motor(s) as
required; so as to operate efficiently. This system overcomes the
1imitations of electric vehicles noted above with respect to
1imited 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

pattery, and the traction motor. However, energy transfer between
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-climbing and the like, is rather heavy- and expensive. Thus,

s of engine

those components consumes at least approximately 25
. he cost and

components add substantially to t
r capable of

to

povwer-. Further, such
weight of the vehicle; in particular, an electric moto
nt torgue to neet all expected demand, €-9-v

providing sufficie .
during hill-

allow reasonable performance under acceleration,

series

s have not ‘been jmmediately successful.

hybrid vehicle
s shown in U.S.

A more pronising vparallel hybrid" approach i
patent Nos. 3,566,717 and 3,732,751 t+o Berman et al. In Berman et
al an internal combustion engine and an electric motor are matched
through a compleX gear train soO that both can provide torque
directly to the wheels, the vehicle being operated in several
different modes. where the output of the internal combustion engine
ijs more than necessary to drive the vehicle ("first mode
operation") the engine is run at constant speed and excess power is
converted by a first motor/generator (“speeder“) to electrical
energy for storage in a pattery. In ngecond mode operation", the
internal combustion engine drives the wheels directly, and is
throttled. When more pover is needed than the engine can provide,
a second motor/generator or ntorquer" provides additional torque as
needed.

Berman et al thus show two separate electric motor/generators
separately powered by the internal combustion enginej the "speeder"
charges the patteries, while the ntorquer" propels the vehicle
forward in traffic. This arrangement is’a cource 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
venicle is unsuited - for the automotive market. Automobiles
intended 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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£ one or even two variable—speed transmlsSLOns

al also jndicate tha
see, €.9-, col. 3, lines 19 -~ 22 and 36 ~ 38 of

es 53 - 55 of patent 3,732,751.
1y parallel

may be required;
patent 3,566,717, and col. 2, 1lin
Lynch et al patent 4,165,795 also shows an ear

hybrid drive. Lynch argues that maximum fuel efficiency can be

realized when a relatively small internal combustion engine 15
provided, such that when the engine is operated at an efficient

speed, it produces approximately the average power required over a

typical mission. The example given is of an engine producing 25

hp maximum and 17 hp at its most efficiént speed, about 2500 rpm.
This is to be éombined with an electric motor-generator of about 30
peak hp. This vehicle requires a variable—ratio transnission to
achieve reasonable performance. it appears that the engine is to be
run continuously, at a -steady speed, with additional torque
provided by the motor when needed and excess torgque produced by the
engine being used to charge the batteries. In a first embodiment,
torque provided by the motor is transmitted to the drive wheels
throdgh 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 torgue from an electric motor may pe combined with torque
from an internal combustion engine in a "torque transmission unit"
comprising paired bevel gears and mneans for controlling the
relative rates of rotation of the motor and engine, SO that the
motor can be used to start the endine, absorb excess torque from
the engine (bY charging a battery), ©Or provide additional
propulsive torque. A variable-speed transmission is coupled
petween 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 and an internal combustion engine. However, in
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Helling the relative rates of rotation of the motor and engine

input shafts are fixed; a flywheel is provided to store excess
mechanical energy as well as a .
energy - Albright, Jr. et al patent 4,588,040 shows another hybrid
drive scheme using a flywhee

excess energy; various complicated.-mechanlqa
Capacitors‘have also been

u.s. patent 5,318,142.
a parallel hybrid drive
tors is combined with

pattery to store excess electrical

1 in addition to patteries to store
1 connections are

provided between the various components.
proposed for energy storage; see Bates et al

Fjdllstrom U.s. patent 5,120,282 shows
train wherein torque from two electrié mo
torque produced by an internal combustion engine; the~combination
is 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
nultiple 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 oOr 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- discuss

driving the electric motor in genera

wfluid coupling ©OT torque converter of conventional

col. 2, lines 16 - 17. such transmissions and fluid

onverters are Vvery inefficient, are heavy,
ding to one object

by a
construction.
couplings oY torgue C

bulky, and costly, and are to be eliminated accor
ed in detail below.

Furthermore, the primary means of battery charging disclosed'

by Hunt involves a further undesirable complexity,
tor configuration. The turbine

nanely a turbine

is fueled by waste heat from the internal combustion engine. See
col. 3, lines 10 - 60. Hunt's jnternal combustion engine is also
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 with
conventional vehicles with respect to per formance, 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
disclosure, 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
patteries; where the engine provides jnsufficient 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 torqué and additional regenerative praking as

needed.

More particularly, the latter Kawakatsu patent asserts that

a single electric motor sized to provide sufficient torque to

propel the vehicle would not pe capable of providing»sufficient

regenerative praking force; See€ col. ‘1, line 50 - col. 2 line 8.
Accordingly, Kawakatsu provides two separate motor/generators, as
noted; a separate engine starting motor is also provided. See col.
6, lines 22 - 23. In the embodiment shown, the larger
motor/generator is connected to the wheel drive shaft, while the
engine and the smaller motor/generator are connected to the wheels
through a 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 number
of patents disclose systens wherein an operator js required to
select between electric and internal combustion operation; for
example, an electric motor is provided for operation inside
buildings where exhaust fumes would be dangerbus, and an internal
combustion engine provided for operation outdoors. It is also
known to propose a 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 torque
is required. 1In several cases the electric motor drives one set of
wheels and the internal combustion engine drives a different set.
See generally Shea (4,180,138); Fields et al (4,351,405); Kenyon
(4,438,342); Krohling (4,593,779); and Ellers (4,923,025).

Many of these patents show hybrid vehicle dri#es 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); 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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¢ turbine engine is coupled to the road wheels

type wherein a da
a transmission; an electric motor 1S prov1ded

through a three-speeé
to supply additional torque at 1ow speeds.
For further examples of series hybrid vehicles generally as

discussed above, see Bray (4,095,664); cummings (4,148,192); Monaco

ot al (4,306,156)i park (4,313,080); McCarthy (4,354,144) 7

Heidemeyer (4,533,011); Kawamura (4,951,769); and suzuki et al

(5,053,632). various of these address specific problens arising in
the manufacture OT use of hybrid vehicles, ©OY specific alleged
design jmprovements. For example, Park addresses certain specifics
of battery charging and discharge characteristics, while Mccarthy
shows a complex drive system involving an internal combustion
engine driving two electric motors; the torque generated by the
latter is combined in a complex differential providing continuously
variable gear ratios. Heidemeyer shows connecting an internal
combustion engine to an electric motor by a first friction clutch,
and connecting the motor to a transmission by a second friction
clutch. _

other patents of general relevance to this subject matter
include ToY (3,525,874), showing a series hybrid using a gas
turbine 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 cur;ent capacity could be used; and Nakamura
(3,837,419), addressing improvements in thyristor battery-charging
and 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); 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 systems
include Froelich (1,824,014) and Reinbeck (3,888,325).U.S. Pafent
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

10
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particular interest to certain aspects of the present jnvention 1is
that Medina discloses that the battery pack should have a voltage
in the range of 144, 168 or 216 volts and the generator should
deliver current in the range of 400 to 500 amperes. Those of skill

in the art will recognize that these high currents involve

" gubstantial resistance heating losses, and additionally require

that all electrical connections be made by positive mechanical
means such as polts and nuts, OF py welding. More specifically, for
reasons of safety and in accordance with industry practice,
currents in excess of about 50 amperes cannot be carried by the
conventional plug-in connectors preferred for Yreasons of
convenience and economy, put must be carried by much heavier, more
expensive and 1less convenient fixed connectors (as used on
conventional starter and pattery 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 a 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 systen wherein
two different internal combustion engines are provided, sO that
only one need pe run when the load is lowv. This arrangement would
be compleX and expensive to manufacture.

Detailed discussion of various aspects of hybrid vehicle
drives may be found in Kalberlah, "Elecfric Hybrid Drive Systems
for Passenger Cars and Taxis", SAE Paper No. 910247 (1991).
Kalberlah first compares wgtraight" electric, series hybrid, and
parallel hybrid drive trains, and concludes that parallel hybrids
are preferable, at least when intended for general use (that is,
straight electric vehicles may be useful under certain narrow
conditions of low-speed, 1imited 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 2a first pair of

11
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wheels, and an electric potor the second; more particularly,

Kalberlah indicates that mechanical combination of the torque fronm
impractical.

follow

an internal combustion engine and an electric motor is
Gardner U.S. patents 5,301,764 and 5,346,031

Kalberlah's teachings, in that Gardner shows separately driving at

jeast two pairs of wheels; oné pair is driven by @a first electric

motor, and the second byAa second electric motor or alternatively

py a small internal combustion‘engine. Three different clutches
are provided to allow various sources Of drive torque to be.
connected to the wheels, and to a geherator, depending on the
vehicle's operation mode. The internal combustion engine is run
continuously, and provides the driving torque when the vehicle is
in a cruise mode; at other times it is used to-charge the batteries
powering the electric motors.

. pullock, "The _Technological constraints of Mass, Volume,
Dynamic power Range and Energy capacity on the Viability of Hybrid
and Electric Vehicles", SAE Paper No. 891659 (1989) provides a
detailed theoretical'analysis of electric vehicles in terms of the
loads thereon, and 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 battery
charging, but does not address combining the engine's torque with
that from the motors; see pPp. 24 - 25.

Further related papers are collected in Electric and Hybrid

Vehic ec oay, volume SP-915, published by SAE in February
1992. See also Wouk, "Hybrids: Then and Now"; Bates, von the road
with a Ford HEV", and King et al, “"Transit Bus takes the Hybrid
Route", all in IEEE Spectrum, vol. 32, 7, (July 1995) .

Urban et al U.S. pateﬁt 5,667,029 shows two embodiments of
parallel hybrids; a first embodiment is shown in Figs. 1 -~ 9 and

11, and a second in Figs. 12 - 17. Both embodiments have numerous

12
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jncluding similar operating modes. referring to
the first embodiment, an internal combustion engine provides torgue

o a generator; two electric motoxrs can
s during

common features,

to the road wheels or t
provide torque to the road wheels, ©or charge patterie

regenerative pbraking. Torque from the engine and motors is
combined at the input shaft to a variablerratio transmission.

0verrunning,clutches are provided, e.g., to allow the engine's
torque to pe applied to the road wheels without also rotating the

motors. |
' as indicated at col. 6, lines 25 - 54, certain transitions

between various operating modes are made automatically, responsive

to the position of the accelerator pedal; for example, if the

operator does not depress the pedal beyond a given point, only the
internal combustion engine is employed to propel the vehicle; if
the operator depresses the pedal more fully, the electric motors
are also energized. other changes in the operational mode must be
made by the operator directly; for example, the vehicle may be
operated as & uwgtraight electric" vehicle, e.d- for short duration
trips, by the operator's making an appropriate control action. See
col. 7, lines 49 - 56.

The Urban et al design appears to suffer from a number of
significant defects. First, the internal combustion engine is
stated to provide all torque needed to accelerate the vehicle to
cruising speed under normal circumstances (see col. 5, lines 3 -
10), and also to propel the vehicle during 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 20
horsepower engine, operated through a continuously variable-ratio
transmission and a torque converter, is stated to be adequate for
this purpose. Such‘components are clearly complex and expensive;j
further, torque converters are notoriously inefficient. Moreover,
using the internal combustion engine as the sole source of power
for low-speed running would require it to be run at low speeds,
e.g., at traffic 1lights, which 1is very inefficienf and highly
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jtional references suggest rhat excess

polluting. (various add
patteries; if this were incorporated

rorgque can pe used to charge .
in the Urban systemn, the engine might be run at a reasonably

efficient output level while the vehicle was stationary. put this
In any event

would lead to high 1evels of noise and vibration.

Urban does not appear to consider this possibility.)

on the other hand, Urban does suggest that the V
"straight.electric“ under jow-speed conditions, but

ehicle can be

operated as a
this requires the operator to provide an explicit control input;

this complexity is unacceptable in a vehicle intended to pe sold in
quantity, as would be required in order to reach Urban's steted
goals of reduction of atmospheric pollution and reduced energy
consumption. as noted, hybrid vehicle operation must be
essentially nfoolproof", or wtransparent” +to the user, to have any
chance of commercial success. 4

Urban's second embodiment is mechanically simpler, employing
pbut a single "dynamotor“, through which torque is transmitted from
the engine to the.variable-ratio transmission, but suffers from the
same operational deficiencies.

A second Urban et al patent, 5,704,440, is directed to the
method of operation of the vehicle of the 1029 patent and suffers
the same inadequacies.

various articles describe several generations of Toyota.Motor
Conpany hybrid vehicles, believed to correspond to that available
commercially as the "Prius". See, for example, yamaguchi, nToyota
readies gasoline/electric hybrid systen", Automotive Engineerind,
July 1997; pp- 55 - 587 Wilson, "Not Electric, Not Gasoline, But
Both", Autoweek, June 2, 1997, PP- 17 - 18; Bulgin, "The Future
works, Quietly", Autoweek February 23, 1998, pp- 12 and 13; and
wroyota Electric and Hybrid Vepicles", a Toyota brochure. A more
detailed discussion of the Toy&ta vehicle's powertrain is found in
Nagasaka et al, "Development of the Hybrid/Battery Ecu for the
Toyota Hybrid system", SAE paper 981122 (1998), PP- 19 - 27.

According to the Wilson article, Toyota describes this vehicle as
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regardless of the label applied, its

a "series—parallel hybrid";
o that of the Berman patents

powertrain appears to pe similar t
that is, torque from either or poth of an internal

motor are controllably combined
e drive wheels

described above,
combustion engine and an electric
in a "power—split mechanism" and rransmitted toith

through 2a planetary gearset providing the functionality of a

variable-ratio transmission. See the Nagasaka article at pP- 19 -

20. .
purutani U.S-. patent 5,495,906 describes a wvehicle having an

internal combustion engine driving a girst set of wheels through a
variable-ratio transmission and an electric motor driving a second
set of wheels. The engine 1is apparently jntended to pbe run
continuously; at low speeds, it drives a generator to charge
patteries providing energy to the motor, and at higher~speeds the
engine or poth engine and motor propel the_vehicle. In somne
circumstances the transmission may not be.required;'compare, for
example, col. 3, lines 4 - 8 with col. 5,.1lines 59 - 64.

U.s. patent 5,842,534 to Frank shows & wcharge depletion"
control method for hybrid‘vehioles; in this scheme, the internal
combustion engine is essentially used only when the state of the
patteries is such that the vehicle cannot otherwise reach a
recharging point. See col. 3, lines 50 - 55. In normal operation,
the batteries are recharged from en external power source. Frank
also discusses two-mode brake pedal operation, wherein mechanical
brakes 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 be
varied so as to operate them in 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 hybrid
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wherein torque from an inter

that from 2 motor in a planetary gearset; & clutch 1S !
g of eng ine

therebetween- The specific invention relates to sensin

warmup conditions, soO @S to 1imit emission of unburnt fuel and thus

lower emissions.
U.S. patent 5,846,155 to raniguchi et al show
hybrid wherein torqgue from an internal combustion

motor is again combined in a planetary gearset;
inuously-variable

s a parallel
engine and a
the specific

improvement appears to be the use of a cont

transmission .
It will be appreciated by those of skill in the art that there

are significant 1imitations inherent in the use of planetary
gearsets as a means for connecting different sources, ©-:9-v an
internal combustion engine and an electric motor.: to the drive
wheels of a vehicle, namely, that unless the planetary gearset is
effectively locked (anathematic to its use as a continuously-~
variable transmission, e.9-: in the Toyota vehicle) it is capable
of additive combination of shaft speeds, put not of output torque.
Hence, the principal advantage of the parallel hybrid drivetrain,
additive combination of the output torque of both the electric
motor and the internal combustion engine, is only available when
the planetary gearset is locked. This fact is acknowledged by
Lateur, for example, at col. 6, line 27.

A_dditional disclosures of possible interest include U.S.
patent 5,845,731 to Buglione et al; this patent jssued December 8,
1998, and therefore is not necessarily available as a reference
against the claims of the present application. The basic powertrain

shown 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 by the
second motor 26. The overall hybrid operational schemne provided by
Buglione et al is jllustrated in Fig. 4. At low speeds one Or both

motors may be used to propel the vehicle, with the engine off,
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idling, or running to drive one motor as a generator- puring low-

speed cruising the second motor propels the vehicle,
e vehicle. When

while during

high—speed cruising, the engine propels th
the engine and both motors

acceleration is required at high speed,

may be used to propel the vehicle. Buglione et al also indicates

that a variable—ratio transmission may- be unnecessary, col. 3, line
g, and that the f£irst motor can be used to start the endgine, col.
4, lines 8 -~ 15. .

u.s. patent 5,586,613 to Ehsani, showing an welectrically
peaking hybrid" vehicle is also of interest. Ehsani's vehicle is
shown in several embodiments; in each, an engine 1is apparently to
be run continuously, with excess torque used to charge the
batteries, and one or more motors used to provide additional
propulsive torque when the engine's output torque is inadequate. A
transmission is provided in some embodiments of the Ehsani vehicle.
An embodiment involving two motors is shown in Fig. 7. and can be
modified as discussed in the text at col. 92, 1ines 4 — 5- Fig. 7
itself shows driving a first set of wheels by 2 first nelectric
machine", i.e., & motor capable of operation as a generator. This
drive arrangement is independent of a second drive arrangement,
whereby a second set of wheels is driven by an engine connected
through a first clutch to a second electric machine, connected to
the second set of wheels by a second clutch. Fhsani suggests at
col. 9, lines 4 - 5 that the drive shaft otherwise coupled to the
first electric machine couid' also be driven by the engine.
although it is not made explicit that the first electric machine is
to be retained, this seens likely¥ otherwise, the modified Fig.. 7
enbodiment would be the same as Ehsani's Fig. 1, modified to have
all four wheels driven by a common driveshaft.

This application discloses a number of improvements over and
enhancements to the hybrid.'vehicles disclosed in U.S. patent
5,343,970 (the n1970 patent“), to one of the present inventors,
which is incorporated herein by this reference. Where differences

are not mentioned, it is to be understood that the specifics of the
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jcable to the
1970 patent

vehicle design shown in the '970 patent are appl
herein as well. Discussion4of the

4 to limit the scope of its claims.
Generally speakingd, the '970 patent discloses hybrid vehicles
wherein a controllable torque transfer unit is provided capable-of

transferring torque petween an internal combustion engine, an
wheels of the yehicle. The direction

vehicles shown
herein is not to pe construé

electric motor, and the drive

of torque transfer is controlled by 2 microprocessor responsive to

¢ the vehicle, tO provide highly efficient
and while

the mode of operation ©

operation over & wide -variety of operating conditions,
providing good per formance. The flow of energy -~ either electrical

energy stored in a substantial battery pank, Or chemical energy
stored as combustible fuel - 1is similarly controlled DY the

microprocessor.

For example, according to the operating scheme of the hybrid
vehicle disclosed 1in the '970 patent, in low-speed city driving,
the electric motor provides all torque needed responsive to energy
flowing from the battery. In high-speed highway driving, where the
internal—combustion engine can pbe operated efficiently, it
typically provides all torque; additional torque may pe provided by
the electric motor as needed for acceleration, hill-climbing, OF
passing. The electric motor is also used to start the internal-
combustion engine, and can Dbe operated as a generator by
appropriate connection of jts windings by a solid-state,
microprocessor—control1ed inverter. For example,Awhen~the state of
charge of the pattery bank is relatively depleted, €-.9-. after a
lengthy period of pattery-only operation in city traffic, the

internal combustion engine is started and drives the motor at

_pbetween 50 and 100% of its maximum torque output, for efficient

charging of the pattery bank. gimilarly, during praking or hill
descent, the kinetic energy of the vehicle can pe turned into
stored electrical energy by regenerative braking.

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 is

selected to be of relatively high power, specifically, equal to or

greater than that of the internal combustion engine, and to have

this allows the

high torqué output characteristics at low speeds;
As

conventional multi-speed vehicle transmission to be eliminated.

o the prior art, the pbattery bank, motor/generator, and

power circuitry are operated at relatively high voltage
to resistive

compared t
associated
and relatively low current, reducing losses due
heating 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 rangeé,
and that a battery may be provided to store energy to pe supplied
to 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 flexibility
of a parallel hybrid system, while ‘optimizing the system's
operational parameﬁérs 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
discussed 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 1817 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 a new
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» for a hybrid vehicle, wherein an internal combustion

"+ opology
can be operated

engine and a first electric ngtarting" motor, which
to start the engine, a generator, to charge the

as a starter,
pattery bank responsive to torque from the engine or the wheels

(i.e., during regenerative.braking) or as a source of torque, to
propel the vehicle, are connected to the road wheels of the vehicle
through a clutch, sO© that the engiﬁe can be decoupled from the
wheels during starting and battery charging, but can pe connected
to the wheels to propel the vehicle. A second ntraction” 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 a
turbocharger may be provided, and operated when needed to increase
the torque output of the engine when torque in excess of its
normally-aspirated capacity is required for more than a minimum
time. The present application puilds 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 conmponents 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 c@utch, while, as noted, in the '817

application only the combination of the engine and starting motor
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js connected to the wheels through a clutch, while the traction
ﬁotor is connected directly to the wheels for torque transmission
therebetween, that 1is, without a clutch or variable-ratio
transmission. More specifically, Koide's entire disclosure is
premised on peing able to vary the ratios between the torque-
producing components of his system and the road”wheels, in order
that the engine can pe smoothly started when needed. according to
the '817 application, only the starter motoXx and engine need to be
disconnectible from the wheels for smooth starting, while the
traction motor can pe 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 topologY
shown in the '817 application. gchmidt-Briicken shows an engine 1 in
combination with a starting motor 7, connected to the road wheels
through a first clutch 11, and 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 1is determined by a microprocessor responsive
to the "road load", that is, the vehicle's instantaneous torque
demands, i.e«; that amount of torque required to propel the vehicle
at a desired speed. The operator's input, by WwaYy of the
accclerator or brake pedals, oOr a "cruise control" device,
jndicates that continuing at steady speed is desired, or that a
change in vehicle speed is called for. For example, the
operator's depressing the accelerator pedal signifies an increase
in desired speed, i.e., an increase in road 1load, while reducing
the pressure oOn the accelerator oOr depressing the brake pedal
signifies a desired reduction in vehicle speed, jindicating 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 vary
petween wide limits, independent of vehicle speed, and can be
positive or negative, i.e., when decelerating Or descending a hill,

in which case the negative road joad (that is, torque available at
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the wheels in excess of that required to propel the vehicle) 1is

usually employed to charge the battery bank.
More particularly, jt is important to
joad is not the same thing as vehicle velocity-

road load can be negative while vehicle velocity is positive, as
widely differing road

recognize that road
Indeed, as noted,

during deceleration or descent. Moreover,
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 Ifrom the same speed while climbing a hill may involve
a road load of well over 100% of MTO. -

- By the sane token, control of the vehicle's operating mode in
response to monitoring of road 1oad is not the same as controlling
jts operating mode in response to vehicle speed. Numerous prior art
references, jncluding 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, and Schmidt-Briicken at col. 5, line 56 - col. 6 line
29. Neither Koide nor Schmidt-Briicken, nor any other reference of
which the inventors are aware, recognizes that the desired vehicle
operational mode should preferably pe 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 and fuel efficiency,
under'the widely-varying conditions encountered in "real world"
driving situations, than is possible accofding 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 be loaded so as to
require at jeast 30% of its maximum 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-Bricken,
it is apparent that the engine will be operated at various t;mes
when the road load is less than 30% of MTO, for exanple, during
deceleration or during descents. Moreover, as noted above, the
torque actually required can vary widely jrrespective of vehicle
speed. For example, 30% of MTO may be sufficient to maintain
csteady speed on a flat road, .but 150% of MTO may pe required for
acceleration from the same speed. If the vehicle's operational
mode is selected based solely on speed, as taught by Koide and
schmidt-Bricken, it will Dbe incapabie of responding to the
operator's commands, and will ultimately be unsatisfactory-

By comparison, according to the invention of the '817 and '743
applications, and as further disclosed and claimed herein, the
vehicle's operating mode —-- that is, the selection of the source of
torque needed to propel the vehicle -- is determined pased 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 byAthe 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 anothef 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, €.d., in low-speed city
driving, where the pattery bank may become depleted. The starter
motor, which is operated as a generator in these circumstances, is
accordingly sized so as pbe able to accept at least 30% of MTO as
input torque; the battery bank is 1likewise sized so as to be able
to accept a corresponding amount of charging current. Therefore
the engine is never operated at ljess than 30% of MTO, and is thus
never operated inefficiently. Koide and schmidt-Briicken, 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 pased on a combination of vehicle speed and nyehicle load";
see, e.dg., col. 2, lines 39 - 47: n1t is preferable that the
running state detection means detects vehicle speed and vehicle
load...[and] that the control means transfers the driving 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 1load", i.e., the torque
required to propel the vehicle. Even assuming that Furutani's
wyehicle 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
differing 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 pased 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 the vehicle
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
6, line 49

from the engine's output torque as appropriate. See col.

_ eol. 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 jnternal combustion engine and first
and second "rotary electric units". Although the guestion is not
free from doubt, jt appears from a detailed review of Egami's
disclosure that torque from the engine ié not supplied directly to
the road wheels, put instead is used to drive one of the rotary
electric units as a generator, in~tufh‘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 both of the motors, or all three)
in 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 input parameters".
See col. 22, 1lines 23 - 26. The same point, i.e., that the
nyehicle 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 nisunderstood to be
equivalent to the road joad. Deguchi also states (col. 2, lines 7
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- 9) that the vehicle "runs on the motor at times of low 1oad_and

runs on the internal combustion engine at times of high load".
However, Deguchi makes it clear that in fact the operational—mode

decision is made npased 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 torgque
required to overcome the "instantaneous tractive resistance" is
determined responsive to the deflection of the accelerator pedal,
i.e., in response to operator command (see col. 3, l1ine 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 pe 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; (D)
motor only powvering the vehicle, with the engine "generally
switched off"; (c)engine and motor both powering the vehicle; and
(d) 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 strifler, discussing a method of control of a braking system
providing poth regenerative and mechanical braking, and the
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ring of ancillary systems, such as power steering pumps, Se€€

powe -
Heidl. These references are discussed 1n

U.S. patent 5,249,637 to
further detail below with reference to imp

rovements provided in

these areas by the present application.

je e jo
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
compustion and hybrid vehicles while 'suffering no significant
penalty in performance, operating convenience, cost, complexity, O

weight, which can be operated efficiently by an operator accustoned

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
and uses batteries already well understood and widely available, SO
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 torgue to
the driving wheels of the vehicle, controlled to realize maximum
fuel efficiency at no penalty in convenience, performance, Or cost.

. It is a further object of the invention to provide a series-
parallel hybrid electric vehicle comprising two electric motors,
together providing output power equal to at jeast 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, it is an object of the invention to provide

a series-parallel hybrid electric vehicle wherein the internal
combustion engine is sized to efficiently provide the average power
required for operation at moderate and highway speeds, with two )or
more) separatély—controlled electric motors together sized toO

deliver the additional power needed for acceleration and hill

climbing.

still another object of the invention is to provide a series-—
parallel hybrid electric vehicle wheréin the electric motor and
battery 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 ke employed.

It is a morxre 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 pbase 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 1isted in the 1g17 and '743 applications, the
invention of the present continuation—in—part application has as
objects the proadening of the useful ranges of joading of vehicles
according to the invention, e.9., to provide highly efficient
hybrid operation for a vehicle that may weigh 7,000 pounds empty
put 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 contfol of internal combustion
engines for hybrid vehicles, to obtain very efficient use of fuel.

Another object of the present jnvention is to provide an
optimal HVAC system for hybrid vehicles.

still a further object of the jnvention is to provide a
praking system for hybrid vehicles including regenerative braking
that provides optimal operator feedback despite changes in
operation responsive to the state of charge of the battery 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 a
microprocessor responsive to the mode of operation of the vehicle,
to provide highly efficiént operation over a wide variety of
operating conditions, and while providing good performance. ' The
flow 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 torgque 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 selectic;n 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
wgraction" 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, e.g., 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
pe used to provide torque propelling the vehicle when needed. This
second motor is connected directly to the jnternal 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'df 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 1less fuel-rich fuel/air mixture than is conventional,
significantly reducing undesirable emissions and improving fuel
economy at start-up. A catalytic converter provided to
catalytically combust unburnt fuel in the engine . exhaust 1is
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 18

connected directly to the engine, and this combination is connected
to the traction motor by a clutch for transfer of . torque; the
output shaft of the traction motor is then connected to the road
wheels of the vehicle. 1In other embodiments, the engine/starting
motor combination may pe connected to a first set of road wheels
through a clutch, with the traction motor connected to another set
of road wheels directly; in a fufther embodiment, plural traction
motors may be provided. In each case, the engine is controllably
disconnected from the road wheels by control of the clutch.
Engagement of the clutch is controlled by the microprocessor, e.g.,
controlling an electricél or hydraulic actuator as part of
controlling the state of 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 is disconnected from the wheels; the
vehicle is then operated as a ngtraight" electric car, i.e., power
is drawn from the pattery bank and supplied to the traction motor.
Should the batteries becone relatively depleted (e.9., become
discharged to 50% of full charge), the starter motor ijs used to
start the internal combustion engine, which then runs at relatively
high torque output (e.g., at jeast about 30% of its maximum
torque), for efficient use of fuel, and the starting motor is
operated as a high-output generator to recharge the battery bank.

gimilarly, 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 oY passing, the traction and/or starter
motors can be engaged as needed. Both motors can be operated as
generators, €.9-, to transform the vehicle's kinetic energy into
electrical power during descent or-deceleration. Also as in the
1970 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. . _

In 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
prake 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 drive 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 applicatioﬁ.
However, operating the internal combustion engine at this speed
would likely lead to undesirable levels of noise and vib:ation, and
might constrain its performance characteristics in an undesirable
manner. Accordingly, for example, the starter motor might drive
the engine through a pinion geared to a larger toothed flywheel,
as conventional. similarly, it might be desirable to.provide the
traction motor as a relatively high-speed unit, driving the road
wheels through a chain, belt, or gear reduction unit. The starter
motor may be configured as a nfaceplate" ©OT vpancake" motor,
essentially forming the flywheel of the engine, and rotating at

32

BMW1052
Page 185 of 300



10

15

20

25

30

‘engine speed, whiie the traction motor js a.much higher speed

induction motor connected to the vehicle driveshaft by 2a 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-coﬁnected battery banks, with
the vehicle chassis connected to the batteries at a central point,
petween the banks. This "center-point-chassis" connection reduces
the voltage between various. circuit components and 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 jllustrated in Fig. 14 of the '970 patent; 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
petween 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 dnly 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, €.9-.. ‘during
highway-cruising, the control systemn operates the engine at varying
torque output levels, responsive to the operator's commands. 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 torque requirements exceed the engine's maximum
efficienf torque output, -€.9-, 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
minimum torque efficiently provided by the engine, €.9-;, during
coasting, on downhills or during braking, the excess engine torque
ijs used to charge the batteries. Regenerative charging may be
per formed simultaneously, as torque from the engine and the
vehicle's kinetic energy pboth drive either or poth motors in
generator mode. The rate of change of torque output by the engine
may e controlled in accordance with the patteries' state of
charge. o
The vehicle is operated in different modes, depending on its
instantaneous torgue requirements, and 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 aleo exhibit hysteresis, soO 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
and the road wheels, and it was stated that a desirable aspect of
the invention was to agoid such ‘transmissions, SO that the

rotational speeds of the tﬁo motors and the engine were fixed with
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reépect 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 Dbe
operated infrequently as a two-speed ''range selector", or could be
operated essentially as a conventional aﬁtomatic transmission, that
is, be repetitively shifted during acceleration, upon nkick-down"
and 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 joads. 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 the
weekend the family might load the vehicle with half a ton of

camping gear and the 1ike 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 imweﬁtion as described by the
present continuation-in-part application as well as the predecessor
applications and 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 torgque
output. That is, the engine is pever run at less than 30% of
maximum torque output ("MTO"). AsS 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
speeds; 1if additionél torque is required for passing oOr hill-
climbing, the traction motor is operated. Application Ser. No.
392,743 further adds the idea of providing a turbocharger,
controlled by the microprocessoxr 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
pe sized such that the engine provideé 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
could be a manually- oOT automatically-operated "range shifting"
gearbox akin to those presently provided on SUVs and the like, to
allow shifting into a wjow range", for example, when 2a heavy
trailer is be towed, oOT could be operated similarly to a
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 system.
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 slov 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, a
hydraulic braking system of generally conventional design must be
provided for several reasons: first, for safety, in the event that
the 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
pattery life); and to provide braking when regenerative braking is
not available, €-9-: when at a standstill. The present application
discloses cértain jimprovements in hydraulic braking systems desired
to optimize their design for use with hybrid vehicles, as well as
a mechanism providing optimized brake "“feel" to the driver,

regardless whether conventional, regenerative, OT both braking

systens are in use.
The present application also discloses certain problems
inherent in application of conventional vehicles' heating,

ventilation and air conditioning systems to hybrid vehicles, and
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describes preferred solutions to these problems.

A further improvement accordlng to the present invention
1ncludes the provision of an aux111ary 12 volt supplY systemn,
allowing the hybrid vehicle of the 1nventlon to “jumpstart“ another
vehicle, or 1ikewise to be jumpstarted as might be necessary after
a long hiatus, and to allow use: of conventional 12 volt
accessories, such as radios and other!electronlc items.

The present appllcatlon also: 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 of
the following detailed description of a specific embodiment
thereof, especially when taken in conjunctlon with the accompanying
drawings, wherein like reference numerals in the various figures

are utilized to designate like components.

Brief pescription of the Drawings
The invention will be better unaerstood if reference.is made
to the accompanying drawings, in whi%h:

Flg. 1 is a plot of output powen versus rotational speed (RPM)
for a typlcal 1nternal combustion engpne, jllustrating the relative
fuel consumption of the engine as useo in a conventional automobile
in gallons/horsepower—hour, f

Fig. 2 is a similar plot descrlblng operation of a relatively
small internal combustion engine used in the present invention
under circumstances similar to those depicted in Fig. 1;-

Fig. 3 shows 2 schematic diagram of the pr1nc1pal components
of a first empodiment of the hybrid vehicle drive system according
to the invention;

Fig. 4 shows a block diagram of the prlnc1pal components of
the drive system of the invention in a second embodiment, differing
in certain mechanical arrangements from that of Fig. 3., and

illustrating various control signals prov1ded in both enmbodiments;

38

BMW1052
Page 191 of 300



10

15

20

25

30

Fig.
inverter,
Fig.

powertrain operation,

and motor circuitry;
6 is a diagram illustrating differing modes of vehicle
plotted on 2 three

5 shows a partial schematic diagram of the battery bank,

dimensional chart,

illustrating that the mode of vehicle operation is a function of

the state of
load, and time;

‘ Fig. 7, comprising.Figs.
sheets, is a timing diagram
output, the state of charge
operation as functions of time,

strategy employed during

and extended high-load driving;
8 (a)-(d), are diagrams indicating

Fig. 8, comprising Figs.

charge of the pattery bank,

the instantaneous road

7_(a)—(c), and extending over two
showing road load,
of the battery bank,

thus illustrating 2 typical control

engine torque
and engine

low-speed city driving, highway cruising,

the flow of torque and of energy among the components of the hybrid

powertrain of the invention,

Fig.

in various modes of operation;j
9 is a simplified flow chart of the algorithm employed

by 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.
flowchart of Fig.
control strategyi

9(b) is an alternate version of one of the steps of the
9, implementing a modification to the vehicle

Fig. 9(c) is an alternate version of another of the steps of

the flowchart of Fig. 9,
the vehicle control strategy;

Fig. 10 illustrates

characteristics of the electric starting and traction motors,

the preferred torque Vversus

similarly implementing a modification to

speed

and

of the internal combustion engine;

Fig.

an alternative embodiment

11 is a schematic diagram similar to Fig. 3,
of the

illustrating
hybrid vehicle powertrain

according to the invention, wherein the engine is provided with a

turbocharger which is controllably operable,

so as to be employed
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only when needed; .
Fig. 12 is a three-dimensional diagram comparable to 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) - (¢): _extending over two sheets, and
illustrating typical operation of the turbocharged hybrid vehicle
of Fig. 11;

Fig. 14 1is a schematic diagram similar to Figs. 3 and 11,
j1lustrating a further _lternative embodiment of the nybrid vehicle
powertrain according to the invention, wherein a second traction
motor is connected to a second set of road wheels, providing a
particularly convenient way of providing four-wheel drivej

Fig. 15 is a schematic diagram of the preferred brake .system
of a hybrid vehicle according to the jnvention; and

Fig. 16 is a is a schematic diagram of the preferred heating,
ventilation and air conditioning system of a hybrid vehicle

according to the invention.

pescription of the preferred Embodiments
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 an
automatic transmission in a typical sedan of 3,300 pounds. AS can
be seen, the maximum engine power available is about 165 horsepover
at about 5,000 RPM. Also shown in Fig. 1 by the curve labeled
njarge Car Average Power Requirements“ are the average power
requirements of such a vehicle. points ¢, S, and H on this curve
show average fuel consumption in city, suburkan, and highway
driving, 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 apbout 30 hp. Thus, the vehicle is vastly
overpowered at all times except during acceleration oOr hill-
climbing.

Fig. 1 also includes dashed-line curves jndicating the
relative fuel consumption of the engine. As can be seen, reasonable
fuel efficiency, that is, at least about 105 percent relative fuel
consumption (100% being ideal), is reached only when the engine is
operated at between about 2,000 and 4,000 RPM, and when producing
petween about 75 and 150 horsepower. Fig. 1 thus indicates that the
typical jnternal combustion engine is operated with reasonable
efficiency only when producing petween about 50 and about 90% of
its maximum output power. The typical automobile only requires such
substantial power under conditions of extreme acceleration or hill
climbing.

Accordingly, it will be appreciated that the typical engine
is operated efficiently only during relatively prief intervals;
more specifically, at lower power outputs, losses due toO friction
and pumping consume larger fractions of the engine's total torque,
so that a lower fraction is available to propel the vehicle. As can
pe seen, during typical highway driving, shown py point H, the
relative fuel consumption is on the order of 190 percent of that
required during the most efficient operation of the engine. The
situation is even worse in suburban driving, where the relative
fuel consumption is nearly 300 percent of the most efficient value,
and in city driving, where the relative .fuel consumption is almost
350 percent of that required at most efficient operation.:

Fig. 1 thus demonstrates that an internal combustion engine
having sufficient horsepower for adequate acceleration and hill
climbing capability must be sO oversized with respect to the loads
encountered during most normal driving that the engine is grossly
inefficient in its consumption of fuel. As noted, Fig. 1 further
shows 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
nLarge 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; Tﬁat is, even this small
engine produces substantially more power at low RPM than needed for
city driving (point C) or for suburban driving (point 8).
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 advantagés
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.

A As indicafed above, "straight" electric vehicles, that is,
vehicles having electric traction motors and patteries 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.

| A 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,icostly, and
bulky.‘ The alternative series hybrid approach, involving a
transmission between a relatively smaller eiectric motor and the

wheels to provide the torque needed to accelerate quickly, loses

the virtue of simplicity obtained by elimination of a nulti-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 a 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 1low 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 jnternal 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 torgque output ljevels, 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 1970 patent,
the internal combustion engine of a hybrid vehicle is sized to
supply adeguate 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, 1is used to supply additional power as needed for
acceleration and hill climbing, and is used to supply all power at
low speeds, Wwhere the internal combustion engine is particularly
inefficient, e.g., 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 jatter, 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 torqgue 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 during deceleration of the vehicle.
This unit, while entirely practical, comprises gears for powver
transfer, which are jpevitably a source of audible noise and
frictional 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 2 microprocessor controller responsive to operator
commands and sensed operating conditions.

In this connection, it will be understood that the terms
nmicroprocessor” and "microprocessor controller" are used
interchangeably throughout the present application, and it is to be
further understood that these terms as used herein jnclude various
types of computerized control devices not always referred to as
“microprocessors“ per se, such as computers themselves
incorporating microprocessors, digital signal processors, fuzzy
logic controllers, analog computers, and combinations of these. In
short, any controller capable of examining input parameters and
signals and controlling the mode of operation of the vehicle
according 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 jnjection and
electronic engine management devices shown in Figs. 3 and 4 as
separate elements might also be integrated within the
"microprocessor" or "microprocessor controller" as described
herein. .

Fig. 3 of the present application shows a first embodiment of
the present invention, while Fig. 4, discussed belov, shows a
second embodiment illustrating certain alternative mechanical
arrangements; overall the two embodiments are very similar, and
functionally they are substantially jdentical. Fig. 11, also
discussed below, illustrates a further embodiment, and Fig. 14
incorporates still further improvements.

In the Fig. 3 enmbodiment, 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 and 25 are functional
as motors or generators by appropriate operation of corresponding
inverter/charger units 23 and 27, respectively, connected between
the motors and pattery bank 22.- At present, essentially

conventional 1lead-acid batteries are preferred for pattery bank 22,

. gince these are widely available and well understood. More

advanced patteries 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 further
pbelow 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 aré rotating at
substantially the same speed Dbefore 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
pbefore the shafts are fully engaged. More particularly, as
slipping of clutch 51 is not required to propel the vehicle
jnitially from rest, as is the case in conventional vehicles,
clutch 51 need not allow for extensive slipping when being engaged.
In some cases it may pe satisfactory to provide clutch 51 as a
simple gelf-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 ngensorless" motor drives (see, fof example, Bose,
npower Electronics and variable Frequency Drives", IEEE, 1996).
However, provision of encoders 18 and 19 will allow better low-—
speed torque characteristics of motor 21 and 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 illustrated 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 cshows additional signals provided to

47

BMW1052
Page 200 of 300



10

15

20

25

30

microprocessor 48 in both the Fig. 3 and the Fig. 4 enbodiments.
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) (vwhich could be
configured as rheostats, Hall-effect sensors, OX 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 Dbe 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 verj 1imited 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 tfip are emitted during the
first 30 - 60 seconds of operation, due to the extremely rich
mixtures normally supplied during starting, and 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 prake pedal 70, and/oxr presses brake pedal 70
beyond a predetermined poiht, both mechanical and regenerative
braking will be provided. Mechanical braking is also provided on
long downhills when the patteries 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, pattery charge level, and ambient
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temperature are also either monitored. directly or derived from
mohitored variables. 1In 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 motdrs 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 embodiments'of 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 providé the motors coaxial with thelenginé'
shaft, as illustrated in Fig. 3, but to provide a planetary
gearset (s) between the shafﬁs 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 présent 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 output shaft 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 varﬁable-rétio 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 discussed 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
and 4 embodiment. A further alternative would be to provide a

e system as in Fig. 3 driving one pair of road wheels, and

complet
d pair of road wheels.

a separate traction motor driving 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
and the related text below for further discussion.

Oother elements of the system as jllustrated 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 tﬁrottle 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 and 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 torgque requirements, either or both
of motors 21 and 25 are operated as generators, providing
regenerative recharging of battery bank 22. Fig. 7, discussed
below, illustrates this aspect of the operation of the vehicle of
the invention in further detail.

Thus, as indicatéd above, when microprocessor 48 detects a
continued operator requirement for additional power, such as during
transition from slow-speed to highway bperation, or by measuring
the rate af which the operator depresses accelerator pedal 69,
engine 40 is started 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 motor 21,
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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
and clutch 51 may be provided in a. single sealed housing, possibly
pathed 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 poth 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
Ssimanaitis, "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
purn efficiently, if at all, and is immediately enmitted unburned.
BY comparison, at high starting speeds according to the invéntion,
turbulence in the combustion chamber is sufficient to ensure the

presence of vapor, SO that a near-stoichiometric mixture, typically
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jncluding 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 of
unburned fuel - since most of the fuel provided to a conventicnal
engine at starting. is immediately 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 - a catalytic converter 64 is preheated to
an effective working temperature of at least about 350° C before
starting the engine, to pfevent even this relatively small emission
of unburned fuel.

Thus} the primary consideration in selecting the torque of
starting motor 21 js 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 output
when operated as a generator, SO that the engine. can be
efficiently employed when charging the battery bank during 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 peing 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
differently, the total power available provided py all of these
torque—prqducing components should be at least equal %to and
preferably exceeds the peak power provided by the internal
combustion engines of conventional vehicles of similar intended
use, both as measured at the wheels. Moreover, as set forth in the
1970 patent, the total torque provided by motors 21 and 25 should
pe 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 1large fraction of the total energy required, in 1low
speed operation much energy is lost by conventional vehicles as
heat released during braking. .

Given the above considerations, the following are typical
pover 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 npmid-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 speeds

Traction motor 25: 50 = 75 horsepower from 1500 to 6000 rpm.

The same starting motor would 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 avéilable from the engine. S

In the hybrid vehicle of the jnvention, which as noted does

not require a complex, ‘heavy, and costly variable-ratio

transmission, these components would provide acceleration much
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superior to that of typical similarly-sized automobiles of United
states manufacture, together with far better fuel ecbnomy 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 1imit the scope of the invention.

As indicated . above, in the preferred embodiment, both the
starting and traction motors are AC induction motors, although
other 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 jllustrated 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 ¢ 1 in this example, can vary between
about 3 to 1 and apout 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, the-series—wound DC motors conventionally used
as automotive engine starting motors provide very high torque, but
only at very low speeds; their torque output drops precipitously at

higher speeds. such conventional starter motors would be

unsatisfactory in the present system.

Fig. 10 also shows the torque ¢C
as noted, the torque is zero at zero Ipm,

ge is required to allow the engine
Fig. 10 shows at D typical curves

urve of a typical internal

combustion engine at Bj;
so that a clutch allowing slippa

to move the vehicle from rest.
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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
foﬁr—speed_transmission; used to provide additional torqué 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
petween 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
petween 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 at least 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 a chain-
drive reduction unit, as indicated in Fig. 4. The maximum speed of
the internal combustion engine is preferably limited to on the
order of 6000 rpm to limit wear, noise and vibration, which
increase with higher operating speeds, and because engines capab;e

of higher—-rpnm 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 - 18,000A rpm allows them to be made smaller,
lighter, and less costly; whether this advantage overcomes the
added complexity of chain, gear, oOr belt drives, oOr other
mechanical means allowing combination of torgue 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) is 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 Xkey
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

* yehicle. It is also desired that the battery pank 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.

" pThe functions of the inverter/chargers 23 and 27 (separate
jinverter/chargers being required to allow independent operation of
ﬁotors 21 and 25) include control of motors 21 and 25 to operate as
motors or as generators; Qperation of traction motor 25 in the
opposite direction for reversing the vehicle; conversion of DC

stored by the pattery bank to AC 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 épecified 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 jndicated, can be but is not necessarily
generally similar. Other motor types{ such as permanent maghet
brushless DC motors or synchronous 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, €e.g., 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 nyye"
arrangement shown, rather than the known ngelta" arrangement; it is
found that certain undesirable harmonics are reduced by the nyye"
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/chargexr 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 g8 responsive to frequency, polarity and current signals
received from microprocessor 48 (F}gs. 3 and 4). Typical operating
frequencies can be up to 200, 400 or 600 Hz; the transfer of power
between the pbattery bank 22 and motors 21 and 25 is then controlled
by pulse-width modulation, that is, Dby controlling the
cemiconductors 80 to conduct during portions of the power
waveform, the duration of the conducting portions varying in

59

BMW1052
Page 212 of 300



10

15

20

25

30

accordance with the power required. Semiconductors 80 may be any
type suitable for handling relatively high voltages and currents;
satisfactory insuléted-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 provide suitable 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
thg 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 embodinent, each battery
assembly will comprise eight 48-volt patteries, 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 Vvarious jnsulation and heat-sinking.
requirements. More specifically, the conductors, connectors,
relays, switches and like elements can pe 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 1less 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

patteries 85 are connected by normally-open relays 87, soO that the
batteries 85 are isolated from oOne another under fail-safe
conditiohs; for example, if the vehicle is involved in an accident,
power to the relays is cut off, soO 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 presenﬁ 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
njumping" current to start other vehicles having conventional 12-
volt electrical systems, and 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
éemiconductor-implemented voltage conversion circuit, transforming
the 48 volts from onée of the batteries to 12 volts for jumping
others, and providing the inverse 12 to 48 volt transformation as
needed. It should also be understood 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.

" Turning now to detailed discussion of the jinventive control
strategy according to which the hybrid vehicles of the invention
as in the case of the hybrid vehicle system shown in

are operated:
and as discussed in further detail below, the

the '970 patent,
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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 jllustrated using several
different 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 petween the vehicle's
instantaneous torque requirements or "road load", the state of
charge of the Dbattery bank 22, and time, while Fig. 7 shows
variation in, and the relationship between, road 1load, "engine
torque output, and the state of charge of the battery bank over
time, that is, during an exemplary trip. Figs. 8(a) - (d) show
simplified schematic diagrams of the vehicle of the invention in
jts 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
jllustrated in several different ways by Figs. 6 = 9- The same

specific numerical examples for various significant control
data items, and the 1like are used throughout for

It will be understood that these examples would normally
ot used in the

variables,
clarity.

be expressed as ranges; although ranges are n
following, to simplify the discussion, it should be understood

throughout that these numerical examples are
imited to the exact values of the

exemplary only, and

that the invention is not to be 1
‘ \
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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", i.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 speéific 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 noﬁed, 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 js illustrated in Fig.
8(a). The same paths of energy and torque may also be employed
under emergency éircumstances, referred to as mode III operation,
as discussed below.

While operating at low speeds, e.d., when the vehicle's torque
requirements ("road load", or "RL") are jess than 30% of the
engine's maximun torqué output ("MTO"), engine 40 is run only as
needed to charge battery bank 22. Starting motor 21 is first used
to start engine 40, and is then operated as a generator by
appropriate operation of inverter/charger 23, SO that charging
current flows to pattery bank 22. Accordingly, clutch 51 is

disengaged, SO that the road speed of the vehicle is independent of
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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
"mpdé II" operation is illustrated in Fig. 8(b); as indicated,
clutch 51 is disengaged, soO that engine operation to charge battery
pank 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 cfuising.
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
jllustrated in Fig. 8(c).

If extra torque is needed during highway cruising, e.g., for
acceleration or hill-climbing, either or poth of motors 21 and 25
can be powered. This "mode V" operation je 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. gimilarly, 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;
pbraking can be accomplished similarly in response to an appropriate
operator command. .

Fig. 6, as indicated above, -is a diagram illustrating
differing modes of operation of the hybrid vehicle powertrain of
the invention; the modes .of operation, indicated by numerals I = v,
are plotted on a three dimensional chart, illustrating that the
mode of vehicle operation as controlled by microprocessor 48 is a
function of the state of charge of the pattery 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 pank is not charged to more than 70% of its
theoretical full capacity; 1if a number of series—-connected
patteries 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 l1life. Moreover, frequently recharging any
individual battery to 100% of its theoretical capacity is
deleterious to battery 1ife as well.

The road load is shown in Fig. 6 on a second axis as varying
from 0 at the origin to 200% of the engine's maximum torgue output.
(Negative road load, occurring during descents or under braking, is
not shown in Fig. 6 due to the difficulty of illustration. This
circumstance 1is discussed in connection with Fig. 7, below.) Time

je shown on the third axis extending from an arbitrary point at the

origin; that is, Fig. 6 shows the mode of the vehicle's operation

over the next short period of time (on the order of 30 -~ 60

seconds) from a present jnstant 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
depgndence 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
1), defined " in this example as driving where the vehicle's

vinStantaneous torque requirements, or "road load", is up to 30% of

the engine's maximum torque, the vehicle is operated as a "st:aight
electric" car, the clutch peing 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

generatox 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 oOr 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
petween 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 petween regions I and IV
is requiféd (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, e.9. for
acceleration or passing, region V is entered; that is, when the
microprocessor detects that the road load exceeds 100% of the
engine's maximum’ 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
p_rbvided by engine 40. Starting motor 21 can similarly be
controlled to provide propulsive torque.

As indicated above, during 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, oné or both of the electric motors are energized to
provide additional torgque; where the vehicle's torque requirements
are less than the torque then being produced by the engine, e.g-.,
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 pboth drive one or both motors operated in

generator pmode. The rate of change of torque output by the engine
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may be controlled to reduce emissi@ns, and in accordance with the
state of charge of the battery pank. 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 petween road load, engine. torque output, the state of
charge of the battery bank, and operation of the engine as £hese
vary over time, during Jlow-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 ihstantaneous 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 torgue 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 expréssed as a function of the engine's maximum
torque output. Where the road load exceeds the engine's
jnstantaneous output torque, the cross-hatched areas between these
two lines represent. torque provided by the traction and or starting
motor(s); Wwhere 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 torgue 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 (<), thié 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, 4in 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 1load; when the road load is
negative, BSC increases as the battery bank is charged Dby
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 1is 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 minimum 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
instantanedus engine output torque, as at points E - G and P, one
or both of the t+raction 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. Dburing
mode IV 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 jevel (see Fig. 7(b))., as at I

and 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, e.9., during a long descent, as at N, the engine may be
shut off entirely, as seen at Q in Fig. 7(c) - o

More particularly,.during deceleration or ncoast-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, €.9-, 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
pe 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 indicated by noting that the
dashed 1line in Fig. 7(a), indicating the instantaneous engine
output torque, lags the solid 1line indicating the vehicle's
instantaneous torqgue requirement. Thus 1imiting the rate of change
of engine output torque is preferred to 1imit undesirable emissions
and improve fuel economy; that is, as the stoichiometric fuel/air
ratio varies somewhat as the joad 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 a njambda sensor"
47 (Fig. 3) for monitoring the oxygen content of the exhaust gas
stream as an indication of stoichiomet:ic 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 patteries in response
to an acceleration command. More generally, it is preferred to
operate the engine so as to 1imit 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,
i.e., the "road load" RL, the engine's instantaneous torque output
1ITO, both being expressed as a percentage of the engine's maximum
torque output MTO, 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 jnstead 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, it is also to be understood that the
values given above for various numerical quantities may vary

somewhat without departing from the Ainvention. specific
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alternatives are provided pelow for steps set forth in Fig. 9 that
implement certain of these alternatives.

For example, in the example of the inventive-control strategy
discuésed above, it is repeatedly stated that the transition from
low-speed operation to highway cruising occurs when road load is
equal to 30% of MTO. This setpoint, referred to in the appended
claims as "SP", and sometimes hereinafter as the transition point
(i.e., between operation in modes I and IV) is obviously arbitrary
and can vary substantially, €.9-. petween 30 - 50% of MTO, within
the scope of the invention. .

It is also within the scopée 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 a
repetitive driving pattern. For example, suppose the operator
drives the same route from a congested suburban development to a
workplace about the same time every morning; typically the road
load might remain under 20% of MTO for the first few minutes of
each day, then vary between o and 50% of MTO foOr another fevw
minutes 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 a
microprocessor to record and analyze such daily patterns, and to
adapt the control strategy accordingly. For example, in response
to recognition of a regular pattern as above, the transition point
might be adjusted to 60% of MTO; this would prevent repetitive
engine starts as the road load exceeded 30% of MTO for a few
hundred yards at a time, as might often occur in. suburban traffic.
similarly, the engine starting routine might be jnitiated 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 1is compared to control the
transition from mode I to mode IV somewhat nfuzzy", SO that SP may
vary from one comparison of road load to MTO to the next depending

on other variables. For example, as discussed above, if during
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1ow-speed operation the operator depresses the accelerator pedal

rapidly. this can be treated as an jndication that full power will

shortly 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 dependence

on the mode of operation in effect when the road load equals a

given setpoint SP. For example, suppose the setpoint at which the
mode of operation is controlled to change from the 1ow-speed mode
to the highway cruising mode‘is_normally set to 30% of MTO, as in
the examples discussed above. 1f traffic conditions were such that

the road load fluctuated around this value, and engine operation

~were controlled solely in response to road load, the engine would

pe repeatedly started and shut off as the road load exceeded 30% of
MTO for a few hundred yards at a time, and then fell pack beloWw 30%
of MTO, as might often occur in suburban traffic. Repeated
restarts might also occur if the road load averaged over 30% of MTO
but occasionally dropped belov this value, as might - occur in
moderate—speed, flat-road cruising. '

BY monitoring the road load over time, and compar ing it to
different setpoints accordingly, much of this undesirable
repetitive sequence of engine starting and shut-off can be
eliminated. It might be preferable to commence mode 1v operation
upon the occurrence of differing conditions; for example, mode IV
might be entered from mode I only after the road load exceeded a
first, lower setpoint sp for an extended period of time, so that
the 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 highway
speed. gimilarly, the engine might preferably be shut down only if
the road load was 1less than a minimum setpoint for mode IV
operation for an extended period of time. Thus providing
nhysteresis" in the mode~switching. determination would 1limit
repetitive engine starts in certain types of driving. These limits
could be further adjusted as the driving pattern became ciear,
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j.e., as aiscerned by the nicroprocessor.

in a further refinement, the setpoint at which the engine is
shut off as the road load droppped below the usual minimum value
for mode IV operation could vary dependent on Bsc; if the patteries
were substantially fully charged, the engine might be shut off as

road load dropéed pelow 30% of MTO, but if their charge was lower
the engine might be controlled to continue to run, even at a stop,
i.e., zero.road load, to charge the batteries. of course, the
clutch 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 Iun by the microprocessor, with the transition point
petween mode I, Jow-speed operation, and mode IV highway cruising,
set at a road load equal to 30% of MTO. Examples are then given
for some ©Of the various options discussed above, by substituting
various of the decision points with alternatives jndicated 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 1less than 30%
of MTO. If the answer 1is Yyes ("y"), the clutch is disengaged if
necessary as indicated at steps 103 and 105. The state of charge
of the battery pank BSC is then tested at step 110; if BSC is
petween 50 and 70% of full charde, the vehicle can operaté for some
time as a straight electric vehicle, and mode I is accordingly
entered, as indicéted at 115. A npode 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 ("N*"), the engine should be run, if
possible, to charge the pattery bank, up to, for example, 75% of
ite maximum chaxge, as tested at step 120. 1f the engine is
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already running, as tested at step 125, the battery is charged as
jndicated at 130, and a stable "mode II" loop, as noted at 135, is
established including steps 100, 103, 110, 120, 125, and 130.
(Normal_pperation of step 110 would be pypassed OF disabled in this
mode to prevent pattery charging from being stopped when BSC
reaches 70%). 1f the engine is not running, an engine starting
subroutine (shown separately, by Fig. g9(a)., is entered, as
jndicated at step 140.

In the engine starting subroutine, beginning with the renter’
block 141, the clutch is disengaged if'necessary at steps 142 -
143, and the catalyst temperature is tested at 145, to determine
whether it is at least about 350° C; the catalyst is heated as
necessary, as indicated at 150. When the catalyst is heated
suitably, the engine is then spun by the starter motof until a
desired starting speed is reached, as jndicated by the loop
including blocks 155 and 160. when the engine reaches its desired
starting speed, it is started at step 165, DY supply of fuel and
firing of jte spark plugs, concluding the engine starting
subroutine as indicated by 'return' block 170. If the engine
starting subroutine was entered from the mode I1I 100P. as above,
the Dbattery pank may then be charged as indicated at 130.

1f in performance of step 120 it appeared that BSC was less
than 40%, which would only occur upon failure of the engine OT
charging system, step 175 may pe performed; thus, if 30% < BsC <
40%, the vehicle may be operated in mode III as an electric car, to
provide emergency operation. However, this should e strictly
1imited to avoid deep discharge of the battery bank, tending to
shorten its useful life. BAsS jndicated 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 > 100% 1is
evaluated; that is, the microprocessor determines whether the road
load is appropriate for highway cruising in mode Iv. If so, and if

the engine is running, as tested at step 190, a stable 1loop
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including steps 180 and 190 is established; the system remains in
nmode IV, as indicated at 185, until the state of one of these
tests changes.

1f in step 190 it is determined that the engine is not
running, the engine start subroutine, starting with step 140 as
discussed above, is entered as indicated at 195; upon return, at
200, the clutch is engaged at 210, and the loop jncluding 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 RL
is greater than 100% of mro. If so, mode V is entered, and the
traction motor (and optionally the starting motor) is powered to
provide additional torgque propelling the vehicle, as indicated at
230. A loop ingluding steps 220 and 230 is thus established, SO
that mode V remaﬁns 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 MTO, it is then determined in step 215 whether RL
is 1less than. 30% of MTO. 1f so, the engine je shut off, as
indicated at 240, and the program returns to step 100; if not, the
program is returned to step 180. '

It will be appreciated that according to the Fig. 9 flowchart,
jt is possible for the systenm to proceed directly from mode I to
mode V, that is, from step 100 to step 220, if the road load
rapidly jincreases from jess than 30% of MTO to more than 100% of
MTO. permitting the operator to thus operate the system is an
important safety feature, for.example when fast acceleration from
a stop 1is required to merge into highway traffic. In these
circumstances the engine would not be running during initial
operation in mode V, necessitating a significant drain on the
pattery bank and overdriving the traction motor. Accordingly,
steps equivalent to steps 190, 195, and 210 (including the engine
starting subroutine) are to be understood to follow step 220 and
precede step 230. That is, jn the event mode IV was effectively
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omitted in passing directly from mode I to mode V, the engine is
started and the clutch engaged as soon as possible; these duplicate
steps are not shown, for clarity.

1In the above discussion of Fig. 9, it was assumed that the
fransition point between jow-speed and highway operation is set sO
that the transition occurs when the road load is equal to 30% of
MTO under all circunstances. However, as discussed above, it may
be desirable to operate'the system sO that the vehicle goes from
the 1ow-speed mode I to the highway—cruising mode IV at a higher
road load, €-:9- 503 of MTO, than the réad load at which the low-
speed node 1is reentered, €.9-: when road load in mode IV falls to
pelow 20%. This “hystefesis" of the mode switching point -~ for
example, allowing the vehicle to accelerate in mode I up to road
loads of up to 50% of MTO, pbut not shutting the engine off, ending
mode IV operation, until road joad falls pelow 20% of MTO -~

. avoids excessive mode—switching during periods of fluctuating road

load.

For example, in typical,suburban traffic, one might commonly
accelerate past 30% of MTO, to what might otherwise be a normal
cruising speed, put stop again shortly thereafter; it would be
inefficient to thus repetitively stop and restart the engine as the
10ad fluctuates around 30%. Hysteresis night similarly be useful in
avoiding needless mode switching in moderate—speed, flat road
cruising in mode IV, when the road l1oad might well occasionally
drop below 30%; again, jt would be jnefficient to repeatedly shut
off and restart the engine. »

Thus providing differing mode switching points depending on
the direction of the change in road load can be accomplished
readily by monitoring the road load RL as a function of time, and
taking appropriate control action. For example, if the system‘is
maintained in mode I until RL exceeds the wnormal" 30% of MTO mode
switching point for a period of, for example, 30 seconds, and
without exceeding 50% of MTO, the excessive mode switching

otherwise 1ikely .to be encountered in suburban traffic can be
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largely avoided. Fig. 2(b) shows a step 100’ replacing step 100 in
Fig. 9 and implementing this n]ow-speed hysteresis“. as indicated,
the system remains in the 1ow-speed mode I as long as RL is 1less
than 30% of MTO, or unless RL exceeds 30% of MTO for more than 30
seconds, O exceeds 50% of MIO; if either of the latter conditions
occurs, the program goes to step 180; initiating mode 1v operation.

gsimilarly, hysteresis in mode IV cruising, in order to
jimplement excessive mode shifting that might otherwise occur if the
road load fluctuates around a fixed mode switching point, can be
implemented py simply providing that the-system remains in mode IV
as long as RL remains between 30 and 100% of MTO, unless RL is less
than RL for more than 30 seconds, OY exceeds 100% of MTO. This can
be implemented as shown in Fig. 9(c)i a revised step 215' replaces
step 215 of Fig. 9, and provides that, if the system is in mode IV,
unless RL is less than 30% of MTO for more than 30 seconds, step
180 is re-entered, thus preserving the "mode IV loop"; when RL is
jess than 30% of MTO for more than 30 seconds, the engine is shut
down, at step 240, control is passed to step 100, and mode I ¥xe-

entered.
Numerous further modifications to the detailed control

strategy of the invention as {llustrated in Figs. 6 — 9 will occur
to those of ekill in the art, and are within the scope of the
jnvention. For example, it -may pe desirable to vary the operation
of the system insofar as responsive to BSC in accordance with
monitored variables indicative of pattery temperature, ambient
temperature, and the like; e.9-. on a hot day it may be advisable
to aveid charging the battery pank to more. than 60% of full charge,
as this may cause overheating. Further, as noted above the

transition points between modes I, IV, and V in particular may vary
in accordance with the operator's commands, SO as to provide
maximum vehicle responsiveness for safety and ease of consumer
acceptance, and over periods of days ©OY weeks, as the
microprocessor pbuilds up 2a detailed historical record of the

vehicle's usage pattern, from which an optimized control strategy
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may be derived.

1t may also be possible to provide the microprocessor with
useful control jnformation from the operator, without requiring the
operator to understand the workings of the system in detail. For
example, operators are now well-accustomed to set a "cruise
control" when a desired cruising speéd is reached; thereafter,
existing engine management systems control the jnstantaneous engine
torque output with respect to variation in the road load to
maintain vehicle speed substantially constant. It would be 2
simple matter for the microprocessor to accept a desired cruising
speed thus inpﬁt by the operator, as jndicated in Fig. 4. The
operator would then be relieved of continuous throttle control, and
the microprocessor would 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, i.e., by exiting cruise mode.

As discussed above, according to a further empodiment of the
invention, additional flexibility is provided to the hybrid vehicle
as described above by providing a turbocharger 100, also controlled
by the microprocessor 48, so as to pe operated when useful in
further improving vehicle efficiency and arivability and not at
other times. providing the "thrbocharger—on-demand" allows the
engihe to function efficiently in different tordque output ranges,

as needed. pssentially, the turbocharger 100 is employed only when
the vehicle's torque requirements, the "road load" as above,

exceeds the engine's normally—aspirated maximum torque capacity for
a relatively extended period T of time, for example, during
extended high-speed driving, towing a trailer, or driving up a long
hill. Where the road load exceeds the engine's maximum torque for
a relatively short period jess than T, the traction notor (and

possibly also the starting motor) are used to provide additional

79

BMW1052
Page 232 of 300



L0

15

20

25

30

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 pbattery bank is
relatively depleted, the turbocharger is activated sooner than
otherwise, so as to preserve the pattery bkank.

- 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
enigine 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 is
thus effectively recovered by compressing the intake air, which is
then ducted to the jntake manifold 122 of engine 40. Additional
fuel can be burned in the additional air thus provided, SO that
additional torque js 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 nyastegate" 114 is
provided to 1imit the exhaust pressure incident on exhaust-side
wheel 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 (as
typically provided to regulate the output of turbocharged racing
engines) or may be controlled in a feedback 1loop using the préESure
in the engine intake manifold as the 'control variable. See
Ag;gmg;iyg_ﬁandhggk, 2nd _Ed.., Robert Bosch GmbH (1986), P- 356.
Further, in conventional practice, the turbocharger is used at all

times, and the engine's design 1is 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 1is employed according to the
present invention; the turbocharger is controlled bY the

microprocessor to operate only when needed, and the engine's
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compression ratio, and other design parameters, are selected based
on design criteria relevant when operated in the normally—aspirated
mode.

_ According to the present invention, the waste gate 114 is
controlled'by the miéroprocessor 48; except under circumstances
when the extra power provided by turbocharging ijs needed, the waste
gate 114 is open (as shown in Fig. 1), so that the engine exhaust
essentially bypasses the turbocharger 100. A valve 120, also
controlled by microprocessor 48, may also pe provided in the duct
connecting the air side of the turbocharger 100 and the intake
manifold 122 of the engine, SO that the engine 40 draws alr through
the turbocharger only when in use; a second air gilter 124 1is 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 npeaky"” compared to
normally—aspirated engines. A variabie—ratio- transmission is
essential to obtain reasonable acceleration from low speeds. stated
differently, turbocharging as usually implemented for automotive
use provides relatively high tordue 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
jinvention. Moreover, turbocharged engines typically suffer "turbo
jag", that is, clow 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.
Those of skill in the art will recognize that turbocharged
engines are also used in heavy-load road vehicle applications, such
as trucks and the 1like, but these vehicles demand transmissions

having 12, 16, O¥ more ratios, s© that the engine's narrow power
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peak can be matched to the load, and exhibit extremely poor
acceleration, 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 jow-speed truck type, or
the high-speed automotive type, 2are not satisfactory in
implementation of the present inventioen. .

As also noted _above, as conventionally employed, 2
turbocharger is used at all times. BY comparison, according to the
present jnvention, the turbocharger is controlled by the
microprocessor 48 to be used only ‘under specified driving
conditions, 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 of
the Figs. 3 and 4 vehicle jllustrated in Fig. 6, with the addition
of turbocharged mode VI. gimilarly, Fig. 13 is similar to Fig. 7,
put illustrates the operation of 2 vehicle including &
"turbocharger-on—demand" according to this aspect of the invention.

As shown in Fig. 12, according to this aspect of the present
jnvention, @& further region VI is provided, wherein the
turbocharger 100 ie 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 heavily

laden, is climbing a long hill, or is operated at high speed for a
long period of time.

More specifically, when the road load only exceeds the
engine's maximum power for 2 short time, .1less than T, as during
acceleration 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 for
a 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 ngpools up" to its
operating speed range, the maximum torque produced by engine 40
jncreases, and the torque - produced. by traction motor. 25 1is
gradually reduced. This sequence of events is discussed further
pelow in connection with Fig. 13.

Fig. 12 also shows, by the angle of the 1ine separating
regions V and VI with respect to the t = 0 plane, that T can vary
with the state of charge of the battery bank 22; when the battery
bank is fully charged, T is longer =< that is, energy from the
pattery 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.dg., upon detection of the operator's
aggressively pressing the accelerator pedal down completely.

As mentioned above, Fig. 13, comprising Figs. 13(a) - (c). and
extending over two sheets, 1is 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 1in
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 fox more than a period of time T.
Thus, as shown in Fig. 13(a) at t,, ta2, T3, and 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 1engths of the arrows marked T on Fig. 13(Db). 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
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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 jeast 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 114 and valve 120 (if provided). As the turbocharger
"spools up”, which may take some seconds, and the boost it provides
increases, 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 and 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 battery during
operation of the engine and the traction motor (ox 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-control1ed turbocharger in a hybrid vehicle
according to the jnvention 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 1is

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 n+urbocharger-on-
denand" in the hybrid vehicle according to the invention allows the
engine to be smaller than otherwise, that is, to provide adequate
highway performance in a vehicle of a given weight. As the
.starting motor/generator pust be sized such that when it is
operated to charge the patteries (e.g.., 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 smaller
engine allows it to be used to efficiently propel the vehicle in
highway driving commencing at lower average speeds, resulting in
turn in better fuel economy. BY providing the wturbocharger-—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
"turbocharger-on-demand“ according to the invention is to operate
the wastegate by a solenoid or the like controlled Dby the
microprocessor, that is, to employ the wastegate as a bypass valve
except when turbocharged operations are desired. A separate bypass
valve might also or alternatively be provided. The wastegate is
still preferably implemented as a spring—loaded relief valve, as
illustrated in Fig. 11, and as generally conventional, to limit the
npoost" provided. It is also within.the-invention to operate the
waste gate to take intermediate positions, that is, beﬁween fully-
open and closed positions, SO as to limit the torque to limit
wheelspin as detected, and to keep the turbocharger wheels spinning
at an intermediate speed, to reduce the time necessary to ngpool
up" to full speed. It is also within the invention to adjust the
wastegate responsive to an atmospheric-pressure signal provided by
a suitable sensor 107 (Fig. 11) to ensure that adequate boost is
provided at higher altitudes to ensure vehicle performance.

1t 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 differing 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 py compressing the air reaching the
inlet 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 nunber 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 extreﬁely 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
conventiona1ly—turbocharged engine, having the typical "peaky"
torgue curve, would not allow the engine to be used to propel the.
vehicle during highway driving without a . variable-speed
transmiséion. Instead, by providing a “turbocharger—on—deménd"/
that is, which is only employed when it is actually needed, the
vehicle of the invention can employ a small engine optimized for
its main function of propelling the vehicle efficiently during
highway cruiéing, and 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 1low speeds.
Further, because the traction motor provides additional torque when
needed, the "turbo lag" experienced in conventional turbocharged
vehicles as thé 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 a - 5,500 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.

5. 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. 1In 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 mpancake" 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
tdrque 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 torgue 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 naximum 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 pattery 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 torgue 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 torgue 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.

Further Improvements according 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 fuli 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 particﬁlar, 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 KkW/650 V) during full
acceleration, and the ratio of voltage to peak current is 3.92 (=
650 V/153 A). N

In another example, of a much lighter 3000 1lb 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 invéntion 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 aﬁplication, 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
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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, .aé 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 predetérminéd value, e.g. 125%
of MTO, for an extended time, e.g. several minutes, or
conventionally, i.e., shifted wunder ordinary acceleration.
Typically the gearbox 33 will be locked, providing a direct drive,
under ordinary circumstances; when a lower ratio is needed, for
exanmple, 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

vehicle, which avoids the fore-and-aft driveshaft and third

differential needed by conventional four-wheel drive vehicles. In

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 éonnected to vehicles
having conventional 12. volt electrical systems for emergency
starting purposes, and to provide 12 VDC 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 cpnnected
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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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
correspondlng wheels. As is well known, torque converters are
commonly employed as part of automatic transmissions for passenger
cars; the torgque 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 'S70 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 1lost 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 torgque 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 wvehicle at highway speeds can thus be recovered,

although regenerative braklng 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
"regeneratlve 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., at a
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 regeneratlve, engine, and mechanical braking.
Boll also recognizes the desirability of malntalnlng 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 regeneratlve or mechanical braking is being implemented.

The present invention also recognizes that providing proper
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prake "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
petween 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 6perator 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 straightfdrward in the case of
conventional mechanical braking systems. It is much more
complicated in the case of a brake systen incorporating
regenerative braking as described above, since such a system must
pfovide 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, €.9.,
if the battery bank's state of charge becomes full during a long
descent, or if a 1eisﬁrely 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 is not available, typically due to the battery
bank's state of charge becoming full. As noted, this is contrary to
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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 thét brake effort 1is 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.

Ccontrol 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, aléo 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 driven 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 arrangemnents 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
ﬁybrid 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 wvacuum 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
mancillary" 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 punps. 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
penefit 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

99

BMW1052
Page 252 of 300



10

15

20

25

30

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 driver. The microprocessor 48 evaluates the
pattery 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 motorsA222 and 25 are operated as
generators, soO 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 praking is not available for some reason, perhaps
pecause 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 flow of
a fluid 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.

HYAC System

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
éystem including an evaporator, and a fan to blow air over the
heater core and evaporator and into the éassenger cabin. There are
several issues to be 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 pank according to the invention is as
follows. Cconventionally, in order to be 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 at a single optimally efficient speed. Cabin
temperature can be 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 systém, 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

102

BMW1052
Page 255 of 300



10

15

20

fhe battery bank 22, as indicated.

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 powef 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 conventionai engine, thus providing a

convenience advantage. Similarly, conductors can be embedded in

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

- said engine for starting said engine and for providing electrical

power in response to torque from said engine, a battery bank
adapted to store electrical energy to power said traction motor and
to start said engine, at least one'iﬁverter/charger adapted to
cooperate with said 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, and a 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 improvement comprising:

establishing at least four vehicle operating modes, including:

a mode I, wherein said engine is not operated and said vehicle
is propelléd 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
said traction motor in response to electrical power drawn from said
pbattery 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 torgque from

said engine;
a mode IV, wherein said vehicle is propelled by torque from

104

BMW1052
Page 257 of 300



35

40

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 methed 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 torgque

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 froh 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 output- of 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 provide electrical 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 claim 10, 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 resistancé to

motion of said pedal.

12. The brake system of claim 10, wherein said at least one
master cyl%nder 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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‘predetermined modes of operation of said vehicle,

14. A heating, ventilation,  and air conditioning (HVAC)
éystem for a hybrid vehicle, said vehicle comprising a drive Frain
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
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/chafging 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 torgqgue 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 torgque output;

c. sizing the traction motor to provide adequate torque
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at zero speed to overcone the maximum grade specified from rest,
with the starter motor assisting as needed;

d. 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, and so that the ratio of the battery
voltaje under load to the peak current drawn by the motor(s) is

at least 2.5:1, and
£. selecting the battery pbank 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 microprocéssor in accordance with the vehicle's  instantaneous
torque demands so that the engine is run only under conditions of
high efficiency, typically only when the joad is at least equal to
30% of the engine's maximum torque output. In some embodiments, a
turbocharger may be provided, activated on1y 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
praking, with mechanical praking available in the event the battery
pank 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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As a named inventor{
prosecute this apptlca
d Trademark office

POWER OF ATTORNEY :
following attorney to
pusiness in the pPatent an

Michael de Angeli, Reg. No. 27,8

Michael de Angeli
1901 Research Blvd.

suite 330

Send correspondence to:

' Rockville, MD 20850

" pirect Telephone Calls to: (301) 217-9585

I hereby declare that all statements
knowledge are true a
pelief are pelieved to be truej and further
were made with the knowledge that willful fa

like so mad i
§ 1001 of Title 18 of the United States Code

false statements may jeopardize the validi
any patent issued thereon. -

Full name of sole or first joint inventor:

nd that all statements made on inform

e are punishable by fine or 1mprisonment, or bo

1 hereby @bP int the

tion and transact all
connected therewith:

69

made herein off my own

Ztion and

that these statements
ise statements and the
rh, under

and that such willful

ty of the applicration or

Alex J. Severinsky

Inventor's Signature &&%& ji SZZﬁibﬁzfl_ Date 5;/73Vﬁ£iﬁ7
77

7/

Residence: Washington, DC citizenship: U

Ul

Post Office Address: 4707 Foxhall Crescent, Washington} DC

20007

Full name of second joint inventor,)if any: Theodore Louckes
Inventor's Signature’722;¢je, ¢¢é19 pate S /2y NZeg/
v 7 / . {

Residence: Holly, MI Citizenship: @S

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

18/83/v81e CHGUYENZ BBUBBAS7 13573728

"Bl FCa81 399.48 0p

82 FC:1314 628.88 OF
83 rCa13l . 234,88 0p
84 FC: 1050 408.68 Op
B3 F1,:16881 3ce.a8 op

PTO-1556

€5/87)
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