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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMIVHSSIONER FOR PATENTS

PO. Box 1450
Alexandria1 Virginia 22313-1450
www.uspto.gov

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

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

 

7590 12/24/2013

Michael de Angeli
34 Court Street

Jamestown, RI 02835

ISSUE NOTIFICATION

The projected patent 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 0 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 SelectUSAgov.
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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

iny 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 payer run at less than 30% of

maximum torque output ("MTG"). As disCussed in the ‘970 patent and

the '81? application, this can be accomplished by sizing_the engine

so that it can efficiently propel the vehicle unassisted at highway

6? (\ speeds; if additional torque is required for passing or hill-angeas, 3?? is . ‘ . , . .
hnxmmhclimbing, the traction motor is operated. Application Ser. No.
/M(;EJ/ 02/59L745

:3997443 further adds the idea of providing a turbocharger,

controlled by the microprocessor only to operate when torque in

12/16/20:

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 2: 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 UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addl'fiss. COMMISSIONER FOR PATENTSPO Box 1450 

Alexandria, ViJgLnia 22313-1450wwwuspto .gov
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13/573,728 10/05/2012 3668 2530 PAICE201. DIV. 12

CONFIRMATION NO. 9367

Michael de Angeli CORRECTED FILING RECEIPT
34 Court Street

Jamestown. RI 02835 II||I|I|IIIIIIIIIIIIIIIIIIIIIIII00II|| IIIIIIIIIIIIIIII|I|I|IIIIIIIIIIIIIIIIIIIIIII
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 US. 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

lnventor(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 ClP 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 AIA (First Inventor to File) Transition Applications:

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. 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 US. 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/generaI/index.htmI.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the US. 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 US. 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 US. 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 US. cities, states,

and regions competing for global investment; and counsels US. 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 UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addl'fiss. COMMISSIONER FOR PATENTSPO Box 1450 

Alexandria, ViJgLnia 22313-1450wwwuspto .gov

APPLICATION FILING or GRP ART
NUMBER 371(0) DATE UNIT F FEE REC'D ATTY.DOCKET.NO TOT CLAHVIS IND CLAIMS
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13/573,728 10/05/2012 3668 2530 PAICE201. DIV. 12

CONFIRMATION NO. 9367

Michael de Angeli CORRECTED FILING RECEIPT
34 Court Street

Jamestown. RI 02835 II||I|I|IIIIIIIIIIIIIIIIIIIIIII00IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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 US. 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

lnventor(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 ClP 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 AIA (First Inventor to File) Transition Applications:

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. 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 US. 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/generaI/index.htmI.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the US. 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 US. 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 US. 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 US. cities, states,

and regions competing for global investment; and counsels US. 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 8 of 300



BMW1052 
Page 9 of 300

  
Commissioner for Patents

United States Patent and Trademark Office
PO. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 13573728
«CER- Al' :5 'ky@9311 can 137532212

Date Mailed : 11/12/2013

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice ofAllowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The

application, however, is incomplete for the reasons below.

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 Ofiice has recognized a benefit claim and has entered it into the Office’s database and

included it on applicant’s filing receipt, the benefit claim is not a proper benefit claim unless the
reference in compliance with 37 CFR 1.78 is included, depending upon the application’s filing
date and as indicated in the attachment, in an application data sheet or in the first sentence(s) of

the specification and all other requirements are met.

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

See attachment.

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

P.0. 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

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

E] The 37 CFR 1.78(a)(2) reference on the application data sheet does not provide the US. nonprovisional application number
(series code and serial number) or, with respect to an international PCT application designating the US, it provrdes the
international application number or international filing date but not both. See document coded dated , in which the following is
missing: .

l 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. ll9(a)—(d) to a prior foreign
application or under 35 U.S.C. ll9(e) to a prior US. provisional application.

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.

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

The 37 CFR 1.78(a)(5) reference to the prior US. 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 followmg 1S nussmg: .

DUDED
The 37 CFR 1.78(a)(5) reference to the prior US. provisional application on an application data sheet shows an incorrect,
incomplete, or illegible US. 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
l.76(c) which provides benefit information that complies with 37 CFR 1.78(a)(2) or 37 CFR 1.78(a)(5) or (2) a petition filed pursuant to
the provisions of 37 CFR 1.78(a)(3) or 37 CFR 1.78(a)(6) if the benefit information from the document identified above by code and
date does not accmately reflect the benefits under 35 U.S.C. ll9(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(a)(6)(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 Doctunent Required by Office of Patent Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004).

W 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/AlA/14 (034 3)
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.

131m.

_ _ Attorney Docket Number PAICE201.DIV.12 “ “
Application Data Sheet 37 CFR 1.76 _ _ :7

Application Number 1 3 /5 7 3 , 7 2 8 m '_
‘6

Title of Invention Hybrid Vehicles
5‘ _ ‘\

‘t

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contaW
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

CI 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 ,

__—-
Residence Information (Select One) (9 US Residency 0 Non US Residency 0 Active US Military Service

State/Province Cduntry of Residence US

cw

, ReindVé;.;Inventor 2 ._

Legal Name

———-
Residence Information (Select One) @ US Residency O Non US Residency 0 Active US Military Service

Mailing Address of Inventor:

  
  
  

  

  

  
  

    
  

  
 

 
   

 
 

 
Address 1

All Inventors Must Be Listed - Additional Inventor Information blocks may be 1,, »»
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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PTO/AlA/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 _ .
Application Number 1 3/573 I 7 23

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

Customer Number 114953

Email Address mdeangeli20@gmail.com

Application Information:

Title of the Invention Hybrid Vehicles

Attorney DocketNumber— Small Entity Status Claimed E]

Subject Matter Utility

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

Publication Information:

[3 Request Early Publication Fee required at time of Request 37 CFR 1.219)

  
 
 

 
 

  

 
 

 

   

 

 

 

 
  
  
  
  

  

 

  
 

     

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

E] 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.

Please Select One: @ Customer Number 0 US Patent Practitioner 0 Limited Recognition (37 CFR 11.9)

Customer Number 114953

 
Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application. Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.
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PTO/AlA/14 (03-13)
Approved for use through 01/31/2014. 0M8 0651-0032

US. 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 1 3/573 , 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

Patented Remove

 

 
  

  
 

 

 

 

 
 
 
 
 

  
  

   

  

Prior Application Status Application . . PriorApplication Filing Date ISSUE Date

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

Application . . PriorApplication Filing Date Issue Date
Number Contrnurty Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)

11429458 Division of 10382577 2003-03-07 7104347 2006—09-12

Prior Application Status Patented Remove

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

Division of 09822866 2001-04-02 6554088 2003-04-2910382577

Prior Application Status Remove

Application . . Prior Application Filing Date Issue Date
Number Contrnurty Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)

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

 

 

Remove

Filing Date (YYYY-MM-DD)

1998-09-14

Prior Application Status Expired

Application Number

09264817

Continuity Type Prior Application Number

non provisional of 60100095

Remove

Filing Date (YYYY-MM-DD)

1999-03-01

Prior Application Status Expired

Application Number

09264817

Continuity Type Prior Application Number

60122296

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

non provisional of

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 1.5'5(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 PBX program, applicant 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).

——

Application Number Countryi Filing Date (YYYY-MM-DD) Access Code (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the
Add button.
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PTO/AIAI14 (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 1 3/ 5 7 3 , 7 2 8

Title of Invention Hybrid Vehicles

 

 
 

  
 

 

  

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

Applications

  
 

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

I] 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 AIA.

 
  
  
  

Authorization to Permit Access:

[I Authorization to Permit Access to the Instant Application by the Participating Offices

lf 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 (\MPO),
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 0 ffiling 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. 
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PTO/AlA/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 1 3/ 5 7 3 , 7 2 8

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.

0 Legal Representative under 35 U.S.C. 117

O Person who shows sufficient proprietary interest

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

 

 
 

  
 

 

  
 
  
  

  
 

 

 

 
 

 O Joint Inventor
>In 2. to 3 mto

0 Person to whom the inventor is obligated to assign.   

 

 

 
 
 

  

Name of the Deceased or Legally Incapacitated Inventor :

El

 
If the Applicant is an Organization check here.

_m

Mailing Address Information For Applicant:

Address 1

Address 2

City

Country

Phone Number

Email Address

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

 
 

 
 

 

  
 
  

 State/Province

Postal Code
 

  
  
 

 
 

 

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 lnforrnation" 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. 
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PTO/AlA/14 (03-13)
Approved for use through 01/31/2014. 0MB 0651-0032

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

, , Attorney Docket Number PAICE201.DIV.12
Application Data Sheet 37 CFR 1.76 , ,

Application Number 13/57 3 , 7 2 8

Title of Invention Hybrid Vehicles

If the Assignee is an Organization check here. 1:]

Mailing Address Information For Non-Applicant Assignee:

Address 1

Address 2

c... ——

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. A

m 4-,as."
Michael 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, PO. 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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Patent Application of:

Severinsky et a1 : 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 submit d,

if 20/? 1 {d
Dated Michael de Angeli

Reg. No. 27,869
34 Court Street

Jamestown, RI 02835
401—423—3190
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Page 17 of 300



BMW1052 
Page 18 of 300

**** CERTIFICATE OF MAILING ****

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

Michael de Angeli
Na e of R ist d Representat've

Signatur
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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.usplovgov

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

13/573,728 10/05/2012 Alex I Severinsky PAICEZOI. DIV. 12 9367

759° ””m”

Michael deAngeu —
34 Court Street CHEUNG. CALVIN K

Jamestown, RI 02835 ART UNIT PAPER NUMBER

3668

MAIL DATE DELIVERY MODE

11/12/2013 PAPERPAPER

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

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

PTOL-90A (ReV.O4/07) BMW1052
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Tfiflfim
 
 UNITED STATES PATENT AND TRADEMARK OFFICE
 

Commissioner for Patents
United States Patent and Trademark Office

PO. Box 1450
Alexandria, VA 22313-1450

www.uspto.gov

Application No. : 13 573 728

Applicant : Severinsky

Filing Date : 10/05/2012

Date Mailed : 11/12/2013

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice ofAllowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The

application, however, is incomplete for the reasons below.

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 ofthis notice MUST be returned with the reply. Please address response to

“Mail Stop Issue Fee, Commissionerfor Patents,

P.0. 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 US. 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 US. nonprovisional application 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: .

 

 

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

 

 

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.

 

 

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

The 37 CFR 1.78(a)(5) reference to the prior US. 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 US. provisional application on an application data sheet shows an incorrect,
incomplete, or illegible US. 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(a)(2) or 37 CFR 1.78(a)(5) or (2) a petition filed pursuant to
the provisions of 37 CFR 1.78(a)(3) or 37 CFR 1.78(a)(6) if the benefit information from the 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(a)(6)(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.

BMW1052
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I PART B - FEE(S) TRANSMITTAL \fi—w/\
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEECommissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313—1450
or m (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 whereap .ropriate. A11 further correspondence including the Patent, advance orders and notification of maintenance fees wrll e mailed to the current corres ondence address asm Icaled unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate " EE ADDRESS" formaintenance fee notifications.

 

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

CURRENTCORRESPONDENCE ADDRESS (Note: Use Block I forany changc ufaddress} apers. Each additional paper, such as an assignment or formal drawing, must
' gave its own certificate of mailing or transmissron.

Certificate of Mailing or Transmission

1 hereb certif that this Fee? Transmittal is being deposited with the UnitedStates ostal ervice with su icient postage for first class mail in an envelope
addressed to the Mail Sto ISSUE FEE address above, or being facsrmile
transmitted to the USPTO( 71) 273-2885, on the date indicated below.

M i ha e 4 d ‘_ A ”791 i (Dcpositnr's namc)

MIK_
_m'

7590 l0/11/2013

Michael dc Angeli
34 Court Street

Jamestown, RI 02835   
      

  

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR 4 ATTORNEY DOCKET NO. CONFIRMATION NO.

13/573,728 10/05/2012 Alex I. Severinsky PAICEZOI. DIVI 12 9367

I TITLE OF INVENTION: HYBRID VEHICLES

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

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

CHEUNG, CALVIN K 3668 701-022000

     

 
 

  

2. For printing on the patent front page, list

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

(2) the name ofa single firm (having as a member a 2
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. lfno name 18 ‘ 3
listed, no name will be printed.

1. Chan e of correspondence address or indication of"Fee Address" (37
CFR I. 63).

CI Chan e of cones ondence address (or Change of Correspondence
Address orm PTO/ B/122) attached.

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

 

  

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 forrecordation as set forth in 37 CF 3.1 1. Completion ofthis form is NOT a substitute for filing an assignment.

 

(A) NAME OF ASSIGNEE - (B) RESIDENCE: (CITY and STATE 0R 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) : El Individual QCorporation or other private group entity El Government

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 C] A check is enclosed.

Publication Fee (No small entity discount permitted) aPayment by credit card. Form PTO-2038 is attached. .
Advance Order . # of Copies 1 0 DThe Director is hereby authorized to charge the required fee(s). any delictency. or creditmi)overpayment, to Deposit Account Number (enclose an extra copy 01 ”115 lorm). 

11/01/2013 EEKUBIIYE 00000057 13573728

01 ”2:150! 1780.00 01’
02 FC:1504 300.00 HP
03 FC:8001 30.00 OP

Page 2 of 4
PTOL—SS (Rev. 02/: 1)
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-\_.I'
l

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

CI Applicant certifying micro entity status. See 37 CFR 1.29 NQ! E: Absent a valid certification of Micro Entity Status (see form PTO/SB/ISA and ISB , issue
fee payment in the micro entity amount will not be accepted at the risk of application aban onment.

D Applicant asserting small entity status. See 37 CFR 127 NQTE‘ lfthe application was previously under micro entity status, checking this box will be takento be a notification of loss ofentitlement to micro entity status.

[3 Applicant changing to regular undiscounted fee status. EDIE; 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 b the records ofthe United States Patent and Trademark Office.

Date Z 0 1 Ly// aAuthorized Signature Cg
Registration No. 2 7 L8 6 9Typed or printed name

      

 
 

___—___—___—__—______.__—__————-——

This collection of information is required by 37 CFR [.31 l. The information is re uired 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. I22 and 37 CFR 114. T is collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will va de ending upon the individual case. Any comments on the amount of time you require to completethis form and/or su gestions for reducing this burden, should be sent to {file C ief ln onnation Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, PO.
Box 1450, Alexan ria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, PO. Box 1450,
Alexandria, Virginia 223134450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection ofinformation unless it displays a valid OMB control number. 

Page 3 df4 _

PTOL—SS (Rev. 02/] I) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria1 Virginia 22313- 1450
wwwusptogov

 
  
    APPLICATION NO. F ING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONF {MATION NO.  

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

7590 10/22/2013. . EXAMIN:R

M1chael de Angeh
34 Court Street CHEUNG, CAEVIN K 
Jamestown, RI 02835 ART UNIT PAPER NUMBER

3668

MAIL DATE DELIVERY MODE

10/22/2013 PAPER

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

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

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

. . . ' ' AIA (First Inventor to

Notice of Allowability EfiivmeéH EUN G Qgtsgn" File) Status
No

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

1. IX This communication is responsive to 30 Segtember2013.

[I A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. I] 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. IX 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 seeI».

hit? ://www.us'to. ov/ atents/init events/r h/index.'3' or send an inquiry to PPeredback us today.
 

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

Certified copies:

a) I] A” b) [I Some *c) D None of the:

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

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

3. El 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. I] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

I] including changes required by the attached Examiner’s Amendment / Comment or in the Office action of
Paper No./Mai| 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. I] 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. I] Notice of References Cited (PTO-892) 5. El Examiner‘s Amendment/Comment

2. I] Information Disclosure Statements (PTO/SB/08), 6. El Examiner‘s Statement of Reasons for Allowance
Paper No./Mai| Date

3. I] Examiner‘s Comment Regarding Requirement for Deposit 7. I] Other .
of Biological Material

4. I] Interview Summary (PTO-413),
Paper No./Mai| Date

/CALV|N CH EU NG/

Primary Examiner, Art Unit 3668

 
US. Patent and Trademark Office

PTOL-37 (Rev. 05-13) Notice of Allowability Part of Paper No./Mai| 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 3_0 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 Glaag 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, 8:00am. — 5:00pm.,

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 866—217—9197 (toll—free). If you would

like assistance from a USPTO Customer Service Representative or access to the automated

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

/CALVIN CHEUNG/

Primary Examiner, Art Unit 3668

571-270-7041 (Office)

571-270-8041 (Fax)
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification 13573728 SEVERWSKY ET AL.

CALVIN CHEUNG 3668

CPC Combination Sets
 

Total Claims Allowed:

 
12

(Assistant Examiner)
/CALV|N CHEUNG/

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

(Primary Examiner) (Date) 1 2, 4

U.S. Patent and Trademark Office Part of Paper No. 20131007
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification 13573728 SEVERINSKY ET AL.

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

(Primary Examiner) (Date) 1 2: 4

U.S. Patent and Trademark Office Part of Paper No. 20131007
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification 13573728 SEVERWSKY ET AL.

CALVIN CHEUNG 3668

IX Claims renumbered in the same order as presented by applicant I] E T.D

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

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

(Primary Examiner) (Date) 1 2, 4

U.S. Patent and Trademark Office Part of Paper No. 20131007
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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:

abatterybenlefer storing and supplying electrical power from a battery bank,

an—intemal—eembust—ien—engi-ne—fbr applying torque to road wheels of said hybrid vehicle from one or both

of an internal combustion enginel | , ]]at—1east—ene—traetien—meter—fer appl-yéng—terque—te—wheels—etlsaid

vehie-le and at least one traction motor, and

+eentreller—fer 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-methedeemprises—the step—6f said controller derives a predicted near-term pattern of

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

eentrellifig 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 pattem[[s]] ofvehiele

operation of said hybrid vehicle.

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

comprises at least one repetitive pattern of operation of said hybrid vehicle said—eentrelleeeentfels

  

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 vehie-le 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 veh-iele operation of said hybrid vehicle.
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21. (Currently amended) The method of claim 18, wherein said gym vehicle is operated in different

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

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

motor to a higher-load mode wherein the hm 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 atheer-iginels maximum torque output of the internal

combustion engine, and wherein said the-speeifie—vahieeflsa-id 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

operationsstafis.

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

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

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

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

combustion engine, and wherein a the-specific 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—battefiI-ban-k—fer storing and supplying electrical power from a battery bank,

an—intemal—eembustien—engine—fer applying torque to road wheels of said hybrid vehicle from one or both

ofanintemalcombustionengine||,]] -: =-- :- :- --: = : :a: .-i = : .- = = '

vehiele and at least one traction motor, and

{reentrelleikfer 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—eemprises—the-step—ef 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 control-Hag- controls operation of said at least one traction motor and said internal

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

terrn pattem[[s]] of vehicle 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 vehicleeehtrelier

 

 

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

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

26. (Currently amended ) The 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 ofclaim Q 24, wherein said MVehicle 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—t-he said at least one electric 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 I

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

and wherein fl thespeei-fie—va-l-ue—etlsaid predetermined percentage can be predictively varied by said

controller responsive to said detected anticipated patterns of vehie-le 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 2 24, wherein said M vehicle is operated in different

operational modes dependent on the -road load, including switching from a low-load mode wherein the

gli_d hm vehicle is propelled solely by the-electrie 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

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

PO. Box 1450
Alexandria1 Virginia 22313-1450
www.uspto.gov

 
NOTICE OF ALLOWANCE AND FEE(S) DUE

 
   

7590 10/11/2013

Michael de Angeli CHEUNG, CALVIN K
34 Court Street

Jamestown, R102835
3668

DATE MAILED: 10/11/2013

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

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

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

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF 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
Commissioner for Patents
PO. Box 1450

Alexandria, Virginia 22313-1450
or m (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
ap ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" formaintenance fee notifications.

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

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

Certificate of Mailing or Transmission
_ 7599 10/11/2013 I hereby certify that this Fee(s) Transmittal is being deposited with the United

Mlchael d6 Angeh States Postal Service with sufficient postage for first class mail in an envelope
34 C 11 St t addressed to the Mail Stop ISSUE FEE address above, or being facsimile01] 1‘66 transmitted to the USPTO (571) 273—2885, on the date indicated below.
Jamestown, RI 02835 (Depositor's name)

(Signature)

(Date) 
 
  APPLICATION NO. FILING DATE F {ST 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

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

CHEUNG, CALVIN K 3668 701—022000

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

3 Chan e of correspondence address (or Change of Correspondence
Address orm PTO/SB/ 122) attached.

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

2. For printing on the patent front page, list  
(1) the names of up to 3 registered patent attorneys
or agents OR, alternatively,

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

 

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

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

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

Please check the appropriate assignee category or categories (will not be printed on the patent) : '3 Individual '3 Corporation or other private group entity '3 Government

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

3 Issue Fee 3 A check is enclosed.

3 Publication Fee (No small entity discount permitted) 3 Payment by credit card. Form PTO—2038 is attached.
3 Advance Order — # of Copies 3 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).
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5. Change in Entity Status (from status indicated above)

3 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.

3 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. 

3 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 information1s required by 37 CFR 1. 311. The information1s re uired to obtain or retain a benefit by the public which1s to file (and by the USPTO to process)
an application. Confidentiality1s governedby 35 U.S.C. 122 and 37 CFR 1. 14.Tl1is collection1s estimated to take 12 minutes to complete including gathering, prepar1ng, and
submitting the completed application form to the USPTO. Time will v eendin upon the individual case. Any comments on the amount of time you require to complete
this form and/or su gestions_ for reducing this burden should be sent to eC ief In ormation Officer U.S. Patent and Trademark Office U.S. Department of Commerce P.O.
Box 1450 Alexandgria, Virg1nia 22313— 1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents P.O. Box 14,50
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

PO. Box 1450
Alexandria1 Virginia 22313-1450
www.uspto.gov

APPLICATION NO. FILING DATE F {ST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.

 
 
   

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

7590 10/11/2013

Michael de Angeli CHEUNG, CALVIN K
34 Court Street

Jamestown, RI 02835
3668

DATE MAILED: 10/11/2013

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)

(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 0 day(s). If the issue fee is paid on the date that is three months after the

mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half

months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosecution Application (CPA) was filed in the above—identified application, the filing date that

determines Patent Term 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.g0V).

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 (PL. 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: (l) 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 US. 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 US. 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—SS)

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.

. . . ' ' AIA (First Inventor to

Notice of Allowability ExgmecrHEUNG Qgggn“ File) Status
No

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

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

I] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on
 

2. I:I 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. E 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

htt' :/'/wvvw.us ‘to. ov/ atents/init events/r h/index.‘s orsend an inquiry to PPeredbackQusgtogov.
 

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

Certified copies:

a) [I All b) I] Some *c) I] None of the:

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

2. El Certified copies of the priority documents have been received in Application No._

3. El 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. El CORRECTED DRAWINGS (as “replacement sheets”) must be submitted.

El including changes required by the attached Examiner’s Amendment / Comment or in the Office action of
Paper No./Mai| 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. I] 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. IX Notice of References Cited (PTO-892) 5. El Examiner‘s Amendment/Comment

2. I] Information Disclosure Statements (PTO/SB/08), 6. [XI Examiner‘s Statement of Reasons for Allowance
Paper No./Mai| Date

3. I] Examiner‘s Comment Regarding Requirement for Deposit 7. D Other .
of Biological Material

4. El Interview Summary (PTO-413),
Paper No./Mai| Date

/CALV|N CHEUNG/

Primary Examiner, Art Unit 3668

US. Patent and Trademark Office

PTOL-37 (Rev. 05-13) Notice of Allowability Part of Paper No./Mai| 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 Glaag 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, 8:00am. — 5:00pm.,

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 866—217—9197 (toll—free). If you would

like assistance from a USPTO Customer Service Representative or access to the automated

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

/CALVIN CHEUNG/

Primary Examiner, Art Unit 3668

571-270-7041 (Office)

571-270-8041 (Fax)
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Application/Control No. Applicant(s)/Patent Under
Reexamination

13/573728 SEVERINSKY ET AL.
Notice of References Cited Examiner Art Unit

CALVIN CHEUNG 3668 Page 1 0“
U.S. PATENT DOCUMENTS

 
Document Number Date

Country Code-Number-Kind Code MM-YYYY

US-2004/0230376 11-2004

US-6,314,347 11-2001

0 US-5,939,794 08-1999

US-5,982,045 11-1999

E US-2001/0044683 11-2001

Classification

702/002

701/22

290/40A

290/17

701/22

A Ichikawa et aI.

Kuroda et aI.

Sakai et aI.

Tabata et aI.

Takaoka et aI. 
 

 

 
 

 

CCCCCCCC q)q)q)q)q)q)q)q)
FOREIGN PATENT DOCUMENTS

Document Number Date

Country Code-Number-Kind Code MM-YYYY ClaSSificaTionCountry

NON-PATENT DOCUMENTS

Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)-

.—
I—
I—
I—

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.
US. Patent and Trademark Office

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

Search NOTES 13573728 SEVERINSKY ET AL.
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification 13573728 SEVERWSKY ET AL.

CALVIN CHEUNG 3668

 
CPC Combination Sets

Total Claims Allowed:

 
12

(Assistant Examiner)
/CALV|N CHEUNG/

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

(Primary Examiner) (Date) 1 2, 4

US Patent and Trademark Office Part of Paper No. 20131007
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification 13573728 SEVERINSKY ET AL.

CALVIN CHEUNG 3668

US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION

CLASS

II _---I—
2

CROSS REFERENCE(S)

SUBCLASS (ONE SUBCLASS PER BLOCK) 
Total Claims Allowed:

12
(Assistant Examiner)
/CALVIN CHEUNG/ Primary Examiner.Art Unit 3668 10/07/2013 O.G. Print Claim(s) O.G. Print Figure

(Primary Examiner) (Date) 1 2, 4

U.S. Patent and Trademark Office Part of Paper No. 20131007
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Application/Control No. Applicant(s)/Patent Under Reexamination

Issue Classification 13573728 SEVERWSKY ET AL.

CALVIN CHEUNG 3668

E Claims renumbered in the same order as presented by applicant El IX T.D

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
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13/573,728 SEVERINSKY ET AL.                              

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

Disclaimer 
Approved/Disapproved by:

jean proctor
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In re the Patent Application of :

Severinsky et a]

Serial No.: 13/573,728

Filed: October 5, 2012

For: Hybrid Vehicles

Hon. Commissioner for Patents

PO. Box 1450

Alexandria VA 22313-1450

Sir:

: Examiner: Calvin C. K. Cheung

: Group Art Unit: 3662

2 Att.Dkt:PAICE201.DIV.12

AMENDMENT

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:

18/81/2813 ZJUHRRI 88888832 13573728

81 FC:1251 288. 88 UP
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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:

abatterybenlefer storing and supplying electrical power from a battery bank,

an—intemal—eembust—ien—engi-ne—fbr applying torque to road wheels of said hybrid vehicle from one or both

of an internal combustion enginel | , ]]at—least—ene—traetien—meter—fer appl-yéng—terque—te—wheels—etlsaid

vehie-le and at least one traction motor, and

+eentreller—fer 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-methedeemprises—the step—6f said controller derives a predicted near-term pattern of

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

eentrellifig 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 pattem[[s]] ofvehiele

operation of said hybrid vehicle.

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

comprises at least one repetitive pattern of operation of said hybrid vehicle said—eentrelleeeentfels

  

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 vehie-le 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 veh-iele operation of said hybrid vehicle.
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21. (Currently amended) The method of claim 18, wherein said gym vehicle is operated in different

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

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

motor to a higher-load mode wherein the hm 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 atheer-iginels maximum torque output of the internal

combustion engine, and wherein said the-speeifie—vahieeflsa-id 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

operationsstafis.

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

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

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

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

combustion engine, and wherein a the-specific 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—battefiI-ban-k—fer storing and supplying electrical power from a battery bank,

an—intemal—eembustien—engine—fer applying torque to road wheels of said hybrid vehicle from one or both

ofanintemalcombustionengine||,]] -: =-- :- :- --: = : :a: .-i = : .- = = '

vehiele and at least one traction motor, and

{reentrelleikfer 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—eemprises—the-step—ef 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 control-Hag- controls operation of said at least one traction motor and said internal

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

terrn pattem[[s]] of vehicle 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 vehicleeehtrelier

 

 

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

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

26. (Currently amended ) The 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 ofclaim Q 24, wherein said MVehicle 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—t-he said at least one electric 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 I

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

and wherein fl thespeei-fie—va-l-ue—etlsaid predetermined percentage can be predictively varied by said

controller responsive to said detected anticipated patterns of vehie-le 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 2 24, wherein said M vehicle is operated in different

operational modes dependent on the -road load, including switching from a low-load mode wherein the

gli_d hm vehicle is propelled solely by the-electrie 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

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

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 inforrnalities 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 § 1 12, 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 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 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 independent 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 combination of

the ‘970 patent with Camhi 5,825,283. These claims are allowable for at least the reasons discussed

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

does not 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.

Respectfully submitted,

Dated: 2’ Z 2‘7? Z 17 M
Michael de Angeli

Reg. No. 27,869
34 Court Street

Jamestown, RI 02835
401—423-3 190
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of 2

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

PO. 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,

Michael de Angeli

Reg. No. 27,869
34 Court Street

Jamestown, RI 02835

401-423-3190
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Approved for use through 04/30/2013. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

-; . r the Pa emork Reduction Act of 1995, no -ersons are re- uired to resend to a collection of information unless it dis-Ia s a valid OMB control number.

W TERMINAL DISCLAIMER T0 OBVIATE A DOUBLE PATENTING Docket Number (Optional)
REJECTION OVER A “PRIOR" PATENT PAICEZOi-DIVJZ

In re Application of: Severinsky et al

3v
3?
3' ' PTO/AlA/26 (04-13)

5

 
Application No.: 13/573,728

Filed: October 5, 2102

For: Hybrid Vehicles

The applicant, EAJQE LLC and lag Abel] qugggtigg , owner of 109 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 extenl
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 mns 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 competentjurisdiction;
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. I: 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

Michael de An eli

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-2038.

18/81/2813 ZJUHRRI 88888832 13573726

82 FC:1814

This collection of information is required by 37 CFR 1.321. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete.
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require to complete this form and/or suggestions for reducing this 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—9199 and select option 2.
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| A THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of :

Severinsky et a1 : 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

PO. 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 is enclosed for this
amendment.

A 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 3 0.00

TOTAL: $ 0.00
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Respectfully submitted,

Mia
Dated: Michael de Angeli

f/7—5’/ ’é Reg. No. 27,869
34 Court Street

Jamestown RI 02835

401-423—3190

**** CERTIFICATE OF MAILING ****

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

Michael de Angeli
N e of R istered Representative

MWSignature Date
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PTO/SB/06 (09-11)
Approved for use through 1/31/2014. OMB 0651-0032

US. Patent and Trademark Office; US. 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.

PATENT APPLICATION FEE DETERMINATION RECORD Appiicaiion or Dockei Number Fiiing Daie
Substitute for Form PTO—875 13/573,728 10/05/2012 III to be Mailed

ENTITY: IXI LARGE |:| SMALL |:| MICRO

APPLICATION AS FILED — PART I

(Column 1) (Column 2)

37CFR1.16a, b,or c

37CFR1.16k, i,or m

I] EXAMINATION FEE

TOTAL CLAIMS , *
37 CFR1.16i ”Imus 20:

INDEPENDENT CLAIMS , *
37 CFR1.16h ”WU“:

If the specification and drawings exceed 100 sheets
Of paper, the application size fee due is $310 ($155
for small entity) for each additional 50 sheets or
fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).

El MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR1.16(j))

DAPPLICATION SIZE FEE
(37 CFR1.16(s))

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

APPLICATION AS AMENDED — PART II

(Column 2) (Column 3)

CLAIMS HIGHEST

QEIAEAFIKNING ERIE/EIDESLY PRESENT EXTRA ADDITIONAL FEE ($)AMENDMENT PAID FOR

.. 20

D Application Size Fee (37 CFR1.16(s))

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

CLAIMS HIGHEST
REMAINING NUMBER

AFTER PREVIOUSLY PRESENT EXTRA
AMENDMENT PAID FOR

-

1.16(i))

(37 CFR1.16(h))

El Application Size Fee (37 CFR1.16(s)

AMENDMENT

Minus ***

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

AMENDMENT
* If the entry in column 1 is less than the entry in column 2, write “0" in column 3. LI E
** If the “Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter “20". /CAROLYN THOMAS/
*** If the “Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter “3
The “Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

 
This collection Of information is required by 37 CFR 1.16. The information is required tO Obtain or retain a benefit by the public which is tO file (and by the USPTO tO
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated tO take 12 minutes tO complete, including gathering,
preparing, and submitting the completed application form tO the USPTO. Time will vary depending upon the individual case. Any comments on the amount Of time you
require tO complete this form and/or suggestions for reducing this burden, should be sent tO the Chief Information Officer, US. Patent and Trademark Office, US.
Department Of Commerce, PO. 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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From: Jamestown Hardware To: 15712738300 09/23/2013 172 4B #275 P. 005

RECEIVED

CENTBAL FAX CENTER

SEP 2 3 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 ' 2 Att.Dkt:PAICE201.DIY.l2

For: Hybrid Vehicles

Hon. Commissioner for Patents

PO. Box 1450 5

Alexandria VA 223 13—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 extendedvby a paper filed herewith with fee to

‘ expire October 12, 2013, kindly amend the application as follows: 
PAGE 5l14 ’ RCVD AT 9/23/2013 5:40:01 PM [Eastern Daylight Time] ‘ SVR2W-PTOFAX-001l1 ‘ DNlS:2738300 ‘ CSIDMO1+423+0490 ‘ DURATION (mm-5%MW1 052
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In the Claims:

1 — 16 (Cancelled)

17. (Currently amended) A method of operation of a hybrid vehicle, said-veh-iele comprising the steps of;

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

an—imema-l—eerabustien-eag-ine-fer applying torque to road wheels of said hybg‘iviehicle frgm one or both

of an internal combustion engine] |, ]]&t—least—eae—a=aet~ien-meter—fefWWW
vela-iele and at least one traction motor and 

fientreller-fer 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 tractipn motor emplofing a contrgller, and ‘

wherein said-method-eompr-ises-the step-of said controller derives a predicted pattern of omgafion of said
brid ve ' monitorin o erati n saidh brid vehicle‘ and

central-ling controls operation of said at least one traction motor and said intemg combustigl] engine for

propulsion of said hybrid vehicle responsive to said derived predicted pattem[[s]] of vehie-le—operation o_f

said hybrid vehicle.

18. (Currently amended) The method ofclaim 17, wherein said derived pflicted parcem of operation

ngprises at least one remtitive pattern 9: operation pf said hybrid vehicle said—eemreller—eeneel-s I

 

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

vehicle operation in order to detect repetitive patterns of #9194649 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 Md vehicle is operated in different

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

low-load mode wherein theM vehicle is propelled solely byMeme-Wtraction

motor to a higher-load mode wherein the mug 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—engiaels maximum torque output of the internal

combustion engine, and wherein said the-specifie-value-efisaid 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
ogrationsstarts.

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

operational modes dependent on road load experienced by said Mvehicle, including switching from a
low-load mode wherein the Midyehicle 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

vehicleoperation.

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

«battery-ham storing and supplying electrical power from a batteg bank,

an-iaternai—eembast-iea—engiae—fer applying torque to road wheels of said hybrid vehicle from one 9]; both
9f an internal combustion engine”, ]].

veh-iele and at least one traction motor and

 
 

a—eentreller—fer controlling flow oftorque between said internal combustion engine, said at least one

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

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

wherein said-medaed—eemprises—the—step—ef said controller predicts a pattern of oxraripp of said hybrid

vehicle by monitoring operation of said hybrid vehicle, and
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predictively control-ling— controls operation of said at least one traction motor and said intemal

combustion engine for propulsion of said hybrid vehicle responsive to said New predicted
pattem[[s]] of vehicle operation of said hybrid vehicle.

24. (Currently amended) The method of claim 23, wherein said identified pattern 9f operation 9f said

hybrid vehicle comprises at least one repetitive pattern ofomration of said hybrid vehicleeemsefler

    

 

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

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

26. (Currently amended ) The 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 fi'om day

to day in order to identify said repetitive patterns ofvehicle operation of said hybrid vehicle.

27. (Currently amended ) The method of claim 2}: 24, wherein said Mdyehicle 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 electric traction motor to a higher-load

mode wherein the said hidzrid 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 eng'nels maximum torque output of said internal cgmbustion engine,

and wherein _s_a_i_d_ the-speei-fie—vahae—etlsaid predetermined percentage can be predictively varied by said

controller responsive to said detected anticipated patterns ofvehiele operation of said h rid 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 2 24, wherein saidMvehicle is operated in different

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

Laid ELM vehicle is propelled solely by the-eleetrio said at least pne 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 ofvehicle operatiou.

4
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EDcamiiEélxma

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 ofrecord

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 ofthe

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 respectfiilly 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,land 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 reference having been applied to reject claims 17, 18, 21 - 24, 27, and

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

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

The present 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 ofthe hybrid vehicle, and controlling

operation of the traction motor and internal combustion engine ofthe 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 pattern of operation of
said hybrid vehicle. ‘

The Examiner had rejected these claims prior to the present amendment in view ofthe ‘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 ofvehicle 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 sepgate 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 ofmonitoring

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

I 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 fiiture 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.” Conn-my 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 pattern of operation of the hybrid vehicle.

It is therefore respectfully requested that the rejection ofthe independent 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 fi‘om
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 I

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

the ‘970 patent with Camhi 5,825,283. These claims are allowable for at least the reasons discussed

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

does not overcome the deficiencies of thei‘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 earnestly solicited.

Respectfully submitted,

Dated: flLfség. M
Michael e Angeli
Reg. No. 27,869
34 Court Street

Jamestown, RI 02835
401-423 —3 190 
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RECEIVED
CENTRAL FAX CENTER

PTO/AWN (04-1 3)
SEP 2 3 2013

Approved for use through 04/30/2013. OMB 0651-0031
_ U.S. Patent and Trademark Office; us. DEPARTMENT OF COMMERCE

Under the Pa emork Reduction Acto1‘1995. no -ersons are re uirsd to respond to a collection of information unless it displa s a valid OMB control number
TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING Docket Number (Optional)

REJECTION OVER A "PRIOR" PATENT lE'AlCEzotl‘JIVJZ

  
 

    

 

in re Application of: Severlnsky at 51'

Application No.: 13/573,728 69/24/2813 MEREZM 86683945 13573728

Filed: 0ctober5.2102 _ ' 82 FC:1814
For: Hybrid Vehicles

The applicantWW.owner oi__1_m__ percent interest in the instant application hereby
disclaims, except as pruvrded below. the to rrninal part of the statutory term of any patent granted on the instant application which WOUId exten ~
beyond the expiration date of the full statutory term of prior patent No. 6,209 §72 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 instantapplication and Is binding upon the grantee. its successors or assigns. ‘

In making the above disclaimer. the appflmnt does not disclaim the terminal pan 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 byany 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 disdalmed in whole or terminally disclaimed under 37 CPR 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 temtinal 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 behdf of the assignee.

l hereby acknowledge that any willful false statements made are punishable under 18 use. 1001 by fine or imprisonment of not morethan five (5) years, or both.

2. The undersigned is an attorney or agent of record. Reg. No. 27,869

52/SI lure

Michael do An ell
Typed or printed name

Moms! of record 401-42 3190
Title Telephone Number

Temiinai 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-2038.

   

This collection at inlormation 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) on application. Confidentiality is guvemed by 35 u.s.c. 1122 and 37 CFR 1.11 and 1.14. This ootlection is estimated to take ‘12 mhutes tocompleta.
including gathering, preparing. and submitting the completed application term to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of time you require on complete this form and/or suggestions for rsdua'ng this bu rden, should be sent to the chief Information our. U.S. Patent
and Trademark Ofllce, U.S. Department of Commerm. P.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THISADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1 450. Alexandria. VA 22313-1451).

if you need assistance in :crnpieting the form. call 1-BDO-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 :

Seve'rinslcy et a1 : Examiner: Calvin C. K. Cheung

Serial No.: 13/573,728 : Group An 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 0F AMENDMENT

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

_ A check for the additional claim fee of S 0.00 as calculated belowIs enclosed for thisamendment.

_x The Commissioner[8 hereby authorized to charge the additional claims fee calculated below

and any underpayment (Or to credit overpayment) to our Deposit Account No. 04-0401.

. 1 LARGE ENTITY

TOTAL CLAIMS . PRESENT ADDITIONAL
CLAIMS PREVIOUSLY . EXTRA RATE

- ' ' PAID FOR . _.
TOTAL 12 20 Extra x 80 s 0.00IIII

D

'INDEP. 2 _ 3 O ‘ Extra x420 $ 0.00
TOTAL: $ 0.00
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Respectfully submitted,

Dated: 7/13” ? . Michae de Angeli
Reg. No. 27,869
34 Court Street

Jamestown RI 02835
401-423-3190

 **“* CERTIFICATE OF FACSIMILE TRANSMISSION "** 
 
 

 I hereby certify that this correspondence (/fi‘total pages) is being transmitted
via facsimile to the United States Patent and Trademark Office (Fax No. 57 1-
W1) on the date shown below:

2-93 530 D
  

  Michael de Angeli
Name ofRegistered Representative

agnatureg V 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 a1 Examiner: Calvin C. K. Cheung

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

Filed: October 5, 2012 2 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 oftime 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,

_ 2. 1 3 M 2g: _
Dated Michael de Angeli

Reg. No. 27,869
34 Court Street

Jamestown, RI 02835
401 -423 —3 190

09/24/2613 fiPEREZflH 66338845 13573728

'31 FC:1251 289.09 OP
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PTO/SB/06 (09-11)
Approved for use through 1/31/2014. OMB 0651-0032

US. Patent and Trademark Office; US. 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.

PATENT APPLICATION FEE DETERMINATION RECORD Appiicaiion or Dockei Number Fiiing Daie
Substitute for Form PTO—875 13/573,728 10/05/2012 III to be Mailed

ENTITY: IXI LARGE |:| SMALL |:| MICRO

APPLICATION AS FILED — PART I

(Column 1) (Column 2)

37CFR1.16a, b,or c

37CFR1.16k, i,or m

I] EXAMINATION FEE

TOTAL CLAIMS , *
37 CFR1.16i ”Imus 20:

INDEPENDENT CLAIMS , *
37 CFR1.16h ”WU“:

If the specification and drawings exceed 100 sheets
Of paper, the application size fee due is $310 ($155
for small entity) for each additional 50 sheets or
fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).

El MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR1.16(j))

DAPPLICATION SIZE FEE
(37 CFR1.16(s))

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

APPLICATION AS AMENDED — PART II

(Column 2) (Column 3)

CLAIMS HIGHEST

QEIAEAFIKNING ERIE/EIDESLY PRESENT EXTRA ADDITIONAL FEE ($)AMENDMENT PAID FOR

.. 20

D Application Size Fee (37 CFR1.16(s))

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

CLAIMS HIGHEST
REMAINING NUMBER

AFTER PREVIOUSLY PRESENT EXTRA
AMENDMENT PAID FOR

-

1.16(i))

(37 CFR1.16(h))

El Application Size Fee (37 CFR1.16(s)

AMENDMENT

Minus ***

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

AMENDMENT
* If the entry in column 1 is less than the entry in column 2, write “0" in column 3. LI E
** If the “Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter “20". /BREN DA HARRISON/
*** If the “Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter “3
The “Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

 
This collection Of information is required by 37 CFR 1.16. The information is required tO Obtain or retain a benefit by the public which is tO file (and by the USPTO tO
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated tO take 12 minutes tO complete, including gathering,
preparing, and submitting the completed application form tO the USPTO. Time will vary depending upon the individual case. Any comments on the amount Of time you
require tO complete this form and/or suggestions for reducing this burden, should be sent tO the Chief Information Officer, US. Patent and Trademark Office, US.
Department Of Commerce, PO. 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
Alexandria1 Virginia 22313- 1450
wwwusptogov

 
  
    APPLICATION NO. F ING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONF {MATION NO.  

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

7590 09W”. . EXAMIN:R

M1chael de Angeh
34 Court Street CHEUNG, CAEVIN K 
Jamestown, RI 02835 ART UNIT PAPER NUMBER

3662

MAIL DATE DELIVERY MODE

09/17/2013 PAPER

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

The time period for reply, if any, is set in the attached communication.
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Application No. Applicant(s)

 . _ _ _ 13/573,728 SEVERINSKY ET AL.
Applicant-Initiated Interwew Summary Examiner Art Unit

CALVIN CHEUNG 3662

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

(1 ) CAL VIN CHEUNG. (3) .

(2) Michael de Ange/i (Reg# 278691. (4) .

Date of Interview: 13 September 2013.

Type: IZI Telephonic I:I Video Conference
I:l Personal [copy given to: El applicant IZI applicant’s representative]

Exhibit shown or demonstration conducted: I:l Yes IZI No.

If Yes, brief description:
 

Issues Discussed |:I101 IXI112 IXI102 D103 |:IOthers
(For each of the checked b0x(es) above, please describe below the issue and detailed description of the discussion)

Claim(s) discussed:1_7.

Identification of prior art discussed: prior art of record.

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

Discussed proposed amendments.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already 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
interview

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

|:| Attachment

/CALV|N CHEUNG/

Primary Examiner, Art Unit 3662

 
US. Patent and Trademark Office

PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20130913
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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 bythe 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.
A“ 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. It is 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
— An indication 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
Alexandria1 Virginia 22313- 1450
wwwusptogov

 
  
    APPLICATION NO. F ING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONF {MATION NO.  

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

7590 0mm”. . EXAMIN:R

M1chael de Angeh
34 Court Street CHEUNG, CAEVIN 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 Inventorto File)

CALVIN CHEUNG 3662 first“ 
-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

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

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event however may a reply be timely filed
after SIX () MONTHS from the mailing date of this communication.

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

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)IXI Responsive to communication(s) filed on 7May 2013.

[I A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

a)I:| This action is FINAL. 2b)lX| This action is non-final.

3)I:I An election was made by the applicant in response to a restriction requirement set forth during the interview on

; the restriction requirement and election have been incorporated into this action.

4)|:I 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 Quay/e, 1935 CD. 11, 453 O.G. 213.

 

Disposition of Claims

5)IXI Claim(s) 17-28 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6)|:l CIaim(s)_ is/are allowed.

7)IZ| CIaim(s)1;28is/are rejected.

8)I:I CIaim(s)_ is/are objected to.

9)|:l CIaim(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

h/index.‘s or send an inquiry to PF"I-Ifeedback{<‘buspto.qov.htt ://www.usoto. ov/ atents/init events"    

Application Papers

10)I:I The specification is objected to by the Examiner.

11)|:I The drawing(s) filed on_ is/are: a)I:I accepted or b)I:I 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).
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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 US. Application No.

09/264817 filed on 9 March 1999, now US. 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. Malti-Tech Sys., Inc., 357 F.3d 1340,
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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

3, “

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

internal combustion en ine , said at least one traction motor”, and “said at least one tractiong

motor and said internal combustion engine”.

Regarding Claim 18, “said motor and engine” (line 1) and “said vehicle” (line 2) are not

consistent. It is suggested consistency be kept 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

3, “

suggested consistency be kept in the claim, for example, “said hybrid vehicle , said internal

3, “

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 USC. ll2(b):

(B) CONCLUSION.7The 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 USC. 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 USC. ll2(b) or 35 USC. 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.1 In particular, it is unclear if claim 17 is drawn to a product

(i.e., “said vehicle comprising”) g a process (i.e., “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 §

2l73.05(p) 11., the Examiner concludes that claim 1 is a hybrid claim and therefore indefinite.

1 MPEP § 2173.05(p) Subsection 11
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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”) g a process (i.e., “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 ba ” 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) 11., 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 USC. 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 USC. 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 (C9:6l—C10:24; in particular, C9:6l—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 (C9:6l—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, C9z47—57, Cl3:l6—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 (C10z52—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 (Cl7:34—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, Cl3: l6—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):

0 a battery bank (i.e., batteries) for storing and supplying electrical power (Abstract,

FIG. 3—4 with associated text),

0 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),

0 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

o a controller (i.e., microprocessor controller 48):

o for controlling flow of torque between said engine, said at least one motor,

and said wheels (C9:6l—C10:24; in particular, C9:6l—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 (C9:6l—C10:24; in particular, C9:67—C10:4. Microprocessor

controller 48 “controls the operation of the torque transfer unit 28”.), and

0 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, Cl3: 16—29, FIG. 3-9 with
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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 (C 1 0:52—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 (Cl7:34—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

9. The following is a quotation of 35 USC. 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 USC. 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 Camhi in order to track an object (C9:59—C11:47).

Regarding Claim 20, Severinsky discloses wherein said controller:

0 monitors variation in road load experienced by said vehicle (Abstract, FIG. 3—9 with

associated text) and

0 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 Camhi in order to track an object (C9:59—C11:47).
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Regarding Claim 26, Severinsky discloses wherein said controller:

0 monitors variation in road load experienced by said vehicle (Abstract, FIG. 3—9 with

associated text) and

0 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 Ornnm, 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 US. 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, 8:00am. — 5:00pm.,

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 866—217—9197 (toll—free). If you would

like assistance from a USPTO Customer Service Representative or access to the automated

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

/CALVIN CHEUNG/

Primary Examiner, Art Unit 3662
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05/07/2013 33573728 ~ GAR): 3662

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of :

Severinsky et al : Examiner: N/A

Serial No.: l3/573,728 : Group Art Unit: 3662

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

For: Hybrid Vehicles

Hon. Commissioner for Patents

PO. 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.

ALL REFERENCES CONSiSEEEE EXCEPT WHERE LiNEi} WW®§$H /C.{3./’
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Receipt date: 05/07/2013 33573728 ~ GAL): 3662

Early and favorable consideration of the merits of the invention claimed is earnestly

solicited.

Respectfiilly submitted,

;’/.>//, 3.7 Mdfl/
Dated Michael de Angeli

Reg. No. 27,869
34 Court Street

Jamestown, RI 02835
401 -423-3 1 90
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Examiner
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USPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two-letter code (WlPO 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. 5Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. °Applicant is to place a check mark here it English languageTranslation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is govemed 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 Otfice, PO. Box 1450, Alexandria. VA 22313-1450. DO NOT SEND FEES 0R COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commlssioner for Patents, P.O. Box 1450, Alexandrla, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800—PTO-9199 (1-800— 786-9199) and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE 
BIB DATA SHEET

SERIAL NUMBER

13/573,728

FILING or 371(c)
DATE

10/05/2012

RULE

APPLICANTS

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

** CONTINUING DATA *************************

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 *************************

** |F REQUIRED, FOREIGN FILING LICENSE GRANTED **
11/01/2012

Foreign Priority claimed 3 Yes BNO

35 USC 119(a—d) conditions met :I Yes BNO
Verified and /CALVIN K CHEUNG/
Acknowledged Examiner's Signature

ADDRESS

Michael de Angeli
34 Court Street

Jamestown, RI 02835
UNITED STATES

STATE OR
COUNTRY

DC

 D Met afterAllowance

Initials

Hybrid vehicles

FILING FEE FEES: Authority has been given in Paper
to charge/credit DEPOSIT ACCOUNT

for following:

RECEIVED N0-

BIB (Rev. 05/07).
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DRAWINGS
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UNITED STATES DEPARTNEENT OF CONHVIERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450
Alexandria1 Virginia 22313-1450
www.uspto.gov

CONFIRMATION NO. 9367

GROUP ART UNIT ATTORNEY DOCKET
NO.

PAICE201. DIV. 12

TOTAL
CLAIMS

INDEPENDENT

CLAIMS

II All Fees

31.16 Fees (Filing)

:l 1.17 Fees (Processing Ext. of time)

:l 1.18 Fees (Issue)

:l Other 
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Application/Control No. Applicant(s)/Patent Under
Reexamination

Index Of Claims 13573728 SEVERINSKY ET AL.

Examiner Art Unit

CALVIN CHEUNG 3662

Rejected I Cancelled n Non-Elected n Appeal
a Allowed H Restricted I- a Objected
El Claims renumbered in the same order as presented by applicant El T.D. El R.1.47

CLAIM DATE

Final 06/10/2013

 
I] 0 'U>

_L O

_L_L (JON

_L_L 0301

NNNNNNNNN—l—l oououm-hcoN—nocooo 
US Patent and Trademark Office Part of Paper No. : 20130606
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In re the Patent Application of :

Severinsky et a1

Serial No.: 13/573,728

Filed: October 5, 2012

For: Hybrid Vehicles

Hon. Commissioner for Patents

PO. Box 1450

Alexandria VA 22313-1450

Sir:

: Examiner: N/A

: Group Art Unit: 3662

: Att.Dkt:PAICE201 .DIV. 12

PRELIMINARY AMENDMENT

HE UNITED STATES PATENT AND TRADEMARK OFFICE

Prior to examination of the above-identified application, kindly amend the application as

follows:

BMW1052
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In the Claims:

1 — 16 (Cancelled)

17. (New) A method 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.

l8.(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 ofoperation of a hybrid vehicle, said vehicle comprising:

a battery bank for storing and supplying electrical power,

an internal combustion engine for applying torque to road wheels 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 predictively controlling operation of said

motor and engine for propulsion of said vehicle responsive to anticipated patterns of vehicleloperation.

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: 5/ L l 3 Mflk‘
Michael de Angeli

Reg. No. 27,869
34 Court Street

Jamestown, RI 02835

401-423-3190

BMW1052

Page 114 of 300



BMW1052 
Page 115 of 300

  
7’32,“ 06,9“ IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Patent Application of :

Severinsky et a1 : 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

PO. 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: ( 7.. / W/é'v
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: (‘OMMISSIONI’R FOR PATENTSPO Box l450

Alexandr“. Wynn"-231.‘ I450WWWHSPIGEOV

APPLICATION FILING or GRP ART
NUMBER 3711c) DATE UNIT FIL FEE REC‘D ATI‘YDOCKETNO r0I CLAIMS IND CLAIMS

CONFIRMATION NO.4936713/573, 728 10/05/2012 3662 2230 PAICE201. DIV. 12

Michael de Angeli CORRECTED FILING RECEIPT
34 Court Street

Jamestown. R102835 111111111111 IIIIIIIILIIIIIILIIIIIIIIIIIIIIIlllll III III MINI
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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 US. 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 3 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 Receiptincorporatingthe requestedcorrections
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,W 6;] 7‘, “4 6 /¢—, M 9

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 11/459458 07/24/2006?“ PA T 7 {z 0 73’;
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.usptogovvfor 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 US. 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 US. 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 US. Government website, http://wwwstopfakesgov. 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 US. 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 US. 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 U8 cities, states
and regions competing for global investment; and counsels U.8. 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 htztp//www. SelectUSA.gov or call
+1 ”202-4826800
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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.: l3/573,728 : Group Art Unit: 3662

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

For: Hybrid Vehicles

Hon. Commissioner for Patents

PO. 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.

Respectfiilly submitted,

;’/.>//, 3.7 Mdfl/
Dated Michael de Angeli

Reg. No. 27,869
34 Court Street

Jamestown, RI 02835
401 -423-3 1 90
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PTO/SB/Oaa (07-09)
Approved for use through 07/31/2012. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
end to a collection of information unless it contains a valid OMB control number.

Complete if Known

13/573,728
10/5/12

—_

U. S. PATENT DOCUMENTS
Examiner Cite Document Number Publication Date Name of Patentee or Pages, Columns. Lines, Where
lnitials' No.‘ MM—DD-YYYY Applicant of Cited Document Relevant Passages or Relevant

-_——

_—w
——M

01-1996

-ersons are re- uired to res-
  

  

 

  
 

 

 
 
 

 

 
 

 INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
(Use as many sheets as necessary)

 

 
 

    

  
 

 

I‘-

 
cS”

c‘.”

CCII

CCCCCC  
U)n)toa)

  
Examiner Cite Foreign Patent Document Publication Name of Patentee or Pages, Columns, Lines,
lnitials‘ ' Date Applicant of Cited Document Where Relevant Passages

MM-DD-YYYY Or Relevant Figures AppearCount Code’Number‘Kind Code5 ilknown

9

 
Examiner Date
Signature Considered

‘EXAMINER: niti rf reference considered, whether or not citation is in conformance with MPEP 609. Draw ine through citation if not in conformance and not
considered. include copy of this form with next communication to applicant 1Applicant's unique citation designation number (optional). 28cc 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 (WlPO 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. 5Kind of document by
the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. °Applicant is to place a check mark here it English languageTranslation is attached.
This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is govemed 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 Otfice, PO. Box 1450, Alexandria. VA 22313-1450. DO NOT SEND FEES 0R COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commlssioner for Patents, P.O. Box 1450, Alexandrla, VA 22313-1450.

Ifyou need assistance in completing the form, call 1-800—PTO-9199 (1-800— 786-9199) and select option 2.
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jab 
 “$354 THE UNITED STATES PATENT AND TRADEMARK OFFICE

MADE“

In re the Patent Application of :

Severinsky et a1 : 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

PO. Box 1450

Alexandria VA 22313-1450

TRANSMITTAL OF AMENDMENT

Sir:

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.

_ 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,

Michael de Angeli

Reg. No. 27,869
34 Court Street

Jamestown RI 02835

401-423-3190

**** CERTIFICATE OF MAILING ****

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

Michael de Angeli
Na e of egister Representativ

(:47 3”! 4~ £,;3DatSignature
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PTO/SB/06 (09-11)
Approved for use through 1/31/2014. OMB 0651-0032

US. Patent and Trademark Office; US. 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.

PATENT APPLICATION FEE DETERMINATION RECORD Appiicaiion or Dockei Number Fiiing Daie
Substitute for Form PTO—875 13/573,728 10/05/2012 III to be Mailed

ENTITY: IXI LARGE |:| SMALL |:| MICRO

APPLICATION AS FILED — PART I

(Column 1) (Column 2)

37CFR1.16a, b,or c

37CFR1.16k, i,or m

I] EXAMINATION FEE

TOTAL CLAIMS , *
37 CFR1.16i ”Imus 20:

INDEPENDENT CLAIMS , *
37 CFR1.16h ”WU“:

If the specification and drawings exceed 100 sheets
Of paper, the application size fee due is $310 ($155
for small entity) for each additional 50 sheets or
fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).

El MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR1.16(j))

DAPPLICATION SIZE FEE
(37 CFR1.16(s))

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

APPLICATION AS AMENDED — PART II

(Column 2) (Column 3)

CLAIMS HIGHEST

igyéAFLNING ERIE/EIDESLY PRESENT EXTRA ADDITIONAL FEE ($)AMENDMENT PAID FOR

I: Application Size Fee (37 CFR1.16(s))

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

CLAIMS HIGHEST
REMAINING NUMBER

AFTER PREVIOUSLY PRESENT EXTRA
AMENDMENT PAID FOR

-

1.16(i))

(37 CFR1.16(h))

El Application Size Fee (37 CFR1.16(s)

AMENDMENT

Minus ***

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

AMENDMENT
* If the entry in column 1 is less than the entry in column 2, write “0" in column 3. LDRC
** If the “Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter “20". /NICOLE NICHOLSON/
*** If the “Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter “3
The “Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

 
This collection Of information is required by 37 CFR 1.16. The information is required tO Obtain or retain a benefit by the public which is tO file (and by the USPTO tO
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated tO take 12 minutes tO complete, including gathering,
preparing, and submitting the completed application form tO the USPTO. Time will vary depending upon the individual case. Any comments on the amount Of time you
require tO complete this form and/or suggestions for reducing this burden, should be sent tO the Chief Information Officer, US. Patent and Trademark Office, US.
Department Of Commerce, PO. 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
AddIESS. COMMISSIONER FOR PATENTSPO Box 1450

Alexandria, Viigmia 22313-1450www.uspto.gov

APPLICATION NUMBER F ING OR 371 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
 
   

13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12
CONFIRMATION NO. 9367

Michael de Angeli PUBLICATION NOTICE
34 Court Street

Jamestown, RI 02835 lllllllllllllllllllllllllllllll llllllllllllllllllllljllllllllllllllllllllllllllllllllllllll)00000605 6399

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
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addl'ESS. COMMISSIONER FOR PATENTSPO Box 1450 

Alexandria, Viigmia 22313-1450wwwuspto .gov

APPLICATION FILING or GRP ART
NUMBER 371(0) DATE UNIT F FEE REC'D ATTY.DOCKET.NO TOT CLAHVIS IND CLAIMS

16 4

 
   

13/573,728 10/05/2012 3662 2230 PAICE201. DIV. 12

CONFIRMATION NO. 9367

Michael de Angeli CORRECTED FILING RECEIPT
34 Court Street

Jamestown. RI 02835 IIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
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 US. 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

lnventor(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 ClP 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 US. 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 US. 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 US. 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 US. Government hotline at 1-866-999-HALT (1-866-999-4158).

page 2 of 3

BMW1052

Page 127 of 300



BMW1052 
Page 128 of 300

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING

LICENSE GRANTED" followed by a date appears on this form. Such licenses are 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 US. 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 US. cities, states,

and regions competing for global investment; and counsels US. 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



BMW1052 
Page 129 of 300

UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
AddIESS. COMMISSIONER FOR PATENTSPO Box 1450

Alexandria, ViJgLnia 22313-1450wwwusptogov

APPLICATION NUMBER F ING OR 371 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE

 
 
   

13/573,728 10/05/2012 Alex J. Severinsky PAICE201. DIV. 12
CONFIRMATION NO. 9367

Michael de Angeli NEW OR REVISED PPD NOTICE
34 Court Street

Jamestown, RI 02835 llIIlIlIllIIlllllIIlllIIleIIIIIlIIlllIIlllIIlIlIllllIllIlllllIlIlllIIIllllIlIllIlIlllIIl00000005858 399

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 a1 : Examiner: N/A

Serial No.: 13/573,728 ; Group Art Unit: 3618

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

For: HYBRID VEHICLES .

RESPONSE TO RESPONSE TO REQUEST FOR CORRECTED FILING
RECEIPT

Hon. Commissioner for Patents

P. O. Box 1450

Alexandria VA 22313—1450

Sir:

A corrected filing receipt is again requested for this

application. In a previous request for a corrected filing

receipt, applicants noted that the “'Domestic priority data

as claimed by applicant’ field has been left blank. This

should read as follows:

This application is a DIV of 13/065,708, 03/29/2011
which is a DIV of 12/320,600 01/29/2009 ABN

which is a DIV of 11/459,458 07/24/2006 PAT 7,520,353

which is a DIV of 10/382,577 03/07/2003 PAT 7,104,347

which is a DIV of 09/822,866 04/02/2001 PAT 6,554,088

which is a CIP of 09/264,817 03/09/1999 PAT 6,209,672

which claims priority of 60/100,095 09/14/1998

and claims benefit of 60/122,296 03/01/1999. “

A copy of the filing receipt showing the requested

correction was attached.

In response, the Office mailed a Response to Request

for Corrected Filing Receipt indicating that the corrected

priority data needed to be submitted by way of submission

of an Application Data Sheet (ADS). The ADS is submitted

herewith.
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A corrected filing receipt is again earnestly

solicited.

Respectfully submitted,

Michael de Angeli

Reg. No. 27,869
34 Court Street

Jamestown RI 02835

401—423-3190
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PTO/AIA/14 (08-12)
Approved for use through 01/31/2014. 0MB 0651-0032

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

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

Application Number 1 3/573 , 72 8

. Title oflnvention 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

[I 37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.) 
Inventor Information:

 
 

 Inventor 1

Legal Name

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

Mailing Address of Inventor:

Address 1 4704 Foxhall Crescent

Address 2 —

Inventor 2

Legal Name

Prefix Middle Name Family Name Suffix

Residence Information (Select One) (9 US Residency 0 Non US Residency 0 Active US Military Service

Mailing Address of Inventor:

cw —__

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/AlA/14 (08-12)
Approved for use through 01/31/2014. OMB 0651-0032

US. 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 1 3 5 7 3 r 7 2 8

Title of Invention Hybrid Vehicles

 
 

  

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

Michael de Angeli

Address 1 34 Court Street

Address 2

City State/Province

Country? Postal Code 02835

Phone Number 401-423-3191

Emaiiiddress timer Mam.

 
Application Information:

 Title of the Invention Hybrid Vehicles

Attorney DocketNumber_ Small Entity Status Claimed |:|

Suggested Class (if any)_SubClass (if any)

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

Publication lnforrnation:

C] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. I 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.  
 

 
 

 Please Select One: 0 Customer Number @ US Patent Practitioner 0 Limited Recognition (37 CFR 11.9)

-m_——
Registration Number 27869

Additional Representative Information blocks may be generated within this form by

selecting the Add button.
- V H 0EFS Web 2.2.5
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x PTO/AlA/14 (08-12)
Approved for use through 01/31I2014. 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 . _

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 ’Réniéil'ei

Application Number Filing Date (YYYY-MM-DD)

Prior Application Status rrRétfiO _..

PriorApplication Status Patented ZRemo

. . Prior Application Filing Date Issue Date
Number Continutty Type (YYYY-MM-DD) Patent Number (YYYY-MM-DD)

12320600 Division of 11459458 2006-07-24 7520353 2009-04-21

Prior Application Status Patented .‘ermg E:

Application . . Prior Application Filing Date Issue Date
Number Contlnwty Type (YYYY-MM-DD) Patent Number (YYYY-MM-DD)

Division of 10382577 2003-03-07 7104347 2006-09-121 1459458

. . . . . . . I 6 Date

Amfigfn Continuity Type Pmmflgfmn (wfiéfim (YYYY,ssu-MM-DD)
Division of 09822866 2001-04-02 6554088 2003-04-2910382577

Prior Application Status Patented 2 Remove-

Number C°”ti”““y Type Pfioilfi‘nfggftion (WEE-trim
09822866 Continuation in part of 2001-04-03

Prior Application Status ;R E10 "

0928764

Prior Application Status 0

Application Number Filing Date (YYYY-MM-DD)

0920487

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

by selecting the Add button.

 

 

 
 

  
 

 

 

 
 
 

 

 
 

 
 

 

 

 

 

Application

  

 

   
  
  

 
 
 

 
 Application

 

   

  
 
   

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.55(a). 
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‘\ PTO/AIN14 (03-12)
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 Number 1 3/5 7 3 I 7 2 8

 

 
 

 

 

 
 

Application Data Sheet 37 CFR 1.76

Title of Invention Hybrid Vehicles

' Application Number Filing Date (YYYY'MM'DD) Priority Claimed

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

 
 

 

Authorization to Permit Access:

[:1 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, 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 of filing this Authorization.

Applicant Infomiation:

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 morejoint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

0 Legal Representative under 35 U. S. C. 117 0 Joint Inventor

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

If applicantIS the legal representative, indicate the authority to file the patent application, the inventoris:
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\ PTO/AlA/14 (03.12)
Approved for use through 01/31/2014. OMB 0651-0032

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

. . PAICE201.DIV.12
Application Data Sheet 37 CFR 1.76

Application Number 1 3 57 3 I 72 8

Title of Invention Hybrid Vehicles

Name of the Deceased or Legally Incapacitated Inventor—
If the Applicant is an Organization check here. [:1

Mailing Address Information:

Address 1

Address 2

 
    
 
  

 9Q State/Province

Postal Code  Countrf

Phone 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.

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 othen/vise 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. E]
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. \ PTO/AlA/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 Papemork 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 1 3/573 , 728

Title of Invention Hybrid Vehicles

Mailing Address Information:

Address 1

Address 2

City State/Province

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 l

. ‘ O. ‘ s O 0. ‘

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 lnforrnation 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, PO. Box 1450, Alexandria, VA 22313-1450.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMEVT OF COMMERCE
United States Patent and Trademark Office
Addtess. COMMISSIONER FOR PATENTSPO Box 1450

Alexandria, ViJgLnia 22313-1450wwwusptogov

APPLICATION NUMBER F ING 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, RI 02835 lllllllllllllllllIllllIlllllllllllIllllllllllllllIlllllllllllllllllllllllllllllllllllllll000000058 6 0 0

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 US. 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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/

Respectfully submitted,

Mapé
Michael de Angeli

Reg. No. 27,869
34 Court Street

Jamestown RI 02835

401—423—3190
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UNITED STATE DEPAR'I'M [BIT OF COMMERCE
United States Patent. and Trademark Office
Addrew. COMMISSIONER FOR PATENTSR0. Box 1450{35-313 ’1

' Marathi/nym- 22313-1450n‘nsptop"W

APPLICATION FILING or GRP ART
NUMBER 371(0) DATE UNIT FIL FEE RECD TOT CLAIMS IND CLAIMS

16 4
13/573,728 10/05/2012 3618 2230 PAICEZOI. DIV. 12

CONFIRMATION NO. 9367

Michael de Angeli FILING RECEIPT

32:55:511102835 Inimnnummgilwgmmmimmnl
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 3 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) ' ' _ ___.‘._-._-._.s . _,_
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

ApplicanNS) . . which is a Div of 11/459,4S8 07/24/2006 PAT 7,520,353

118303332322: LVSHSWWW DC; which is a Div of 10/382,577 03/07/2003 PAT 7,104,347
Assignment For Published Patent Appligation Wthh is a DIV Of 09/822366 04/02/2001 PAT 6’554’088

PAIGE LLC'W 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

PW" °‘ Ammeyi Gm‘J ‘7 SI?" 7 7‘; FL and claims benefit of 60/122,296 03/01/1999
Michael De Angeli-Q7869

Domestic Priority data as claimed by applicantr
Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the
USPTO. Please see http://wwwusptogov 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 1 013
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UNITED STATES PATENT AND TRADEMARK OFFICE
 

In re the Patent Application of

Severinsky et al - : Examiner: N/A

Serial No.: 13/573,728 : Group Art Unit: 3618

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

For: HYBRID VEHICLES

RESPONSE TO INFORMATIONAL NOTICE TO APPLICANT

Hon. Commissioner for Patents

P. O. Box 1450

Alexandria VA 22313-1450

Sir:

The “Informational Notice to Applicant” mailed in this

application on November 5, 2012 indicates that the declaration

submitted with this application is defective in that it does not

state that the application was made or authorized to be made by

the person executing the declaration. It is understood that

this is‘a reference to the new form of declaration required

under the America Invents Act. However, this application is the

latest in a lengthy series of divisional applications claiming

priority as far back as 1998; the specific declaration filed was

executed in 2001, in connection with Ser. No. 09/822,866.

BMW1052
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In these circumstances it is respectfully submitted that no

new declaration is in fact required.

Respectfully submitted,

/L-Z’ (11,. M1/4/v
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 I OTHER THAN

Column 1 (Column 2) SMALL ENTITY SMALL ENTITY

BASIC FEE
(37 CFR1.16(a) (b) or (0))
SEARCH FEE
(37 CFR1.16(k) (i) or(m))

EXAMINATION) FOEE»(37 CFR1. 16(0

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
(37 CFR1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.

41 (a)(1)(G) and 37 CFR1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))

* lfthe difference in column 1 is less than zero, enter ”0” in column 2.

APPLICATION AS AMENDED - PART II

OTHER THAN

(Column 2) (Column 3) SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($) FEE($)

AMENDMENT PAID FOR
Total

(37 CFR1.16(i))

Independent(37 OFR1. 16(h))

Application Size Fee (37 CFR1.16(S))
AMENDMENTA

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

TOTAL
ADD'L FEE

(Column 2) (Column 3)
OLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($) FEE($)

AMENDMENT PAID FOR
Total

(37 OFR1. 16(i))
Independent

(37 OFR1. 16(h))

Application Size Fee (37 CFR1.16(S))
AMENDMENTB

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR1.16(j))

TOTAL
ADD'L FEE ADD'L FEE

* lfthe entry in column 1 is less than the entry in column 2, write ”0” in column 3.
** lfthe ”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 found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMEVT OF COMMERCE
United States Patent and Trademark Office
Addl'fiss. COMMISSIONER FOR PATENTSPO Box 1450

Alexandria, ViJgLnia 22313-1450wwwuspto .gov

APPLICATION NUMBER F ING 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, RI 02835 lllllllll llllllllIllll"11111111Illllllllllllll IlllllllllllIllllllllllllllllllll Illlllll0000000574223 5

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 UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addless. COMMISSIONER FOR PATENTSPO Box 1450

Alexandria, ViJgLnia 22313-1450wwwusptogov

APPLICATION FILING or GRP ART
NUMBER 371(0) DATE UNIT F FEE REC'D ATTY.DOCKET.NO TOT CLAHVIS 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. RI 02835 lllllllllllllllllllllllllfllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll0000000574223

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 US. 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

lnventor(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

BMW1052

Page 146 of 300



BMW1052 
Page 147 of 300

Title

Hybrid vehicles

Preliminary Class

180

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. 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 US. 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/generaI/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the US. 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 US. 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
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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.
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lLS.PTO

7;: o 13/573728
E '1; 10/05/2012
EE m

E 0 MICHAEL M. DE ANGELI, RC.
2 C ATTORNEY AT LAw
% (D 34 COURT STREET
2 3 JAMESTOWN, RHODE ISLAND 02635
I O (40” 423-3l90

REGISTERED PATENT
ATTORNEY FAX: (40l) 423-319l

— E-MAIL: MDEANGELIZO©GMA3LCOM
ADMITTED TO BARS WWW.RIPATENTLAW.COM

OF PA 5 MD

NOT ADMITTED
IN RI

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

RULE 60 APPLICATION

Atty. Dkt. PAICE201.DIV.12
October 1, 2012

Hon. Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313—1450

Sir:

This is a request for filing a divisional application under 37

CFR § 1.60 of pending prior application Serial No. 13/065,708 filed

on March 29, 2011 entitled Hybrid Vehicles

Full Name of first joint inventor: Alex J. Severinsky

Residence: Washington, D.C. Citizenship: U.S.

Post Office Address: 4704 Foxhall Crescent, Washington D.C. 20007

Full Name of second joint inventor: Theodore Louckes (deceased)

Residence: Holly, Michigan Citizenship: U.S.

Post Office Address: 10398 Appomattox, Holly MI 48442

A 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 below: Claims as filed, less any
claims canceled:

LARGE ENTITY

CLAIMS Basic Filing Fee: $ 390

Total 1 - 20 = o x s 62 s 0

Indep. 1 — 3 = o x $250 0

Search fee $620

Examination fee $250

Fee for non—electronic filing $400
Size fee $320

Total Fee $1980

x The Commissioner is hereby authorized to charge additionally

required fees under 37 CFR § 1.16 and § 1.17 which may be

required, or credit any overpayment to Deposit Account No. 04—

0401. A duplicate copy of this sheet is enclosed.

Status as a "small entity" under 37 CFR 1.9 is claimed by way
of the attached declaration.

__ A preliminary amendment is enclosed.

An information disclosure statement is enclosed.

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. § 119.

a) Certified copy is on file in prior application
Serial No. filed

b) Certified copy filed herewith.

2
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IX1*

‘x

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,

H00
Dated: /y 7/ / 7/ Michael de Ange i

Reg. No. 27,869
34 Court Street

Jamestown RI 02835

401—423-3190
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~ applicatién Ser. No.

HYBRID VEHICLES

Inventors: Alex J. Severinsky
Theodore N. Louckes

c 065- e to he 3 ed 'c 'o.s
This application is a continuation-in—part of Ser. No.9,672, issued

09/264,817, filed March 9, 1999, n2001, which in turn claims priority from prov151onal
60/100,095, filed September 14, 1998, and is

also a continuation-in-part of Ser. No; 09/392,743, filed Septemberisional application

9, 1999, which in tur
Ser. No. 60/122,296, filed March 1, 1999.

ow U. S. patent 6,20

April 3,

presently conventional vehicles as regards performance, operating
convenience, and cost, while achieving substantially improved fuel
economy and reduced pollutant emissions.

D'scuss'on o he '0 t
For many years great attention has been given to the problem

n of fuel consumption of automobiles and other highway
Concomitantly very substantial attention has been paid

biles and other

of reductio

vehicles. To a degree, efforts to solve these problems conflict
For example, increased thermodynamic efficiency

with one another. engine is

Thus there has been substantial
’c materials withstanding higher
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eratures than those now in use. However, higher
combustion tempcombustion temperatures in gasoline-fueled engines lead to increase
in certain undesirable pollutants, typically Nox.

ducing emissions is to
or ._ straight ethanol. However,

mpetitive with

Another possibility for re burn .mixtures
of gasoline and ethanol ("gasohol"),

come economically co

e not accepted ethanol to any great
gasoline, and consumers hav te fuel such as ethanol
degree. Moreover, to make an alterna
available to the extent necessary . to achieve

the vehicle manufacture, distribution, and repair system,
have to be extensively revised or substantially duplicated.

One proposal for reducing pollution in ci
use of vehicles powered by internal combustion engines and instead
employ electric vehicles powered by rechargeable batteries. To
date, all such "straight electric" cars have had very limited
range, typically no more than 150 miles, have insufficient power
for acceleration and hill climbing except when the batteries are
substantially fully charged, and require substantial time for
battery recharging. Thus, while there are many circumstances in~
which the limited range and extended recharging time of the
batteries would not be an inconvenience, such cars are not suitable
for all the travel requirements of most individuals. Accordingly,
an electric car would have 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. Furthermore, comparing the respective net costs per
mile of driving, electric vehicles are not competitive with
ethanol-fueled vehicles, much less with conventional gasoline-
fueled vehicles. See, generally, Simanaitis, "Electric Vehicles",
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Reynolds, "AC Propulsion

CRX" '

nvention appears

and traction

1 electric vehicle.
also been paid

vehicle; the i

antilock braking

otherwise conventiona
Much attention has

ment of electric.
powering generators, thus eliminating

by simple electric vehicles.
nciple as diese

the defect of li
The simplest such

l—electric

develop

engines

e exhibited
.0 rangvehicles operate on the same general prilocomotives used by most railroads. In such systems, an internala generator providing electric power to

e vehicle.
0 the wheels of th

at no variable ge
els of the

ar ratio

15 This system h
transmissio

vehicle. nternal combustion engine produces zero
More particularly, an ieed (RPM) and reaches its torque peak

Accordingly, all

20

speed vehicles usin
rmal dri

e and the wheels,

than certain single—
and not useful for no

smission between the engin

ving) require a variable-
clutches, so that the

-ratio tran

25 engine's torque can be matche

he engine wi

It would not be p

with a multiple speed transmission,
the additional complexity of the

Electric

some slippage of t

30 starting from a stop.
diesel locomotive, for example,

Accordingly,

lectric traction motors is accepted-
produce full torque at zero RPM and thus can be

or a- clutch.

generator and e
traction motors
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connected directly to the wheels; when it i
should accelerate, the diesel engine train begins to move.

enerator output and th a smaller vehicle
ay be employed in

but has several distinct
as discussed

increase the g

The same drive system m

such as an automobile or truck,
disadvantages in this application. In particular, and

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

producing near its maximum
Typically, the number of diesel locomotives on a train is selected
in accordance with the total tonnage to be moved and the grades to
be overcome, so that all the locomotives can be operated at nearly
full torque production. Moreover, such locomotives tend to be run
at steady speeds for long periods of time. Reasonably efficient

er, such a direct drive vehicle
typical automotive use,

efficient when

fuel use is thus achieved. Howev
would not achieve good fuel efficiency in
involving many short trips, frequent stops in traffic, extended
low-speed operation and the like.

So-called "series hybrid" electric vehicles have been proposed
for automotive use, wherein batteries are used as energy storage
devices, so that an internal combustion engine provided to power a
generator can be operated in its most fuel-efficient output power
range while still allowing the electric traction motor(s) powering
the vehicle.to be operated as required. Thus the engine may be
loaded by supplying torque to a generator charging the batteries
while supplying electrical power to the traction_ motor(s) as
required, so as to operate efficiently. This system overcomes the
limitations of electric 'vehicles noted above ‘with, respect to
limited range and long recharge times. Thus, as compared to a
conventional vehicle, wherein the internal combustion engine
delivers torque directly to the wheels, in a series hybrid electric
vehicle, torque is delivered from the engine to the wheels Via a
serially connected generator used as a battery charger, the
battery, and the traction motor. However, energy transfer between
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onsumes at least approximately 25% of engine
substantially to t

r capable of

he cost and

hybrid vehicles have not-been imm '5 shown in U.S.
"parallel hybrid" approach 1

A more promising
,732,751 to Berman et

3,566,717 and 3

different modes. Where the output of the internal combustion engine
is more than necessary to drive the vehiclestant speed and excess power is
operatic ("speeder") to electrical

ed by a first nmtor/generatorconvert "second mode operation", the
y for storage in a battery. Ine drives the wheels directly, and is

is needed than the engine can provide,
provides additional torque as

energ

internal combustion engin
throttled. When more power

a second motor/generator or "torquer"
needed.

Berman et a1 thus show two separate electric
the internal combustion engine; the "Speeder"

while the "torquer" propels the vehicle
dditional

motor/generators

separately powered by
charges the batteries,
forward in traffic. This arrangement iS'a source of a

'cost and difficulty, as two separate modes of engine
complexity, perator must control the
control are required. Moreover, the 0
transition between the seVeral modes of operation. Such a complex

automotive market. Automobiles
e complicated to operatevehicle is unsuited -for the

intended for mass production can be no mor
icles, 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 a1 appears to be
quite complex and difficult to manufacture economically. Berman et
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o variable—speed transmissions
38 of

e.g., col. 3, lines 19 — 22 and 35 —
nes 53 - 55 of patent 3,732,751.

n early parallel
ficiency can be

al also indicate that one or even tw
see,

and col. 2, 1i
165 795 also shows a

may be required;
patent 3,566,717,

Lynch et aLynch argues that maximum fuel efcombustion engine is5 hybrid drive.
efficient

provided,speed, it produces approximately the average power required over a
typical mission. The example given is of an engine produc1ng 25

10 hp maximum and 17 hp at its most efficient speed, about 2500 rpm.' I th an electric moto tor of about 30
This vehicle requires

formance. It appears th
teady speed, with additional torque

ded and excess torque produced by the
In a first embodiment,

achieve reasonable per

run continuously, at a -s

15 provided by the motor when nee
engine being used to c

rovided by the motor is

20 Nishida U.S. patent 5,117,931 shows a parallel hybrid vehicle
where torque from an electric motor may be combined with torque
from an internal combustion engine in a "torque transmission unit"

red bevel gears and means for controlling the
f the motor and engine, so that the

absorb excess torque from

provide additional

comprising pai

relative rates of rotation o
n be used to start the engine,

charging a battery), or
speed transmission is coupled

25 motor ca

the engine (by
A variable—

' ion unit and the propelling wheels.
the variable—speed

the use
unit and

30 transmission are complex, heavy, and expensive components,
of which would preferably be avoided.

t 3,923,115 also shows a hybr
' ion unit for combining torque from an

' However, in

id vehicle
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tion of the motor and engine
Helling the reinput shafts are fixed; rovided to store excessV ' ss electrical_

mechanica .energy. Albright, Jr. ther hybrid
e scheme using a flywhe

various comp

ous components.

see Bates et a1

driv

excess energy;

ovided between the vari

licated.-mechanica
Capacitors‘have

U.S. patent 5,318,142.

also been

pr

proposed for energy storage;
Fjallstrom U.S. patent 5,120, .

train wherein torque from two electric mo
torque produced by an internal combustion en
is performed b

and unspecified control means are
n of road speed without a variable

405,029 and 4,470,

1ex gearing arrangements,
the Hunt patents

y a complex arrangement of

variatio

Hunt U.S. Patent Nos. 4,

parallel hybrids requiring comp including
multiple speed transmissions. More specifically,

nts of parallel hybrid vehicles. Hunt
disclose several embodime 20 of the '476 patent) that an
indicates (see col. 4, lines 6 -
electric motor may drive the vehicle at low speeds up to 20 mph,
and an internal combustion engine used for speeds above 20 mph,

such as from 15 — 30 mph, both

Additionally, both power sources
Hunt also indicates

while "in certain speed ranges,

power sources may be energized...
could be utilized under heavy load conditions."
that "the vehicle could be provided with an automatic changeover

hifts from the electrical power source
depending on the speed of

device which automatically 5

to the internal combustion power source,

the vehicle" (col. 4, lines 12 - 16).
However, the Hunt vehicle does not meet the objects of the

as discussed in detail below. Hunt's vehicle in
present invention, nual or automatic
each embodiment requires a conventional ma
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,

driving the electric motor in genera

or torque converter of conventional
by a "fluid coupling issions and fluid

Col. 2, lines 16 - 17. Such transm
converters are very inefficient, are heavy,
d are to be eliminated accor

again as discussed in detail below.
battery charging disclosed

construction".

couplings or torque

bulky, and costly, an

Furthermore, the primary means of
by Hunt involves a further undesirable complexity, namely a turbinetor configuration. The turbine

internal combustion engine. See
ternal combustion engine is also

col. 3, lines 10 — 60. Hunt's infor additional battery charging

is fueled by waste heat from the

fitted with an alternator,adding yet further complexity. Thus it is clear that»
capability,Hunt fails to teach a hybrid vehicle meeting the objects of the
present invention'- that is, a hybrid vehicle competitive With

ehicles with respect to performance, cost and
complexity, while achieving substantially improved fuel efficiency.

Kawakatsu U.S. Patents Nos. 4,305,254 and 4,407,132 show a
parallel hybrid involving a: single internal combustion engine
coupled to the drive wheels through a conventional variable—ratio
transmission, an electric motor, and an alternator, to allow
efficient use of the internal combustion engine. As in the_Hunt
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
batteries; where the engine provides insufficient torque, the motor
is energized as well.

A further Kawakatsu patent, No. 4,335,429, shows a hybrid
vehicle, in this Case comprising an internal combustion engine and
two motor/generator units. A first larger motor/generator, powered
'fiy 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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itional regenerative braking as

needed. .
More particularly, the latter Kawakatsu pate

a single electric motor Sized to provide suff1c1ent torque tobe capable of providing suff101ent
e vehicle would not gl. 2 line 8.

regenerative braking force; see col.
Accordingly, Kawakatsu provides two separate mot

a separate engine star provided.In the the larger

-1, line 50 - co
or/generators,

See col.

propel th

noted; ting motor is alsoembodiment shown,

6, lines 22 — 23.

through a

controllable 0

Numerous patents

15 fall int
atents disclose system ' n operation; for

lutches. See col.

ofp

select between electric and internal combustio
example, an electric motor is provided for operation 1n51deous, and an internal
buildings where exhaust fumes would be danger

2O combustion engine provided for operation outdoors.
se a hybrid vehicle comprisin

and an internal combus '
use at low speeds, ing both when maximum torque
higher speed. The art also suggests us
is required. lectric motor

ls and the internal combusti

drives one set of
In several cases the e

different set.
on engine drives a

Fields et a1 (4,351,405);

and Ellers (4,923,025).
es wherein a

25 whee

See generally Shea (4,180,138);
Krohling (4,593,779);

tents show hybrid vehicle driv
as do numerous additional

(4,438,342);

Many of these pa

variable speed transmission is required,
30 references. A transmission as noted above is typically required

'nternal combustion engine and/or the electric motor are
1e of supplying sufficient torque at low speeds. See Rosen

Rosen (4,269,280); Fiala (4,400,997); and Wu et a1
Kinoshita (3,970,163) shows a vehicle of this general

not capab

(3,791,473);

(4,697,660).
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s coupled to the road Wheels
5 turbine engine i r is provided

type wherein a gathrough a three-spee an electric moto
to supply additional torque at

For further examp

bove, see Bray (4,0

d transmission;
low speeds.

95,664); Cummings (4,
McCarthy (4,354,144);5 discussed a

- and Suzuki et alet al (4,306,156); Park
Heidemeyer (4,533,011);
(5,053,632). Various of these address specific
the manufacture or use of hybrid vehicles,

10 design improvements. For example,
of battery charging and discharge characteri

e sys n in

sses certain specifics
stics, while McCarthy

ternal combustion
tem involving a

ted by theshows a complex driv the torque genera

engine driving two electric motors;latter is combined in a complex differential prov1ding continuously
ratios. Heidemeyer shows connecting an internallutch,

15 variable gear

combustion engine to an e
cting the motor to a tr

lectric moto

and conne ansmission by a seco
clutch.

Other patents of gene
(3,525,874), showing a series hybr

ombustion engine; Yardney (3,650,345),

ral relevance to this subject matter
id 'using a gas

20 include 'Toy showing

turbine as internal c

- and Nakamura

s in thyristor battery-charging
field but of general

Horwinski

and Lexen

of limited current capacity
419), addressing improvement

Somewhat further a

s of Deane' (3,874,472);

Keedy (4,611,466);
(3,454,122); Papst

25 (3,837,

and motor drive circuitry.

interest are the disclosure
(4,562,894);

(3,623,568); Grady, Jr.
and Matsukata (3,502,165).

(4,042,056); Yang

(4,815,334); Mori
30 (3,211,249)- Nims et a1 (2,666,492);

Additional references showing parallel hybrid vehicle drive systems
include Froelich (1,824,014) and Reinbeck (3,888,325).U.S. Patent
No. 4,578,955 to Medina shows a hybrid system wherein a gas turbine

. . le,a generator as needed to charge batteries. Of

10
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in aspects of the pres
battery pack shoul

216 volts and

particular interest to certa d have a voltage

that Medina discloses that the
in the range of 144, 168 orof 400 to 500 amperes.

e high currents involve
and additionally require

substantial resistance itive mechanical'

that all electrical connectioor by welding. More specifically,
cordance with industry practice,

e carried by the
of

means such as bolts and nuts,
reasons of safety and in ac50 amperes cannot b

preferred for reasons
ch heavier, more

0 currents

conventional plug-1n
convenience and economy, but must be carried by mu
expensive and less (as used on
conventional starter and b

15 it would be desirable to opera

Accordingly,

te the electric motor of a hybrid

vehicle at lower currents.
U.S. patent 5,765,656 to Weaver alsothe interna1_combustion engine;

shows a series hybrid

wherein a gas turbine is used as
hydrogen is the preferred fuel.

20 - U.S. Patent No. 4,439,989 to Yama
two different internal combustion en
only one need be run when the load is low. This arrangement would
be complex and expensive to manufacture.

Detailed discussion of various aspects of hybrid vehicle
25 drives may be found in Kalberlah, “Electric Hybrid Drive Systems910247 (1991) .

for Passenger Cars and Taxis", SAE Paper No.
Kalberlah first compares "straight" electric, series hybrid, and
parallel hybrid drive trains, and concludes that parallel hybrids
are preferable, at least when intended for general use (that is,

30 straight electric vehicles may be useful under certain narrow
conditions of low-

then compares various form
4, and concludes that the most practical arrangement is

his Fig.‘one in which an internal combustion engine drives a first pair of

speed, limited range urban driving). Kalberlah
s of parallel hybrids, with respect to

11
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Gardner U.S.

Kalberlah's teachings,
pairs of wheels;least two a s

and the second bymotor,

by a small internal combustion engine. Three dlfare. prov1ded. to allow ‘various sources of drive torque to be
0 connected to the wheels, and to a generator, 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

e electric motors. Volume,
powering th

15 . Bullock,
Power Range and Energy Ca

SAE.Paper No.

5 of electric vehicles i
lysis of the various battery types

icle having two

1 Constraints of Mass,
the Viability of Hybrid

provides a

"The _Technologica
pacity on

891659 (1989)
n terms of the

Dynamic

and Electric Vehicles",
led theoretical analysi

and a careful ana

ck. concludes ‘that a veh

ffering characteristics,
would

detai

loads thereon,

20 then .available.
electric motors of di

through a variable—speed transmission,
automotive use; see the discussion of Fig. 8.

e use of an internal combustion engine to drive battery
dress combining the engine's torque with

Bullock also

suggests th

25 charging, but does not ad
24 - 25.

that from the motors; see pp. re collected in Electric and Hybrid
Further related papers a

o , volume SP—915, published by SAE in February
Ve 'c ec

1992. See also Wouk, “Hybrids: Then and Now"; Bates, "On the road
30 with a Ford HEV", and King et a1, "Transit Bus takes the Hybrid

7, (July 1995).
Route", all in IEEE gpectrum, Vol. 32,

t al U.S. patent 5,667,029 s
a first embodiment is shown in Figs.

12 — 17. Both embodiments have numerous

hows two embodiments of
Urban e 1 - 9 and

parallel hybrids;

11, and a second in Figs.

12
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combi

Overrunning clutches are prOVided, e.g.,torque to be applied to the road wheels Without also rotating the
motors. .' 6, lines 25 — 54, certain transitions

As indicated at col.
10

between various operating mode .Vto the position of the accelerator pedal; for example, if the
operator does not depress the pedal beyond a given point, only theinternal combustion engine is employed to propel the vehicle; if

15 the operator depresses the pedal more fully, the electric motorsother changes in the operational mode must be
are also energized.

perator directly; for example,
made by the o

operated as a ' '0" vehicle, e.g. for sho
trips, by the opera action. See

20 col. 7, lines 49 - 56.
The Urban et al desig

Firs

rt duration

tor's making an appropriate control

n appears to suffer fr
t, the internal combustion engine is

ficant defects. e needed to accelerate the vehicle tosigni

stated to provide all torqu
rmal circumstances (see c

ising (see col. 6,

ol. 5, lines 3

ising speed under no
and also to propel the vehicle during cru

The electric motors are to
and hill-climbing; col. 5, lines 10 - 13.
operated through a continuous

cru

25 10),

lines 48 - 54).

rapid acceleration
horsepower engine,

n and a torque converter,transmissio re c

30 this purpose.

further,

' g the internal combust
for low—speed running woul
e.g., at traffic lights,

Such components a
e notoriously ine

s the sole so

n at low speeds,
d require it to be ru

ient and highly
which, is 'very ineffic

13
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10

15

20

25

30

polluting.
(Various add

e can be used to charge
tationary, but this

In any event

r this possibility.)
vehicle can be

'c" under low-speed conditions, but
de an explicit control input;

nded to be sold in
'5 stated

operated as a
' es the operator to provi

able in a vehicle inte
to reach Urban

quantity,

goals of reduction of atmospheric polluconsumption. As noted, hybrid vehicle operation must be
essentially "foolproof", or "transparent" to the user to have any

f commercial success.
'5 second embodiment is mechanically 51

through which torque is transmitted from
ission,

mpler, employing

"dynamotor",
variable—ratio transm but suffers from thebut a single

the engine to the.

same operational deficiencies. is directed to the
A second Urban et al patent, 5,704,440,‘ ' 1e of the '029 patent and suffers

to that available

Company hybrid vehicles, See, for example, Yamaguchi, "Toyota
commercially as the "Prius".electric hybrid system", Automotiye Engineering,
readies gasoline/
July 1997, pp. 55 "Not Electric, Not Gasoline, But
Both", Automeek, June 2, 1997, pp. 17 — 18; Bulgin, "The Future

Quietly", Autoweeg February 23, 1998, pp. 12 and 13; and
a Toyota brochure. A more

' Vehicles",
ta vehicle's powertrain is found in

f the Hybrid/Battery ECU for the
(1998), pp. 19 - 27.
ribes this vehicle as

- 58; Wilson,

Nagasaka et al,

Toyota. Hybrid System",
he Wilson article,

SAE paper 981122

According to t Toyota desc

14
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-parallel hybrid";a "series
0 be

ticle at pp.
See the Nagasaka ar

Furut

set of wheels.
at low speeds, it drive

continuously,batteries prov1ding energy to the motor, and at higher spee
15 engine or both engine and motor propel the vehicle. In sometransmission may not be required; compare, for

5, lines 59 - 64.
"charge depletion"example, col.

the internal
' in this scheme,

d only when the state of the
otherwise reach' a

In normal operation,
Frank

batteries

recharging point.

the batteries ar

also discusses two

3, lines 50'- 55.
a1 power source.

wherein mechanical

See col.

e recharged from an extern
-mode brake pedal operation,

braking when the

pedal is de 1 hybrid

U.S. patent 5,823,

in the shafts of an inte
e all coaxial; the engine

r to the second by

ur et al shows a paralle

rnal combustion engine and first and
where is connected to

econd electric motors ar
utch, and the first moto
allowing the speeds of the motors to be

e them in their most efficient range. See

5

the first motor by a Cl

a planetary gearset,
varied so as to_operat

col. 4, line 57 - col. 5,

30

parallel hybrid

BMW1052

Page168of300



BMW1052 
Page 169 of 300

- a clutch is
lanetary gearset, to sensing of engine

therebetween.
fuel and thus

warmup conditions, so

5 low

there

etary10 transmission. d by those of skill in the art that
It will be appreciate'tations i the use of plan

r connecting different sources, e.g., an
and an electric motor, to the drive

arset is

that unless the planetary ge
its use as a continuously—

nherent in

15
(anathematic to

e.g., in the

f shaft speeds,
f the parallel

is‘capable
Toyota vehicle) it

put torque.but not of out

hybrid drivetrain,
the electric

variable transmission,
of additive combination 0
Hence, the principal advantage 0

20 additive combination of the out
motor and the internal combustion engine,
the planetary gearset is locked.

for example, at col. 6, line 27.
losures of possible

put torque of both
available when

Lateur,

Additional disc
25 ‘ patent 5,845,731 to Buglione et a1;

1998, and therefore is not necessaril
laims of the present application.

1 combustion en

'c motor 20,

y available as a refe
The basic powertrain

gine 12,

'c motor 26 through a se
30 ’ coupl line 8) driven by the

the wheels are (apparently;_see col. 3,
The overall hybrid operationa

rated in Fig. 4.

propel the vehicle,

second motor 26.

lione et a1 is illust with the engine off,

motors may be used to

16
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During lowr

while during
When

d both motors

idling, or

speed cruis
high—speed cruising,

ation is required a

used to propel the

ing the second mo
the engin

t high speed,

Buglione e

e propels th
the engine an

t al also indicates
acceler

col. 3, linevehicle.

5' may bethat a variable—ratio transmission may be unnecessary,9, and that the first motor can be used to start the engine, col.
"electrically

4, lines 8 — 15. showing an

U.S. patent
d" vehicle is also 0

in each,

xcess torque used

5,586,613 to Ehsani,f interest. '5 vehicle is
an engine is apparently to

to charge the

Ehsani

10 peaking hybri
shown in several embodiments;
be run continuously,

batteries,

propulsive torque when the engine's output torqu'ded in some embodiments of the Ehsani vehicle.
7, and can be15 transmission is prov1An embodiment involving two motors is shown in Fig.9, lines 4 - 5. Fig. 7

"electricmodified as discussed in the text at col.first set of wheels by a first This
tion as a generator.

a second drive arrangement,
iven by an engine connected

ond set of wheels is dr cted to
lectric machine, conne

nd clutch. Ehsani suggests at

- 5 that the drive shaft otherwise coupled to the
25 fir ld' also be driven by the engine.' it that the first electric machine is

Although it is not made explic the modified Fig. 7
this seems likely% otherwise,

"5 Fig. 1, modified to have

through a first clutch to a second e
d set of wheels by a seco

to be retained,

all four wheel

30 This application disclosesenhancements to the hybrid. vehicles disclosed in U S patent
5 343,970 (the "'970 patent“), to one of the present inventors,Where differences

which is fics of the
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vehicles shown hereinherein is not to be construed to limit the scope of 1Generally speaking, the '970 patent discloses hybrid vehiclese transfer unit is provided capable ofan
mbustion engine,

The direction

nsive to

controllable torqu
en an internal co5 wherein a

wheels of the vehicle.transferring torque betwe
electric motor,

que transfer is co .'de highly efficient
of tor

and while
the mode of operation 0

10 operation over a wide var
providing good

f the vehicle,
rating conditions,

either electrical

chemical energy

ntrolled by the

iety of ope

The flow of energy -

1 battery bank, orsubstantia
is similarly co

stored a fuel -
microprocessor.

For example, according to the operatin'970 patent, in low—speed city driving,
e needed responsive to energy

rom the battery. d highway driving, where the
engine can be efficiently, it

1 torque; additional torque may be provided by
s needed for acceleration, hilleclimbing, or

ed to start the internal—

g scheme of the hybrid
15

flowing f

internal—combustion

20 typically provides a1

a generator by

its windings by a solid-state,
For example, when the state of

25 micropro e.g., after a

charge of the battery bank iy—only operation in city traffic, the
is started and dri

output,

during braking or hill
into

passing.

combustion engine,
connection of

operated as

appropriate
cessor—controlle

lengthy period of batter
internal combustion engine

00% of its maximum torque
Similarly,

f the vehicle can be turned
ative braking.

for efficient

.between 50 and 1

30 charging of the battery bank.
descent,

lectrical energy by regenerstored e

The hybrid drive train shown in the '970 patent has many
advantages with respect to the prior art which are retained by the

18
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present invention. For example,
selected to be of relatively high power,

n that of the internal combustion engine, a
t characteristics at low speeds; this allows the

ransmission to be eliminated. As
bank, motor/generator, and

high voltage

to resistive

specifically,

greater tha

high torque outpu
l multi—speed vehicle t

the battery

perated at relatively

5 I conVentiona
to the prior art,

power circuitry are 0
re

ent selection and connection.
'1e the prior art, including the

y of operating an

compared

associated

atively low current,

and simplifying compon

ducing losses due

10 the desirabilit
t operating range,

y to be supplied

clearly discloses
'970 patent, ne in its most efficien
internal combustion e

and that a battery ma
'n order

ngi

y be provi
to even out the

substantial room for improvement.
perational flexibility

stem's

fied

15 combustion engine,
it is desired to obtain the 0

while ‘optimizing the sy

g a substantially simpli
or art,

In particular,

parallel hybrid system,
ional parameters and providin

red to those shown in the pri

of a

operat

parallel hybrid system as compa
20 again as including the '970 patent.

As noted above, the present application is a continuation—in—
O9/264,817, filed. March, 9, 1999 (the '817

part of Ser. No. claims several distinct
application), which discloses and

s over the hybrid vehicles shown in the '970 patent, as
Similarly, the present

No. 09/392,743,

which discloses

icles

improvement

25 discussed

ication is a continuation—i
1999 (the '743 application),

provements over the hybrid veh
as discussed in

d claims

filed September 9,

and claims several distinct im
'970 patent and the '817 application,

The present application discloses an
'817 and '743

shown in the

30 further detail below.
further. improvements over the vehicles of the
applications;

As discussed in detail below, the '817 and '743 applications
mited by this brief summary) disclose a new

(which are not to be li

19
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10

15

20

25

30

wherein an internal combustion
"topology" for a hybrid vehicle, can be operated

engine and a first electric "starting" motor, which
as a starter, to start the engine, a generator, to charge the
battery bank responsive to torque from the engine or the wheelsa source of torque, to

d wheels of the vehicle
led from the

(i.e., during regenerative braking) or as
propel the vehicle, are connected to the roa
through a clutch, so that the engine can be decoupI but can be connected

A second "traction" motor is

directly connected to the road wheels to propel the vehicle. The
' 1e operating mode is determined by a microprocessor responsive

vehic

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 builds further on these concepts.

Koide U.S. patent 5,934,395 and Schmidt—Brficken 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 '817 application
discloses a hybrid vehicle comprising a controller, a battery bank,
an internal combustion engine, and two electric motors, a starting
motor and a traction motor. The starting motor and engine are
connected to the road wheels through a clutch, while the traction
motor is connected directly and permanently to the road wheels for
torque transmission therebetween, i.e., without a clutch
therebetween. Koide does not show this "topology" for a hybrid
vehicle; although Koide does show a hybrid vehicle having first and
second motors along with an engine, the components are not
connected as described. Specifically, in Koide, both motors and
the engine are connected to the road wheels by way of a variable—
ratio transmission and a cdutch, while, as noted, in the '817
application only the combination of the engine and starting motor

20

BMW1052

P3961730f300



BMW1052 
Page 174 of 300

the wheels through a clutch, while the traction
d directly to the wheels forclutch or variable-ratio

is connected to torque transmission

motor is connecte
therebetween, that is, without a. transmission. More specifically, Koide's entire disclosure is

S premised on being able to vary the ratios between the torque-.d the road wheels, in order
producing components of hi
that the engine can be smoothonly the starter motor and engi

e wheels for smooth starting,

According to

10 traction motor can be connecsubstantial simplification with respect to the
This represents a

system shown by Koide.

15 combination with a starting motor 7,

tions also disclose that the
rmined by a microprocessor responsive

that is, the vehicle's instantaneous torque
20 to the "road load", opel the vehicle

demands, i.e., that amount of torque required to pr
at a desired speed. The operator's input, by way of the
accelerator or brake pedals, or a “cruise control“ device,
indicates that continuing at steady speed is desired, or that aFor example, the

25 Change in vehicle speed is called for.
operator's depressing the accelerator pedal signifies an increase
in desired speed, i.e., an increase in road load, while reducing
the pressure on the accelerator or depressing the brake pedal

duction in vehicle speed, indicating that the
to be reduced or should be negative. More
tant to note that the road load can vary

signifies a desired re

30 torque being supplied is
particularly, it is imports, independent of vehicle speed, and can be
between wide limi when decelerating or descending a hill,
positive or negative, i.e.,in which case the negative road load (that is, torque available at

21
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10

15

20

25

3O

usually employed to charge the battery bank.
More particularly, it is important t

load is not the same thing as vehicle velocity. Indeed, as noted,
road load can be negative while vehicle velocity is positive, as
during deceleration or descent. Moreover, widely differing road
loads may be encountered during operation at the same velocity; for
example, operation at 50 mph on a flat road may involve a road load
of only 30 - 40% of the engine's maximum output torque (MTO), while
accelerating from the same speed while climbing a hill may-involve
a road load of well over 100% of MTO.

By the same token, control of the vehicled load is not the same as controlling
'5 operating mode in

response to monitoring of roa
its operating mode in response to Vehicle speed. Numerous prior art

including the Koide and Schmidt-Brficken patents, teach,
indicate the vehicle operating mode should bereferences,

the latter, i.e. ,
controlled in response to vehicle speed. See Koide at col. 12,
lines 45 — 48, and Schmidt-Brficken at col. 5, line 56 - col. 6 line
29. Neither Koide nor Schmidt—Brficken, nor any other reference of
which the inventors are aware, recognizes that the desired vehicle
operational mode should preferably be controlled in response to the
vehicle's actual torque requirements, i.e., the road load. Doing so
according to the invention provides superior performance, in terms

under the widely-varying conditions encountered in "real world"
driving situations, than is possible according to the prior art.

Moreover, as set forth in the {817 and '743 applications, in
order to provide maximum efficiency in use of fuel, it is essential
to operate the internal combustion engine of a hybrid vehicle only
under circumstances where the engine will be loaded so as to
require at least 30% of its maximum torque output ("MTG")(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

22
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10

15

20

25

3O

ome arbitrary road speed, as i
exceeds 5 1 be operated at various times
it is apparent that the engine wil

n the road load is less than 30% of MTO, for example, duringwhe as noted above, the
deceleration or during descent's.
torque actually required can vary widely irrespectiv
speed. For example, 30% of MTG may be sufficienty be required for

Moreover,

to maintain

steady speed on a flat road,, '5 operational

acceleration_from the same speed.

it will be incapable

and will ultimately be unsatisfactory.
according to the invention of the '817 and '743

d herein, the

Schmidt—Bracken,

operator's commands,
By comparison,

and as further disclosed and claime
applications, the selection of the source of
vehicle's operating

torque needed to propel the vehicl
amount of torque actually required.

traction motor,
combination of engine,

y—simple point has evidently bee
available. This apparentl

entirely by the art.
Moreover, accordin

engine is used to propel the vehicle only wh
s in accordance with another asp

gh efficiency, leading

g to this aspect of the invention, the
en it is efficient to

do so. This i ect of the invention,
e engine is operated only at hi

For example, the engine is also
in low-speed city

The starter

wherein th

directly to improved fuel economy.
as needed to charge the battery‘bank, e.g.,

driving, where the battery bank may become depleted.
nmtor, which is operated as a generator in these circumstances, is

s be able to accept at least 30% of MTO as
likewise sized so as to be able

Therefore

used

accordingly sized so a

input torque; the battery bank is
a corresponding amount of charging current.

5 than 30% of MTO, and is thus

never operated inefficiently. Koide and Schmidt-Brficken, because
they teach switching the vehicle's operational mode based on

que requirements, would inherently

to accept

the engine is never operated at les

vehicle speed and not its tor

23
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operate the engine under less efficient conditions.
Furutani patent 5,495,906 disdloses selection of operating

mode based on a combination of vehicle speed and “vehicle load“;
see, e.g., col. 2, lines 39 — 47: "It is preferable that the
running state detection means detects vehicle speed and vehicle
load...[and] that the control means transfers the driving force
generated by the engine to the power ge
electric power generated by the power generator [i
engine power is used to charge the batteries] in accordance with

'f the vehicle speed is the predetermined value or

less. Moreover, it is preferable to change the predetermined value
of the vehicle speed in accordance with the vehicle load;" It thus
appears that Furutani determines the vehicle operating state based
on vehicle speed, although the change—over speed can be varied
responsive to the vehicle load. Furutani's "vehicle load" thus
apparently includes the torque required to charge the battery, as
distinguished from applicants' "road load", i.e., the torque
required to propel the vehicle. Even assuming that Furutani's
"vehicle 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 based on road load, Furutani directs more or less of the
engine's torque to battery charging; see col. 4, lines 24 - 32.

Frank 6,054,844 shows several embodiments of hybrid vehicles.
In those where an engine is used to provide torque to 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

24
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otor to add to or subtract
iciency and use an electric m See col. 6, line 49optimal eff

from the engine's output torque as appropriate.
- col. 7, line 7 and col. 10, line 33 — col.

rol of the vehicle operating mode

11, line 22. Frank

694 to Egami et al shows a controller for a

hybrid vehicle comprising an internal combustion engine and first
d "rotary electric units". Although the question is not

it appears from a detailed review of Egami's
not supplied directly to

and secon

free from doubt,

disclosure that torque from the engine is
the road wheels, but instead is used to drive one of the rotary
electric units as a generator, in turn supplying the second withHence Egami

(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 "vehicle driving torque
demand Mv*", which might be ndsunderstood 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, lines 23 - 26. The same point, i.e., that the
"vehicle driving torque demand Mv*" is not equivalent to
applicant's claimed road load, is made throughout Egami's extensive
specification; see, for example, col. 10, lines 28 — 32 and col.
27, lines 58 - 65. '

Deguchi patent 5,993,351 refers to decision-making regarding
the vehicle mode of operation "based on the vehicle speed detected
value and the required motive force detected value" (Abstract; see
also col. 1, line 41); the latter might be misunderstood to be
equivalent to the road load. Deguchi also states (col. 2, lines 7

25
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s on the motor at times of low load and
- 9) that the vehicle "run 5 of high load".

runs on the internal combustion engine at timelear that in fact the operational—mode
However, Deguchi makes it c erture detected value
decision is made “based on the accelerator ap
9 which represents the required driving force of the vehicle and
the detected- vehicle speed" (col.v 5, lines 19 - 21). _ The
accelerator position and vehicle spee

t inputs to the vehicle controller shown in Fig. 2, Hencerelevan the ‘vehicle operating' mode
Deguchi does not show controlling
responsive to road load as defined by applicants.

Along generally similar lines, Boll patent 5,327,992 teaches
a hybrid vehicle comprising a diesel engine and a motor on a common
shaft, and intended to be operated such that the engine is only
operated efficiently, i.e., under relatively high load. The torque
required to overcome the "instantaneous tractive resistance“ is
determined responsive to the deflection of the accelerator pedal,
i.e., in response to operator command (see col. 3, line 13 and line
35); when this is less than the minimum amount of torque that can
be produced efficently by the engine, the excess torque is used to
power the motor as a generator. Boll also suggests that both the
motor and engine can be used to propel the vehicle when needed,
e.g., during acceleration, and that the vehicle can be operated in
four different modes: (a) engine alone powering the vehicle; (b)
motor only powering the vehicle, with the engine "generally
switched off"; (c)engine and motor both powering the vehicle; and
(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.

systems of hybrid vehicles, see for example German patent 19 05 641
to Strifler, discussing a method of control of a braking system
providing both regenerative Iand mechanical braking, and the
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such as power steering pumps, see
es are discussed in

5

'e e oIt is an object of the invention to provide an improved hybrid
electric vehicle realizing substantially increased fuel economy andernal

ollutant emissions as comp
ile

reduced p icant

' I1 and hybrid vehicles wh
operating convenience,

iently by an operator accus
and which does

.suffering no signif

cost, complexity, or

y in performance, tomed

which can be operated effic
t special training,

ting infrastructure developed

penalt

weight,

rto conventional vehicles withou
not require modification of the exis

conventional vehicles.

bject of the inventio
widely available

15 over the years to support n to provide

More specifically,
hicle that operates on fuel now

widely available, so

deal with

such an improved ve

and uses batteries already well understood and

20 new fuel supply arrangements,
maintenance of batteries employin

object o

g complex new technologies.
f the present invention to

provide an improved series
combustion engine and two

an separately or simultaneously ap
controlled to realize maximum

separately-controlled
an internal ply torque to

25 electric motors c

the driving wheels of the vehicle,
fuel efficiency at no penalty in convenience,

-It is a further object of the invention to provide a series—
llel hybrid electric vehicle compr

30 together providing output power equal to at least 100 percent of
the rated output power of the internal combustion engine, and more
preferably up to about 150 — 200 percent thereof, so that the
engine operates under substantially optimum conditions in order to

economy and reduced emission of

performance, or cost.

ising two electric motors.

realize substantial fuel

27

BMW1052

Page1800f300



BMW1052 
Page 181 of 300

10_

15

20

25

30

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

at moderate and highway speeds, with two )or
lled electric motors together sized to

dditional power needed for acceleration and hill
climbing.

Still another object of the i

parallel hybrid electricbattery charging circuits operate at no more than about 30 - 50
rent (although significantly greater currents

conditions), whereby

and whereby

amperes continuous cur
may flow for short periods, under peak load
resistance heating losses are greatly reduced,
inexpensive and simple electrical manufacturing and connection.

the controllable torque-transfer unit shown in the '970 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

RPM, while controlling the fuel/air mixture supplied during
starting, throttling the engine, and providing a preheated
catalytic converter, minimizing emission of unburned fuel and
further improving fuel economy.

It is a more specific object of the invention to employ the
control flexibility provided by the improved hybrid drive train of
the invention to allow employment of a motor producing
substantially constant torque up to a base speed, and substantially
censtant power thereafter, as the engine starting motor, so that
torque produced thereby can also be used to propel the vehicle.

28
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which are
jects of the invention,

the
'743 applications,

cation has as

In addition to the above ob

similar to those listed in the '817 and
present continuation-in-part appli

g of the useful ranges of loading of vehicles
to provide highly efficient

invention of the

objects the broadenin
5 according to the invention, e.g.,

hybrid operation for a vehicle that may weigh 7,000 pounds empty
but 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.vide

very efficient use10 further in

provide anengines for hybrid vehicles,
Another object of the p

optimal HVAC system for hybrid vehicles.' ' 'II is to provide a

resent invention is to

15 braking system

that provides optimal operator
n responsive to the state 0

s of the invention will be

f charge of the battery
operatic come clear

Other aspects and object

as the discussion below proceeds.

20

Summary of the Invention

As discussed above the '970 patent discloses hybrid vehicles
wherein a controllable torque transfer unit is provided capable of

25 transferring torque between an internal combustion engine, an' wheels of the vehicle See Figs. 3 —
electric motor,

11 thereof. .The d
esponsive to the mode of o

ient operation ov
roviding good performance.

ubstantial

microprocessor r

to provide highly effic
and while p

ical energy stored in a s
tible fuel — is

30 operating conditions,
flow of energy

battery bank,

similarly controlled by the microprocessor.
According to one aspect of the inventio

which is also employed acco

or chemica

n of the '817 and '743

rding to the present

35 applications,
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continuation—in-part application, the controllable torque-transfer
'970 patent is eliminated by replacing the single

ate motors, both operable
See Figs.

unit shown in the

electric motor shown therein by two separ
enerators and as traction motors when appropriate.as g an internal combustion

3 and 4 hereof. As in the '970 patent,
provide sufficient torque to be

engine is provided, sized to and is used for

' f the road load, that is, the

demands and input commands provided

of the vehicle. A relatively high—powered
output shaft of the

propel the vehicle

by the operator
"traction" motor is connected directly to the
vehicle; the traction motor provides torque to

and provides additional torque when
in low-speed situations, or hill—climbing during
required, e.g., for acceleration, passing,
high-speed driving.

According to the invention of the

a relatively low—powered starting motor is a
be used to provide torque propelling the vehicle when needed. This

cted directly to the internal combustion
Unlike a conventional starter

'817 and '743 applications,

150 provided, and can

second motor is conne

engine for starting the engine.
motor, which rotates an internal combustion engine at low speed
(e.g., 60 - 200 rpm) for starting, necessitating provision of a
rich fuel/air mixture for starting, the starter motor according to
the invention spins the engine at relatively high speeds, e.g., 300
— 600 rpm, for starting; this allows starting the engine with a
much less fuel-rich fuel/air mixture than is
significantly reducing undesirable emissions and improvin
economy at start-up. A catalytic converter provided to

in the engine ‘exhaust is

conventional,

g fuel

catalytically combust unburnt fuel.
preheated to an effective working temperature before starting the
engine, further reducing emissions.
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connected directly t

to the traction mo

scussed in detail,
and this combi

transfer of torque;

In the embodiment di
0 the engine,

tor by a clutch for
en connected to the

the traction motor is th
In other embodiments,

a first set 0

cted to another-set
traction

output shaft of

wheels of the vehicle.
ion may be connected to

tor conne

in a further embodiment, plural
the engine is controllably

1 of the clutch.

motor combinat

through a clutch, with the traction mo
of road wheels directly;

ach case,

wheels by contro
icroprocessor, e.g.,

tch is controlled by the m as part of
or hydraulic actuator

vehicle in response to

Engagement of the clu
controlling an electrical
controlling the state of opera

the road load.

For example, during low—Sp
so that the engine is d

"straight" electric car,
the traction motor.

become

tion of the

the clutch will be
eed operation,

wheels; the

disengaged, isconnected from the
vehicle is then operated as a i.e., power

e battery bank and supplied to
latively depleted (e.g.,

Should the batteries become :re the starter motor is used to
discharged to 50% of full charge),

t the internal combustion engine, w
at least about 30%

and the starting motor is

star hich then runs at relatively
high “torque output (e.g., of its maximum

for efficient use of fuel,
torque),

h-output generator to recharge the batt
operated as a hig

Similarly, whe

available from the traction motor alone, e.g.,
the starter motor starts the internal

a highway,
produces useful torque,it reaches an engine speed at which it

so that the engine an

As noted above, the engine is rotated
so that the engine rapidly

when

the clutch is engaged,

provide additional torque.
at relatively high speed for starting,
reaches a useful speed.

'970 patent, the engine is sized so that it provides
a range of suitable

d starter motor can

As in the

sufficient power to maintain the vehicle in

31
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d in a torque range
then needed,

while being operate

if additional power is
the traction and/or starter

highway cruising speeds,

providing good fuel efficiency;
e.g., for hill-climbing or passing,
motors can be engaged as needed. Both motors can be operated as

to transform the vehicle's kinetic energy into
generators, e.g., g descent or deceleration. Also as in the
electrical power durin

'970 patent, the peak power of
equals the rated power of the engine, as is
good performance without employment of a variable-speed

the operation of the vehicle, and
erator of the vehicle need not

as 5J1 the '970 patent, the op ation, but
f the vehicle during its oper

ation of the accelerator and
determines the-appropriate state

brake pedals. The microprocessor d other inputs and
he vehicle based on these an

of operation of t of the hybrid drive train
controls the various components
accordingly.

It is also within the scope

or both of the motors at differing ro
engine, so that each can be optimized for the demands thereon.

motors can in general be ma

of the invention to operate one
tational speeds than the

More specifically,

can be operated at relatively high RPM.

might constrain its performance charac
manner. Accordingly, for example, the starter motor might drive
the engine through a pinion geared to a larger toothed flywheel,

Similarly, it might be desirable to provide the
motor as a relatively high-speed unit, driving the road

traction eduction unit. The starter
wheels through a chain, belt, or gear r

may be configured as a “faceplate"
l of the engine, and rotating at

or "pancake" motor,
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'engine speed,
while the traction motor is a.much higher speed

d to the vehicle driveshaft by a chain
in the scope of the invention,

d the two motors at the

induction motor connecte
drive reduction unit. It is also with
as noted above, to operate the engine an

peed when the clutch is engaged,same 5 .nts and the attendant cost,
trains or like :mechanical compone
complexity, weight, audible noise, and frictional losSes occasioned
by their use.

other improvements provided according
teries in two series—connected battery banks, with

providing the batthe vehicle chassis connected to the batteries at a central point,
assis" connection reduces

between the banks. This "center—point-ch d the vehicle

the voltage between various circuit components an
chassis by half, significantly reducing the electrical insulation

sinking of power -
required and simplifying such issues as heat—
semiconductors used in the inverter circuitry. Providing dual

also provides a
battery banks and dual electric motors, as above,

permitting certain component failures without

to the invention include

degree of redundancy,

loss of vehicle function.
th the traction and starting

motors are AC induction motors of four or more phases and the
accompanying power circuitry provides current of more than three,
preferably five, phases, allowing the vehicle to function even
after failure of one or more components. These motors, and the
inverter/chargers driving them, should be chosen and operated such
that the motors have torque output characteristics varying as a
function of rpm as illustrated in Fig. 14 of the '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
between about 3 to 1 and about 6 to 1. By comparison, the series-
woumi DC motors conventionally used as engine starting motors
provide very high torque, but only at very low Speeds; their torque
output drops precipitously at higher speeds. Such conventional
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starter motors would be unsatisfactory in the present system.
During substantially steady—state operation, e.g., 'during

highway cruising, the control system 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. Wherexceed 'the engine's max1mum
the vehicle's torque requirements e
efficient torque output, e.g., during passing 0
or both of the electric motors are energized to provide additional
torque; where the vehicle .
minimum torque efficiently provided 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 be
performed simultaneously, as torque from _the engine and the
vehicle's kinetic energy both drive either or both motors in
generator mode. The rate of change of torque output by the engine
may be controlled in accordance with the batteries' state of
charge.

The vehicle is operated in different modes, depending on its
instantaneous torque 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 also exhibit hysteresis, so that the
operating mode is not repetitively switched simply because one of
the sensed parameters fluctuates around a defined setpoint.

None of the implementations of the invention shown in the
'970 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 awoid such 'transmissions, so that the
rotational speeds of the two motors and the engine were fixed with
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respect to one another, and to the speed of the road wheels.
However, it now appears that in some circumstances a two—speed
transmission may be desired in some cases to broaden the range of
utility of the vehicles of the invention (principally to extend

rrying capabilities) while still providing highly
speed transmission

tinuation-

their load-ca

efficient operation, and to include such a two—
is accordingly part of the invention of the present con

is, be repetitively shifted during acceleration, upon "kick-down"
and the like.

More specifically,

optimize the hybrid power train of
relatively heavy vehicles, such as va
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

e large classes of such

it is of great present interest to
the invention for use with

ns, pickup trucks and "sport-

economy. Still more particularly, heretofortain emission regulations;
take effect shortly.vehicles have not been subject to cer

however, such regulations are expected to

with improved fuel economy and reduced emissions.
e aspect of SUVs and similar vehicles that must be
esign of a suitable hybrid powertrain is that their

That is, a

One of th

considered in d

owners use them to carry and tow widely-varying loads.
ional SUV might weigh 5,500 pounds, and might typically be

rt a 140 pound person; up to 300
However, on the

convent

used during the week to transpo

pounds of children, and 50 pounds of groceries.
weekend the family might load the vehicle with half 21 ton of
camping gear and the like and set off for the mountains towing a
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7,500 pound trailer. The vehicle must. provide adequate
acceleration, passing, and hill—climbing performance in both uses.
In order to have sufficient power at times of maximum loading, the
vehicle is grossly overpowered under all different circumstances;
that is, only when the vehicle is laden to near-maximum capac1ty
and pulling up a long hill does the engine deliver near maximum

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

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

(reproduced herein from the '970 patent).
An important aspect of the

in-part application as well as the predecessor
'970 patent lies in controlling the operation

d vehicle so that it is

only when is it loaded

present continuation-

applications and the
of the internal combustion engine of a hybri
only operated at high efficiency, that is,
to require a substantial fraction e.g., 30% of its maximum torque
output. That is, the engine is never run at less than 30% of
maximum torque output ("MTO"). As disCussed in the '970 patent and
the '817 application, this can be
so that it can efficiently propel the vehicle unassisted at highway
speeds; if additional torque is require
climbing, the traction motor is operated.

idea of providing a turbocharger,
perate when torque in

d for passing or hill-

Application Ser. No.

392,743 further adds the
controlled by the microprocessor only to o
excess (If the engine's rated normally-aspirated maximum torque
output (MTO) is needed for an extended period of time, for example
in towing a trailer. By employing the turbocharger only when
actually needed, many of the drawbacks inherent in conventional
turbocharger uses are-eliminated. Typically the turbocharger may
be sized such that the engine provides up to 150% of MTO when
turbocharged.

According t

continuation—in—part application,
f the invention is further broadened by providing

d wheels, so as

0 one aspect. of 'the invention of the ‘present
the range of efficient use of the

hybrid vehicle 0

a two-speed transmission between the engine and roa

36.
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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 unnually- or automatically-operated "range shifting"
gearbox akin to those presently provided on SUVs and the like, to
allow shifting into a “low range“, for example, when a heavy
trailer is be towed, or 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
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 braking, that is, employing

tion of inverter/chargers

present

connected between the motor and battery

charging the battery. There are

certain limitations on this as a method of vehicle braking, which
d by any useful vehicle. In particular, a

ystem of generally conventional design must he
must be addresse

hydraulic braking 5
provided for several reasons: first, for safety, in the event that
the regenerative system fails for any reason; second, to provide
braking in the event the battery bank is fully charged an
accept further charge (since overcharging

and to provide braking when regenerative braking is
when at a standstill. The present application

hydraulic braking systems desired
h hybrid vehicles, as well as

"feel" to the driver,

battery life);

not available, e.g.,

discloses certain improvements in
to optimize their design for use wit

ptimized brake
a mechanism providing 0 regenerative, or both braking
regardless whether conventional,
systems are in use.

The present app

inherent in application of
d air conditioning syst

lication also discloses certain problems
conventional vehicles' heating,

ventilation an ems to hybrid vehicles, and
37
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describes pr
eferred solutions to these problems.

rding to the present
liary 12 volt suppl

"jumpstart"
sary after

12 volt

invention

rther improvement. acco
auxi

the invention to

arteE as might be neces

y system,

s the provision of an anotherinclude

allowing the hybrid vehicle of
vehicle, or likewise to be jumpst

long hiatus, and to allow use of conventional
such as radios and other!electronic items.further useful

ehicles of the

a

accessories,

The present application
ents to the hybrid v

also. discloses

The above and still further objects, features and advantages
of the present invention will become apparent up
the following detailed description= of a specific embodiment

especially when taken in conjunction with the accompanying
rein like reference numerals in the various figures

onents.

on consideration of

thereof,

drawings, whe

are utilized to designate like comp

t e D awim
B ie base 1 tion 0

be better understood if
reference is made

The invention will
awings, in whibh:

utput power versus rotational speed (RPM)
illustrating the relative

tional automobile

to the accompanying dr
1 is a_ plot of o

nal combustion engane,
as used in a conven

Fig.

for a typical inter

fuel consumption of the engine
in gallons/horsepower—hour;

2 is a similar plot descri
ernal combustion engine Jsed in the present 1

hose depicted in Fig. 1;
f the principal components

tem according

bing operation of a relatively
-Fig. nvention

small int

ircumstances similar to t

Fig. 3 shows a schematic diagram 0
hybrid vehicle drive sys

of a first embodiment of the
to the invention;

Fig. 4 shows a block
'nvention in a seco
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hematic diagram of the battery bank,
Fig. 5 shows a partial sc

inverter, and motor circuitry,' ' ' modes of vehicle

Fig. 6 is a diag

powertrain operation, plotted on a thre
5 illustrating that the mo

the state of

load, and time;i Fig. 7, comprising Figs. 7 (a)—(c), and extending over twoengine torque

is a timing diagram showing roa
the state of charge of the battery' bank, and engine

ns of time, thus illustrating a typical control
low—speed city driving, highway cruising,

sheets, d load,
10 output,

operation as functio
strategy employed during
and extended high—load driving;

Fig. 8, comprising Figs.

15 the flow

rtrain of the invention,
9 is a simplified flow 0

r to implement the control str

—(d), are diagrams indicating8 (a)
e hybrid

among the components of th
in various modes of operation;

hart of the algorithm employed
ategies provided

of torque and of energy

Fig.

by the microprocesso

20 Fig. 9(a) i
employed in the flowchart of Fig. 9;

Fig. 9(b) is an alternate version of one of the steps of the
dification to the vehicle

flowchart of Fig. 9, implementing a mo
control strategy; 'n alternate version of another of the steps of

25 Fig. 9(c) is a
the flowchart of Fig. 9, similarly implementing a modification-to
the vehicle control strategy; speedred torque versus

Fig. 10 illustrates the prefer
characteristics of the electric starting and traction motors, and

30 of the internal combustion engine; imilar to Fig. 3, illustrating
11 is a schematic diagram 5

embodiment of the

wherein the engi

Fig.

an alternative

according to the invention,
turbocharger which is controlla

hybrid vehicle powertrain
ne is provided with a

bly operable, so as to be employed

39
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only when needed; ehto Fig. 6,-dimensional diagram comparabl
Fig. 12 is a three

showing the modes of operation of the turbocharged hybrid vehicle
of Fig. 11; _

5 Fig. 13 is a timing diagram similar to Fig. 7, againr 'two sheets, and
13(a) - (c), -extending ove

comprising Figs. harged hybrid vehicle
illustrating typic

of Fig. 11; .

Fig. 14 is a schematic diagram similar to Figs. 3 and 11,
urther alternative embodiment of the hybrid vehicle

wherein a '

a1 operation of the turboc

10 illustrating a f

powertrain a
5 connected to a second se

rovi

providing a

motor 1

icularly convenient way of p
15 is a schematic diagram 0

ding four-wheel drive;
part f the preferred brake system

Fig.

15 of a hybrid vehicle according to the invention; and
Fig. 16 is a is a schematic diagram of the preferred heating,m of a hybrid vehicle

ventilation and air conditioning syste
according to the invention.

20 ' Description of the greferred Embodimentswhich is reproduced here
Referring specifically to Fig. 1,

'970 patent for convenience,
) of a typical spark ignition

used with an

As can

curve 10 represents the
from the

power versus engine speed (RPM
combustion engine as

ical sedan of 3,300 pounds.
lable is about 165 horsepower

1 by the curve labeled

output

gasoline—fueled internal
automatic tranSmission in a typ25

power avaibe seen, the maximum engine
at about 5,000 RPM. Also shown in Fig.
"Large Car Average Power Requirements"

f such a vehicle. Points C,

are the average power

S, and H on this curve
requirements 0

ge fuel consumption in city,
in particular, p

city driving is less than 5 hp.
consumed in suburban driving

eady—speed

suburban, and, highway

30 show averadriving, respectively; oint. C shows that the
average power required in typical
Point S shows that the average power
is 10 hp, and point H shows that the power needed for st
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Thus, the vehicle is vastly

ent relative fuel
ne is

5 relative fuel con

fuel efficiency, that is,
(100% being ideal),

at least about 105 perc
hed only when the engiis reac

oducingconsumption d 4,000 RPM, and when pr
ed at between about 2,000 an

operatbetween about 75 and 150 horsepower Fig. 1 thus indicates that the
10 typical internal combustion engine is operated Wlth reasonable0 and about 90% of

The typical automobil
acceleration or hill

climbing.

15 Accordingly,
d efficiently only durin

at lower power outputs, losses due to
actions of the engine's total torque,

e vehicle. As can
the

it will be appreciat
g relatively

is operate friction

more specifically,

pumping consume larger fr
is available to propel th

highway driving, shown by point H,
r of 190 pa

tion of the engine.
where the relative

and

so that a lower fraction
‘be seen, during typical

consumption is on the orde
fficient opera

rban driving,

20

relative fuel

required during the most e
situation is even worse in subu

1 consumption is nearly 300
where the re

required at most efficien

lative.fuel cons
t operation.‘

1 combustion engine

eleration and hill
the loads

25 and in city driving,

Fig. l thu
icient horsepower for ade

overSized with respect to
1 driving that the engine is grossly

Fig. 1 further

having suff

climbing capability must be so

30 encoun

ineffic .
shows that only about 30 horsepower is neede
highway even in a relatively large car.'970 patent for convenience)

41
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similar to Fig. l, and illustrates the operational'
s of the same 3,300 pound car if driven by a

ating of about

f the vehicle

is

characteristic

relatively small engine having a maximum horsepower r
45 horsepower at 4,000 RPM. The power requirement 0

shown by point }1 on the cu
is in the center of the

during highway cruising, rve marked
"Large Car Average Power Requirements",
most efficient region of operation of the engine.
with this small engine thus optimized for highway cruising, there
is a substantial gap between the "Engine Operating Power" curve and

I even this small

than needed for

However, even

the Average Power Requirement curve 14. That is,

engine produces substantially more power at low RPM
city driving (point C) or for suburban driving (point S).
Accordingly,

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 th

to be gained by combining the virtues of a gasoline or other
internal combustion engine with

from a battery charged by the internal combustion engine. However,
d to provide a solution which is directly'

those of an electric motor running

the prior art has faile

price- and performance-competitive with vehicles now on the market;
moreover, in order that such a vehicle can be commercially
successful, it must also 'be no 'more complex 'to operate than
existing vehicles.

As indicated above, "straight" electric vehicles, that is,
rs and batteries requiring

recharge at the end of each day

and require too much time to recharge to fully replace conventional
automobiles. Further, t

not_competitive with 1
derived from renewable resources such as ethanol, and are even less
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comp

engine driving a genera

traction motor,

etitive with gasoline-fueled automobiles.
A first type of series hybrid vehicles,

tor charging a battery powerin
ted in acceleration and hill climbing

large, costly, and
involving a

involving a gasoline

9 an electric

are limi

e electric motor is made very
ability unless th hybrid approach,The alternative series
bulky.

transmission between a relatively smaller electric motor and the
wheels to provide the torque needed to accelerate quickly, loses-speed

virtue of simplicity obtained b-the

transmission. These vehicles fail to realize the advantages
provided by the parallel hybrid system in which both an internalque to the
combustion engine and an electric motor provide tor
wheels as appropriate.

However (apart from the

1 hybrid vehicles fails to

'970 patent) the prior art relating
e a system sufficiently

llel hybrids (again, apart from
the art relating to para

e operational
does not teach the appropriat

relating to the relative power outputs
and the electric motor; the type

the frequency, voltage, and
the proper

of use;

Moreover,

the '970 patent)

parameters to be employed,
of the internal combustion engine

lectric motor to be employed;
e motor/battery system;

der various conditions

of e

current characteristics of th
control strategy to be employed un

and combinations of these.

As shown in the

1 and 2

typical modern automobiles operate at
thereof, and again above, e fact that internal

fficiency, due principally to th
ion engines are very inefficient except when operating at

this condition is only rarely met. (The
er degree, of other road vehicles

According to an important

substantially improved

ion engine

very low e

near peak torque output;

me is true, to greater or less
engines.)

'970 patent,

ting the internal combust

sa

powered by internal combustion
aspect of the invention of the
efficiency is afforded by opera
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typically at least
only at relatively high torque output levels,.

When the vehicle
35% and preferably at least 50% of peak torque.
operating conditions require torque of this appro

used to propel the vehicle; when less torque is
gy stored in

ximate magnitude,

the engine is

required, an electric motor powered by electrical ener
ntial battery bank drives the vehicle; when more power isa substa both are

required than provided by either the engine or the motor,
The same advantages are provided by the

operated simultaneously”
with further improvements and

system of the present invention,
enhancements described in detail below.'

According to one aspect of the invention of the '970 patent,
the internal combustion engine of a hybrid vehicle is sized to
supply adequate power for highway cruising, preferably with some
additional power in reserve, so that the internal combustion engine
operates only in its most efficient operating range. The electric

which is substantially equally efficient at all operating
additional power as needed for

and is used to supply all power at

motor,

speeds, is used to supply
acceleration and hill Climbing,
low speeds, where the internal combustion engine is particularly
inefficient, e.g., in traffic.

As indicated above, this application discloses
improvements, and enhancements of the hybrid

certain

modifications,

vehicles shown

stated, the design of th

similar to that shown in the '970 patent.
numbered in this application and the '970 patent are functionally

with detail differences as noted. The advantages of the
'970 patent with respect to the prior art are

with further

in U.S. patent 5,343,970; where not otherwise
e vehicle of the present invention is

Components commonly

similar,

system shown in the

provided by that of the present Vinvention,
improvements provided by the latter, as detailed herein.

In the system of the '970 patent, torque from either or both
ferred to the drive wheels of the

the engine and motor is trans This unit also

vehicle by a controllable torque—transfer unit.»
allows torque to be transferred between the motor and engine, for
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starting the engine, and between the wheels and motor, for
regenerative battery charging during deceleration of the vehicle.
This unit, while entirely practical,
'transfer, which are inevitably 21 source of audible noise and

According to one aspect of the present
que—transfer unit is eliminated.

comprises gears for power

frictional losses.

invention, the controllable tor
Instead, two electric motors
controlled by a microproceSsor controller responsive to operator
commands and sensed operating conditions.

In this connection, it will be understood that the terms
"microprocessor" and "microprocessor controller" are used

hout the present application, and it is to be
further understood that these terms as used herein include various

rized 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

any controller capable of examining input parameters and
short, g the mode of operation of the vehicle
signals and. controllinaccording to a stored program, as discussed below in detail, is
considered to be a "microprocessor" or "microprocessor controller"
as used herein.

electronic engine management

Furthermore, the electronic fuel injection and
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 applicati
the present invention, while Fig. 4,
second embodiment illustratin
arrangements; overall the
functionally' they' are substantially identical. Fig. 11, also
discusSed below, illustrates a further embodiment, and Fig. 14
incorporates still further improvements.

In the Fig. 3 embodiment, a traction motor 25 is connected
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internal combustion engine 40. The motors 21 and 25 are functional
as motors or generators by appropriate operation of corresponding

connected between

At present, essentially

_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 dischssed further
below in connection with Fig. 4, microprocessor ("pP") 48 isi
provided with signals indicative of the rotational speeds of shafts
15 and 16, and controls operation of engine 40, motor 21, and motor
25 as necessary to ensure that the shafts are rotating at
substantially the same speed before engaging clutch 51.
Accordingly, clutch 51' need not necessarily be an ordinary
automotive friction clutch (as illustrated schematically in Fig.
1), as conventionally provided to allow extensive relative slipping
before the shafts are fully engaged. More particularly, as
slipping' of clutch 51 is not required to propel the vehicle
initially 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 be satisfactory to provide clutch 51 as a
simple self-aligning mechanical interlock (as shown in Fig. 4),

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, e.g., 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 system, although as engine 40 would then require
torque transmitting connection at both ends of its crankshaft, some
additional complexity would result.

V As shown in Fig. 4, shaft encoders 18 and 19 may be mounted
on the shafts 15 and 16 of starting motor 21 and traction motor 25,
respectively, to provide signals to microprocessor 48 indicative of
the relative rotational speeds of the shafts, and their respective
rotational positions. Such shaft encoders are well—known and
commercially available. Alternatively, signals indicative of the
rotational speeds of the shafts may be derived from the inverter
control signals, in accordance with well-known principles of
control of "sensorless" motor drives (see, for example, Bose,
"Power Electronics and Variable Frequency Drives", IEEE, 1996).
However, provision of encoders 18 and 19 will allow better low—
speed torque characteristics of motor 21 and 25, and thus reduction
in cbst.

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 shows additional signals provided to
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microprocessor 48 in both the Fig. 3 and the _Fig. 4 embodiments.
These include operator input commands, typically acceleration,
direction, deceleration, and "cruise mode" commands, as shown.
The acceleration and deceleration commands may be provided by
position-sensing encoders 71 and 72 (Fig. 3)(which could be
configured as rheostats, Hall-effect sensors, or otherwise)
connected to microprocessor 48 by lines 67 and 68, to inform the
microprocessor of the operator's commands responsive to motion of
accelerator and brake pedals. 69 and 70 respectively. The
microprocessor monitors the rate at which the operator depresses
pedals 69 and 70 as well as the degree to which pedals 69 and 70
are depressed. The operator may also provide a "cruise mode"
signal, as indicated, when a desired cruising speed has been
reached. The microprocessor uses this information, and other

Figs. 6 - 9, to properly control operation of the vehicle according
to the invention by appropriate control signals provided to its
various components.

For example, suppose the vehicle has been operated in city
traffic for some time, that is, under battery power only.
Typically the operator will only depress the accelerator pedal 69
slightly.to drive in traffic. If the operator then depresses
accelerator pedal 69 significantly farther than he or she had, for
example, the prior few times acceleration was required, this may be
taken as an indication that an amount of torque that can
efficiently be provided by engine 40 will shortly be required;
microprocessor will then initiate the sequence whereby starting
motor 21 will be used to start engine 40.

Upon initiation of the engine starting sequence, a heater 63
(Fig. 3) will first be used to preheat a catalytic converter 64
provided in the engine exhaust system 62, so that any fuel that is
not combusted during starting and subsequent running of the engine
40 will be catalytically combusted, reducing emission of
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undesirable pollutants. A temperature sensor 102 is preferably
provided, so as to ensure the engine is not started until the
catalytic material is heated to effective working temperature. As,
noted above, engine starting is preferably performed with the
engine turning at a higher speed than is conventional, so that a
the fuel/air ratio need only be slightly (e.g., 20%) richer than
stoichiometric. As a result, only very limited amounts of
pollutants are emitted during engine starting. By comparison, in
conventional vehicles, a very significant fraction of the total
pollutants emitted during any given trip are emitted during the
first 30 - 60 seconds of operation, due to the extremely rich
‘mixtures normally supplied, Vduring 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 brake pedal 70, and/or presses brake pedal 70
beyond a: predetermined point, both mechanical and regenerative
braking will be provided. Mechanical braking is also provided on
long downhills when the batteries are fully charged, and in case of
emergency. Further aspects of the preferred brake system of the
hybrid vehicles of the invention are added by the present
continuation-in-part application, and are discussed below.

In addition to engine and starting motor speed and traction
motor speed, monitored by shaft encoders 18 and 19 as discussed
above, battery voltage, battery charge level, and ambient
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temperature are also either monitored-directly or derived from
monitored variables. In response to these inputs, and the operator
inputs, microprocessor controller 48 operates a control program
(see the high—level flowchart of an exemplary control program
provided as Fig. 9), and provides output control signals to engine
40, by commands provided to its electronic fuel injection unit
(EFI) 56 and electronic engine management system (EEM) 55, and t0
starting motor 21, clutch 51, traction motor 25, inverter/charger
units 23 and 27, and other components.

As indicated in Fig. 4, the control signals provided to

inverter/chargers 23 and 27 by microprocessor 48 allow control of
the current (represented as I), of the direction of rotation of the
motor 25 (represented as +/-), allowing reversing of the vehicle,
and of the frequency of switching (represented as f), as well as
control of operation of the motors 21 and 25 in motor or generator
mode. Inverter/chargers 23 and 27 are separately controlled to
allow independent operation of motors 21 and 25. Inverter/charger

operation is discussed further below in connection with Fig. 5.
As noted above, the Figs. 3 and 4 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
illustrated 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 year rapidly and tend to have limited
torque at low speed, and because higher frequency engine noise and
vibration can also be difficult to absorb. It is within the scope

of the invention to provide the motors coaxial with the engine,
shaft, as- illustrated in Fig. 3, but to provide a planetary
gearset(s) between the shafts of either or both of traction motor
25 and starting motor 21 and the output shaft to permit differing
engine and motor speeds. Further alternatives to this aspect of
the invention are again added by the present continuation—in—part

application, and are discussed below.
Fig. 4 illustrates an alternative construction,» also

permitting differing engine and motor speeds. In this case, the
output shaft of starting motor 21 is shown connected to that of
engine 40 by spur gears 52, and traction motor 25 is connected to
the 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 In: variable-ratio transmission between the
sources of torque -- that is, the motors 21 and 25, and the engine
40 -— and the road wheels 34, Again, further alternatives to this
aspect of the invention are added by the present continuation-in-
part application, and are 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

rather than by mechanical connection, as in the Figs. 3
A further alternative would be to provide a

3 driving-one pair of road wheels, and

surface,

and 4 embodiment.
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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.

Other elements of the system as illustrated in Figs. 3 and 4
are generally as discussed in the '970 patent, including supply of
fuel 36 from tank 38, air filter 60,-and throttle 61.

Control of engine 40 by microprocessor 48 is accomplished by
way of control signals provided to electronic fuel injection (EFI)
unit 56 and electronic engine management (EEM) unit 55, responsive
to throttle operation; preferably, the throttle in turn is operated
electronically responsive to the opertor's depression of the
accelerator pedal. Control of starting of engine 40, and using
either or both of starting motor 21 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

Under deceleration, for example, during descents, or as needed
for braking, or when the engine's instantaneous torque output
exceeds the vehicle's current torque requirements, either or both
of motors 21 and 25 are operated as generators, providing
regenerative recharging of_battery bank 22. Fig. 7, discussed
below, illustrates this aspect of the operation of the vehicle of
the invention in further detail.

Thus, as indicated above, when microprocessor 48 detects a
continued operator requirement for additional power, such as during
transition from slow-speed to highway operation, or by measuring
the rate at which the operator depresses accelerator pedal 69,

O is started using starter motor 21 and brought up to speed
engine 4

before 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 5
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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
'970 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
bathed in oil for cooling and protection from dust and the like,
It is also known to control auxiliary motors, such as conventional
starter motors, to absorb or add torque to that provided by an
associated internal combustion engine, to damp out vibration caused
by fluctuation of the torque provided by the engine; doing so
herein using either or both of motors 21 and 25 is within the scope
of the invention, and is simplified by virtue of the direct
connection of the engine 40 to the drive wheels through motors 21
and 25 according to the invention.

Provision of the clutch 51 and separate starter motor 21 also
allows another important improvement to be provided according to
the present invention, namely starting engine 40 at high speed,
e.g., about 300 -600 rpm, as compared to the 60 - 200 rpm starts
conventionally provided. As is generally known in the art (see
Simanaitis, "What goes around comes around", Road & Track, November
1998, p. 201) high-rpm starting allows substantial elimination of
the usual necessity of providing a fuel-rich air/fuel mixture to
start engine 40, reducing emission of unburned fuel and improving
fuel economy at start-up, particularly from cold.

More particularly, in conventional low—rpm starts, a rich
mixture comprising up to <n1 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

burn efficiently, if at all, and is immediately emitted unburned.
By comparison, at high starting speeds according to the invention,
turbulence in the combustion chamber is sufficient to ensure the
presence of vapor, so that a near-stoichiometric mixture, typically

53

BMW1052

Page2060f300



BMW1052 
Page 207 of 300

10

15

20

25

30

including only 1.2 times the stoichiometric amount of fuel, can be
provided to engine 40 during the starting phase. The avoidance of
rich mixtures at starting significantly reduces emission of
unburned fuel — since most of the fuel provided to a conventional
engine at starting.is immediately exhausted unburnt — and provides

Furthermore, as noted above, whenever possible — that is,
whenever the engine is started except when immediate 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 prevent even this relatively small emission

Thus, the primary consideration in selecting the torque of
starting motor 21 is that it be capable of rotating the engine 40
at about 300 — 600 rpm for starting, and that it be capable of

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

engine 40 is that it provides sufficient power for
y cruising while being operated at high efficiency, i.e.,

sufficent to cruise in a range of

desired cruising speeds; and the principal consideration defining
the power required of the rtraction motor 25 is that it be
sufficiently powerful to provide adequate acceleration in

e engine 40 and starting motor 21. Stated
the total power available provided by all of these

' e at least equal to and

preferably exceeds the peak power provided by the internal
combustion engines of convent
use, both as measured at the wheels. Moreover, as set forth in the21 and 25 should

'970 patent, the total torque provided by motors
to that produced by engine 40, in order to

be at least equal and

provide adequate low-speed performance under motor alone,
54
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without necessity of a variable—ratio transmission.
At the same time, motors 21 and 25 are also sized to be

capable of recovering almost all of the vehicle's kinetic energy
when operated as generators in the regenerative braking mode. A
particularly high fraction of the vehicle's kinetic energy can be
recovered during low-speed operation; as compared to high—speed
operation, where air resistance and road friction consume a
relatively large fraction of the total energy required, in low
speed operation much energy is lostby conventional vehicles as
heat released during braking.

Given the above considerations, the following are typical
power specifications for the engine 40, starting motor 21 and
traction motor 25 of a 3000 pound vehicle having performance
approximately equivalent to that of a "mid—size“ sedan of United
States manufacture. It should be understood that in these
specifications, reference is made to the rated power produc‘ed
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 available from the engine.

In the hybrid vehicle of the invention, which as noted does
not require a complex, ‘heavy, and costly variable-ratio

e components would provide acceleration much
transmission, thes
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superior to that of typical similarly—sized automobiles of United
States manufacture, together with far better fuel economy and
substantially reduced emission of pollutants. It will be apparent
that these specifications may vary over relatively wide ranges

should not be construed to limit the scope of the invention.
As indicated.above, in the preferred embodiment, both the

starting and traction motors are AC induction motors, 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

characteristics varying as a function of rpm as illustrated by
curve A in Fig. 10. That is, the motors are operated by the
inverter/chargers, in response to control signals from the
microprocessor, so as produce constant torque up to a base Speed C,
typically 1500 rpm for a motor having a top speed of 6000 rpm, as
employed in the direct-drive embodiment of Fig. 3, and should
produce constant power at higher speeds; accordingly, the torque
drops off at speeds above the base speed C, as shown. The ratio of
the base to maximum speed, 4 : 1 in this example, can vary between
about 3 to 1 and about 6 to 1. This torque output characteristic

y allows the vehicle of the invention to provide quite
without theessentiall

acceptable performance, especially acceleration,
weight, complexity and cost of a va

By comparison, the series—wound DC mo
as automotive engine starting motors provide very hi

torque output drops precipitously at
would be

tors conventionally used

gh torque, but

only at very low speeds; their
Such conventional starter motors

unsatisfactory in the present system.
Fig. 10 also shows the torque

combustion engine at B; as noted, the torque is zero at zero rpm,
so that a clutch allowing slippage is required to allow the engine

st. Fig. 10 shows at D typical curves

curve of a typical internal
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for-torque as measured at the wheels of a vehicle propelled by a
typical internal combustion engine driving the vehicle through a
four—speed_transmission, used to provide additional torque at low
speeds; the vertical spaces between sections of curve D represent
changes in gear ratio, that is, the vehicle will be shifted to move
between the sections of curve D. As shown by Fig. 10, the desired

torque characteristics of the starting and traction motors
discussed above allow the vehicle of the invention to provide low-
speed performance comparable to or better than a conventional
vehicle, while eliminating the necessity of a variable—ratio
transmission. However, as discussed further below, it is within
the invention of the present continuation-in-part application to
extend the load—carrying capabilities of the hybrid vehicle of the

invention by also providing a variable-ratio, e.g., two—speed,
transmission, where not excluded by the appended claims. This
should not be neceSsary with respect to passenger cars.

.The ratio between the base speed and maximum speed of the
motors as used according to the invention is thus comparable to the
ratio between the lowest and highest. gears of a conventional
transmission; for passenger cars, the latter ratio is typically
between 3 and 4 : 1, so that the engine's torque is relatively well
matched to the road load over a reasonable range of road speeds.-

As discussed above, while it is within the scope of the
invention to operate the motors 21 and 25 and the internal
combustion engine 40 at the same maximum speed, so that no gearing.
is required to couple these elements, it is presently preferred

d substantially

the output
that at least traction motor 25 have a maximum spee

higher than that of the internal combustion engine 40;
shaft of motor 25 can be connected to the road wheels by a_chain—

ion unit, as indicated in Fig. 4. The maximum speed of
ited to on the

drive reduct

the internal combustion engine is preferably lim
noise and vibration, which

and because engines capable

ges of rpm within

order of 6000 rpm to limit‘ wear,

increase with higher operating speeds,
of higher—rpm operation tend to have narrow ran
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which they produce substantial torque; the latter characteristic
wouhfl be undesirable in a vehicle not having a variable—ratio
transmission and intended to cruise powered solely by the internal
combustion engine, according to the invention.

'. By comparison, operating the motors 21 and 25 at maximum
speeds of 9000 - 18,000 rpm allows them to.be made smaller,
lighter, and less costly; whether this advantage overcomes the
added complexity of chain, gear, or belt drives, or other
mechanical means allowing combination of torque from the motors
with that from the engine, is a matter of engineering choice that
may vary from. one model of vehicle to the next. Both are
accordingly within the present invention. If each of the torque-
producing components (that is, engine 40 and starting and traction
motors 21 and 25) 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 key
components.

As discussed above, it is preferred that motors 21 and 25 have
more than two poles, and be operated by current applied over more
than three phases, so that failure of some components - such as the
power semiconductors used in the inverter/charger units, as
discussed below — can be tolerated without total failure of the

' vehicle. It is also desired that the battery bank be divided into
two, with the vehicle chassis connected between them, halving the
voltage between given components and the vehicle chassis, and thus
simplifying their construction, insulation, and connection. Fig.
5 shows a partial schematic diagram of a circuit providing these
attributes.

The functions of the inverter/chargers 23 and 27 (separate
inverter/Chargers being required to allow independent operation of
motors 21 and 25) include control of motors 21 and 25 to operate as
motors tn: as generators; operation 0
opposite direction for reversing the vehicle; conversion of DC
stored by the battery 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
'970 patent; where not specified to the contrary, the discussion
thereof is applicable to the inverter design shown in Fig. 5
hereof.

As illustrated in Fig. 5, traction motor 25 is embodied as a
five-phase AC induction.motor; starting motor 21, which is not
fully illustrated, as indicated, can be but is not necessarily
generally similar. ‘other motor types, such as permanent magnet
brushless DC motors 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 "wye"
arrangement shown, rather than the known "delta" arrangement; it is
found that certain undesirable harmonics are reduced by the "wye"
arrangement. Both are well known in the art, and within the scope
of the invention.

As illustrated in Fig. 5, each of the windings 78 of motor 25
is connected tx: a pair of semiconductor switching elements 80
collectively making up inverter/charger 27. Inverter/charger 27 is
correspondingly configured as a set of ten power semiconductors 80
controlled by switching signals A through J provided by a pulse
generator 88 responsive to frequency, polarity and current signals
received from microprocessor 48 (Figs. 3 and 4). Typical operating

n be up to 200, 400 or 600 Hz; the transfer of power
between the battery bank 22 and motors 21 and 25 is then controlled

modulation, that is, by controlling the
portions of the power

frequencies ca

by pulse—width
semiconductors 80 to conduct during

the duration of the conducting portions varying in
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accordance with the power required. Semiconductors 80 may be any
type suitable for handling relatively high voltages and currents;
satisfactory insulated—gate bipolar transistors (IGBTs) are
currently available and are presently preferred. As conventional,
each of the semiconductors 80 is paralleled by a freewheeling
rectifier diode 82. ’

Design of the inverter/chargers 23 and 27 and of pulse
generator 88 to 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

the conductors and other components required, as discussed in the
'970 patent; these components are satisfactory to carry currents of
up to 200 amperes, as may be encountered during full-power
acceleration, as this condition will not persist for more than
about 30 seconds. ‘

As indicated, the battery bank 22 comprises two substantially
similar battery assemblies 84; in one embodiment, each battery
assembly will comprise eight 48-volt batteries, such that 384'volts
is provided by each. The battery assemblies 84 are connected in
series, so that 768 volts are provided across the circuit "rails"
86, 88. However, the vehicle chassis connection is taken from

he series-connected battery assemblies, so that only 384
t component and the

between t

volts is present between any given circui
chassis; this "center-point—chassis"

and heat—sinking.
vehicle connection
significantly reduces various insulation
requirements. More specifically, the conductors, connectors,

y the
switches and like elements can be as. approved b

Association (NEMA) for 600 volt
and are much more

relays,

National Electrical Manufacturers'
such elements are widely available,

service;
ch less expensive than thoseasily employed and mu e needed for
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continuously carrying current at, for example, 300 volts and 300
amperes.

. Preferably, as indicated by Fig. 5(a), illustrating a detail
of a portion of one of the battery assemblies 84, the 48-volt
batteries 85 are connected by normally—open relays 87, so that the
batteries 85 are isolated from one another under fail-safe
conditions; for example, if the vehicle is involved in an accident,
power to the relays is cut off, so that the maximum open voltage
anywhere in the Vehicle is 48 volts, reducing the danger of fire.
similarly, the relays open when the vehicle's "ignition" is shut
off by the operator.

The present continuation-in—part application adds to the above
from the '81? application that an auxiliary 12-volt system may also
be provided, as shown at 223 in Fig. 14, discussed further below.
This would be a DC-to—DC converter, allowing the vehicle to provide
"jumping" current to start other vehicles having conventional 12—
volt electrical systems, 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
semiconductor—implemented voltage conversion circuit, transforming
the 48 volts from one of the batteries to 12 volts for jumping

and providing the inverse 12 to 48 volt transformation asothers,

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
battery bank assembly, including the relays, is enclosed in a
rugged container, significantly reducing the danger of electrical

etailed discussion of the inventive control
0 which the hybrid vehicles of the invention

are operated: as in the case 0
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 illustrated 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 between the vehicle's
instantaneous torque requirements or "road load", the state of
charge of the battery bank 22, and time, while Fig. 7 shows
variation in, and the relationship between, road load, ’engine
torque output, and the state of.charge of the battery bank over
time, that is, during an exemplary trip. Figs. 8(a)
simplified schematic diagrams of the vehicle of the invention in
its principal modes of operation, showing the flow of energy, in
the form of electricity or combustible fuel, by dot—dash lines, and
the flow of torque by dashed lines. Finally, Fig.
high-level flowchart, showing the principal decision points in the

operates the

9 provides a

algorithm according to which the 'microprocessor
ponents of the hybrid vehicle drivetrain according to

9 (a)—(c) show details and modifications
various com

the invention, and Figs.

thereof.

As noted, the preferred co

illustrated in several different ways by Figs. 6 -
various significant control

ed throughout for

ntrol strategy of the invention is

specific numerical examples for
variables, data items, and the like are us

It will be understood that these examples would normally
although. ranges are not used in the

it should be understood

exemplary only, and

clarity.

be expressed as ranges;

following, to simplify the discussion,
throughout that these numerical examples are
that the invention is not to be limited to the exact values of the
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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 specific values depending on
other data items not discussed in detail, or by monitoring the
vehicle's actual usage patterns over time -— are given below.

Given these several different explanations of the
relationship between the various operating modes of the vehicle of
the invention, and specifically these different illustrations of
the combinations of conditions in response to which the
microprocessor controls mode selection, one of ordinary skill in
the art would have no difficulty in implementing the invention.

As noted, during low-speed operation, such as in city traffic,
the vehicle is operated as a simple electric car, where all torque
is provided to road wheels 34 by traction motor 25 operating on
electrical energy supplied from battery bank 22. This is referred
to as "mode I" operation (see Fig. 6), and is illustrated in Fig.
8(a). The same paths of energy and torque may also be employed
under emergency circumstances, referred to as mode III operation,
as discussed below.

While operating at low speeds, e.g.,
("road load", or "RL“) are less than 30%

1 engine 40 is run only as

when the vehicle's torque

requirements of the
engine's maximum torque output ("MTG"),

tery bank 22. Starting motor 21 is first used
and is then operated as a generator by

so that charging

Accordingly, clutch 51 is

needed to charge bat

appropriate ope

current flows to battery bank 22.

disengaged, s
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' engine 40 can thus be operated at
for fuel efficiency. This

8(b); as indicated,

the speed of engine 40;

relatively high output torque level,

"mode II" operation is illustrated in Fig.
clutch 51 is disengaged, so that engine operation to charge battery
bank 22 through starting motor 21, and propulsion of the vehicle by

e completely independent of one another.
that its maximum

f desired

traction motor 25, ar

As in the '970 patent, engine 40 is sized so
ufficient to.drive the vehicle in a range 0

cruising speeds; this requirement. ensures that 'the engine is
at high efficiency during normal highway cruising.

when a sensed increase in the road load (e.g., by a
power) indicates that the

torque is s

operated

Therefore,

continued operator request for more

preferred operating mode is changing from low-speed to highway
croprocessor controls starting motor 21cruising operation, the mi

When engine 40
by way of inverter/charger 23 to start 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.

rator releases pressure on the accelerator pedal, indicating
hed, traction motor 25

illustrated in Fig. 8(c).

If extra torque is needed during highway cruising,
acceleration or hill—climbing, either or both of motors 21 and 25

This "mode V" operation is illustrated in Fig.
ne 40, and from battery bank

e.g., for

can be powered.

8(d); energy flows from tank 38 to engi
possibly also to starting motor 21;

d engine to wheels 34.
t illustrated

22 to traction motor 25, and

torque flows from either or both motors an
The flow of energy during battery charging is no

8, but will be understood by those of skill in the
per se in Fig. For example, when the

and is further described below.art,

engine's instantaneous output torque exceeds the road load, the
starter motor 21 is operated as a charger, supplying recharging
current to the battery bank. Similarly, when the road load is
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trending downwardly or is negative, either the traction motor or
the starter motor, or both, can be operated as a regenerative
battery charger, supplying recharging current to the battery bank;
braking can be accomplished similarly in response to an appropriate
operator command;

Fig. 6, as indicated above, ‘is 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 battery bank, the
instantaneous road load, and time. Fig. 7, discussed below,
further illustrates the inventive mode of vehicle operation.

Fig. 6 shows on one axis the state of battery charge extending
from 70% at the origin outwardly to a minimum value shown of 30%.
Normally the batteries are maintained at least 30% of full charge.
Preferably, the battery bank is not charged to more than 70% of its
theoretical full capacity; if a number of series—connected
batteries were all charged to 100% of their nominal full charge,
some would likely be overcharged due to manufacturing variation,
local temperature variation and the like, which would significantly
shorten their service life. Moreover, frequently recharging any
individual battery to 100% of its theoretical capacity is
deleterious to battery life as well.

The road load is shown in Fig. 6 on a second axis as varying
from 0 at the origin to 200% of the engine's maximum torque output.

occurring during descents or under braking, is
(Negative road load, This

not shown in Fig. 6 due to the difficulty of illustration.
circumstance is discussed in connection with Fig. 7, below.) Time

n the third axis extending from an ar
f the vehicle's operationis shown 0 bitrary point at the

origin; that is, Fig. 6 shows the mode 0
over the next short period of time (on the order of 30 - 60

' nt at the origin. Stated differently,
the invention, the microprocessor 48
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controls the vehicle's mode of operation at any given time in
dependence on "recent history," as well as on the instantaneous
road load and battery charge state.

More specifically, Fig. 6 shows that during city driving (mode
I), defined in this example as driving where the vehicle's

IinStantaneous torque requirements, or "road load", is up to 30° of
the engine's maximum torque, the vehicle is operated as a "straight
electric" car, the clutch being disengaged and energy from the
battery bank 22 being used to power traction motor 25 to propel the
vehicle, as long as the battery remains charged to between 50 and
70% of its full charge. If the charge falls to below a given
value, which may vary over time as indicated by the curved line
defining the extent of mode II, mode II is entered as indicated,
.the engine is started, and the starter motor 21 is operated as a
generator to charge the battery to substantially full charge. As
indicated in mode III, operation of the vehicle as an electric car
may also be permitted when the battery falls to below 40% of full
charge, for example, if there is a fault in the engine or charging
system, but only on an emergency basis; such deep discharge is
harmful to battery life.

During highway cruising, region IV, where the road load is
between about 30% and 100% of the engine's maximum torque output,
the engine alone is used to propel the vehicle. Accordingly, when
the microprocessor detects that transition between regions I and IV
is required (e.g., the microprocessor can effectively determine the
road load by monitoring the response of Ithe 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.g. for
acceleration or passing, region V is entered; that is, when the
microprocessor detects that the road load exceeds 100% of the
engine's 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
provided 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, one or both of the electric motors are. energized to
provide additional torque; where the vehicle's torque requirements
are less than the torque then being produced by the engine, 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 both drive one or both motors operated in
generator mode. The rate of change of torque output by the engine
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and in accordance with themay be controlled to reduce emissidns,
Fig. 7 illustrates thesestate of charge of the battery bahk.

relationships.

As mentioned above, Fig. 7, comprising Figs. 7(a)
a timing diagram showing the

ate of

— (c), and'

extending over two sheets,' is
n road load, engine torque output, the st

and operation of the engine as these
ghway cruising,

relationship betwee
charge of the battery bank,

during low-speed city driving, hivary over time,
thus further illustrating' the

and extended. high—load. driving,

control strategy employed according to the invention.
Fig. 7(a) shows the vehicle's instantaneous torque

requirement, that is, the "road load“, by a solid line, and the'
' 's instantaneous output torque by a dashed line, as these

(The engine's instantaneous output torque is
and in order to clearly show

ive control strategy.) The

vary over time.

repeated in Fig. 7(c), fOr clarity,
certain additional aspects of the invent
road load is expressed as a function of the

Where the road load exceeds the

instantaneous output torque, the cross-hatched areas between these
two lines represent torque provided by the traction and or starting
motor(s); where the road load is less than the engine's

the cross-hatched areas represent

engine's maximum

torque output. engine's

instantaneous output torque,

charging of the batteries.
It will be appreciated that positi

state cruising, acceleration,
ehicle torque requirements correspond

ve vehicle torque demands

correspond to steady- ‘hill¥c1imbing,
or the like, while negative v

to deceleration or descent.
e range of efficient operati

The engine's output torque is

constrained to th on; as illustrated in
Fig. 7 (a) and (c), to be between 30% andthis range is controlled

As mentioned

at the 30% figure, as well as
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s operated only at road loads below 30% of MTO, that
is, in traffic, as indicated at A. Accordingly, all the torque
required is provided by the traction motor 25, and the state of
charge of the battery bank 22 ("BSC"), as illustrated by Fig. 7(b),
corresponds directly to the road load; when the road load is
negative, BSC increases as the battery bank is charged by

BSC are significantly

the vehicle 1

regenerative braking. (Changes in
r to clearly explain the events shown.)

ds 30% of MTO for the first

time on this particular trip. When this is detected by
microprocessor 48, starting' motor 21 spins the engine 40 at
relatively high speed, and the catalytic converter 64 is preheated,

shown at C. When the engine

300 RPM, and the catalyst
reaches the desired starting speed, e.g. at least

e operating temperature, e.g.reaches a minimum effectiv
1y of fuel and firing of

about 350° C, the engine is started by supp
and the clutch is then engaged. As the engine is

its spark plugs,
speed, and will have been

already rotating at relatively high

process,

indicated at D.

Thereafter, whe

instantaneous engine output torque,
or both of the traction and starting motors 2

the road wheels, that is, the
While the road load RL remains

e.g., while’30% MTG
During

n the vehicle's torque requirement exceeds the
as at points E - G and P, one

5 and 21 are powered

to provide additional torque to
vehicle is operated in mode V.

within the engine's efficient operating range,
the vehicle is operated in mode IV.

> RL > 100% of MTO, que output
mode IV operation, if the engine's instantaneous tor
exceeds the vehicle's torque requirement, but. the battery is
relatively fully charged, as at point H, the engine's torque output
is reduced to match the road load; when MTO exceeds the road load,
and BSC falls below a predetermined level
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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.g., during a long descent, as at N, the engine may be
shut off entirely, as seen at Q in Fig. 7(c). .—

More particularly,.during deceleration or "coast-down", the
engine may be "motored", that is, driven by torque from the wheels,
with the clutch engaged,- but with at least the fuel supply shut
off. In addition to using no fuel, this has the advantage that
when the operator next requires torque, e.g., when reaching the
point at the bottom of a hill, the engine is rotating and can be
immediately restarted by supply of fuel. The exhaust valves might
be opened during the motoring of the engine to reduce pumping
losses.

' The rate of change of the engine's torque output is limited,
e.g., to 2% or less per revolution, as indicated by noting that the
dashed line in Fig. 7(a), indicating the instantaneous engine
output torque, lags the solid line indicating the vehicle's
instantaneous torque requirement. Thus limiting the rate of change
of engine output torque is preferred to limit undesirable emissions
and improve fuel economy; that is, as the stoichiometric fuel/air
ratio varies somewhat as the load changes, simply opening the
throttle and causing additional fuel to be injected .(as is
typically practiced) upon the operator's depressing the accelerator
pedal would result in non-stoichiometric, inefficient combustion.
According to this aspect of the invention, the rate of change of

torque is limited; this provides sufficient time for the
engine management and
essentially conventional electronic engine

tems, which comprise a "lambda sensor"
he oxygen content of the exhaust gaselectronic fuel injection sys

47 (Fig. 3) for monitoring ton of stoichiometric combustion, to respond as
stream as an indicati toichiometric combustion and reducing
the load changes, preserving s
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if the batteries are relatively
to allow the engine's output

in order to limit

batteries; more specifically,

discharged, it may be preferable

torque to ramp-up more quickly tha
the amount of electrical power drawn

More generally,

t of power drawn from
nt on

utput

n otherwise,

from the batteries in response

to an acceleration command. it is preferred to
operate the engine so as to limit the amoun
the batteries, as there are unavoidable losses attenda
conversion of energy stored in the batteries to motor 0
torque, and during the corresponding recharging period.

As mentioned above, Fig. 9 is a high-level flowchart of the
ion points in the control program used to control

principal decis Broadly speaking, the
mode of vehicle operation.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

rcentage of the engine's maximum
f the battery bank BSC,

against setpoints,
he mode of

ITO, both being expressed as a pe
and the state of charge 0

e of its full charge,

isons to control t

torque output MTG,

expressed as a percentag
and uses the results of the compar

vehicle operation.

As noted above,

1 strategy illustrated in Fig.
recise criteria (in_

certain control decisions involved in the
9, and described

inventive contro

g determined in response to p
present .the 'main features

may instead be usefully somewhat "fuzzy";
this term is intended to indicate that the

may vary somewhat in respo
discussed

therein as bein

order to clearly

operating strategy),

of the inventive
in

tored variables not
or in response to moni

d that therecent history, it is also to be understoo
As mentioned above,above.

values given above for various 'numerical quantities may vary
somewhat without departing from the invention. Specific
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For example, in
it is repeatedly stated that the transition from

discussed above,

low-speed operatic

equal to 30% of MTO.
and

s when road load is
to in the appended

he transition point

n to highway cruising occur

This setpoint, referred

claims-as "SP",

(i.e., between operat
and can vary substantially,

nvention.

ion in modes I and IV) i
e.g., between 30 — 50% of MTO, within

. the scope of the i
It is also within the scope of

microprocessor to monitor the vehicle's operation over a period of
ks and reset this important setp01nt in response to arator

days or weeve driving' pattern. suppose 'the opeFor example,
lopment to a

5 drives the same route from a congested suburban deve' ' typically the road

load might remain under 2 few minutes of
each day, then vary between
minutes as the operator passes through a few t

crease to 150% of MTO as the opera
It is within the skill of the art to program a

such daily patterns, and to
in response

raffic lights, and
tor accelerates

20 then suddenly in
onto a highway.

r to record and analyze
rdingly. For example,

the transition point
petitive

r a few

microprocesso

'as above,

of MTo- this would prevent re
exceeded 30% of MTO fo

cur in suburban traffic.
initiated after

to recogni

25 might be adjusted to 60%
engine starts as the road load
hundred yards at a time,

the engine 5
Similarly,

e had been covered each
the same total distanc

thin the sco

h the road load is
de IV somewhat "fuzzy",

to MTO to the next depe
if during

pe of the invention to make the
compared to control the

so that SP may

nding

It is also wi

setpoint SP to whic
mode I to mo

f road load

as discussed above,

30

e comparison 0vary from on
For example,

on other variables.
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sses the accelerator pedal
tion that full power will

begun before

on the operator depre
ted as an indica

ting operation

low—speed operati

rapidly, this can be trea
shortly be required, and the engine-star

d reaches any particular setpoint SP.
transition point may also vary

d load equals a
feet when the roa

point at which the
low—speed mode

the road loa
in dependence

The value of the

le, suppose the set
cm the

30% of MTO, as in
de is normally set to h that

If traffic conditions were suc
and engine operation

the engine would

the road load exceeded 30% of
and then fell back below 30%

suburban traffic. Repeated
'f the road load averaged over 30% of MTO

as might‘ occur in

' ' g mo

be repeatedl
few hundred yards at a time,

MTO for a

but occasionally' dropp
t-road cruising.

d load over time,
of this

and comparing it to
undesirable

moderate—speed, fla
ing the roa

accordingly, much
starting and shut—

le to commence mode IV operation
for example, mode IV

road load exceeded a

P for an extended period of time, so that
d low-speed cruising, but to

he road load exceeded a higher
during acceleration to highway

e shut down only if

By monitor

setpoints

sequence of engine
It might be preferab

differing conditions;

rom mode I only after the

different off can be

repetitive

eliminated.

upon the occurrence of
might be entered f

lower setpoint 5first,

would be run for extende
the engine

he engine immediately if t
50% of MTO, as

engine might preferably b
mum setpoin

of time. Thus providing
would limit

These limits

setpoint SP2, e.g.
Similarly, the

was less than a mini

operation for an extended period
"hysteresis" in the mode-switching. determination
repetitive engine starts in certain types of driving.

ld be further adjusted as the driving pattern beC

speed. t for mode IV

the road load

CCU
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d by the microprocessor.
refinement, the setpoin

shut off as the road load droppped below
for mode IV operation could vary dependent on BSC;y fully charged, the engine might be shut off

low 30% of MTG, but if their charge was
ght be controlled to continue to run, even at a stop,

to charge the batteries.
disengaged at when the r

could run at an

as discerne

In a further

i.e., t at which the engine is
lue

5 were substantiall
road load dropped be

the engine mi

zero road load,

clutch would still have to be
'n order that the engine

10 below 20 — 30% of MTO, 1
efficient speed for production of torque.

9 thus shows the main decision po
y the microprocessor, with the transi

and mode IV highway crui
en given

i.e.,

ints of the control
tion point

sing,

Fig.

program run b
between mode I, low-speed operation,0/ of MTO. Examples are th

a road load equal to 3 %
for some of the various options discussed above, by substituting
various of the decision points with alternatives indicated below.
other optional points not specifically shown but discussed herein
are within the scope of the invention. ‘

The control

r determines whether the roa
w") , the c

15 set at

where the

program is entered at step 100, 30%
d load RL is less than

lutch is disengaged if
The state of charge

20

microprocesso

of MTO. If the answer is yes (
necessar s 103 and 105.
of the battery bank BSC is then tested at step 110; if BSC is

25 between 50 and 70% of full charge, the vehicle can operate for Some
time as a straight electric vehicle, and mode I is accordingly

as indicated at 115. A “mode I" loop is then established,
103, and 110; as long as all conditions

to be

y as indicated at step

entered ,

including steps 100,
d in these steps remain stab the vehicle continues

3O operated in mode I. ' ' d that BSC was less
However, if at ste

than 50% of its maximum value ("N"), e should be run, if
to charge the battery bank, up to, 75% of

as tested at step 120.

the engin

possible, for example;If the engine is

its maximum charge,
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the battery is charged as
as noted at 135, is

125, and 130.

as tested at step 125,
"mode 11" loop,

103, 110, 120,

already running,

indicated at 130,

established including steps 100,
(Normal_operation of step 110 wou
mode to prevent battery charging
reaches 70%). If the engine is not running,

(shown separately,

and a stable

subroutine by Fig. 9(a),
indicated at step 140. " ' ' g with the ‘enter'

In the engine startink 141, the clutch is disen ry at steps 142tested at 145, to determine
emperature is

the catalyst is heated as
heated

gaged if necessa

and the catalyst t
ast about 350° C;

When ‘the catalyst is
r until a

necessary, as i n.by the starter moto
suitably, the engine is then spu15 desired starting speed is reached, as indicated by the loopincluding blocks 155 and 160. When the engine reaches its desiredby supply of fuel and

engine starting
If the engine

as above,

starting speed, started at step 165,
its spark plugs, concluding the

firing of
indicated by 'return' block 170.

subroutine as

20 starting subroutine was en
the battery bank. may' then

If in performance of step 120 it appeared th
which would only occur upon failure of the engine or

than 40%,charging system, step 175 may be performed; thus, if 30% < BSC <
25 40%, the vehicle may be operated in mode III as an electric car, tothis should be strictly

ency operation.
discharge of t

As indicated at 177,

provide emerg
limited to avoid deep

shorten its useful life.
pletely disabled if BSC falls below 30%.com % of MTO in step 100,

30

load is appro

the engine is running,
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ing steps 180 and 190 is established; the system remains in
includ

as indicated at 185,
mode IV,

tests changes.

If in. step 190
the engine start subroutine,

entered as indicated a
and the loop inc

g with step 140 as
at

180

startin

t 195; upon return,

luding steps

running,

discussed above,

200, the clutch is

is

engaged at 210,

and 190 is entered.
As noted, in step 18

0% of MTG; if not,

r than 100% of MTG.

motor (and optionall

additional torque prop
s 220 an

0 30 and 10

is greate y the starting motor) is
elling the vehicle, as indicated at

d 230 is thus established, so
performed in

traction

provide

230. A loop including step

step 220 changes.
When in performance of step 220, it appear

it is then determined in ste
If so, the engine is shut off, as

0 step 100;

s that RL is now

less than 100% of MTG,
0% of MTO.

is less than 3
and the program returns t

20 indicated at 240,

program is returned to step 180.
It will be appreciated that acco

it is possible for the system to
mode V, 00 to step 220,
rapidly increases from les of MTO to more t
MTO. Permitting the opera e system is an

eature, for example when fast
into highway traffic.

t be running during init
ficant drain on the

Accordingly,

e engine

that is, from step 1

25
tor to thus operate th

acceleration from
In these

ial
important safety f
a stop is required to merge

ces the engine would no
necessitating a signi

e traction motor.

0, 195, and 210 (including th
be understood to follow step 220 and

s effectively

circumstan
n in mode V,30 operatio
bank and overdriving thbattery

in the event mode IV wa
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5 transition point
that the transi

1 circumstances.

tion occurs when th d above, it may
as discusse

MTO under al e vehicle goes from

' ble to operate the s

'10 road load, e.g.,
speed mode is ree

This “hysteresis“

wing the vehicle to
but not shutting the engi

road load falls below 20% of MTG ~—
of fluctuating road

when road

mode switching poin
I up to road

ntered, e.g., t —- for

below 20%.

example, allo

loads of up to 50% of MTG,
until

e—switching during periods

For example,

t 30% of MTO,

but stop again 5
titively stop an

accelerate pas hortly thereafter;
d restart the engine as the20 cruising speed,

rly be useful int to thus repeinefficien

load fluctuates around 30%. Hysteresis might similag needless mode switching in moderate—speed, flat roadthe road load might well occasionallywhen hut

it would be inefficient to repeatedly s
25 drop below 30%,

off and restart th
Thus providing dif

the direction of the change
y by monitoring the road load RL as a funct

trol action. For example,
1 RL exceeds the "normal“

for example, 30 seconds, and
excessive mode switching

traffic can be

e engine.

fering mode swi
in road load can be

ion of time, and

if the system is

30% of MTO mode

tching points depending on
accomplished

readil

30 taking appropriate con
' Iunti
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acing step 100 in
hows a step 100' repl

As indicated,
"low-speed hysteresis".

5 long as

MTO for more than 30

Fig. 9(b) s

Fig.the system remains in t RL is less
than 30% Of MTO, or unless

S seco 0% of MTO;

speed mode I a

he latter conditions
if either of t

ration.
initiating mode IV ope

in order to
nds, or exceeds 5

Similarly, hystereSi

implement excessive mode shifting that might otherwise occur if the5 around a fixed mode switching point, can be- ode IV
road load fluctuate

[0 implemented by simply
ns between 30 and 10

ystem remains in m
providing that the s f MTO, unless RL 10% o

5 less

as long as RL remaithan RL for more than 30 seconds, or exceeds 100% of MTO. This can
be implemented as shown in Fig. 9(c); a revised step 215' replacesand provides that, if the system is in mode IV,step

than 30 seconds,step 215 of Fig. 9,
"; when RL is15 unless BL is less than

e—entered, thus preser

n 30% of MTO for more
control is pas

30% of MTG for more
"mode IV loop

the engine is shut
and mode I re—

ving the

than 30 seconds,

sad to step 100,

180 is r

less tha

down, at step 240,

the detailed control
6 — 9 will occur

entered.

20 Numerous

strategy of the inv

to those of skill in the art,
For example, it may be desirable to vary the op

ive to BSC in accordance with
tem insofar as responsof battery temperature, ambient

y be advisable

further modifications to

eration

invention.

of the sys
d 'variables indicative

25 monitore
temperature, and the like; e.g;, on a hot day it ma
to avoid charging the battery bank to more than 60% of full charge,Further, as noted above the

overheating.
V in particular may vary

so as to ‘provide
nsumer

ands,

d ease of co

as the

of the

30 in accordance wit ' s for safety an
maximum vehicle r of days or weeks,

and over periods

r builds up a detaile
from which an op

acceptance, d historical record
timized control strategy

78

BMW1052

Page231of300



BMW1052 
Page 232 of 300

useful contro

o understand the workin
ll—accustomed to set a

peed is reached; thereafter,
ystems control the instantaneous engine

to 'variation in the road load to
It would be a

ired cruising
The

and

existing engine management 5
torque output with respect
maintain vehicle speed substantially constant.

r the microprocessor to accept a des
as indicated in Fig. 4.

ntinuous throttle control,
ous engine

[0 simple matter fo

speed thus input by the operator,
would then be relieved of co

arly con

to 'variation in the
constant,

the invention, the

ion point so that the

operator

icroprocessor would simil
ect

trol the instantane
road load to

substantially both as
according to

ould also reset the transit
g mode IV unti

iting cruise mode.
ent of the

id vehicle

microprocessor w 1 the operator had

system would remain in cruisin
indicated to the contrary, i.e., by ex

As discussed above, according to a further embodim
tion, additional flexibility is provided to the hybr

ing a turbocharger 100, also controlled
48, so as to be operated
1e efficiency and drivability and not at

"turbocharger-on—demandfl allows the
nt torque output ranges,

20

inven

as described above by provid when useful in

by the microprocessor
further improving vehic

25 other times. Providing the

as needed.

the vehicle rements,'s torque requi
rmally-aspirated maximum

exceeds the engine's no30 a relatively extended period. T of time, for example, during
extended high-speed driving, towing a trailer, or driving up a longe engine's maximum torque for
hill. Where the road load exceeds th
a relatively short period 1

y also the starting m

the traction motor (and
ide additional

possibl
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as in the '970 patent and above. According to a further
the period T is controlled

when the battery bank isaspect of the invention, in response to
the state of charge of the battery bank;
relatively depleted, the turbocharger is acti
otherwise, so as to

vated sooner than

' As is well rt, a turbocharger
11) typically comprises two turbine wheels 102 and

d to herein as the exhaust—side
The flow of exhaust gas from

air-side wheel 104

100 (see Fig.

104 on a common shaft 106, referre
and air—side wheels respectively.
engine 40 causes exhaust-side wheel 102 to spin;
is driven by shaft 106, drawing air into the body of turbocharger
100 through air filter 110. Waste heat in the exhaust stream ising the intake air, which is
thus effectively recovered by compress Additional

'ntake manifold 122 of engine 40.

torque is produced. The compadditional mbient air in intercooler 117
adiabatically by heat exchange with a
if desired, further improving therma

In typical turbocharger operation,

1 efficiency of engine 40.
a “wastegate” 114 is

provided to limit th
wheel 102, thus limiting

"boost" provided by the turbocharger.
loaded to open at a

the output of turbocharged racing

the speed of air—si

regulating the,

gate may be spring—
typically provided to regulate _
engines) or may be controlled in a feedback loop using the preSSure
in the engine intake “manifold as the control variable. See356.

Autemetiye_flandbeok. 2nd_EQ1,
Further, in conventional practice, the turbocharge
times, and the engine's design is optimized accordingly. For

pically have compression
'example, tu 11 to 1 for normally—

as compared to 9 -

actice is employed accordin
controlled by the

and the engine's

aspirated engines. Neither pr
present invention; the turbocharger is
microprocessor tx) operate only when needed,
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e selected based
r design parameters,.

rmally—aspiratedcompression ratio, and othe

when the extra power p
5 shown in Fig. 1),

gate 114 is open (a
the turbocharger 100.

essentially bypasses

controlled by microprocessor 48,
10 connecting the air side 0

manifold 122 of the engine,
the turbocharger Only when in use;
also provided. is employed in

11 produce high
the other

Commonly, turbocharging for automotive use
r that relatively small—displacement engines wi

end of their operating range;
h engines (e.g., camshaft profiles) are

chosen similarly. Engines thus optimized for high—rpm horsepower
ow-speed torque, that is, are "peaky" compared to

A variable-ratio- transmission is
from low speeds. Stated

tomotive

15 orde

horsepower at the upper

design parameters of suc

produce reduced 1

20 normally—aspirated
essential to obtain reasona

differently, turbocharging as usuall
des relatively high torqu

but relatively
itable in practice of the

engines.

ble acceleration

y implemented for an

use provi e at the upper end of the
engine‘s.speed range,

an engine would be unsu
25 suchinvention. Moreover, turbocharged engines typically suffer "turbo

lag", that is, slow response to sudden increase in- torque required.blem is overcome by

As discussed further below,

use of the turbocharger in a

30 invention.

engine

as tru

having 12,

. BMW1052
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and exhibit extremely poor
all of

Thus,

peak can be ‘matched. to 'the load,
as well as excessive gear
e unacceptable to the ordinary motorist.

of both the low-speed truck type, or
satisfactory in

acceleration,

which would b

normally-turbocharged engines,
the high—speed automotive type,
implementation of the present invention. .noted _above, as conventionally employed, a

used at all times. according to the
the turbocharger is the

only under

be operated efficiently

are not

As also
By comparison,

controlled by

specified driving
in other

turbocharger is

present invention,
microprocessor 48 to be used
conditions, allowing the engine to
modes. ' is a diagram comparable to Fig.

f the ‘hybrid vehicle
6. The differing mode tical to those of

nvention shown thereon are iden
6, with the addition

imilar to Fig. 7,

including a

powertrain of the i
the Figs. 3 and 4 vehicle illustrated in Fig.
of turbocharged mode VI. Similarly, Fig. 13 is s
but illustrates of a vehicle

er-on—demand" according to
according to this aspect of the pr

the operation

"turbocharg

As shown in Fig. 12,
further region VI is provided,

invention, a

turbocharger 100 is activate
detects that the road load has exceeded the enginetime T._ Typically these events will

rwise heavily

or is operated at high speed for a
laden, is climbing a long hill,

d only exceeds the
when the road loa

as during
.less than T,

the traction motor
'on onto a highway or during as described

' ' l torque required,
ne's maximum p

d by closing

is employ ower for

When the road load exceabove.
the turbocharger

a time greater than T,
and ope

is energize

rating valve 120, if provided, to open the
waste gate 114,
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and ‘the intake
e air-side of turbocharger 100

ls up" to its
As the turbocharger "spoo

produced by engine 40
is

duct between th

manifold 122 of engine 40.

operating speed range, the maximum torque
and the torque .produced, by traction motor. 25

increases, This sequence of events is discussed further
gradually reduced.
below in connection with Fig. 13.

Fig. 12 also shows, by the ang
regions V and VI with respect to the t = 0 plane, that T can vary

ge of the battery bank 22; when the battery
-- that is, energy from the

cess of the engine's

hen the battery

with the state of char
bank is fully charged, T is longer
battery bank is used to satisfy road load in ex

amaximum torque output for a longer period -— than w
bank is relatively less fully charged. The turbocharger can also
be operated to provide additional full
acceleration is needed, e.g., upon detection of the operator's
aggressively pressing the accelerator pedal down completely.

As mentioned above, Fig. 13, — (c), and
is

engine torque outpu

and operation of the engine in
d turbocharged modes as these

during low-speed city driving, highway cruising,
and extended. high-load_ driving, thus further illustrating' the

loyed according to the invention. Fig. 13 is
7, with the addition of illustration

road load exceeds

engine power when

comprising Figs. 13(a)
a timing diagram showing the

extending over two sheets, t, the state of
relationship between road load,

e of the battery bank,charg

normally-aspirated anelectric car,

vary over time,

essentially identical to Fig.

of the operation of turbocharger 100 when the
% of MTO for more than a period of ti

13(a) at t1, t2, t3, and t4, the
road load

100

Thus, as shown in Fig.
5 the length of time t during which

microprocessor monitor 0 a value T

exceeds 100% of MTO,
d in accordance with BSC;

and compares t continually t

preferably varie this is shown by the
relative lengths of the arrows marked T on Fig. 13(b). While t <
T, as at E, F, and G in Fig. 13(a), the excess torque required by
the road load is provided by either or both of the traction and
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drawing power from the battery bank. Note that
ted to be capable of continuously'

in accordance with the

de adequate torque for

starting motors,

the motors together are ra
e up to at least 100% of MTO,

providing torqu
5 allows the motors to provi

'970 patent; thi
rformance without a variabl

good vehicle pe
The motors may also be overdriven to provide more

for short periods of time,
torque, well over 100% of MTO,

-t > T, the turbocharger is activated.
Thus, when t4 2 T, as at P,

turbocharger essentially as discussed above, that is,
waste gate 114 and valve 120 (if provided). As the turbocharger

which may take some seconds, and the boost it provides
indicated at Q, the torque provided by the traction

ing motor) is decreased

time, tes the

by closing

"spools up",

increases, as

motor (and possibly also by the start
The operator need not be aware of

accordingly, as indicated at R. '5 activation; this
or take any action to initiate the turbocharger
is controlled by the microprocessor in reSponse to monitoring the

load over time and the state of charge of the battery bank.road ith both Figs. 12 and 13, T is

e and the traction motor (or both motors)
operation of the engin so that BSC does not fall
when the road load exceeds 100% of MTO,
to an undesirably low value.

Those of skill in the art will recognize
rocessor-controlled turbocharger in a

5 operation in an additional mode,
he operational scheme provided;

that provision of a

microp hybrid vehicle
according to the invention permit

at no cost in efficiency at other times.needed,
ficant in meeting the goals of the hybrid vehicle

particularly signi
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of the invention.

starting motor/gene

addition to the
More specifically, in-

"turbocharger-on—
noted, provision of a

operational advantagesdemand" in the hybrid vehicle according to the invention allows the
engine to be smaller than otherwise, that is, to prov1de adequateA n weight As the

highway performance

ge the batteries (e.g.,t the engine is operated
1er

operated to char
it loads the engine adequately tha

employment of a smaller eng
For similar reasons,

d to efficiently prope

t lower average speeds,
e "turbocharger—on—

ntages can be

efficiently,

generator motor.

engine allows it to be use
highway driving commencing a
turn in better fuel economy.
demand" according to the invention,

rifice in the ultimate pe

By providing th
all these adva

rformance of the

convenient implementation of the
' g to the invention is to oper

like controlled by the
pass valve

ate

solenoid or the

to employ the wastegate as a by
A separate bypass

The wastegate is

the wastegate by a
that is,

except when turbocharged operations are desired.
0 or alternatively be provided.

ring-loaded relief valve, as
to limit the

valve might als

still preferably implemented as a sp
illustrated in Fig. 11, and as generally conventional,

provided. It is also with
te positions,

so as to limit the torque to limit
ger wheels spinning

"spool

“boost"

waste gate to take intermedia

d to keep the turbochar

duce the time necessary to
he invention to adjust the

1 provided by

wheelspin as detected, an

at an intermediate speed, to re

' -pressure signa
wastegate that adequate boost is
a suitable sensor 107 (Fig.

vided at higher altitudespro
reciate

It will also be app
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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
be controlled by the microprocessor by driving it through an
electrically-controlled clutch, and this is accordingly within the
invention. However, this would be less efficient than turbocharger
operation, as turbocharging effectively recovers some of the waste
heat in the engine exhaust by compressing the air reaching the
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 number of important
advantages are realized, both as compared to a conventional system
wherein the turbocharger is continually activated, or as compared

turbocharged engine. As to the latter, as explained above-all
internal combustion engines are extremely inefficient, except when

less frequently this will occur. As to the former, employing a
conventionally—turbocharged engine, having the typical "peaky"
torque curve, would not allow the engine to be used to propel the.
vehicle ‘during highway driving without a ~variable-speed
transmission. Instead, by providing a "turbocharger—on—demand"p
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 cruising, 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 low speeds.
Further, because the traction motor provides additional torque when
needed, the "turbo lag" experienced in conventional turbocharged
vehicles as the turbocharger "spools up" when the operator calls
for more poWer is eliminated.

When constructed and operated according to the invention, that
is, as a hybrid vehicle having an internal—combustion engine with
a turbocharger controlled by the vehicle's controller to operate
only during extended periods of high torque requirements, even a
heavy vehicle having poor aerodynamic characteristics, such as a
sport-utility vehicle.or van, can offer good acceleration and hill-
climbing and towing ability, while still providing extremely good
fuel economy and extremely low emissions.
, Another aspect of the invention concerns the method of sizing
the various components of the system. Examples were given above of.
component selection for a vehicle not including a turbocharger
according to this aspect of the present invention. Using as a
further example 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.

2. If a trailer is to be towed, a turbocharger, operated as
above, is added. The turbocharger is sized so that when it is
operated the engine provides up to 140 hp.

3. The charger motor is sized so as to provide an engine load
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equal to approximately 70% of the engine's maximum torque at a'
suitable engine speed. In this way fuel is used efficiently during
battery charging, as discussed above. In the example, the charger
motor is preferably an induction motor of 15 — 30 hp capacity,
possibly configured as a "faceplate." or “pancake" type,- essentially
forming the flywheel of the engine. "Such a motor can be operated
as a generator requiring 20 — 22 hp, which is 70% of the maximum
torque produced by the engine specified above when operated at 1200
-— 1500 rpm; battery charging can thus .be accomplished in a very
fuel-efficient manner. This is essentially equivalent to,
specifying the starter/generator based on its ability to accept at
least about 30% of the engine's maximum torque output (MTO, as
above); in this way the engine is operated at. a fuel-efficient
power level during charging.

4. The traction motor is sized to provide adequate torque at
zero speed to overcome the maximum grade specified from rest, with
the starter motor assisting as needed. In the example the traction
motor may be an induction motor of 100 hp, with a maximum speed of
16,000 rpm, and be connected to the drive wheels through a chain
drive providing the appropriate reduction ratio. It will be
appreciated that in this example the total torque available from
the starting and traction motors combined exceeds that provided by
the engine, in accordance with an aspect of the invention of the
'970 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

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 v, 8.5
KAH battery pack is provided. The battery bank should be sized and
arranged so that the maximum current to be absorbed with the
starter/generator being driven at 30% of MTO is no more than 50
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amperes.

7. Finally, the controller is provided. with software ~to

implement the control scheme described in detail above, that is, to
use the traction motor as.the only source of drive torque at low

speed, to start the engine when the road load increases beyond a
setpoint, to operate the turbocharger when the road load exceeds
the engine's maximum torque for more than a prescribed time T,
which may be varied in accordance with the state of charge of the
batteries, and otherwise as described above. Essentially, the
controller is operated so that the engine is only operated in a
fuel-efficient range, e.g., driving a load at least equal to 30% of

MTO.

Simulations show that vehicles configured as above will

generally be capable of 80 — 100% improvement in fuel economy with
respect to conventional vehicles of similar size, weight and

performance characteristics.

the Im ro ements accordi to the Co tinuat'o -i - art

Cgmponent Specifigation

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 tug to thirty seconds, so that full acceleration can be
provided for a time sufficient for the vehicle to reach essentially
its maximum speed; according to this-aspect of the invention, the
peak current can accordingly be set at, for example, 150 A, and the
power electronics components then sized based on this value.

' More particularly, it appears useful to size the components
with respect to one another, in particular, the battery bank with
respect to the traction motor(s), so that the peak current is no
more than about 150 A, and so that under peak electrical loading

(usually under acceleration) a ratio of at least 2.5 : 1 of the
battery voltage to the peak current is exceeded.

For example, suppose it is desired to implement the invention
with respect to a relatively heavy, e.g., 6000 pound, vehicle
having target acceleration capabilities such that a 120 HP electric
traction motor, typically drawing 100 kW, will be required. The

battery bank for such a vehicle is sized to provide a nominal
voltage of 830 V (i.e., when not under load); this will drop to
approximately 650 V under load. The battery bank will thus be
required to produce 153 A (= 100 kW/650 V) during full
acceleration, and the ratio of voltage to peak current is 3.92 (=

650 V/l53 A). _.
In another example, of a much lighter 3000 lb vehicle, a 80

HP, 60 kW motor might be sufficient. To keep the peak current to
115 A, a battery bank of 600 V nominal, 500 V under load would be
required. The ratio is then 4.3 (= 500V/115 A).

By comparison, insofar as known to the inventors, the Toyota
"Prius" hybrid car now being marketed uses a 30 kW motor, and its
battery bank provides approximately 230 V under load; the current
required is thus approximately 120 A (= 30 kW/230 V) and the ratio
between the voltage under load and the peak current is only about
2 (= 230V/120A). The motor in the Prius is incapable of providing
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adequate acceleration without assistance; this in turn requires

that an internal combustirn: engine .(ICE) be provided, and be

connected to the wheels by way of a variable—ratio plantary

gearset. Operation of the ICE in the Prius is thus constrained by

the vehicle's torque requirements, which unacceptably complicates

its operation and renders it incapable of maximally efficient

operation.

Applicants assert, therefore, that according to the invention

the components of the hybrid vehicles of the invention are to be

sized so that the ratio between battery voltage under load to peak

current is at least about 2.5, and preferably is at least 3.5 to 4

: 1; this allows adequate acceleration from low speeds without use

of torque from the ICE, which in turn allows elimination of any

multiple—speed or variable—ratio transmission, and allows the ICE

to be dec'lutched 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- 5 55

As mentioned above, in some embodiments of the invention as

disclosed by the present continuation-in-part application, a two-
speed transmission may be provided to broaden the range of utility

of the vehicle. An exemplary hybrid vehicle powertrain providing'
this and further additional features is shown in Fig. 14; where not

otherwise described, this embodiment of the invention includes

features in common with those discussed.above in connnection with

the '970 patent-and the '817 and '743 applications.

More specifically, according to one embodiment of this aspect

of the invention of the present continuation—in-part application,

the range of efficient use of the hybrid vehicle of the invention
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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, as suggested in numerous

prior art references dealing with hybrid vehicles. However, in
another embodiment, the two—speed transmission thus provided could

be operated conventionally, i.e., shifted automatically during

acceleration, or in "kick-down" mode responsive to the operator's

demand for acceleration. '

In one implementation of this aspect of the invention, as

shown in Fig. 14, a planetary gearbox 33 is disposed between the

output shafts from the traction motor 25 and the combination of

engine 40 and starting motor 21. Gearbox 33 may be controlled

directly by the operator, as conventional, or by the microprocessor

48, in response to an operator command or responsive to sensing
that the road load has exceeded some predetermined value, e.g. 125%

of MTO, for an extended time, e.g. several minutes, or

conventionally, i.e., shifted under ordinary acceleration.

Typically the gearbox 33 will be locked, prOviding a direct drive,
under ordinary circumstances; when a lower ratio is needed, for

example, when towing a heavy' trailer, 'the gearbox 33 may be
controlled to yield a reduction of 0.5 - 0.8 : 1.

Fig. 14 also shows a second traction motor 222 driving.a
second set of road wheels 210 through a second differential 211.
This is a convenient way of providing a "four-wheel drive" hybrid

which avoids the fore-and-aft driveshaft and thirdvehicle,
-wheel drive vehicles. In

differential needed by conventional four

this embodiment, road wheels 210 are configured as the steering
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wheels of the vehicle; accordingly halfshaft assemblies 212

incorporating universal joints are employed allowing wheels 210 to

pivot, as illustrated. Traction motor 222 is connected to battery

bank ("BB" in Figs. 14 and 15) via a further inverter/charger 224,

controlled by microprocessor 48 essentially similarly to traction

motor 25. As noted above, a DC-to-DC converter 223 may be provided

to allow the vehicle of the invention to be connected to vehicles

having conventional 12, volt electrical systems for emergency

starting purposes, and to provide 12 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 connected
to the road wheels through a reduction device 34, illustrated as a

Chain drive; as indicated above, providing a mechanical reduction
between the various motors 21, 25, and 222 and the respective road
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wheels is desirable in order that the motors-can be selected and

optimized to operate at higher speeds than engine 40.
Another possibility not shown specifically by Fig. 14, but

within the scope of the invention, is to provide a "torque
converter" of essentially conventional design, preferably fitted
with a "lock-up" clutch, between the traction motor(s) and the

cOrresponding wheels. As is well known, torque converters are
commonly employed as part of automatic transmissions for passenger
cars; the torque converter multiplies the input torque at low
speeds. Such a torque converter would provide increased
acceleration from rest. However, a similar effect can be obtained

more simply by overdriving the traction motor(s) beyond their rated

power for the first few seconds of acceleration.

Braking System

Numerous patents, including the '970 patent discussed above,

recognize that ‘one advantage of hybrid vehicles is that by
appropriate control of electric motor/generators connected to the
road wheels, a substantial fraction of the energy lost by
conventional vehicles to friction can be recovered through

regenerative braking, that is, by converting the vehicle's kinetic
energy to stored battery power by using torque available at the
road wheels to drive the motor(s) in generator mode, and storing
the resulting electrical energy in the battery bank for use later.
It is commonly estimated that most of the energy expended in
accelerating the vehicle in city driving can be recovered in this
way, since irrecoverable losses due to air resistance and rolling
resistance Contribute relatively little to the vehicle's energy
demands at low speeds; by comparison, less of the energy expended
to drive the vehicle at highway speeds can thus be recovered,

although regenerative braking is nonetheless desirable.
More particularly, it is known to operate the motor/generator

and cooperating inverter/charger electronics of hybrid vehicles so
that electrical power is generated and stored in the battery bank
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when the operator desires to slow the vehicle. Accordingly

"regenerative braking" per se is known. It is generally also
apparent to those of skill in the art that a conventional
mechanical braking system must also be provided, both for safety in

the event of a failure in the regenerative braking system and to

provide braking in the event the battery bank is fully charged;
that is, it is important to avoid overcharging the battery bank in
order to maximize its useful life. See Boll U. S. patent 5, 788, 597

and Frank U.S. patent 5,842,534. Similarly, mechanical braking is
also needed when regenerative braking is not possible, e. g. , 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 a1 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' 5 state of charge. This would be far too complex
for general acceptance.

The disclosure of the Boll patent itself is directed to

optimizing the use of regenerative, engine, and mechanical braking.
Boll also recognizes the desirability of maintaining a consistent

brake pedal "feel" in the various brake modes.
German patent application DT 19 05 641 B2 to Strifler

discloses a combined regenerative and mechanical braking system for

an electric vehicle, wherein regenerative braking is effected upon

the operator' 5 first operating a brake lever, and. mechanical
braking is further effected upon reaching the maximum regenerative
braking effect. If the battery cannot accept further charge, the
mechanical braking is triggered relatively earlier, so that the

operator experiences substantially the same pedal "feel" regardless

whether regenerative or mechanical braking is being implemented.
The present invention also recognizes that providing proper
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brake "feel" to the operator is important .to provision of a
satisfactory vehicle, but differs substantially from the teachings
of the art, and the Boll and Strifler references in particular, in
the type of pedal feel preferred.

More particularly, it will be appreciated that typical vehicle
mechanical brake systems provide a relatively linear relationship
between the force exerted on the brake pedal and the retarding
force exerted on the wheels by the brakes. It is essential that
this relatively linear relationship be provided by the brake system
of any hybrid vehicle, so that the operator can smoothly and
controllably brake the vehicle as desired.

Providing a relatively linear relationship between the force
exerted on the brake pedal and the retarding force exerted on the
tires by the brakes is substantially straightforward in the case of
conventional mechanical braking systems. It is much more
complicated in the case of a brake system incorporating
regenerative braking as described above, since such a system must
provide a linear relationship between the force exerted on the
brake pedal and the retarding force exerted on the tires by the
brakes and motor/generator(s) under all circumstances. The problem
is particularly complicated during transitions from one braking
regime to another. For example, if regenerative braking is used to

if the battery bank's state of charge becomes full during a long
descent, or if :3 leisurely stop suddenly becomes abrupt, the
braking regime must change smoothly and controllably._ Regenerative
braking is also not available when the vehicle is moving very
slowly or is at rest, and mechanical brakes must be available under
these circumstances.

In addition to maintenance of the linear relationship, it is

deemed preferable by the present inventors that the operator be
made aware by a change in the "feel" of the brake pedal that
regenerative braking 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 21 degree proportional to the amount of regenerative braking
actually being effected at all times.

Finally, it will be appreciated that the engine manifold
vacuum as conventionally used to produce "power braking", i.e.,
servo assistance, is not available to a hybrid vehicle if the
engine is not running; some other source of power for servo
assistance is required in order that brake effort is not
unacceptably high.

Fig. 15 shows schematically the principal components of a
brake system for a hybrid vehicle that addresses the concerns
above. Where common reference numerals are employed, the

components are common with those' shown in other Figures, while
components not important to understanding of the braking system are
omitted for simplicity. Thus, Fig. 15 shows traction motors 222
and 25 connected directly to the respective road wheels 210 and 34
respectively, omitting the other components discussed above. (In
vehicles where a single traction motor drives a single pair of
wheels, the improvements described herein would be provided as to
these, while a four-wheel hydraulic braking system would also be
provided.) As also discussed above, motors 222 and 25 are
connected to battery bank 22 through respective inverter/chargers
224 and 27. Inverter/chargers 224 and 27 are cOntrolled by
microprocessor 48 to operate so that the motors can draw power from
battery bank 22 and impart torque to the respective wheels to
propel the vehicle in,the appropriate modes of vehicle operation;
during regenerative braking, inverter/chargers 224 and 27 are
controlled so that the motors absorb_torque from the wheels,
slowing the vehicle, and storing the power thus generated in the
battery bank, 22.

Control of the inverter/chargers and motors to absorb a
desired amount of torque from the wheels in response to a braking
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command from microprocessor 48 is considered to be within the skill
of the art. The command itself may be determined by microprocessor

48 responsive to the degree to which brake pedal 70 is depressed,
as measured by a potentiometer or similar device, indicated at 71.

HOwever, according to the invention, as above, a device is provided
which varies the "feel" of the pedal (essentially its resistance to

being depressed by the driver) responsive to the degree
regenerative braking is in fact being implemented, thereby
providing tactile feedback to the driver enabling smooth
deceleration and, when appropriate, also providing an indication
that regenerative braking is not available.

In the implementation of the invention shown, controllable
resistance to the :movement of brake pedal 70 is provided by
connecting it to a ndcroprocessor-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 arrangements to thus controllably vary
the feel of the brake pedal will occur to those of skill in the

art.

The mechanical design of the hydraulic braking system of the

hybrid vehicle according to the .invention is generally
conventional, with two principal exceptions as follows: First, as

the engine is not always running during movement of the hybrid
vehicle, there is no consistent. source of manifold ‘vacuum as

conventionally employed to provide servo assistance to braking.

Therefore, a motor 254 powered directly by the battery bank BB is
provided, and drives a vacuum pump 256, providing vacuum to a
conventional servo booster 258, in turn operating conventional

wheel brakes 260. The same motor 254 can be used to power other

"ancillary" systems that in conventional vehicles are powered by

the engine, such as the power steering pump and the air
conditioning compressor. (The art does recognize that hybrid

vehicles require different sources of power for ancillary devices,

such as power steering pumps or power brake pumps. See Heidl

patent 5,249,637, at col. 1, lines 7 — 45.) Second, in order that
the initial movement of the brake pedal 70 activates only the

regenerative braking process (in order to obtain the maximum
benefit therefrom), a mechanism is provided so that the rod 262

actuating the piston within master cylinder 264 and thence the

wheel brakes 260 moves a distance X before the master cylinder

itself is actuated. In the implementation shown, this mechanism

simply involves provision of a cross-pin 266 fixed to rod 262 and

sliding within a slot 268 formed in the piston rod 270 of master

cylinder 264; accordingly, the master cylinder piston(s) do not

begin to move until the cross-pin 266 reaches the left end of slot
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268. If the overall pedal travel Y is six inches, the distance X
defined by slot 268 may be such as to allow pedal 70 to move freely
through 1-1/2 inches before the piston(s) of the master cylinder
264 begins to move.

Thus, according to this aspect of the invention, potentiometer
71 provides a signal to the microprocessor 48 when the brake pedal
70 is depressed by the driver. The microprocessor 48 evaluates the
battery bank state of charge (SOC) as indicated at 66; unless this
is such that further charging is undesirable, the inverter/chargers
224 and 27 are operated such that motors 222 and 25 are operated as
generators, so that torque provided to the wheels by the road is
converted into electrical power, retarding the vehicle and charging
the battery bank. The degree of retardation thus provided depends
on the degree to which pedal 70 is depressed. The driver feels
resistance to depressing the pedal from air resistance controlled
by the opening of needle valve 242; microprocessor 48 controls the
opening of valve 242 so that the pedal feel corresponds to the
degree of regenerative braking that is provided. In the event
regenerative braking is nOt available for some reason, perhaps
because the battery bank is fully charged, because of some flaw in
the charging cirduits, 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.

H¥A§_§¥§L§m

The essential components of the heating, ventilation and air
conditioning (HVAC) systems of conventional vehicles are a heater
core, connected to the engine cooling system, an air conditioning
system including an evaporator, and a fan to blow air over the
heater core and evaporator and into the passenger cabin. There are
several issues to 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
Imjtor/generator used to drive the ancillaries during electric
operation can be used as a generator when the vehicle is propelled
by an internal combustion engine.

Fig. 16 shows the principal components of an HVAC system for
a hybrid vehicle according to the invention. The complex ducting
that is typically provided to supply conditioned air throughout the
vehicle cabin is represented by a single duct 300. A fan 302
forces air through the duct 300, and in succession past an

evaporator 304, a heater core 306, and an electric heater 308. The
evaporator 304 is connected to an air conditioning compressor 310
driven by an electric motor 312 powered from the battery bank, so
that the air conditioning system can be operated independent of the
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engine 40.

Motor 312 could. be the same ‘motor used to power other
ancillaries, such as the vacuum pump 256 (Fig. 15) used to provide
servo assistance to the brake system, or could be a separate motor
dedicated to powering the compressor 310. The latter may be
preferred, as this would allow elimination of the clutch otherwise
needed to permit operation of the compressor only when needed;
elimination of the clutch would also allow elimination of seals
that are a source of leaks. Another advantage of driving the
compressor from the battery bank according to the invention is as
follows. Conventionally, in order to 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
liigher 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 system, including an expansion 'valve 314 and a
condenser 316, are ishown 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 Iheating element 308, essentially
comprising a coil of Nichrome wire or the like, is provided, again
downstream of the evaporator 304r Heating element 308 is provided
with conventional controls (not shown) and is powered directly from
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It will be appreciated that according to this aspect of the

invention, suitably heated or cooled cabin air is thus available
regardless of the mode of operation of the vehicle, as needed in
order that the hybrid vehicle of the invention suffers no comfort

Indeed, because ample electrical power is available from the large
battery bank of the hybrid vehicle, electric heater 308 can be
designed to heat the cabin much more rapidly than does the coolant
heat exchanging core of a conventional engine, thus providing a
convenience advantage. Similarly, conductors can be 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'inverter/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 propelled by torque from said traction motor in response to
electrical power drawn from said battery bank;

~ a mode II, wherein said vehicle is propelled by torque from
said traction motor in response to electrical power drawn from said
battery' bank, and said starter/generator is driven by torque
provided by said engine to provide electrical power to recharge
said battery bank;

a mode III, wherein said vehicle is propelled by torque from
said engine;

a mode IV, wherein said vehicle is propelled by torque from
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said engine and from said traction motor in response to electrical
35 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

40 response to a load equal at least to a predetermined minimum value

2. The method of claim 1, wherein said starter/generator is
sized with respect to said engine such that said starter/generator
is capable of being driven by said engine in said mode II while
said engine produces at least about 30% of its maximum torque

5 output.

_ 3. The method of claim 2, wherein said battery bank is sized
‘such that the charging current supplied by said starter/generator
in response to torque from said engine while producing at least
about 30% of its maximum torque output is no more than about 50

5 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 BL 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 MTG.

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 MTG, and if RL then exceeds
100% of MTO, torque required in excess of 100% of MTG 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 ndcroprocessor to vary the resistance to

motion of said pedal during braking responsive to the amount of

regenerative braking being provided comprises a pneumatic cylinder
having a piston sliding therein, said piston being operated by said
brake pedal, and comprising a vent passage including an orifice
controllable by said microprocessor to control the resistance to
motion of said pedal.

12. The brake system of claim 10, wherein said at least one

master cylinder is coupled to said brake pedal by an actuating rod
arranged so that said pedal can be moved through a predetermined
distance before said master cylinder begins to apply pressure to

said wheel brakes .

13. The brake system of claim 10, wherein said hydraulic

brake system comprises a servo actuator and a vacuum pump driven by
. a motor responsive to electrical power supplied from said battery

bank.
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‘predetermined modes of operation of said vehicle,

14. ‘A heating, ventilationp and air conditioning (HVAC)
system for a hybrid vehicle, said vehicle comprising a drive train
including an internal combustion engine run only during
predetermined modes of operation of s
traction motor adapted to prov1de vehicle propu

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

flow through said duct.

16. A method for determining the relative sizes of the
internal combustion engine, starting/charging and traction
motors, and battery bank of a hybrid vehicle comprising said
components, said method comprising the steps of:

a. selecting an internal combustion engine having
sufficient torque to drive the vehicle without trailer at medium
to high speed along a moderate grade;

b. sizing the starting/charging motor to provide an
engine load during battery charging equal to at least
approximately 30% of the enginefs maximum torque output;

0. sizing the traction motor to provide adequate torque
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at zero speed to overcome the maximum grade specified from rest,I

with the starter motor assisting as needed;
d. determining the maximum power drawn by the selected

motor under full power conditions;
calculating the battery voltage under

provide the power to be drawn by the
and so that the ratio of the battery

wn by the motor(s) is

e.

be required to

under full power conditions,

voltage under load to the peak current dra
at least 2.5:1, and

f. selecting th

voltage under peak load conditions.

e battery bank to provide the calculated
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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 bank, all controlled
by a microprocessor 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 load is at least equal to
30% of the engine's maximum torque output. In some embodiments, a
turbocharger may be provided, activated only when the load exceeds
the engine's maximum torque output for an extended period; a two-
speed transmission may further be provided, to further broaden the
vehicle's load range. A hybrid brake system provides regenerative
braking, with mechanical braking available in the event the battery
bank is fully charged, in emergencies, or at rest; a control
mechanism is provided to control the brake system to provide linear
brake feel under varying circumstances.
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