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STATEMENT REGARDING CHANGE FROM SMALL ENTITY STATUS

Patentee is no longer entitled to small entity status in the above-referenced patent.

No fees are believed necessary; however if any fees are required, the
Commissioner is hereby authorized to immediately charge the fees or credit any
overpayment to Meyertons, Hood, Kivlin, Kowert & Goetzel, P.C. Deposit Account No.
501505/6757-35500/DMM.

Respectfully submitted,

Date: January 7, 2013 By: /Dean M. Munyon/
Dean M. Munyon
Reg. No. 42,914

Meyertons, Hood, Kivlin, Kowert & Goetzel, P.C.
P. O. Box 398

Austin, Texas 78767

(512) 853-8800
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Electronic Acknowledgement Receipt

EFS ID: 14628313
Application Number: 09798511
International Application Number:
Confirmation Number: 9388

Title of Invention:

STATOR ASSEMBLY MADE FROM A PLURALITY OF TOROIDAL CORE

SEGMENTS AND MOTOR USING SAME

First Named Inventor/Applicant Name:

Griffith D. Neal

Customer Number:

35690

Filer:

Dean M. Munyon/Danielle Kramer

Filer Authorized By:

Dean M. Munyon

Attorney Docket Number: 6757-35500
Receipt Date: 07-JAN-2013
Filing Date: 02-MAR-2001
Time Stamp: 13:02:22

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
D t D t File N . . .
Number ocument Description rie Name Message Digest | Part/.zip| (if appl.)
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Total Files Size (in bytes):‘ 16835

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PQ. Box 1450

lesig‘?sd;(a),g\;ggmia 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
09/798,511 03/02/2001 Griffith D. Neal 8864/20
CONFIRMATION NO. 9388
35690 POA ACCEPTANCE LETTER
MEYERTONS, HOOD, KIVLIN, KOWERT & GOETZEL, P.C.

P.0. BOX 398

N AP A RO
AUSTIN, TX 78767-0398 0000000583129/8

Date Mailed: 12/24/2012

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 12/03/2012.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/sharris/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PQ. Box 1450

lesig‘?sd;(a),g\;ggmia 22313-1450
| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
09/798,511 03/02/2001 Griffith D. Neal 8864/20
CONFIRMATION NO. 9388
757 POWER OF ATTORNEY NOTICE
BRINKS HOFER GILSON & LIONE

P.O. BOX 10395

IR VAT DM RO RR R
CHICAGO, IL 60610 000000058312955

Date Mailed: 12/24/2012

NOTICE REGARDING CHANGE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 12/03/2012.

+ The Power of Attorney to you in this application has been revoked by the assignee who has intervened as
provided by 37 CFR 3.71. Future correspondence will be mailed to the new address of record(37 CFR 1.33).

/sharris/

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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Electronic Acknowledgement Receipt

EFS ID: 14373018
Application Number: 09798511
International Application Number:
Confirmation Number: 9388

Title of Invention:

STATOR ASSEMBLY MADE FROM A PLURALITY OF TOROIDAL CORE

SEGMENTS AND MOTOR USING SAME

First Named Inventor/Applicant Name:

Griffith D. Neal

Customer Number:

757

Filer:

Dean M. Munyon/Dawn Deluca

Filer Authorized By:

Dean M. Munyon

Attorney Docket Number: 8864/20
Receipt Date: 03-DEC-2012
Filing Date: 02-MAR-2001

Time Stamp: 20:35:31

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
D tD t FileN . . .
Number ocument Description rie Name Message Digest | Part/.zip| (if appl.)
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




PTO/SB/96 (07-09)

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

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

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

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner: Intellectual Ventures Holding 88 LLC

Application No./Patent No.; 7036207 Filed/Issue Date: 05/02/2006

Titled:  STATOR ASSEMBLY MADE FROM A PLURALITY OF TOROIDAL CORE SEGMENTS AND MOTOR USING
SAME

Intellectual Ventures Holding 88 LLC .a LIMITED LIABILITY COMPANY

(Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.

states that it is:

1. the assignee of the entire right, title, and interest in;

2. |:| an assignee of less than the entire right, title, and interest in
(The extent (by percentage) of its ownership interest is %); or
3. |:| the assignee of an undivided interest in the entirety of (a complete assignment from one of the joint inventors was made)
the patent application/patent identified above, by virtue of either:
A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in

the United States Patent and Trademark Office at Reel , Frame , or for which a
copy therefore is attached.

OR
B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:
1. From: Griffith D. Neal To: Encap Motor Corporation
The document was recorded in the United States Patent and Trademark Office at
Reel 012135 ,  Frame 0350 , or for which a copy thereof is attached.
2. From: Encap Motor Corporation To: Encap Merger Co., Inc.
The document was recorded in the United States Patent and Trademark Office at
Reel 018524 , Frame 0001 or for which a copy thereof is attached.
3. From: Encap Merger Co., Inc. To: Encap Technologies, Inc.

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

Reel 018524 , Frame 0039 or for which a copy thereof is attached.

Additional documents in the chain of title are listed on a supplemental sheet(s).
As required by 37 CFR 3.73(b)(1)(i), the documentary evidence of the chain of title from the original owner to the assignee was,
or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in
accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Dean M. Munyon/ 12/3/2012
Signature Date

Dean M. Munyon Reg. No. 42,914
Printed or Typed Name Title

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time
you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.

Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner
for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark

Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

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

1.

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

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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Supplemental Sheet

A chain of title from the inventor(s), of the patent application/patent identified above, to the current
assignhee continues as follows:

Encap Technologies Inc. Intellectual Ventures Holding 88 LLC

4. From: To:

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

Reel 029228 , Frame 0379 , or for which a copy thereof is attached.
5. From: To:

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

Reel , Frame , or for which a copy thereof is attached.
6. From: To:

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

Reel , Frame , or for which a copy thereof is attached.
7. From: To:

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

Reel , Frame , or for which a copy thereof is attached.
8. From: To:

The document was recorded in the United States Patent and Trademark Office at
Reel , Frame , or for which a copy thereof is attached.



Applicant or Patentee: Griffith D. Neal

Serial or Patent No: 7,036,207 ) T CaseNo..  8864-20

Filed or Issued: May 2, 2006 T — e

For; STATOR ASSEMBLY MADE FROM A PLURALTTY OF TOROIDAL CORE SEGMENTS AND MGTOR USING SAME
e SR D AND MOTOR USING SAME

VERIFIED STATEMENT (DECLARATION) CLAIMING SMALL ENTITY STATUS
(37 CFR 1.9(f) and 1.27(c)) - SMALL BUSINESS CONCERN

I hereby declare that | am

[} the owner of the small business concern identified below:
X an official of the small business concern empowered to act on behalf of the concern identified below:
NAME OF CONCERN: ENCAP TECHNOLOGIES, INC. _
ADDRESS OF CONCERN: 1334 Bay Street, Alameda, California 94501 . - T
2t bay o Loy —_—n e

I hereby declare that the above identified small business concern qualifies as a small business concern as defined in 13 CFR 121.3-18, and reproduced in 37 CFR 1.9(d), for
purposes of paying reduced fees under Section 41(a) and (b) of Title 35, United States Code, in that the number of employees of the concern, including those of its affifiates,
does not exceed 500 persons. For purposes of this statement, (1) the number of employees of the business concern is the average o S

concern of the persons employed on a full-ime, part-time or temporary basis during each of the e

when either, directly or indirectly, one concern controls o nas the power (o control the other, o &

I hereby declare that rights under contract or law have been conveyed to and remain with the small business concern identified above with regard to the invention, entitied
STATOR ASSEMBLY MADE FROM A PLURALITY OF TORQIDAL CORE SEGMENTS AND MOTOR USING SAME by inventor(s) Griffith D, Neal described in:

O the specification filed herewith,
[} application serialno. ____ filed
patent no. 7,036,207, issued May 2, 2006.

Ifthe rights held by the above identified small business concern are not exclusive, each individual, concern or organization having rights to the invention is listed below* and no

rights to the invention are held by any person, other than the inventor, who would not qualify as an independent inventor under 37 CFR 1.9(c) if that person made the invention,

or by any concern which would not qualify as a small business concern under 37 CFR 1.9(d), or a nonprofit organization under 37 CFR 1.9(e). "NOTE: Separate verified
statements are required from each named person, concern or organization having rights to the invention averring to their status as small entities, (87 CFR 1.27)

NAME
ADDRESS
[ INDIVIDUAL (T SMALL BUSINESS CONCERN [Z] NONPROFIT ORGANIZATION
NAME - e
ADDRESS
[ INDIVIDUAL ] SMALL BUSINESS CONCERN [7J NONPROFIT ORGANIZATION

I acknowledge the duty to file, in this application or patent, notification of any change in status resulting in loss of entitlement to smat entity status prior fo ggaying. or at the time
of paying, the earliest of the issue fee or any maintenance fee due after the date on which staius as a small enlity is no longer appropriate. (37 CFR 1.28(1))

I hereby declare that alf statements made herein of my own knowledge are true and that all statements made on information and belief are believed to be true; and further that
these statements were made with the knowledge that wilful 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 williul false statements may jeopardize the validity of the application, any patent issuing thereon, or any patent to which this
verified statement is directed.

SIGNATURE 7 9. 2 oate /[ -22-//

NAME OF PERSON SIGNING Giiffih's, Neal h

TITLE OF PERSON OTHER THAN OWNER CEO o

ADDRESS OF PERSON SIGNING 1334 Bay Street, Alameda, California 94507 -
BRINKS HOFER GILSON & LIONE

P.0. BOX 10395
Chicago, Hllinois 60610
(312) 321-4200
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Electronic Acknowledgement Receipt

EFS ID: 11703033
Application Number: 09798511
International Application Number:
Confirmation Number: 9388

Title of Invention:

STATOR ASSEMBLY MADE FROM A PLURALITY OF TOROIDAL CORE
SEGMENTS AND MOTOR USING SAME

First Named Inventor/Applicant Name:

Griffith D. Neal

Customer Number:

757

Filer:

Steven P. Shurtz/Kristin Hooper

Filer Authorized By:

Steven P. Shurtz

Attorney Docket Number: 8864/20
Receipt Date: 23-DEC-2011
Filing Date: 02-MAR-2001
Time Stamp: 15:57:46

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
D t D t File N . . .
Number ocument Description rie Name Message Digest | Part/.zip| (if appl.)
- . ) . 105855
1 Petition for review by the Office of 8864-20_Verified_Statement_C 1
Petitions. laiming_Small-Entity.pdf ne
53e8f7b5206719feb45d4985d743705a8fd
Warnings:
Information:
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Total Files Size (in bytes):‘ 105855

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OFFICE

United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450 .

Alexandria, Virginia 22313-1450

UNITED STATES DEPARTMENT OF COMMERCE

WWW.Uspto.gov
% *
BIBDATASHEET CONFIRMATION NO. 9388
Bib Data Sheet
FILING OR 371(c)
SERIAL NUMBER DATE CLASS GROUP ARTUNIT | JUTTORNEY
09/798,511 03/02/2001 029 3726 8864/20
RULE
APPLICANTS
Griffith D. Neal, Alameda, CA;
<33 CONTINUING DATA dedkkdkhkhhhhhhhihhhkddidhikhid
b & FOREIGN APPLICATIONS RRARRARERAEARARRR RN
IF REQUIRED, FOREIGN FILING LICENSE GRANTED
** 05/15/2001
Foreign Priority claimed D yes D no
- STATEOR | SHEETS TOTAL |INDEPENDENT
35 USC 119 (a-d) conditions ﬂxng no U Met afer COUNTRY | DRAWING | CLAIMS CLAIMS
Verified and CA 6 29 5
IAcknowledged Examiner's Signature Initials
IADDRESS
00757
TITLE

ISTATOR ASSEMBLY MADE FROM A PLURALITY OF TOROIDAL CORE SEGMENTS AND MOTOR USING
ISAME

LD All Fees I
|I:I 1.16 Fees ( Filing ) |

FILING FEE |FEES: Authority has been given in Paper D 1.17 Fees ( Processing Ext. of
RECEIVED [No. to charge/credit DEPOSIT ACCOUNT  |time )
No. for following:
843 wing ID 1.18 Fees ( Issue ) .
|D Other ]

|D Credit |
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“ PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Meil  Mall Stop ISSUE FEE
ommissloucr for Pateats
P.O. Box 1450
Alexandrh. Virginia 22313-1450

orEax  (571)273-2885

INSTRUCTIONS: This farm should be used for transmiing the [SSUE FEE and PUBLICATION FEE (if reqm:chBlocb I through § should be comp!eud whm
mprme All funther correspondence including the Patent, advance orders and ootification of mauucmncc fees witl be mailed to e current cc address
ted \ml;ss corr;x:cd below or directed otherwise in Block |, by (a) specifying o new correspandence addsess; ead/or (b) indicating a separate “FEE ADDRESS" fm
ice (et man (=i
CURRENT 0P AESFONDENCE ADDRESS (Nows: Use foeh 1 r ey chage of sdiess) Note: A cerdficate of mdmg caa caly be used for domestc mailings of the
Fex(s) Tnasmu:nl This certificnte cannot be used {or soy other scemrpmymg
formal drawing, mvus

g paper, such s an assignment ar
Ve its owD ecmﬁw.: of maflm@or traasmissies.

00737 350 12152005
BRINKS HOFER GILSON & LIONE/Q N ¢ Cerufiateof Malig or Trassaasion .
angm. zposited
P.0. BOX 10395 Smﬂe: mJ mcle wnh:fx‘ t ¢ for I':Et class ul:ml“:ammm:m&lox:

CHICAGO, IL 60610 addressed to the Mnil Siop {SSUE address sbove, of b:mF facsimule

transmirted to the USFTO (571) 273-2885, on the date indicated befow.

02/02/2006 HGEBREHZ 00000045 09798511 Steyen P. Shurtz (Reg. No. 23)
01 FC:1501 1400.00 0P Vi P A2z (sigur)
02 FC:1504 300.00 0P yyrn o)
[ “arrucamonwo. | mumcoare | FIRST NAMED NVENTOR | ATToRNEY DOCKET NO. | canmrMaTIoN No. ]

09/798,541 03/6272001 Griffith D. Neal 8564720 9388

TITLE OF INVENTION: STATOR ASSEMBLY MADE FROM A PLURALITY OF TOROIDAL CORE SEGMENTS AND MOTOR USING SAME

[ aemmTyee | smaLemry ! ISSUE FEE ]' PUBLICATIONFEE | TOTALFEE(S)DUE | DATE DUE |
caaprovisional <85~ Ao s190f [, OO 5300 e 03152006
: et N Y
[ EXAMINZR I ART UNIT [ cuasssueciass | 417
COMPTON, ERIC B 3726 029-596000

1. Charge ol’ccncs;;mdm address or indicetion of “Fee Address” (37 2. For printing on the patent froot page, list

CFRI ? (i) the names of up to 3 registered paient anornrys ! Brinks Hofer Gilson
O crem rcof cal m}'cncc midrua {or Change of Correspondence or agents OR, sliermatively, & Lione
Adtress lom PTOSB/22) stuched. (2) the name of  single firm (Raving as & memt 2
O "Fee Adcress™ indication (or *Fee Address” Indication form regisiered emarmey of sgent) and the cames of up m
PTQ/SB/47; Rev 0302 or more recent) aneched. Use of @ Customer 2 registered patent attorney's or sgeots. ifnoname s 3
Number i rcquknd. tisted, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an nss“?xu is identified below, o essignee data will wpgm pum 1f an assignes Is identified below, the document bas been filed for

recordation as set forth in 37 CFK 3110 Comp!enmoflb.s form is NOT a suk
{A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Encap Motor Corporation Alameda, CA

Please check the appropriste assignce category or categorica (will not be printed an e patent) QO individuay 8 Corporation of otker privste group entity 0 Governmen:

4a. The {ollowing foe(s) are enclosed: 4b, Peywent of Fee(s):
Issue Fee 0 A chock in the amount of the fee(s) is enclosed.
%) Publication Fec (Mo small catity discount p:rmmad) amtwm:wd?m PTO-2038 i auached

O Advesce Ord= « ¥ of Capies

(3 The Direetor is berel the 4 f ain
B o R Y PP s & it 0, o g e
5, Chenge lo Patity Statns {from status indicated above)

0 & Applicant etaices SMALL ENTITY status. Sec 37 CFR1.27. &3 b. Applicant is u0 longer clsiming SMALL ENTITY status. See 37 CFR 1.27(3)(2).

The Director of the USPT'O is rcquci'ed to ly the Issue Fee ond Pubhumn Feo (if- o1 ly previously paid.issue fee to the application ideatified
NOTE: The lssue Fee nnd P Fes g A d) will not bo 4 from { otn?c}zb« mtbagj; up;‘!)lycuu: & r¢ (EM auorney or q;:n:e%: ho azsignce or o‘t:y;.cny in
interest a3 shown by the records of the Unued States Potent and Trademark Omu

Authorized Slgnature mﬂm ]9 MMZ" Date r-/1-7/06

Typed or printed name Steven P. Shurtz Registration No. 31,424

This callection of informanon 3 required by 37 CFR 1.311. The information is required to obtain or retain u benefit by the pudlic which is w file (aod by tbe USPTH process
w tpplmnon anﬁdmmlxty u:;vemed 35 U.S.C. 122and 37 CFR L.14, callection is estimoted to bg mmgzm 10 complete, m:lb(ldhxbzﬂhun' i1 ang

form to the USPTO. Time will ? upon the individual case. Any on the lmnum of ime you Sew

this form & mdx’m sugy zsdons lo: reducin dns burden, should be sent to ief loformation Officer, U.S. Palent and Tnd:m.n.'k Office, U.S. Depanment ¢ Cammcmc 0.

R?a ugg A\!, l un?{n:a 22313-1450. DO NOT SEND FEESOR OOM?L.ETED FORMS TO TH1S ADDRESS. SEND TO: Commissionet for Pateats, P.O. Box 1450,
exandria, Virginia

Under the Paperwork Reduction Act of 1995, oo persons are required to respond to & collecdon of information unless it displays o valid OMB control number. -

PTOL-8S (Rev. 07R05) Approved for use through 04/30/2007. OMB 06510033 U.S. Paiest and Trademark Office; U.S. DEPARTMENT OF COMMERCE

AdOD I8V 1ivAVY 1S34

17



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
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NOTICE OF ALLOWANCE AND FEE(S) DUE

00757 7590 12/15/2005 |
BRINKS HOFER GILSON & LIONE

P.0. BOX 10395
CHICAGO, IL 60610 |

EXAMINER J
COMPTON, ERIC B

ART UNIT l PAPER NUMBER J

3726
DATE MAILED: 12/15/2005

| APPLICATION NO. [ FILING DATE I FIRST NAMED INVENTOR ATTORNEY DOCKET NO. I CONFIRMATION NO. I
09/798,511 03/02/2001 Griffith D. Neal 8864/20 9388
TITLE OF INVENTION: STATOR ASSEMBLY MADE FROM A PLURALITY OF TOROIDAL CORE SEGMENTS AND MOTOR USING SAME

| APPLN. TYPE [ SMALL ENTITY [ ISSUE FEE ] PUBLICATION FEE [ TOTAL FEE(S) DUE [ DATE DUE ]

03/15/2006

nonprovisional YES $700 $300 $1000

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS . 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 US.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL
BE REGARDED AS ABANDONED.

HOW TO REPLY TO THIS NOTICE:
I. Review the SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current
SMALL ENTITY status:

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

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

If the SMALL ENTITY is shown as NO:

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

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

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. 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.

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail  Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

or Fax (571) 273-2885

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying
gapers. Each additional paper, such as an assignment or formal drawing, must

00757 7590 12/15/2005 ave its own certificate of mailing or transmission.
BRINKS HOFER GILSON & LIONE Certificate of Mailing or Transmission
P.O. BOX 10395 I hereby certify that this Fee(s) Transmittal is being deposited with the United
ey States Postal Service with sufficient postage for first class mail in an envelope
CHICAGO, IL 60610 addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.
{(Depositor’s name)
(Signature)
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nonprovisional YES $700 $300 $1000 03/15/2006
| EXAMINER | ART UNIT l CLASS-SUBCLAS S ]
COMPTON, ERICB 3726 029-596000

1. Chalmfﬁes;)f correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list

CFR (1) the names of up to 3 registered patent attorneys 1
(J Change of correspondence address (or Change of Correspondence or agents OR, alternatively,

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2

(3 "Fee Address” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer | 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

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

PLEASE NOTE: Unless an 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) : O individuat O Corporation or other private group entity O Government

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
(3 1ssue Fee {J A check in the amount of the fee(s) is enclosed.
(O Publication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.
0 Advance Order - # of Copies  The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number (enclose an extra copy of this for?nx)).

5. Change in Entity Status (from status indicated above)
Qa. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Ov. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
The Director of the USPTO is requested to agply the Issue Fee and Publication Fee (if any) or to re- Slply any previously paid issue fee to the application identified above.

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

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit bg 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, an

submitting the completed application form to the USPTO. Time will vag déﬁ_endinﬁ upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,

Alexandria, Virginia 22313-1450.
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0. Box 1450

Alexandria, Virginia 22313-1450
Www.uspto.gov
[ APPLICATION NO. [ FILING DATE | FIRST NAMED INVENTOR LATI‘ORNEY DOCKET NO. ] CONFIRMATION NO. |
09/798,511 03/02/2001 Griffith D. Neal 8864/20 9388
00757 7590 12/152005 | EXAMINER |
BRINKS HOFER GILSON & LIONE COMPTON, ERIC B
P.0. BOX 10395
CHICAGO, IL 60610 L ART UNIT I PAPER NUMBER l

3726

DATE MAILED: 12/15/2005

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.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571) 272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.

Page 3 of 3
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Application No. Applicant(s)
. re 09/798,511 NEAL, GRIFFITH D.
Notice of Allowability Examiner Art Unit
Eric B. Compton 3726

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS

NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative

of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [X] This communication is responsive to an amendment filed September 26, 2005 .

2. [X] The allowed claim(s) is/are 1,3-15,17,19-26 and 30-35.

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

a)[dJ Al b)[JSome* c¢)[JNone of the:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. _____
3. [] Copies of the certified copies of the priority documents have been received in this national stage application from the

International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: _____
Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements

noted below. Failure to timely comply will resultin ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

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

5. D CORRECTED DRAWINGS ( as "feplacerhent sheets”) must be submitted.
(a) [ including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
A 1) [ hereto or 2) ] to Paper No./Mail Date _____.
(b) [ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date ______.

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)
1. X Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application (PTO-152)
2. [ Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [J interview Summary (PTO-413),
Paper No./Mail Date ______.
3. [ Information Disclosure Statements (PTO-1449 or PTO/SB/08), 7. 1 Examiner's Amendment/Comment
" Paper No./Mail Date
4. [J Examiners Comment Regarding Requirement for Deposit 8. [X] Examiner's Statement of Reasons for Allowance
of Biological Material
9.JOther .
U.S. Patent and Trademark Office
PTOL-37 (Rev. 7-05) Notice of Allowability Part of Paper No./Mail Date 12082005
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Application/Control Number: 09/798,511 Page 2
Art Unit: 3726

DETAILED ACTION
Remarks

1. Applicant’'s amendment and arguments in support thereof, dated September 26,
2005, have been found persuasive.
2. The following is an examiner’s statement of reasons for allowance: the prior art of
record does not teach or suggest a stator assembly (and method of making),
comprising: “a plurality of individual stator arc segments forming a toroidal core wherein
each stator arc segment has two end surfaces and a plurality of poles with wire around
said poles forming the toroidal core; and a monolith body of injection molded
thermoplastic material substantially encapsulating the stator are segments and the wire
wound around the poles, wherein said thermoplastic material bonds the arc segments
together to hold the arc segments in a toroidal shape,” in combination with the other
claimed subject matter.

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.”

3. The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure.

U.S. Pats. 6,265,804 & 4,990,809; EP 0938181 & DE 26 53 387 disclose

segmented core stator assemblies. However, the stator assembly is not encapsulated.

22



Application/Control Number: 09/798,511 Page 3
Art Unit: 3726

JP 06-327208 discloses a method for forming stator in which a plurality of stator
iron core sections is encapsulated. However, the reference does not teach or suggest
“each stator arc segment has two end surfaces and a plurality of poles with wire around
said poles forming the toroidal core.”

U.S. Pats. 6,509,665; 6,359355; 5,212,419; & 5,134,327 discloses a segmented
stator assembly. However, each stator segment only has a single pole.

U.S. Pat. 6,362,553 discloses a stator strip which is bent to form the stator.

Contact Information

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Eric B. Compton whose telephone number is (571) 272-
4527. The examiner can normally be reached on M-F 9-5.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, David Bryant can be reached on (571) 272-4526. 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).

23



Application/Control Number: 09/798,511
Art Unit: 3726

ebc

Eric B. Compton
Primary Examiner
Art Unit 3726

Page 4
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Application/Control No.

Applicant(s)/Patent Under
Reexamination

09/798,511 NEAL, GRIFFITH D.
Notice of References Cited S AU
Eric B. Compton 3726 Page 1of 1
U.S. PATENT DOCUMENTS
County Codoumverind Code. | MMEYYYY Name Classification
A | US-4,128,527 12-1978 Kinjo et al. 310/43
B | US-4,990,809 02-1991 Artus et al. 310/192
C | US-5,134,327 07-1992 Sumi et al. 310/43
D | US-5,212,419 05-1993 Fisher et al. 310/254
E | US-5,859,486 01-1999 Nakahara et al. 310/254
F | US-6,049,153 04-2000 Nishiyama et al. 310/156.53
G | US-6,265,804 07-2001 Nitta et al. 310/259 -
H | US-6,359,355 03-2002 Hartsfield et al. 310/89
I | US-6,362,553 03-2002 Nakahara et al. 310/254
J | US-6,509,665 01-2003 Nishiyama et al. 310/215
K | US-6,844,636 01-2005 Lieu et al. 310/43
US-6,856,065 02-2005 Suzuki et al. 310/218
M | US-
FOREIGN PATENT DOCUMENTS
Coumr?‘}ﬁ,‘:,';’_ﬁ'l‘,ﬁ‘;‘e’mﬁ; Code MM[?’tsYY Country Name Classification
N | 2653387 06-1978 DE INTERMADOX
O | 01-138936 05-1989 JP SHIBAURA
P | 04-029536 01-1992 JP NIPPON
Q | 06-327208 11-1994 JP SEIKO
R | 10-243595 09-1998 JP KK ARON
S | 0938181 08-1999 EP SIEMENS
T
NON-PATENT DOCUMENTS
Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U | G.D. Neal et al. "Ceramic Filled Thermoplastic Encapsulation as a Design Feature for a BLDC Motor in a Disk Dirve" IEEE 2000
\
w
X

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

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

Notice of References Cited

Part of Paper No. 12082005
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DERWENT-ACC-NO: 1978-E4108A

DERWENT-WEEK: 197823

COPYRIGHT 2005 DERWENT INFORMATION LTD

TITLE: Stepping motor with permanent magnet rotor - has stator
comprising laminated sheet metal segments combining
together in peripheral direction to form circular ring

PATENT-ASSIGNEE: INTERMADOX AG [INTEN]

PRIORITY-DATA: 1976DE-2653387 (November 24, 1976)

PATENT-FAMILY:

PUB-NO PUB-DATE LANGUAGE PAGES
MAIN-IPC
DE 2653387 A June .1, 1978 N/A 000 N/A

INT-CL (IPC): HO02K037/00

ABSTRACTED-PUB-NO: DE 2653387A
BASIC-ABSTRACT:

The stepping motor has permanent magnet rotor and a stator comprised of stamped
sheet-metal parts axially laminated together to carry the excitation windings
bedded into slots. To avoid the high costs of mfg. the stamped sheet-metal
component parts, which in itself requires an expensive stamping machine tool,
according to the invention, the stator comprises sheet-metal segments that
combine together in the peripheral direction in circular ring fashion to form a
laminated structure.

The sheet-metal segment specif. have pole teeth on their edge(s) facing the
rotor, the pole teeth serving to specif. fix or establish the step(ping) angle

of the rotor.

TITLE-TERMS: STEP MOTOR PERMANENT MAGNET ROTOR STATOR COMPRISE LAMINATE SHEET
METAL SEGMENT COMBINATION PERIPHERAL DIRECTION FORM CIRCULAR RING

DERWENT-CLASS: V06 X11

12/8/2005, EAST Version: 2.0.1.4
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DE 2653387 A1

® Int. CI. 2: H02K 37/00 -
BUNDESREPUBLIK DEUTSCHLAND <
™~
(-]
DEUTSCHES PATENTAMT ™
™
D
c ©
- N
..... m
(o]
® Offenlegungsschrift 26 53 387
@ Aktenzeichen: P 2653 387.9
@ Anmeldetag: 24.11.76
® Offenlegungstag: 1. 6.78
@ Unionsprioritat:
@00 -
® Bezeichnung: Schrittmotor
Anmelder: Intermadox AG, Zug (Schweiz)
@ Vertreter: Liska, H., Dr.-Ing., Pat.-Anw., 80600 Miinchen
@ Erfinder: Nichtnennung beantragt
© 578 809822/86 /60

12/8/2005, EAST Version: 2.0.1.4
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2653387
-

Patentanspriche

(E:)Schrittmbtor, mit einem Permanentmagnetrotor und einem
aus Blechstanzteilen axial geschichteten Stator, der
in Nuten eingelegte Erregerwicklungen trdgt, dadurch
gekennzeichnet ,b daB der Stator aus in
Umfangsrichtung kreisringférmig zusammensetzbaren Blech-
segmenten (1) geschichtet ist.

2. Schrittmotor nach Anspruch 1, dadurch ge ke nn -
zeichnet , dad die Blechsegmente (1) auf ihrer dem
Rotor zugekehrten Kante Polz&hne (2) aufweisen, die den
Schrittwinkel des Rotors festlegen, daB die Polzdhne (2)
um einen halben Zahnabstand oder ein ganzzahliges Viel-
faches davon in Umfangsrichtung gegen den das Blechseg-
ment (1) halbierenden Segmentradius versetzt sind und
daB die Blechsegmente (1) in Umfangsrichtung abwechselnd

- auf der Blechvorderseite bzw. der Blechriickseite liegend
kreisringf8rmig zusammengesetzt geschichtet sind.

3. Schrittmotor nach Anspruch 1 oder 2, dadurch gekenn -
zeichnet , daB die Blechsegmente (1) an ihren in
Umfangsrichtung einander zugekehrten Stirnkanten Aus-
nehmungen oder Ansdtze aufweisen, die bei geschichtetem

Stator miteinander fluchten und daB8 in die miteinander
fluchtenden Ausnehmungen oder auf die miteinander fluch-
tenden Ansitze axial sich erstreckende Verbindungsstangen
(5) eingesetzt bzw. aufgesetzt sind.

4, Schrittmotor nach Anépruch 3, dadurch ge kennzelch-
net , daB die Querschnittsform der Verbindungsstangen (5)
der Form der geschichteten, miteinander fluchtenden Aus-
nehmungen bzw. Ansidtze angepaBt ist.'

80382270088
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Schrittmotor nach Anspruch 4, dadurch ge k e nn -
Zelchnet ,6 da8 die Ausnehmungen oder die Ansitze
Schwalbenschwanzform haben.

Schrittmotor nach Anspruch 4, dadurch gekenn -
zelchnet , daB8 die Ausnehmungen Trapezform haben.

Schrittmotor nach einem der Anspriiche 3 bis 6, dadurch
gekennzelchnet,b daB an den Enden der Ver-
bindungsstangen (5) Motorabdeckungen (7) angeschraubt
sind, die in den Rotorraum des Stators eingreifen.

Schrittmotor nach Anspruch 7, dadurch gekenn -
Zzelchnet , das an den in den Rotorraum eingrei-
fenden Teilen der Motorabdeckungen (7) Lager (8) ftir
den Rotor gehalten sind.

Schrittmotor nach Anspruch 7, dadurch gekenn-
zeilchnet, daB eine der Motorabdeckungen (7)
einen Klemmenkasten (10) fiir den elektrischen Anschlu8
des Schrittmotors trigt.

Schrittmotor nach einem der voranstehenden Anspriiche,
dadurch gekennzeichnet , daB die Anzahl
der in Umfangsrichtung aufeinanderfolgenden Blechseg-
mente (1) gleich der Phasenzahl des Schrittmotors ist.

Schrittmotor insbesondere nach einem der voranstehen-
den Ansprliche, mit einem Rotor, welcher wenigstens zwei
axial nebeneinander angeordnete, in axialer Richtung
magnetisierte und mit Polschuhen versehene Permanent-
magnete aufweist, dadurch gekennzeichnet ’
das in axialer Richtung des Rotors aufeinanderfolgende
Permanentmagnete (20) jeweils in entgegengesetzter
axialer Richtung magnetisiert sind, so daB sich gleiche
Magnetpole (19) axial gugenilberliegen.

809822/0088
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Schrittmotdr nach Anspruch 11, dadurch ge kenn -
zelchnet., dad die Polschuhe (21) axial auf-
einanderfolgender Permanentmagnete- (20) aneinander

anliegen.

Schrittmotor insbesondere nach einem der voranstehenden
Anspriiche, dadurch gekennzeichnet ,hb das
jede Erregerwicklung aus mehreren, parallel in die Nut
bzw. Nuten der Erregerwicklung eingebrachten Einzel-
wicklungen besteht.

Schrittmotor nach Anspruch 13, dadurch gekenn -
zelchnet , daB die Enden der Einzelwicklungen
getrennt aus jeder Erregerwicklung herausgefiihrt sind
und daB die Einzelwicklungen auBerhalb der Erregerwick-
lung insbesondere mittels einer Steuerschaltung zueinan-
der in Serie oder zueinander parallel schaltbar sind
oder in zueinander parallel geschalteten Einzelwick-
lungsgruppen in Serie schaltbar sind oder in zueinander
in Serie geschalteten Einzelwicklungsgruppen parallel
schaltbar sind.

Schrittmotor nach Anspruch 14, dadurch gekenn -
zelchnet , daB die Einzelwicklungen derselben

Erregerwicklung in Se;ie und/oder parallel geschaltet

sind.

Schrittmotor nach Anspruch 14, dadurch gekenn -
ze i chnet , daB Einzelwicklungen verschiedener
Erregerwicklungen in Serie und/oder parallel geschaltet
sind.

8B0D9822/008R
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17. Schrittmotor nach einem der Anspriiche 13 bis 16,
dadurch gekennzeichnet ¢, daB jeder
_Einzelwicklung oder jeder Einzelwicklungsgruppe
eine eigene, der Einzelwicklung bzw. der Einzelwick-
lungsgruppe einen Erregstrom bzw. eine Erregerspan-
nung zufthrende Steuerschaltung zugeordnet ist.

18. Schrittmoter nach einem der Angpriiche 13 bis 17,
dadurch gekennzeichnet, da8 jede Erregerwicklung aus
mehreren, parallel gewickelten Einzeldrihten besteht,
von denen jeder eine Einzelwicklung bildet.

809822/0086
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Schrittmotor

Es ist bekannt, Schrittmotoren-Statoren aus gestanzten Blechen
zu schichten, wobei das Statorblech einen geschlossenen Kreis-
ring mit den entsp:echenden Aufnahmedffnungen fiir die Wicklung
und die erforderlichen Polteilungen enthdlt. Es ist weiterhin
bekannt, den Stator fir Schrittmotoren so aufzubauen, dag die
Pole aus U-formig gebogenem Blech gebildet werden, welche inein-
andergelegt werden, wodurch der gewiinschte Zahn-Liicke-Abstand
erreicht wird und welche U-f5rmigen Blechen die Wicklungen auf-
nehmen.

Wihtrend das erstbeschriebene Verfahren ein sehr kostenintensives
Stanzwerkzeug erfordert, ist beim zweiten Verfahren der Herstel-
lungsaufwand relativ hoch.

Demgegeniiber besitzt nachfolgend beschriebenes Verfahren diese
Nachteile nicht.

Der Stator wird hier aus Segmenten 1 aufgebaut, die aus gestanz-
ten und geschichteten Blechen bestehen. Die Segmente sind entspre- '
chend Fig. 1 so ausgelegt, das z.B. fir einen Vierphasen-Schritt-
motor vier gleiche Segmente gestanzt werden. Jedes Segment bein-
haltet die fiir den Schrittmotor chérakteristische Zahnausbildung

2 sowlie den Raum 3 zum Einlegen der Wicklungen.

Fig. 2 zeigt ein derartiges Segment. Die Zdhne 2'sind um einen
halben Zahnabstand in Umfangsrichtung gegen die Winkel~Halbierende
der Segmente 1 versetzt. Die Segmente 1 werden in Umfangsrichtung
des Stator abwechselnd auf der Blechvorderseite bzw. der Blech-
rlickseite liegend zusammengesetzt. FUr einen Vierphasenmotor
werden jeweils zwel Bleche auf der Vorderseite liegend und zwel

Bleche auf der Rﬂckseﬂiuzgyzgze])ﬁ Gwordnet.
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Die Herstellungskosten fiir ein derartiges Stanzwerkzeug sind
vergleichsweise gering zu denen fir ein kreisringfdrmiges Stator-
stanzwerkzeug. Dies ist insbesondere deshalb der Fall, weil das
Segment nur einen Teil des Bearbeitungsaufwandes beinhaltet wie
der fir den Kreisring erforderliche. Weiterhin 148t sich das
Segmentwerkzeug z.B. durch Drahterodieren in einem geschlossenén
Kurvenzug herstellen. Der Kreisring dagegen besteht aus zwei
Kurvenziigen. Da beim Stanzen der Segmente kaum Stanzabfille ent-
stehen im Vergleich zum Kreisring, sind die Materialkosten fiir
einen segmentweise aufgebauten Stator giinstiger. Fir einen Vier-
phasen-Motor besteht der Stator aus vier identischen Segmenten.
Die erforderliche Stiickzahl an Teilen vervierfacht sich daher zum
Kreisringstator. Dies bedeutet eine weitere Raticnalisierungsmig-
lichkeit bei der Herstellung des Segmentstators.

Um aus den Einzelsegmenten einen kreisringformigen Stator (Fig.3+4)
zu erhalten, sind die Segmente 1 an ihren Enden 4 so ausgebildet,
daB ein geeignet geformtes, z.B. schwalbenschwanzfdérmig gestal-
tetes Verbindungsstiick 5 aus magnetisch nichtleitendem Material

die Verbindung der Segmente untercinander herstellt. Die Lidnge
dieses Verbindungsstiickes eﬁtspricht dabei der Statorlidnge. Gleich-
zeitig tridgt dieses Verbindungsstiick an seinen Enden Stehbolzen 6.
Uber diese Stehbolzen wird das Statorblechpaket durch zusammen-
schrauben zusammengeprefit und ist somit gegen Verschiebungen ge-
sichert., Gleichzeitig bieten diese Stehbolzen die Mdglichkeit der
Befestigung der vorder- und rilickseitigen Motorabdeckungen 7, die
die Aufnahme 8 fiir die Lager der Rotorwelle sowie den Flansch 9

zur Motorbefestigung und einen Klemmkasten 10 zum elektrischen
Anschlufi des Motors enthalten, Diese Motorabdeckungen 7 sind so
ausgebildet, dafl sie gleichzeitig durch Hineinragen in den Rotor-
raum des Stators eine mechanische Abstiiztung 11 bilden und fiir
die Einhaltung des gewlinschten Luftspaltes zwischen Rotor und
Stator sorgen.

Der Rotor von Schrittmotoren ist fiir Motoren hdherer Leistung
iiblicherweise aus Permanentmagneten aufgebaut, die axial mag-
netisiert sind und auf deren I'olflidchen jeweils ein Polrad aus
geschichteten Blechen oder aus einem Sinterteil aufgebracht ist.

809822/[33086
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Zur Leistungssteigerung der Motoren werden dabei auch zwei und
mehr Magnete mit Polrddern verwendet. Aus Griinden der Magneti-
sierbarkeit werden diese Magnete jedoch alle in derselben Rich-
tung magnetisiert. Dies erfordert dann zwischen jedem Magnet-
system einen Luftspalt von,einigeh'Millimetern zur magnetischen
Entkopplung der Systeme. Trotz des Luftspaltes tritt noch ein
-StreufluB zwischen den Magnetsystem auf. Dieser geht der Motor-
leistung verloren und zur Erzielung eines bestimmten Drehmomentes
sind entsprechend grdfere oder bessere Magnete zu verwenden.
Dadurch entstehen erh6hte Kosten und eine gréfere Bauform. Die
hier beschriebene Magnetanordnung vermeidet diese Nachteile.
Entsprechend Fig.5 wird der Rotor so aufgebaut, daB die Polaritit
19 der Magnete 20 an ihren zuéammenliegenden Stirnseiten gleich-
gerichtet ist, z.B. Sidpol auf Siidpol trifft. Durch diese Magnet-
" anordnung kann der sonst erforderliche Luftspalt zwischen dem
System éntfallen und die gegenilberliegenden Polrdder 21 der beiden
Systeme diirfen zusammengeschoben werden. Falls noch weitere Systeme
folgen, wird nach der selben Regel verfahren. Die Vorteile sind
offenkundig. Ein StreufluB zwischen dem System tritt nicht mehr
auf. Die Bauform kann durch Verwendung kleinerer Magnete bei

- gleicher Leistung und durch Wegfallen des Luftspaltes reduziert
werden. )

Die Wicklungsausftihrung bei Schrittmotoren ist Ublicherweise so
gestaltet, daB fiir jede vom Strom durchflossene Wicklung ein der
Belastung entsprethender Drahtdurchmesser gewihlt wird. Insbe-
sondere bei hohen Erregergtrﬁmen ist deshalb ein relativ starker
Drahtquerschnitt erforderlich. Da Schrittmotoren jedoch mit Recht-
eckimpulsen betrieben werden und die Wicklung tblicherweise so
ausgelegt wird, daB ‘eine grofle Stromanstiegsgeschwindigkeit er-
reicht wird und andererseits Schrittmotoren bis zu einigen 10 kiiz
Schrittfrequenz betrieben werden, beinhaltet das Frequenzspektrum
des Ansteuerstromes sehr hohe Frequenzkomponenten. Aufgrund des
Skineffektes steigt jedoch der wirksame Widerstand eines runden
Cu-Drahtleiter von .Ilmm Durchmesser z.B. bei einer Frequenz von

1 MHz auf das Fiinffache des Gleichstromwiderstandswertes. Wird
der Motor,.wie hidufig tblich, nit Konstantstrom betrieben, so

-4 - .
809822700886

-

12/8/2005, EAST Version: 2.0.1.4

34



A 2653387
®

erwdrmt sich die Wicklung dadurch auf unzuldssig hohe Tempe-
raturen. Betreibt man den Motor nit Konstantspannung, so nimmt
der Wicklungswiderstand entsprechend zu, was zu einer Minde-

rung der Leistungsabgabe fiihrt. Um die Nachteile dieses Ef-

fekts zu vermeiden, wird nun erfindungsgemiif jede Wicklung

des Schrittmotors aus mehreren gegeneinander isolierten paral-
lel aufgebrachten Wicklungen ausgefilhrt, so da8 sich der
Skigeffekt entsprechend rgdqg}q{?. Gleichzeitiqg

ist eine Wicklung aus vielen diinnen Drdhten geschmeidiger und
somit leichter in den zur Verfiigung stehenden Wickelraum einzu-
legen als eine Wicklung aus weniger dicken Dridhten. Die Aufspal-
tung der Wicklung in mehrere Einzelwicklungen hat jedoch noch
weitere Vorteile. Das dynamische Verhalten von Schrittmotoren
hingt in weiten Grenzen von der Wicklungsausfiihrung und der Art
der elektrischen Bestromung ab. Da den zum Einsatz gelangenden
hdchsten Spannungen und héchsten Strdmen aus wirtschaftlichen und
technischen Griinden Grenzen gesetzt sind, ist diese Wicklungsaus-
fihrung des Motors ein wesentlicher Punkt fiir dessen Laufeigen-
schaften. Man unters.cheidet insbesondere hochohmige Motoren mit
hohem Anfangsdrehmoment und niedriger Lauffrequenz und nieder-
ohmige Motoren mit kleinerem Anfangsdrehmoment und konstantenm
Drehmomentverlauf bis zu héchsten Drehzahlen. Hat man nun die
Wicklung aus mehreren Einzelwicklungen ausgefiihrt, so ergeben sich
vielseitige Kombinationsmdglichkeiten. Bei Serienschaltung der
Einzelwicklungen erhdlt man die héchstohmige Ausfithrung. Fiir sie
ist das hohe Anfangsdrehmoment charakteristisch. Filhrt man eine
gemischte seriell/parallel-Schaltung aus, so sind die Zwischen-
werte zur Anpassung des Motors an die verschiedensten Anforderungen
méglich. Bei Parallelschaltung aller Einzelwicklungen erhidlt man
die niederohmigste Ausfiihrung. Sie liefert ein konstantes Dreh-
moment bis zu hdchsten Drehzahlen. .

Da es aus wirtschaftlichen Grinden hdufig nicht méglich ist, die
bei der niederohmigen Verschaltung erforderliche Stromstirke filr
dieselbe magnetische Lrregung wie bei der hochohmigen Verschaltung
zu erreichen, ist das Drehmoment in der niederohmigen Ausfiihrung
meistens kleiner. Ist die Wicklung jedoch aus Einzelwicklungen

-5 -
809822/0086
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aufgebaut, so besteht die Mﬁglichkéit, jede Einzelwicklung mit
einer einfachen Standardelektronik anzusteuern. Die Summe der
Einzelstrome kann dann so gesteigert werden, daf die Drehmoment-
kurve des Motors sowohl ein hohes Anfangsmoment als auch gute
Linearitdt {iber der Drehzahl bis zu hochsten Frequenzen aufweist,

Die Kombinationsméglichkeiten sollen an einer aus 16 Einzelwick-
lungen bestehenden Wicklung erldutert werden. Die Einzelwicklung
besteht aus n, Windungen. Eine Wicklung habe die Induktivitit L,
und den Widerstand R1. Fiir die maximale Durchflutung dieses Pols
seien W, Amperewindungen erforderlich. Die zur Verfﬁgungwstehende
Konstantstromquelle zum Betrieb des Motors liefert I1 " 16 n
Ampere, so daB bei Serienschaltung aller Windungen das maximal
mogliche Drehmoment abgegeben wird. Die Konstantstromquelle soll
den Konstantstrom bis zu einer Spannung U, abgeben kdénnen. Dann
ergibt sich die Stromanstiegsfunktion zu I (t) = % (1 -exp(-,% ))
mit ¢ = & und I (t)max. = I1. Solange die Zeit bis zum Erreichen
von I1 klein ist im Vergleich zur Umschaltzeit der Wicklungen, kann
der Motor nahezu sein volles Drehmoment abgeben. Bei hdheren Dreh-
zahlen wird jedoch die in die Stromanstiegszeit eingehende Spannung
U gleich Uy - Uinge wobei U; 4 die durch die Rotordrehung indu-
zierte Gegenspannung ist. Dadurch vergrdBert sich die Stroman-
stiegszeit nochmals. Mit steigender Drehzahl sinkt der in die
Wicklung flieflende Strom, wodurch sich das Urehmoment reduziert.

Je nach Wicklungsart erfolgt diese Reduzierung schneller oder
langsamer.

Flir Serienschaltung aller 16 Wicklungen ergibt sich eine Induk-
tivitdt von Lig = 256 L]. Der Wicklungswiderstand steigt auf

= T . . © 256 Ly 4. Ly
Rig = 16 Rj. Damit wird die Zeitkonstante T = 'TE—K% = 16 Ky

=-16 T'y. Die durch die Drehung des Rotors in der Wicklung indu-
zierte Gegen-EMK wird Ugo ; o = 16 Uy jpq- Beides fihrt zu einem
sehr schnellen Abfall des Drehmomentes. Das andere Extremum ist
die Parallelschaltung aller 16 Wicklungen. Die Induktivitdt bleibt
hierbei Lq; der Widerstand wird zu%%. Daraus ergibt sich eine
Zeitkonstante von 16‘?1. Die induzierte Gegenspannung bleibt je-
doch bei Uy; .4, so daB insgesamt die Stromanstiegszeit kleiner
wird und damit das Drchmoment bis zur hdheren Vrehzahl nutzbar

bleibt. Allerdings wird es durch die geringe Amperewindungszahl

809822/0086
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von nur n, . I1 = ¥% auf T% reduziert gegenllber der Serien-

2653387

schaltung aller Wicklungen. Analog kénnen alle Kombinationsmég-
lichkeiten zwischen Serien- und Parallelschaltungen betrachtet
werden.

Nun bietet sich aber die M8glichkeit, mehrere Einheitskonstant-
stromquellen und Ansteuerelektroniken parallel, aber getrennt zu
verwenden. Bei beispeilsweise 16 solcher Einheiten bleibt die
Zeitkonstante T wie bei einer Wicklung, also TH ='§l. Die indu-
zierte Gegenspannung bleibt Ulind und das Drehmomenl wird genau
so groB wie bei der Serienschaltung; also maximal. Diese Anord-
nung bietet die Vorteile des maximalen Drehmomentes bei gleich-
zeitiger guter Linearitit des Drehmoments iiber einen weiten Dreh-
zahlbereich,

809822/p086
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PAT-NO: JP404029536A

DOCUMENT-IDENTIFIER: JP 04029536 A
TITLE: STATOR CORE
PUBN-DATE: January 31, 1992

INVENTOR-INFORMATION:
NAME
IWASAKI, KUNIYASU

ASSIGNEE-INFORMATION:

NAME COUNTRY
NIPPON DENSAN CORP N/A
APPL-NO: JP02136649

APPL-DATE: May 25, 1990

INT-CL (IPC): HO02K001/16, HO02K015/02 , H02K029/00

ABSTRACT:

PURPOSE: To obtain an easy-to-assemble stator core and to reduce the
diameter of brushless motor without reducing the diameter of bearing by forming
a plurality of fan-type segments, provided with ties to be applies with a coil,
in tubular.

CONSTITUTION: The length of a board body 5, provided with externally
projecting ties forming pieces 6..., is differentiated at the opposite edges in
the circumferential direction. Board bodies having same profile are then
stacked alternately back to back and vertically opposed board bodies 5 are
shifted form each other in the circumferential direction. Consequently, no gap
is made between joint faces 7 thus eliminating gap from a magnetic path. Each
segment 2... comprises a plurality of stacked board bodies 5... having
approximately fan-type profile and a stator core 1 is formed into an
approximately tubular shape where a plurality(three in the embodiment) of
segments 2... are arranged in the circumferential direction. Since the stator
core 1 can be fixed to a small diameter section 9c, stator core 1 having
relatively small diameter can be employed without requiring bearings 11, 11
having small diameter.
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PAT-NO: JP406327208A

DOCUMENT-IDENTIFIER: JP 06327208 A
TITLE: STATOR OF DC BRUSHLESS MOTOR
PUBN-DATE: November 25, 1994

INVENTOR-INFORMATION:
NAME

SATO, MICHIRO

SETO, TAKESHI

ASSIGNEE-INFORMATION:

NAME COUNTRY
SEIKO EPSON CORP N/A
APPL-NO: JP05107934

APPL-DATE: May 10, 1993

INT-CL (IPC): HO02K029/00, HO2K003/04 , H02K015/12
ABSTRACT:

PURPOSE: To provide a DC brushless motor which excels in radiation and is
small in size and high in output, efficiency and performance by sealing a
stator block with a resin in one body to increase the mechanical strength and
reliability of the stator.

CONSTITUTION: Stator blocks 10, each having a coil 11 on an iron core 12,
are radially arranged around the center of rotation of a motor. The gap
between an external case 20 and an internal case 30 is sealed with a resin 40
to constitute an integrated stator. The resin 40 may be either thermoplastic
or thermosetting and also to the manufacturing method are applicable various
methods of injection molding, potting, die-casting and the like. As a result,
the stator blocks 10 are sealed with the resin 40, so that the strength and
rigidity of the stator may be increased, thereby being able to increase
durability and reliability against vibration and external force. Also, the
heat generated in the stator blocks 10 is transferred into the external case 20
through the resin 40 of excellent thermal conductivity to increase radiation
with heat-transfer to outside air.

COPYRIGHT: (C)1994,JPO

12/8/2005, EAST Version: 2.0.1.4
52
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* NOTICES *

JPO and NCIPI are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.%%** shows the word which can not be translated.

3.In the drawings, any words are not translated.

CLAIMS

[Claim(s)]

[Claim 1] The stator of DC brushless motor characterized by uniting said stator block with the iron core
which consists of column-like soft magnetic materials by the resin seal between the rotators of the pair
which fixed the permanent magnet in the stator of the shaft-orientations gap mold DC brushless motor
which allotted two or more stator blocks which rolled the coil.

[Claim 2] The stator of DC brushless motor characterized by the heat conductivity of the main filler of
said resin being more than ten (W/m-K) in the stator of DC brushless motor according to claim 1.

[Translation done.]
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* NOTICES *

JPO and NCIPI are not responsible for any
damages caused by the use of this translation.

. 1.This document has been translated by computer. So the translation may not reflect the original
precisely.

2.**** gshows the word which can not be translated.

3.In the drawings, any words are not translated.

DETAILED DESCRIPTION

~ [Detailed Description of the Invention]

[0001]

[Industrial Application] This invention relates to the stator of DC brushless motor for power used for an
electric vehicle drive etc.

[0002]

[Description of the Prior Art] There is an example indicated by JP,4-26350,A as a stator of the shaft-
orientations gap mold DC brushless motor for the conventional power. As shown in drawing 2 , this
motor uses a permanent magnet 51 for a rotator, and has structure which allotted two or more stator
blocks 10 constituted by rolling a coil 11 between the rotators 50 of the pair which fixed the permanent
" magnet 51 by the iron core 12 which consists of column-like soft magnetic materials. As shown in
drawing 3 , a stator arranges the stator block 10 to a radial to a revolving shaft, and has the structure of
making an end plate 60 fixing in the both-ends surface part of shaft orientations.

[0003] '

[Problem(s) to be Solved by the Invention] The stator block 10 of the shaft-orientations gap mold DC

brushless motor of JP,4-26350,A has the uniform path cross-section configuration of a coil 11, as shown'

in drawing 4 , and it has the structure of performing a coil concentrically to the column-like iron core 12
further. Therefore, a coil is easy, and further, since it is possible to enlarge a coil space factor very much
by considering as the coil structure of a straight angle line or one apparatus etc., as compared with DC
brushless motor of the direction gap mold of a path, joule heat loss can be reduced sharply. That is,
generation of heat at the time of high torque generating is able to constitute few efficient high
performance motors. However, conventionally which fixes and arranges stator block 10 like drawing 3
to the end plate 60 in the both-ends side of the direction of a revolving shaft of a motor, with structure, if
a metal is used for members for fixing, such as an end plate 60 or ****_ the eddy current loss by field
fluctuation will become remarkably large. Therefore, end plates 60 must be resin and an insulator like a
ceramic, and fixing with the stator block 10 did not have a means in addition to adhesion. With this
structure, since the reinforcement of a stator and rigidity were inadequate, vibration was large, and it
was easy to transform it according to external force, and the problem was in endurance or dependability.

[0004] Furthermore, since the interior of the direction of the diameter of a motor of the stator block 10
which are the main sources of generation of heat is insulated with the opening section, the temperature
of a there rises remarkably. Therefore, at the time of large torque, although there is little calorific value,
since sufficient heat release was not obtained, practical use operation had the technical problem that it
was impossible and high power could not be generated in fact.

[0005]

[Means for Solving the Problem] The stator of DC brushless motor of this invention is characterized by
having the structure which unified said stator block by the resin seal in the stator of the shaft-
orientations gap mold DC brushless motor which allotted the stator block which is what wound the coil
around the iron core which consists of column-like soft magnetic materials, and is constituted between

. http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 12/8/2005
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the rotators of the pair which used the permanent magnet for the rotator and fixed the permanent magnet.

[0006] As a means which furthermore raises the heat dissipation engine performance, it is characterized
by the thermal conductivity of the main filler of said resin being the quality of the material more than ten
(W/m-K). :

[0007]

[Example] A drawing is used for below and the example of this invention is explained to it. Drawing 1

is the path sectional view of the stator of DC brushless motor of this invention. In drawing 1, 11 is a

coil, 12 is an iron core, and, as for an outside case and 30, 20 is [ an inside case and 40 ] resin. The stator

- block 10 consists of those by which the coil 11 was wound around the iron core 12, and are arranged to
the center of rotation of a motor at the radial. [ two or more ] The closure of the gap with the outside
case 20 and the inside case 30 is carried out by resin 40, and the stator of integral construction is
constituted. Thermoplastic or thermosetting any are sufficient as the resin 40 in this case, and its various
approaches, such as injection molding, potting, casting, and transfer molding, are possible also for a
process. For example, in the case of drawing 1 , when liquefied thermosetting resin is used, it is potting,
and in the case of powdery thermosetting resin, the closure is performed by transfer molding. Moreover,
when there is not the outside case 20, the inside case 30, or both sides, it can close by casting. Therefore,
drawing 1 R> 1 and its explanation are what showed one example, and are not what limited the
component part of the stator of DC brushless motor of this invention, and the manufacture approach.
[0008] Thus, by carrying out the closure of the stator block 10 by resin 40, the reinforcement of a stator
and rigidity increase and the endurance and dependability over vibration or external force improve
remarkably.

[0009] Moreover, compared with air, heat transfer of the heat generated with the stator block 10 is
carried out to the outside case 20 through thermally conductive good resin 40, it is performing heat
exchange by the outside case 20 and the open air, and its heat dissipation nature also improves.

[0010] In addition, although the thermal conductivity of the epoxy resin that to the closures generally
used is 0.1 to 0.2 (W/m-K) extent, in the epoxy resin which uses as a principal component the ceramic in
which thermal conductivity, such as oxidation aluminum and nitriding aluminum, has 10-200 (W/m-K),
and a large value as a bulking agent, and a metal powder, by about 10 times, thermal conductivity
becomes large and its heat dissipation nature improves still by leaps and bounds. [ many ]

[0011] Therefore, as compared with the conventional motor, there are few temperature rises of a stator,
it is small and it is possible to constitute the motor of high power. If the above-mentioned high ceramic
of electric insulation is especially used as the main bulking agent of resin, insulating processing of a coil
. 10 is unnecessary, and since a man day is reducible, cost reduction of a motor can be planned.

[0012] :

[Effect of the Invention] In the stator of the shaft-orientations gap mold DC brushless motor which
allotted two or more stator blocks which are what wound the coil around the iron core which consists of
column-like soft magnetic materials, and are constituted between the rotators of the pair which used the
permanent magnet for the rotator and fixed the permanent magnet, small [ which the mechanical
strength of a stator and small dependability improved and is excellent in heat-dissipation nature ], high
power, and an efficient highly efficient DC brushless motor can consist of having the structure which
unified the above-mentioned stator block by the resin seal.

[0013] Moreover, if thermal conductivity uses the thing more than ten (W/m-K) for the main filler of the
above-mentioned resin, since heat dissipation nature improves still by leaps and bounds, it can be made
more into small and high power DC brushless motor.

[Translation done.]
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* NOTICES *

JPO and NCIPI are not responsible for any
damages caused by the use of this translation.

1.This document has been translated by computer. So the translation may not reflect the original
precisely.

. 2.%%%% ghows the word which can not be translated.

3.In the drawings, any words are not translated.

DESCRIPTION OF DRAWINGS

[Brief Description of the Drawings]
[Drawing 1] The path sectional view of the stator of DC brushless motor of this invention.
. [Drawing 2] Drawing of longitudinal section of the conventional DC brushless motor.
[Drawing 3] The perspective view of the stator of the conventional DC brushless motor.
[Drawing 4] The perspective view of a stator block of the conventional DC brushless motor.
[Description of Notations]
10 Stator Block
11 Coil
12 Iron Core _
20 Outside Case
- 30 Inside Case

40 Resin
50 Rotator
51 Permanent Magnet

[Translation done.]
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DOCUMENT—IDENTIEIER: JP 10243595 A
TITLE: SEALED STATOR FOR SMALL MOTOR AND ITS MANUFACTURE
PUBN-DATE: September 11, 1998

INVENTOR-INFORMATION :
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NAKATSUKA, GINZOU
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NAME COUNTRY
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APPL-NO: JP09052512

APPL-DATE: February 21, 1997

INT-CL (IPC): HO2K003/44, HO2K003/34 , H02K015/12
ABSTRACT:

PROBLEM TO BE SOLVED: To manufacture a sealed stator by injection molding
easily without damaging a winding by a method wherein the winding is applied to
the core of a stator on which an insulator made of high fluidity thermoplastic
synthetic resin is formed by insert-molding and the core is covered with the
same system thermoplastic resin by injection molding.

SOLUTION: A layer-built core 1 is inserted into the mold of an injection
molder and an insulator is molded with high fluidity thermoplastic synthetic
resin as raw material to form an undermold. A winding 10 is applied to the
tooth 9 of the layer-built core 1 covered with the undermold 8 to form a
stator. Then the gate of the mold is positioned so as not to have the injected
resin applied directly to the winding 10 of the stator and the high fluidity
thermoplastic resin of the same system as the insulator is applied to the
stator to cover the winding 10 as an overmold 12. With this constitution, the
winding 10 is not exposed to the outside directly, so that the leakage of
contaminants from the winding 10 of an operating motor can be avoided.
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Abstract of EP0938181

The motor has a stator. Segmented partial sheet
metal laminations (1) are provided around the
circumference of the stator and/or in the axial
direction of the motor. The laminations have at
least one stator tooth (2) and means for fastening
in a recess (6) with a cylindrical or polygonal
inner contour. The stator teeth (2) are mounted
with pre-fabricated coils (4). The coils (4) are
formed as toothed coils (4) and can be switched
to form a pure phase breach-hole winding. The
coils (4) are fixed with the tooth head elements
(3) which can be fastened to the stator teeth (2).
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(57)Abstract:

PROBLEM TO BE SOLVED: To provide a stator
assembly whose production efficiency can be increased
by simplifying a molding process and which can prevent
the deterioration of a commutator caused by the friction
or vibration due to the rotation of a rotor, and to provide
a method and equipment for molding the stator
assembly.

SOLUTION: A stator core 3 with its teeth 46 wound with
windings 5 is positioned and fixed in a movable metal
mold 10. Then, the movable metal mold 10 is drawn
close to a fixed metal mold 12. Into a cavity formed by
joining these metal molds, molten material is injected
through an injection hole 38 of the fixed metal mold 12. A
part of a commutator installed in the stator core 3 is
shielded by a shielding section 28 provided in the fixed metal mold 12, and so the resin
material does not attach to that part of the commutator 4 shielded by the shielding section 28,
Then, the molten material is solidified on the outer surface of the commutator, integrally fixing:
the commutator 4 and the stator core 3.
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) Hereby certify that this correspondence is being deposited
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for Patents, P.O. Box 1450, Alexandria, VA 22313-1450, on

September 22, 2005
Date of Deposit

Steven P. Shurtz, Reg. No. 31,424
Name of Applicant, Assignee or
Registered Representative

/Steven P. Shurtz/
Signature

September 22, 2005
Date of Signature

Our Case No. 8864/20

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: )

)

Griffith D. Neal )

Serial No.: 09/798,511 ;
) Examiner: Stephen J. Kenny

Filing Date: March 2, 2001 )

Group Art Unit No.: 3726

For. STATOR ASSEMBLY MADE FROM A )

PLURALITY OF TOROIDAL CORE )

ARC SEGMENTS AND MOTOR ;

USING SAME )

AMENDMENT

Mail Stop: Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Office Action mailed April 22, 2005, please enter the following

amendment and consider the following remarks.
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Amendments to the claims are reflected in the listing of claims which begins on
page 3 of this paper.
Remarks begin on page 8 of the paper.
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Amendments to the Claims

Please cancel claim 16 and amend claims 1, 3-9, 19-21 and 31-32. The changes
in these claims from their immediate prior version are shown with strikethrough or
[[double brackets]] for deleted matter and underlines for added matter. A complete
listing of the claims with proper claim identifiers follows. This listing replaces all
previous listings and versions of claims in the application.

Listing of Claims

1. (Currently amended) A stator assembly, comprising:

a) a plurality of individual stator arc segments forming a toroidal core,
wherein each said stator arc segment has two end surfaces and a plurality of poles with
wire wound around said poles forming the toroidal core; and

b) a monolithic body of injection molded [[phase change]]
thermoplastic material substantially encapsulating the stator arc segments and the wire
wound around the poles, wherein said [[phase change]] thermoplastic material bonds
the arc segments together to hold the arc segments in a toroidai shape, the monolithic

body of thermoplastic material being the sole structure functioning to secure the arc

segments in the toroidal shape.
2. (Canceled)

3. (Currently amended) The stator assembly of claim [[3]] 1 wherein the
packing density of the wire around the poles is between about 60 percent and about 80

percent.

4. (Currently amended) The stator assembly of claim 1 wherein the [[phase
change]] thermoplastic material has a coefficient of linear thermal expansion of less
than 2x10°® in/in/°F throughout the range of 0-250°F.

5. (Currently amended) The stator assembly of claim 1 wherein the [[phase
change]] thermoplastic material has a coefficient of linear thermal expansion of less
than 1.5x107° in/in/°F throughout the range of 0-250°F.
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6. (Currently amended) The stator assembly of claim 1 wherein the [[phase
change]] thermoplastic material has a coefficient of linear thermal expansion of between
about 0.8x10°° in/in/2F and about 1.2x107° in/in/2F throughout the range of 0-250°F.

7. (Currently amended) The stator assembly of claim 1 wherein the [[phase
change]] thermoplastic material has a thermal conductivity of at least 0.7 watts/meter°’K
at 23°C.

8. (Currently amended) The stator assembly of claim 1 wherein the [[phase

change]] thermoplastic material comprises polyphenyl sulfide.

9. (Currently amended) A method of making a stator assembly for a motor
comprising:

a) providing at least two individual stator arc segments each having a
first end surface and a second end surface and a plurality of poles with wire wound
around said poles;

b) aligning said stator arc segments to form a toroidal core; and

C) substantially encapsulating said toroidal core, including said
windings, with a monolithic body of injection molded [[phase change]] thermoplastic
material to form said stator assembly, wherein said [[phase change]] thermoplastic

material has a coefficient of linear thermal expansion of less than 2x1 07 in/in/°F

throughout the range of 0-250°F and bonds the arc segments together to hold the arc

segments in a toroidal shape.

10.  (Previously presented) The method of claim 9 wherein the poles extend

inwardly from a base of each of said stator arc segments.

11.  (Original) The method of claim 10 wherein prior to said step of aligning,
the wire is wound around said poles of said stator arc segments.

12.  (Original) The method of claim 11 wherein said stator arc segments are
placed in a carrier that holds and supports said stator arc segments while the wire is

wound around said poles.
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13.  (Original) The method of claim 12 wherein said carrier has a plurality of
cavities to hold and support said stator arc segments.

14.  (Original) The method of claim 13 wherein said cavities are spaced apart a
distance X, wherein X is the length of uncoiled wire necessary to align said stator arc

segments to form a toroidal core.

15.  (Previously presented) The method of claim 9 wherein said windings
provide multiple conductors that create a plurality of magnetic fields when electrical

current is conducted through the conductors.
16.  (Canceled)

17.  (Original) The method of claim 9 wherein prior to said substantially
encapsulating, said toroidal core is clamped in an injection mold cavity to maintain the

toroidal shape.
18. (Canceled)

19.  (Currently amended) The method of claim 9 wherein said [[phase change]]
thermoplastic material is injected into a mold at temperature of between about 200°F
and about 700°F.

20.  (Currently amended) The method of claim 9 wherein said [[phase change]]
thermoplastic material is injected into a mold at a temperature of between about 550°F
to about 650°F.

21.  (Currently amended) A method of making a motor comprising:

a) providing [[four]] a plurality of individual stator arc segments,
wherein each stator arc segment has a first end surface and a second end surface and
[[a plurality of]] three poles with wire wound around said poles;

b) aligning said stator arc segments to form a toroidal core;

c) substantially encapsulating said toroidal core, including said
windings, with a monolithic body of [[phase change]] thermoplastic material, wherein

said substantially encapsulating is by injection molding said [[phase change]]
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thermoplastic material around said toroidal core to form a stator assembly, wherein said
[[phase change]] thermoplastic material bonds the arc segments together to hold the arc

segments in a toroidal shape, the monolithic body of thermoplastic material structurally

functioning to secure the core in the toroidal shape; and

d) constructing the stator assembly into a motor.

22.  (Original) The method of claim 21 wherein each of said stator arc

segments comprise a plurality of steel laminations.
23.  (Previously presented) A motor comprising the stator assembly of claim 1.

24.  (Previously presented) The motor of claim 23 wherein said motor
comprises said stator assembly, a shaft, a base, bearings, a rotor, at least one

permanent magnet and a hub.

25.  (Previously presented) An electronic device including the motor of claim
23.

26.  (Previously presented) A motor and disc assembly including the motor of
claim 23.
27-29. (Canceled)

30. (Previously presented) The method of claim 11 wherein the packing

density of the wire around the poles is between about 60 percent and about 80 percent.

31.  (Currently amended) The method of claim [[9]] 21 wherein the [[phase
changel]] thermoplastic material has a coefficient of linear thermal expansion of less
than 2x10°® in/in/eF throughout the range of 0-250°F.

32.  (Currently amended) The method of claim 9 wherein the [[phase change]]

thermoplastic material has a thermal conductivity of at least 0.7 watts/meter®K at 23°C.

33.  (Previously presented) The stator assembly of claim 1 wherein said end

surfaces of adjacent stator arc segments are in contact with one another.
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34.  (Previously presented) The method of claim 9 wherein said end surfaces

of adjacent stator arc segments are in contact with one another.

35.  (Previously presented) The method of claim 21 wherein said end surfaces
of adjacent stator arc segments are in contact with one another.
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REMARKS

The amendment does not involve new matter. The limitation relating to
thermoplastic material added to claims 1, 3-9, 19-21 and 31-32 is found in original claim
16. Claim 9 is also amended to include the limitation from claim 31. The other

amendments to claims 1 and 21 are supported by the disclosure.

The objection to claim 3 in the outstanding Office Action is overcome by the

change in dependency of claim 3.

In the outstanding Office Action, claims 1, 4-17, 19-26 and 31-35 were rejected
under 35 U.S.C. § 103(b) as being unpatentable over U.S. Patent No. 5,592,731
(Huang) in view of U.S. Patent No. 4,015,154 (Tanaka). This rejection is respectfully
traversed. Claim 1 is directed to a stator assembly, and requires a plurality of stator arc
segments forming a toroidal core, with each arc segment having two end surfaces and a
plurality of poles with wire wound around the poles. Claim 1 also calls for a monolithic
body of injection molded thermoplastic material substantially encapsulating the stator
arc segments, including the windings, wherein the thermoplastic material bonds the arc
segments together to hold the arc segments in a toroidal shape. The monolithic body is
formed by an injection molding operation, preferably in which a plurality of stator arc
segments are clamped in a mold, and thermoplastic material is injection molded around
them to form the monolithic body. Injection molding naturally requires the molten
thermoplastic to be injected into the mold cavity at high pressures. One of the problems
overcome by the present invention is the fact that when the core is made of individual
arc segments, the high pressure encountered during the injection molding tends to
disrupt and move the individual arc segments apart from one another. However, in the
preferred method of the present invention, described on page 12 of the specification
and depicted in Figs. 6a and 6b, moveable pins 61 are used to hold the segments in
shape while the thermoplastic is being injected, but then are removed as the

thermoplastic solidifies, holding the arc segments in the toroidal shape.

Huang discloses stator arc segments, but those arc segments are not
substantially encapsulated by a monolithic body of thermoplastic material as called for
by claim 1. In Huang, individual particles of iron powder (each with an iron phosphate
layer thereon) have a coating of thermoplastic material on them, and the thermoplastic
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material allows the particles to be compacted together. Thus, in Huang, the iron
particles are encapsulated in a thermoplastic, rather than the stator arc segments being
encapsulated as called for by claim 1. These particles are then compacted in a die to
form a stator arc segment, but these stator arc segments are not thereafter
encapsulated. Rather, a metallic ring 62 is used to hold the arc segments together.

See column 8, line 61 to column 9, line 10 of Huang.

Huang does not disclose the monolithic body of thermoplastic material
substantially encapsulating stator arc segments and bonding the arc segments together
to hold the arc segments in a toroidal shape, nor would it have been obvious to modify

Huang to include this element.

Tanaka discloses a motor made with a conventional laminated toroidal core,
rather than a core made of stator arc segments. Such a laminated toroidal core is then
placed in an injection molding machine and a specific combination of thermosetting and
thermoplastic materials is used to form a casing around the core. Tanaka goes to great
lengths in choosing the right combination of thermosetting and thermoplastic materials,
and notes that significant problems surround molding cores for electric motors using
these materials. Column 4, lines 29-51 describe these problems, which include

contraction and shrinkage, cracks, cave-ins, lack of high fidelity reproduction, etc.

There is nothing in either Tanaka or Huang that would suggest that stator pieces
such as those in Huang could or should be overmolded with the specific composition of
Tanaka. The Tanaka injection molding is for laminated cores that form a complete
annular ring, not a core made from pieces. Further, from the problems addressed in
Tanaka with injection molding cores in general, it would go against Tanaka to try to
mold a stator core made of individual pieces, especially where the segments are then
held together by the injection molded material. Hence claims 1 and the claims that

depend thereon are patentable over Huang and Tanaka.

Claim 1 requires that the monolithic body of thermoplastic material substantially
encapsulating the stator arc segments and the wire wound around the poles also bonds
the arc segments together to hold the arc segments in a toroidal shape, the monolithic
body of thermoplastic material being the sole structure functioning to secure the arc
segments in the toroidal shape. Even if the combined thermosetting/thermoplastic
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material of Tanaka was added to the structure formed by Huang, it would be after the
stator pieces were already held together by the metallic ring 62. The
thermosetting/thermoplastic material would thus not constitute a monolithic body of
thermoplastic material that bonds the arc segments together to hold the arc segments in
a toroidal shape.

Claims 9 and 21 also require individual stator arc segments each having a
plurality of poles with wire wound around said poles, and also require substantially
encapsulating the toroidal core formed of aligned stator arc segments with a monolithic
body of thermoplastic material, with the thermoplastic material bonding the arc
segments, and windings, together to hold the arc segments in a toroidal shape. As
noted above, these features are not found in Huang and Tanaka. Claims 1, 9 and 21,
and claims 3-8, 10-15, 17, 19-20, 22-26 and 31-35 dependent thereon, are thus not

obvious in view of Huang and Tanaka.

Claims 3 and 30 were rejected in the outstanding Office Action under 35 U.S.C.
§ 103(a) as being unpatentable over Huang and Tanaka in view of U.S. Patent No.
5,729,072 (Hirano). (The Office Action twice refers to “Huang/Trago”, but since Trago
was not used in the primary rejection, it is believed that this was intended to be
“Huang/Tanaka”.) This rejection is respectfully traversed. Claim 3 is ultimately
dependent on claim 1, and claim 30 is ultimately dependent on claim 9. Hirano
discloses a stator made of arc segments, but the arc segments do not each include a
plurality of poles, and there is no suggestion of substantially encapsulating the arc
segments in the stator of Hirano with a monolithic body of thermoplastic material.
Rather, the segments are held together by “welding, bonding or applying an annular
member.” (Column 2, lines 47-48.) Thus even if Huang, Tanaka and Hirano were
somehow combined, and arc segments such as those disclosed in Hirano were used in
the motor of Tanaka, the stator segments would be bonded together by some other
means before the wire was wound around the poles. Just as with Tanaka, any
thermosetting/thermoplastic material added to fill in gaps would not constitute an
injected molded monolithic body of thermoplastic material which acts to hold the arc
segments in a toroidal shape as required by claims 1 and 9. Neither Huang, Tanaka
nor Hirano disclose a monolithic body of injection molded thermoplastic material

10
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substantially encapsulating stator arc segments with wire windings on multiple poles on
each segment, and bonding the arc segments together to hold the arc segments in a
toroidal shape. Thus, even if the art were somehow combined, the resulting device
would not have all of the elements called for by claims 1 and 9, and hence by claims 3
and 30 dependent thereon. These claims are thus patentable over Huang, Tanaka and

Hirano.

Since each of the rejections has been overcome, an early notice of allowance is
respectfully requested.

Respectfully submitted,

/Steven P. Shurtz/
Steven P. Shurtz
Registration No. 31,424
Attorney for Applicant

BRINKS HOFER GILSON & LIONE
P.O.BOX 10395

CHICAGO, ILLINOIS 60610

(312) 321-4200

Direct: (801) 444-3933
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P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

This is a petition for an extension of the time to respond to an Office Action
dated April 22, 2005 for a period of two months.

X  Applicant:

X
[

claims small entity status. See 37 C.F.R. §1.27.

is other than small entity

Extension Other Than Small Entity
Months Small Entity
One Month $120.00 $60.00

262

09/27/2005 ZJUHART 00000031 09798511
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225.00 op
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Two Months $450.00

Three Months $1,020.00
Four Months $1,590.00
Five Months $2,160.00

LI

Fee Payment

Petition is attached.

X O X [0

Case No. 8864/20

$225.00
$510.00
$795.00
$1,080.00

Attached is a check for $ for the Petition fee.

Attached is a credit card authorization form for $225 for the Petition fee.
Charge Petition fee to Deposit Account No. 23-1925. A duplicate copy of this

Charge any additional fee required or credit for any excess fee paid to Deposit

Account No. 23-1925. A duplicate copy of this Petition is attached.

Dated: September 22, 2005

BRINKS HOFER GILSON & LIONE
P.0. BOX 10395

CHICAGO, IL 60610

(312)321-4200

Respectfully submitted,

/Steven P. Shurtz
Steven P. Shurtz
Registration No. 31,424
Attorney for Applicant
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2 CERTIFICATE OF MAILING UNDER 37 C.F.R. §1.8 BRI N K S
T hereby certify that this correspondence is being deposited with the United States Postal Service as first class mail, with HOFER
sufficient postage, in an envelope addressed to: Commissioner for Patents, P, O. Box 1450, Alexandria, VA 22313-1450, —
on the below date: ' GILSON
Date: _September 22, 2005 Name: _Steven P. Shurtz Signature: /Steven P/ Shurtz/ - :
' &LIONE
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE ' ——
In re Appin. of: Griffith D. Neal
Appin. No.: 09/798,511 Examiner: S. J. Kenny
Filed: March 2, 2001 Art Unit: 3726
For: STATOR ASSEMBLY MADE FROM A

PLURALITY OF TOROIDAL CORE ARC
SEGMENTS AND MOTOR USING SAME

Attorney Docket No:  8864/20

Mail Stop Amendment
Commissioner for Patents

P. O. Box 1450 ' TT
Alexandria, VA 22313-1450 TRANSM' AL
Sir:

Attached is/are:

X Amendment; Petition for Extension of Time

X Return Receipt Postcard

Fee calculation:

[0 No additional fee is required.
X Small Entity.
X  Anextension fee in an amount of $225 for a 2-month extension of time under 37 C.F.R. § 1.136(a).
O A petition or processing fee in an amount of § under 37 C.F.R. § 1.17( ).
(| An additional filing fee has been calculated as shown below:
Small Entity Not a Small Entity

Claims Remaining Highest No. Present

After Amendment Previously Paid For | Extra Rate Add'l Eee | OF | Rate Add'l Fee
Total Minus x $9= x $18=
lr{dep. - Minus ) X 43¥ X $86=
First Presentation of Multiple Dep. Claim +$146= + $290=

Total $ Total $

Fee payment:
A check in the amount of $, to cover the above-identified fee(s) is enclosed.

Please charge Deposit Account No. 23-1925 in the amount of $ . A copy of this Transmittal is enclosed
for this purpose.

Payment by credit card in the amount of $225 (Form PTO-2038 is attached).

The Director is hereby authorized to charge payment of any additional filing fees required under 37 CFR § 1.16
and any patent application processing fees under 37 CFR § 1.17 associated with this paper (including any

extension fee required to ensure that this paper is timely filed), or to credit any overpayment, to Deposit
Account No. 23-1925.

XX OO0

Respectfully submitted,

September 22, 2005 /Steven P. Shurtz/
Date . Steven P. Shurtz (Reg. No. 31,424)
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. Application or Docket Number

: PATENT APPLICATION FEE DETERMINATION RECORD %—//
‘ Effective October 1, 2000 7

CLAIMS AS FILED - PART | SMALL ENTITY OTHER THAN
(Column 1) (Column 2) TYPE [ OR SMALLENTITY
TOTAL CLAIMS RATE FEE RATE FEE
FOR NUYBER FILED | NUMBER EXTGA Basic Fee| 355.00'| o [Basic Fee| 710.00
TOTAL CHARGEABLE CLAIMS C>/Zl7m;nus 20= |* / X$ 9= / onl xs18=
INDEPENDENT CLAIMS g minus 3 = ’ / X40= / OR X80=
MULTIPLE DEPENDENT CLAINFPRESENT / ] /
7 +135= / oR| +270=
* If the difference in column 1 is less than zero, enter “0” in column 2 TOT?[ OR TOTAL
CLAIMS AS AMENDED - PART I ' OTHER THAN
CLAIMS HIGHEST .
ADDI- ADDI-
< REMAINING NUMBER
E AFTER PREVIOUSLY PE)E(-?E:T RATE [TIONAL RATE |} TIONAL
w AMENDMENT PAID FOR FEE FEE
- Total * Mi =
% ota inus - = X$ 9= OR| X$18=
5 Independent |« Minus *hx = X40= oR X80=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D
‘ +135= OR] +270=
TOTAL TOTAL
ADDIT. FEE OR apoIT. FEE
(Column 1) (Column2) _(Column 3)
CLAIMS : HIGHEST
m REMAINING . NUMBER PRESENT ADDI- ADDI-
E AFTER PREVIOUSLY EXTRA RATE [TIONAL RATE | TIONAL
w AMENDMENT PAID FOR FEE FEE
3 [Total . Mi -
g ota inus ** = X$ 9= or| xs$18=
% Independent |« Minus *r = X40= oR X80=
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D
+135= OR| +270=
TOTAL TOTAL|
ADDIT. FEE OR ADDIT. FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
¢ REMAINING NUMBER | PRESENT ADDI- ADDI-
E AFTER PREVIOUSLY EXTRA RATE [TIONAL RATE | TIONAL
o AMENDMENT PAID FOR FEE . FEE
2 [Total . Minus " = ' ;
S = X$ 9= OR | X8$18=
& |independent |+ Minus . = -
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM D
+135= OR | +270=
* If the entry in column 1 is less than the entry in column 2, write “0" in column 3. p—
** I the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20.” ADDITF.OJI/E\IEE OR ADDJT?JQE

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

FORM PTO-875 Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE
(Rev. 8/00) . *U.S. GPO: 2000460-706/30103



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

Alexandn& Vu'gzma 22313-1450
WWW._USPLD.
L APPLICATION NO. FILING DATE l FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. I CONFIRMATION NO. |
09/798,511 03/02/2001 Griffith D. Neal 8864/20 9388
757 7590 041222005 } | ' EXAMINER ]
BRINKS HOFER GILSON & LIONE KENNY, STEPHEN
P.0. BOX 10395
CHICAGO, IL 60610 [ ART UNIT ] PAPER NUMBER ]

3726

DATE MAILED: 04/22/2005

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

PTO-90C (Rev. 10/03)
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Application No. Applicant(s)

09/798,511 NEAL, GRIFFITH D.
Office Action Summary Examiner Art Unit

Stephen J Kenny 3726

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

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

after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days wnll be considered tlmely
- 1f 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) Responsive to communication(s) filed on 07 February 2005.
a)(J This action is FINAL. 2b)[X] This action is non-final.

3)[ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 4563 O.G. 213.

Dispdsition of Claims
4)[X Claim(s) 1,3-17,19-26 and 30-35 is/are pending in the application.

4a) Of the above claim(s) isfare withdrawn from consideration.
5[] Claim(s) _____is/are allowed.
6). Claim(s) 1,3-17,19-26 and 30-35 is/are rejected.
7)J Claim(s) ___ isfare objected to.
8)[] Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

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

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

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

Attachment(s)

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

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

3) [J Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) ] Notice of Informal Patent Application (PTO-152)

Paper No(s)/Mail Date 6) (] other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 20050414



Application/Control Number: 09/798,511 Page 2
Art Unit: 3726

DETAILED ACTION
Claim Objections
Claim 3 is objected to because of the following informalities: Claim 3 incorrectly

depends from itself. Appropriate correction is required.

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

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

Claims 1, 4-17, 19-26, 31-35 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Huang et al.(US Patent No 5592731) ion view of Tanaka et al. (US Patent No 4015154).

Regarding claims 1, 9, 10, Huang discloses a stator assembly, and method of
manufaéturing; comprising a plurality of individual stator arc segments (22), wherein each
segment has a plurality of inwardly directed poles (24) with wire wound around (37) forming a
toroidal core.

Huang does not explicitly disclose injection molding a material to encapsulate and bond
the segments and wire into a toroidal shape.

Tanaka discloses injection molding a phase change material to eﬁcapsulate a stator and
winding to bond the components and fill any voids in the stator assembly (column §, lines 1-5).

The use of such injection mold is advantageous in that it fills any voids (or air gaps) between the
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Application/Control Number: 09/798,511 Page 3
Art Unit: 3726

stator laminations which is widely known to adversely affect the performance of the motor (see
US Patent No 4365180 column 1, lines 43-50 for further discussion).

Régarding claims 4, 5, & 31, Huang discloses a coefficient of linear thermal expansion
" of less than 2+107in/in/°F & 1.5%10 in/in/°F (column 9, lines 10-14) for a molding material of
the stator segments.

Regarding claims 6-8, & 32, Huang/Tanaka discloses the claimed invention except for
the specific values of Coefficient of Linear Thermal Expansion; thermal conductivity; and
material composition. It would have been an obvious matter of design choice to use the specific
values claimed, since applicant has not disclosed that such values solves any stated problem or is
for any particular purpose, and it appears that the invention would perform equally well with
alternative values as disclosed by Huang/Tanaka. Therefore, these specific values do not carry
any patentable weight.

Regarding claim 11, Huang discloses prior to the aligning step, the wire is wound around
said poles of said stator arc segments (column 8, lines 34-35).

Regarding claims 12 & 13, Huang discloses stator segments placed in a carrier that holds
said stator segments while wire is wound around said poles (column 8, lines 36-37) wherein said
carrier has a plurality of cavities to hold and support said segments (Figuré 5).

Regarding claim 14, Huang discloses spacing apart segments by a distance X, whére Xis
the length of uncoiled wire necessary to align said stator arc segments to form a toroidal core
(Figure 6).

Regarding claim 15, Huang discloses multiple conductofs (37) that creafe a plurality of

magnetic fields when electrical current is conducted through said conductors (Figure 6).
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Application/Control Number: 09/798,511 Page 4
Art Unit: 3726

Regarding claim 16, Huang discloses said phase change material selected from the group
of thermoplastics & thermosetting materials (column 5, lines 13-15).

Regarding claims 17, 21-26, Tanaka discloses clamping (column 3, line 64) a stator core
in a mold cavity and subsequently injection molding a thermosetting resin substantially
encapsulating said core (column 5, lines 1-5). Injection molding is a technique old and well
established for effectively encompassing components of dynamoelectric machines in order to
provide improved vibration & noise characteristics as well as heat dissipation. Therefore it
would have been obvious to one of ordinary skill in the ért at the time the invention was made to
modify the stator disclosed by Huang whereby the thermosetting material is injection molded as
taught by Tanaka in order to realize the advantages discussed above. In further regards to claims
23-26, Huang & Tanaka each disclose a motor/electronic device employing a stator, which
inherently provides a shaft, base, béarings, etc.

Regarding claims 19 & 20, it is inherent that thermosetting materials be heated to an
elevated temperature during application. Thus the specific limitation of an application
temperature of 200°F ~ 700°F, or 550°F ~ 650°F does not carry any patentable weight. Further,
the applicant has provided no explanation of why these specific temperature ranges are beneficial
or significant.

Regarding claims 33-35, Huang discloses the stator segements are in contact with each

other (Figure 4a).

Claims 3 & 30, are rejected under 35 U.S.C. .103(a) as being unpatentable over

Huang/Trago as modified above, and further in view of Hirano et al (US Patent No 5729072).
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Application/Control Number: 09/798,511 Page 5
Art Unit: 3726

Huang/Trago discloses the instant invention except for a packing density of the wire
around the stator poles is between 60% ~ 80%. |

Hirano discloses a packing density of 70% (abstract line 11). A high packing density is
advantageous in that it allows for an increase in magnetic flux while saving space as well.
Therefore it would have been obvious to one of ordinary skill in the art at the time the invention
was made to modify a stator core as disclosed by Huang/Trago with the packing density taught

by Hirano in order to achieve a more efficient stator core.

Conclusion

The prior art made of record on the attached PTO-892, and not relied upon is considered
pertinent to applicant's disclosure.

Any inquiry concerning this communicatiqn or earlier communications from the
examiner should be directed to Stephen J Kenny whose telephone number is 571-272-4531. The
examiner can normally be reached on mon - fri 9arh - Spm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Peter Vo can be reached on 571-272-4690. The fax phone number for the

organization where this application or proceeding is assigned is 703-872-9306.
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Application/Control Number: 09/798,511 Page 6
Art Unit: 3726

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).

sk < (ef-"‘/]

DAVID P. BRYANT
ORIMARY EXAMINER
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Application/Control No.

Applicant(s)/Patent Under

Reexamination

. 09/798,511 NEAL, GRIFFITH D.
Notice of References Cited e YRV -
Stephen J Kenny 3726 Page 1of 1
U.S. PATENT DOCUMENTS

* County CodeNumbersing Cade. | MMYYYY  Name Classification
A | US-5,592,731 01-1997 Huang et al. 29/596
B | US-4,015,154 03-1977 Tanaka et al. 310/42
C | US-5,806,169 09-1998 Trago et al. 29/596
D | US-4,365,180 12-1982 Licata et al. 310/216
E | US-3,908,138 09-1975 Shieh, Ming K. 310/29
F | US-
G | US-
H | US-
I | US-
J | US-
K | US-
L | US-
M | US-

FOREIGN PATENT DOCUMENTS

T compminmte o | wiery | o
N y
0O
P
Q
R
S
T

NON-PATENT DOCUMENTS

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U
Vv
w
X

*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.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001)

Notice of References Cited

Part of Paper No. 20050414
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* ~/" CERTIFICATE MAILING UNDER 37 C.F.R. §1.8 w (
| hereBy certify th,a‘t’thié correspondence is being deposited with the United States Postal Service as first class mail, with HOFER
sufficient postagg; in an envelope addressed to: Mail Stop RCE, P. O. Box 1450, Alexandria, VA 22313-1450 on the below _—
date: GILSON
Date: February 3, 2005 Name: Steven P. Shurtz Signature: /Steven P. Shurtz/ & L ' 0 N E

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Applin. of:  Griffith D. Neal
Appin. No.: 09/798,511 Examiner: Stephen J. Kenny
Filed: March 2, 2001 Art Unit: 3726
For: STATOR ASSEMBLY MADE FROM A

PLURALITY OF TOROIDAL CORE ARC
SEGMENTS AND MOTOR USING SAME

Attorney Docket No:  8864/20

Mail Stop RCE

Commissioner for Patents

U.S. Patent and Trademark Office
P. O. Box 1450

Alexandria, VA 22313-1450

REQUEST FOR CONTINUED EXAMINATION (37 C.F.R. § 1.114)
Sir:
Applicant requests continued examination of the above-identified application under 37
C.F.R. §1.114.
XI Submission under 37 CFR 1.114 (check at least one of the following):
XI Previously submitted:

[0 Applicant(s) requests nonentry of any previously-filed unentered amendments.

[XI Please enter and consider the Amendment After Final Under 37 C.F.R. §1.116
previously filed on January 3, 2005

[J Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[] Other:
[J Attached is/are:
[0  An Information Disclosure Statement
[0 An Amendment to the written description, claims, or drawings
[0 New Arguments and/or New Evidence in support of Patentability
[0 other:
T 02/09/2005 MAKKEDL 00000073 09798511 Page 1 of 2
01 FC:2801 395.00 OF
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Appln. No. 09/798,511 Attorney Docket No. 8864/20

[C] Request for suspension of action:

Applicant(s) hereby request suspension of action on the above-identified application under
37 C.F.R. §1.103(c) for a period of months. (Period of suspension shall not exceed
3 months; requires Processing Fee under 37 C.F.R. §1.17(i)).

[XI Small Entity Status:

X
O
)

Applicant hereby asserts entittement to claim small entity status under 37 CFR
§§1.9and 1.27.

A small entity statement or assertion of entittement to claim small entity status was
filed in prior application no. / and such status is still proper and desired.

Is no longer desired.

X  Applicant(s) calculate the following fees to be due in connection with this Request:

X
O
[

X

A Request fee of $395 under 37 C.F.R. §1.17(e).

A suspension processing fee of $ under 37 C.F.R. §1.17(i).
An additional filing fee of $ under 37 C.F.R. §1.16 ( additional
independent claims and/or additional total claims).

An extension fee of $165.00 under 37 C.F.R. §1.17(a) for a second one-month
extension of time.

XI  Fee payment to cover the above-enumerated fee(s):

XX OO0

A check in the amount of $ is enclosed.

Please charge Deposit Account No. 23-1925 (BRINKS HOFER GILSON & LIONE) in
the amount of $ . A copy of this Request is enclosed for this purpose.

A payment by credit card in the amount of $560.00 (Form PTO-2038 is attached).

The Commissioner is hereby authorized to charge payment of any additional filing
fees required under 37 CFR § 1.16 and any patent application processing fees under
37 CFR § 1.17 associated with this paper (including any extension fee required to
ensure that this paper is timely filed), or to credit any overpayment, to Deposit
Account No. 23-1925 (BRINKS HOFER GILSON & LIONE). A copy of this Request
is enclosed for this purpose.

Respectfully submitted,

February 3, 2005 /Steven P. Shurtz/

Date

Steven P. Shurtz (Reg. No. 31,424)

Page2of 2
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(\,C CERTIFICATE MAILING UNDER 37 C.F.R. §1.8
‘:ti‘ﬁ"éreby certify that this correspondence is being deposited with the United States Postal Service as first class mail, with
" sufficient postage, in an envelope addressed to: Mail Stop RCE, P. O. Box 1450, Alexandria, VA 22313-1450 on the below
date:

Date: February 3, 2005 Name: Steven P. Shurtz Signature: /Steven P. Shurtz/

Case No. 8864/20
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Griffith D. Neal

Serial No: ~ 09/798,511 Examiner: Stephen J. Kenny
Filed: March 2, 2001 Group Art Unit: 3726
For: STATOR ASSEMBLY MADE FROM

A PLURALITY OF TOROIDAL

CORE ARC SEGMENTS AND

MOTOR USING SAME

PETITION AND FEE FOR A ONE MONTH
EXTENSION OF TIME (37 CFR § 1.136(a))

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:
This is a petition for an extension of the time to respond to an Office Action

dated September 3, 2004 for a period of a second month (a previous petition for a first
month extension was previously filed and granted).

X  Applicant:
X]  claims small entity status. See 37 C.F.R. §1.27.

[] is other than small entity

02/09/2005 HAHNEDL 00000073 09798511
02 FC:2eae 165.00 OF
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Case No. 8864/20

Extension Other Than Small Entity
Months Small Entity

] One Month $120.00 $60.00

Two Months $450.00 $225.00

[] Three Months $1,020.00 $510.00

] Four Months $1,590.00 $795.00

[] Five Months $2,160.00 $1,080.00

Fee Payment

[] Attachedisacheck for$_ for the Petition fee.

Attached is a credit card authorization form for $165.00 ($225-60) for the
Petition fee.

Petition is attached.
Charge any additional fee required or credit for any excess fee paid to Deposit
Account No. 23-1925. A duplicate copy of this Petition is attached.

X
[] Charge Petition fee to Deposit Account No. 23-1925. A duplicate copy of this
X

Respectfully submitted,

Dated: February 3, 2005

/Steven P. Shurtz/
Steven P. Shurtz
Registration No. 31,424
Attorney for Applicant

BRINKS HOFER GILSON & LIONE
P.O. BOX 10395

CHICAGO, IL 60610
(312)321-4200
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he '(£4 CERTIFICATE OF MAILING UNDER 37 C.F.R. §1.8 w

o “

‘ I’hergby.penﬁfi‘that this correspondence is being deposited with the United States Postal Service as first class mail, with HOFER
sufficient postage, in an envelope addressed to: Commissioner for Patents, P. O. Box 1450, Alexandria, VA 22313-1450, ——————————
on the below date: GILSON
Date: _February 3, 2005 Name: _Steven P. Shurtz Signature: /Steven P. Shurtz/

&LIONE

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Applin. of:  Griffith D. Neal

AppIn. No.: 09/798,511 Examiner: Stephen J. Kenny
Filed: March 2, 2001 Art Unit: 3726
For: _ STATOR ASSEMBLY MADE FROM A

PLURALITY OF TOROIDAL CORE ARC
SEGMENTS AND MOTOR USING SAME

Attorney Docket No:  8864/20

Mail Stop RCE
Commissioner for Patents

P. O. Box 1450

Alexandria, VA 22313-1450 TRANSMITTAL
Sir:

Attached is/are:

X Request For Continued Examination (37 C.F.R. §1.114)

X  Return Receipt Postcard

Fee calculation:

[0  No additional fee is required.

[0  Small Entity.

X An extension fee in an amount of $165.00 for a second-month extension of time under 37 C.F.R. § 1.136(a).

X A petition or processing fee in an amountof $____ under 37 C.F.R. § 1.17( ).

[0  An additional filing fee has been calculated as shown below:

Small Entity Not a Small Entity
Claims Remaining Highest No. Present
After Amendment Previously Paid For | Extra Rate Add’l Fee | or | Rate Add’l Fee

Total Minus X $25= x $50=

Indep. Minus x 100= x $200=

First Presentation of Multipie Dep. Claim +$180= + $360=

Total $ Total $

Fee payment:

[0 Acheckinthe amount of $ is enclosed.

[0 Please charge Deposit Account No. 23-1925 in the amount of $ . A copy of this Transmittal is enclosed
for this purpose.

X Payment by credit card in the amount of $560.00 (Form PTO-2038 is attached).

XI  The Director is hereby authorized to charge payment of any additional filing fees required under 37 CFR § 1.16
and any patent application processing fees under 37 CFR § 1.17 associated with this paper (including any
extension fee required to ensure that this paper is timely filed), or to credit any overpayment, to Deposit
Account No. 23-1925.

Respectfully submitted,

February 3, 2005 /Steven P. Shurtz/

Date Steven P. Shurtz (Reg. No. 31,424)
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[~ Application No. Applicant(s) U\
Advisory Action 09/798,511 NEAL, GRIFFITH D.
Examiner Art Unit
Stephen J Kenny 3726

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

THE REPLY FILED 03 January 2005 FAILS TO PLACE THIS APPLICATION IN CONDITION FOR ALLOWANCE.
Therefore, further action by the applicant is required to avoid abandonment of this application. A proper reply to a
final rejection under 37 CFR 1.113 may only be either: (1) a timely filed amendment which places the application in
condition for allowance; (2) a timely filed Notice of Appeal (with appeal fee); or (3) a timely filed Request for Continued
Examination (RCE) in compllance with 37 CFR 1.114.

PERIOD FOR REPLY [check either a) or b)]

a) & The period for reply expires 3 months from the mailing date of the final rejection.

b) |:] The period for reply expires on: (1) the mailing date of this Advisory Action, or (2) the date set forth in the final rejection, whichever is later. In
no event, however, will the statutory period for reply expire later than SIX MONTHS from the mailing date of the final rejection.
ONLY CHECK THIS BOX WHEN THE FIRST REPLY WAS FILED WITHIN TWO MONTHS OF THE FINAL REJECTION. See MPEP
706.07(f).

Extensions of time may be obtained under 37 CFR 1.136(a). The date on which the petition under 37 CFR 1.136(a) and the appropriate extension
fee have been filed is the date for purposes of determining the period of extension and the corresponding amount of the fee. The appropriate extension
fee under 37 CFR 1.17(a) is calculated from: (1) the expiration date of the shortened statutory period for reply originally set in the final Office action; or
(2) as set forth in (b) above, if checked. Any reply received by the Office later than three months after the mailing date of the final reJectlon even if
timely filed, may reduce any earned patent term adjustment. See 37 CFR 1.704(b).

1.0 A Notice of Appeal was filed on . Appellant’s Brief must be filed within the period set forth in
37 CFR 1.192(a), or any extension thereof (37 CFR 1.191(d)), to avoid dismissal of the appeal.

2.[X The proposed amendment(s) will not be entered because:

(a) they raise new issues that would require further consideration and/or search (see NOTE below);
(b) (] they raise the issue of new matter (see Note below);

(c)[3 they are not deemed to place the application in better form for appeal by materially reducing or. 3|mpllfy|ng the
issues for appeal; and/or

(d) [ they present additional claims without canceling a corresponding number of finally rejected claims.
NOTE: See Continuation Sheet.
3.0 Applicant's reply has overcome the following rejection(s):

4.[] Newly proposed or amended claim(s) ___ would be allowable if submltted in a separate, timely filed amendment
canceling the non-allowable claim(s).

5.1 The a)[] affidavit, b)[] exhibit, or c)[_] request for reconsideration has been considered but does NOT place the
application in condltlon for allowance because:

6.[] The affidavit or exhibit will NOT be considered because it is not directed SOLELY to issues which were newly
' raised by the Examiner in the final rejection.

7.0~ For purposes of Appeal, the proposed amendment(s) a)[X] will not be entered or b)[] will be entered and an
explanation of how the new or amended claims would be rejected is provided below or appended.

The status of the claim(s) is (or will be) as follows:
Claim(s) allowed: __

Claim(s) objected to: ___

Claim(s) rejected: 1-26 and 30-32.

Claim(s) withdrawn from consideration: 27 and 28.

8.(C] The drawing correction filed on is a)[_] approved or b)[] disapproved by the Examiner.
9.7 Note the attached Information Disclosure Statement(s)( PTO-1449) Paper No(s).
10.CJ Other:
DAVID P. BRYANT
PRIMARY EXAMINER

U.S. Patent and Trademark Office
PTOL-303 (Rev. 11-03) Advisory Action Part of Paper No. 20050110
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Contimi;tion Sheet (PTOL-303) ' Application No. 09/798,511

Continuation of 2. NOTE: The newly added limitation that a plurality of individual stator arc segments, each having a pluralityof poles with
wire wound around said poles, is a new issue that has not previously been considered .

G, Kepody

Yiof§
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o]
o '\) Amendments to the Claims
b 4 Please cancel claims 2, 18 and 27-28, amend claims i, 3,9, 10, 15, and 19-21,
‘_,Y’{ ‘ and add new claims 33-35. A complete listing of the claims with proper claim identifiers
follows.
o
L . Listing of Claims
1. (Currently amended) A stator assembly, comprising:

a) a plurality of individual stator arc segments forming a toroidal core,
wherein each said stator arc segment has two end surfaces and a plurality of poles with
wire wound around said poles [[that are each in contact with an end surface of another
stator arc segment to form]] forming the toroidal core; and

b) a monolithic body of injection molded phase change material

substantially encapsulating the stator arc segments_and the wire wound around the
poles, wherein said phase change material bonds the arc segments together to hold the ~
arc segments in a toroidal shape.

2. (Canceled)

3. (Cd rrently amended) The stator assembly of claim [[2]]) 3 wherein the
packing density of the wire around the poles is between about 60 percent and about 80

percent.

4. (Original) The stator assembly of claim 1 wherein the phase change
material has a coefficient of linear thermal expansion of less than 2x10°° in/in/°F
throughout the range of 0-250°F.

5. (Original) The ‘stator assembly of claim 1 wherein the phase change
material has a coefficient of linear thermal expa'nsion of less than 1.5x107% in/in/°F

throughout the range of 0-250°F.

6. (Original) The stator assembly of claim 1 wherein the phase change
material has a coefficient of linear thermal expansion of between about 0.8x10 in/in/°F
and about 1.2x107 in/in/°F throughout the range of 0-250°F.
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RECEIVED
I hereby centify that this correspondence is being
sent via facsimile to 1-703-872-9306 to Examiner CENTRAL FAX CENTER
Kenny at the United States Patent & Trademark
Office, JAN 0 3 2005

on January 3, 2005
Date of Deposit

Steven P. Shurtz, Reg. No. 31,424

Name of applicant, assignee or
Registered Representative

e P s

Signature

Qur Case No. 8864/20

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Griffith D. Neal

Serial No.: 09/798,511
Examiner: Stephen J. Kenny

Filing Date: March 2, 2001
Group Art Unit No.: 3726

For: STATOR ASSEMBLY MADE FROM
A PLURALITY OF TOROIDAL CORE
ARC SEGMENTS AND MOTOR
USING SAME

PETITION AND FEE FOR EXTENSION OF TIME (37 CFR § 1.136(a))

_Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

This is a petition for an extension of the time to respond to Office Action dated
September 3, 2004 for a period of 1 month(s).

DA Applicant:

[XI claims small entity status. See 37 C.F.R. §1.27.

MmN is other than small entity
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Casc No. 8864-20

Extension Other Than Smali Entity
Months Small Entity

X One Month $120.00 $60.00

] Two Months $450.00 $225.00

O Three Months $1020.00. $510.00

(] Four Months $1,590.00 $795.00

] Five Months $2,160.00 $1,080.00

Fee Pavment

[CJ  Attached is a check for $ for the Petition fee.

X A credit card authorization form for $60 for the Petition fee was transmitted
previously. '

O Charge Petition fee to Deposit Account No. 23-1925. A duplicate copy of this
Petition is attached.

X Charge any additional fee required or credit for any excess fee paid to Deposit -

Account No. 23-1925. A duplicate copy of this Petition is attached.

Respectfully submitted,

Dated: January 3, 2005 ﬁ % . Y, ; Z '
S

teven P. Shurtz
Registration No. 31,424
Attormey for Applicant

BRINKS HOFER GILSON & LIONE
P.O. BOX 10395
CHICAGO, ILLINOIS 60610

(312) 321-4200
Direct: (801) 444-3933

-2-
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CENTRAL FAX CENTER
JAN 0 3 2005

CERTIFICATE OF FACSIMILE TRANSMI{SSION UNDER 37 C.F.R. §1.8 B_ _—Rl NKS
| haraby ceriify that this correspondence is being sent via facsimlle to 1-703-872-93 Jo Examiner Kenny at United HOFER
States Patent & Trademark Office , on the below date: '0 S

- e, GILSON

Cate: _January 3, 20058  Name: _Staven P, Shurtz Sig| o VIV
&LIONE
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE _
In re Appln. of: Griffith D. Neal
Appin. No.: 09/798,511 Examiner: S. J. Kenny
Filed: March 2, 2001 Art Unit: 3726
For: STATOR ASSEMBLY MADE FROM A

PLURALITY OF TOROIDAL CORE ARC
SEGMENTS AND MOTOR USING SAME

Attorney Docket No: 8864/20

Mail Stop Amendment
Commissioner for Patents

P. 0. Box 1450 TRANSMITTAL

Alexandria, VA 22313-1450

Sir:
Attached is/are:
& Amendment;

[0  Return Receipt Postcard
Fee calculation:

O  No additional fee is required.
X Small Entity.
X Anextension fee in an amount of $6Q for a 1-month extension of time under 37 C.F.R. § 1.136(a).
(| A petition or processing fee in an amount of § under 37 C.F.R. § 1.17( )3
[ An additional filing fee has been calculated as shown below;
Small Entity Not a Small Entity

Claims Remaining Highest No. Present

After Amendment Previously Paid For | Extra Rate AddLEpn or | Rate Add'| Fee
Total 30 Minus |32 0 X $25= x $50=
Indep. 3 Minus {5 0 X100= x $200=
First Presentation of Multiple Dep. Claim +5180= + $360=

Total $ Total 8

Fee payment:

A check in the amount of $ to cover the above-identifled fee(s) is enclosed.

Please chérge Deposit Account No. 23-1925 in the amount of $ . A copy of this Transmittal is enclosed
for this purpose.

Payment by credit card in the amount of $80.00 (Form PTO-2038 is attached).

The Director is hereby authorized to charge payment of any additional filing fees required under 37 CFR § 1.16

and any patent application processing fees under 37 CFR § 1.17 associated with this paper (including any
extension fee required to ensure that this paper is timely filed), or to credit any overpayment, to Deposit

Account No. 23-1925.

Respggctfully submitted,
Dé%a/n. 3,205~ ,z?uu/n Y ,ﬂmf

Stéven P. Shurtz (Reg. No. 31,424) 7

X 0O
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| hereby certify that this correspondence is being sent RECE'VED
via facsimile to 1-703-872-9306 to Examiner Kenny CENTRAL FAX CENTER
at the United States Patent & Trademark Office,
on January 3, 2005
Date of Deposit JAN 0 3 2005

Steven P. Shurlz, Reg. No. 31,424
Name of applicant, assignee or

Registered Representati

Signature

Our Case No. 8864/20 -

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

in re Application of:
Griffith D. Neal

Serial No.: 09/798,511
Examiner: Stephen J. Kenny

Filing Date: March 2, 2001

For. STATOR ASSEMBLY MADE FROM A
- PLURALITY OF TOROIDAL CORE -
ARC SEGMENTS AND MOTOR
USING SAME

Group Art Unit No.: 3726

N N N Mt et i e e’ e e S st

AMENDMENT

Mail Stop: Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

In response to the Office Action mailed September 3, 2004, please enter the
following amendment and consider the following remarks.
Amendments to the specification begin on page 2 of this paper.
Amendments to the claims are reflected in the listing of claims which begins on
page 3 of this paper.
Remarks begin on page 8 of the paper.
01/04/2005 BBONMER 00000002 09798511
01 FC:2251 £0.00 0P
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Amendments to the Specification

Please amend the paragraph on page 8, lines 16-30, as follows:

As shown in FIG. 4, the individual stator arc segments 20 are then removed from
the carrier and aligned to form a magnetically inducible toroidal core 17 having a
plurality of poles 21 thereon, and wire windings 15 which serve as conductors. To form
the teroidal core 17, an end surface 16 of each stator arc segment 20 is aligned and
brought into contact with a corresponding end surface 19 of another stator arc segment
20. The wire 15 between the poles 21 of different stator arc segments 20 is also
aligned in the toroidal core 17, following the arc of the stator arc segments 20. As a
result, the wire in the toroidal core 17 is taught. After the wire is wound so that one set
of three leads is terminated together to create the common ground 46, and the other
ends of the wire, are for each of the three phases form the leads 47a, 47b and 47¢ by
which current is supplied to the windings. The conductors induce or otherwise create a
plurality of magnetic fields ih the core when electrical current is conducted through the
conductors. In this embodiment, a magnetic field is induced in each of the poles 21.
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Amendments to the Claims

Please cancel claims 2, 18 and 27-28, amend claims 1, 3, 9, 10, 15, and 19-21,
and add new claims 33-35. A complete listing of the claims with proper claim identifiers
follows.

Listing of Claims

1. (Currently amended) A stator assembly, comprising:
a) a plurality of individual stator arc segments forming a toroidal core,
wherein each said stator arc segment has two end surfaces and a plurality of poles with

wire wound around said poles [[that are each in contact with an end surface of another

stator arc segment to form]] forming the toroidal core; and
b) a monolithic body of injection molded phase change material
substantially encapsulating the stator arc segments_and the wire wound around the

poles, wherein said phase change material bonds the arc segments together to hold the -

arc segments in a toroidal shape.
2. (Canceled)

3. (Currently amended) The stator assembly of claim [[2]] 3 wherein the
packing density of the wire around the poles is between about 60 percent and about 80

percent.

4. (Original) The stator assembly of claim 1 wherein the phase change
material has a coefficient of linear thermal expansion of less than 2x107 in/in/°F
throughout the range of 0-250°F.

5. (Original) The stator assembly of claim 1 wherein the phase change
material has a coefficient of linear thermal expa'nsion of less than 1.5x10°5 in/in/°F

throughout the range of 0-250°F.

6. (Original) The stator assembly of claim 1 wherein the phase change
material has a coefficient of linear thermal expansion of between about 0.8x10 in/in/°F
and about 1.2x107 in/in/°F throughout the range of 0-250°F.
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7. (Original) The stator assembly of claim 1 wherein the phase change
material has a thermal conductivity of at least 0.7 watts/meter®K at 23°C.

8. (Original) The stator assembly of claim 1 wherein the phase change

material comprises polyphenyl sulfide.

9. (Currently amended) A method of making a stator assembly for a motor
comprising: ’
a) providing at least two individual stator arc segments each having a
first end surface and a second end surface and a plurality of poles with wire wound

around said poles;
b) aligning said stator arc segments to form a toroidal core[[, wherein

each said end surface of one segment is in contact with an opposing end surface of
another segment]]; and

c) substantially encapsulating said toroidal core,_including said
windings, with a monolithic body of injection molded phase change material to form said

stator assembly, wherein said phase change material bonds the arc segments together

to hold the arc segments in a toroidal shape.

10.  (Currently amended) The method of claim 9][,]] wherein [[each of said.
stator arc segments have a plurality of]] the poles [[extending]] extend inwardly from a

base of each of said stator arc [[segment]] segments.

11.  (Original) The method of claim 10 wherein prior to said step of aligning,

the wire is wound around said poles of said stator arc segments.

12.  (Original) The method of claim 11 wherein said stator arc segments are
placed in a carrier that holds and supports said stator arc segments while the wire is

wound around said poles.

13.  (Original) The method of claim 12 wherein said carrier has a plurality of

cavities to hold and support said stator arc segments.
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14. (Original) The method of claim 13 wherein said cavities are spaced aparta .
distance X, wherein X is the length of uncoiled wire necessary to align said stator arc

segments to form a toroidal core.

15.  (Currently amended) The method of claim 9 wherein said [[toroidal core
has]] windings provide muitiple conductors that create a plurality of magnetic fields

when electrical current is conducted through the conductors.

16.  {Original) The method of claim 9 wherein said phase change material-is

selected from the group consisting of thermoplastics and thermosetting materials.

17.  (Original) The method of claim 9 wherein prior to said substantially
encapsulating, said toroidal core is clamped in an injection mold cavity to maintain the

toroidal shape.
18. (Canceled)

19.  (Currently amended) The method of claim [[18]] 9 wherein said phase
change material is injected into a mold at temperature of between about 200°F and
about 700°F. '

20. (Currently amended) The method of claim [[18,]] 9 wherein said phase
change material is injected into a mold at a temperature of between about 550°F to

about 650°F.

21.  (Currently amended) A method of making a motor comprising:
a) providing four individual stator arc segments, wherein each stator
arc segment has a first end surface and a second end surface and a plurality of poles

with wire wound around said poles;
b) aligning said stator arc segments to form a toroidal core[[, wherein

each said end surface of one segment is in contact with an opposing end surface of

another segment]];
c) substantially encapsulating said toroidal core, including said
windings, with a monolithic body of phase change material, wherein said substantially
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encapsulating is by injection molding said phase change material around said toroidal
core to form a stator assembly, wherein said phase change material bonds the arc
segments together to hold the arc segments in a toroidal shape; and

d) constructing the stator assembly into a motor.

22. (Original) The method of claim 21 wherein each of said stator arc

segments comprise a plurality of steel laminations.
23. (Previously presented) A motor comprising the stator assembly of claim 1.

24.  (Previously presented) The motor of claim 23 wherein said motor
comprises said stator assembly, a shaft, a base, bearings, a rotor, at least one

permanent magnet and a hub.

25. (Previously presented) An electronic device including the motor of claim
23.

26.  (Previously bresented) A motor and disc assembly ihcluding the motor of

claim 23.
27-29. (Canceled)

30. (Previously presented) The method of claim 11 wherein the packing
density of the wire around the poles is between about 60 percent and about 80 percent.

31. (Previously presented) The method of claim 9 wherein the phase change
material has a coefficient of linear thermal expansion of less than 2x107® in/in/°F

throughout the range of 0-250°F.

32. (Previously presented) The method of claim 9 wherein the phase change
material has a thermal conductivity of at least 0.7 watts/meter°K at 23°C.

33. (New) The stator assembly of claim 1 wherein said end surfaces of

adjacent stator arc segments are in contact with one another.
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34. (New) The method of claim 9 wherein said end surfaces of adjacent stator
arc segments are in contact with one another.

35. (New) The method of claim 21 wherein said end surfaces of adjacent
stator arc segments are in contact with one another.
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REMARKS
The amendment does not involve new matter. The specification is amended in

accordance with Fig. 4 to reflect that “individual” stator arc segments are assembled to
make the stator assembly. The limitations added to claims 1, 9 and 21 are found in
original claims 2, 10 and 18, and on page 8 as amended. New claims 33-35 are
supported by original claims 1, 9 and 21 respectively.

In the outstanding Office Action, claims 1, 2, 9-10, 15-18 and 21-26 were rejected
under 35 U.S.C. § 102(b) as anticipated by U.S. Patent No. 5,191,698 (Sumi), and .
alternatively under 35 U.S.C. § 103(a) as being unpatentable over Sumi in view of U.S.
Patent No. 5,729,072 (Hirano). These rejections are respectfully traversed. Claim 1 is
directed to a stator assembly, and requires a plurality of stator arc segments forming a
toroidal core, with each arc segment having two end surfaces and a plurality of poles
with wire wound around the poles. (This feature was originally found in claim 2, which
has been cancelled.) Claim 1 also calls for a monolithic body of injection molded phase
change material substantially encapsulating the stator arc segments, including the
windings, wherein the phase change material bonds the ai'c segments together to hold
the arc segments in a toroidal shape. The specification defines substantial
encapsulation as meaning that the body either entirely surrounds the toroidal core, or
surrounds almost all of it except for minor areas of the core that may be exposed.
Substantial encapsulation also means that the body and toroidal core are rigidly fixed
together and behave as a single component with respect to harmonic oscillation
vibration. (Specification, page 9, lines 3-8.) The monolithic body is formed by an
injection molding operation, preferably in which a plurality of stator arc segments are
clamped in a mold, and thermoplastic material is injection molded around them to form
the monolithic body.

Sumi discloses a method of making a resin molded motor. While Sumi discloses
é plurality of assemblies of core sheets 8 with independent poles 4’, these do not
constitute a plurality of individual stator arc segments, each having a plurality of poles
with windings thereon. Each assembly 8 ‘only provides one pole. Units 7 of Sumi each
constitute a plurality of poles 4, but these are all part of one solid piece forming a circle,
they are not individual arc segments. The poles 4 of units 7 and poles 4’ of assemblies
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8 are joined together using fitting grooves 10 to make a magnetic pole member 3 (col. 2,
lines 44-46). This entire pole member 3 then gets clad by molding an electrically
insulating synthetic resin around it (col. 2, lines 53-58). In addition to the fact that the
pieces 4, 4', 7 and 8 do not constitute a plurality of individual stator arc segments each
with a plurality of poles, claim 1 (formerly claim 2) also requires that the poles have wire
wound around them. The pole member 3 does not have any wire wound around the
poles until later. The synthetic resin helps hold the pieces together and electrically
insulates them. It does not encapsulate the windings 22a, 22b, 23a and 23b. These
windings are provided later after the toroidal core section is all together and the
insulating layer applied. (Col. 3, lines 10-12.) Thereafter the entire motor, inciuding the
shaft, is placed in a mold and a resin is poured into the mold to produce a casing and
flange on the motor (col. 3, lines 38-44). This resin is not injection molded. Since there
are no plurality of individual stator arc segments each with a plurality of poles with wire
wound around them in Sumi, and there is no monolithic body of injection molded phase
change material in Sumi substantially encapsulating the stator arc segments, including
the windings, and bonding the arc segments together to hold the arc segments in a
toroidal shape as required by claim 1, claim 1 is not anticipated by Sumi. Claims 23-26
are dependent on claim 1 are therefore likewise also not anticipated by Sumi.
Furthermore, it would not have been obvious to use an injection molding process to
produce the casing and flange in Sumi. First, injection molding was well known to Sumi,
as the materials used to clad the pole members 3 as discussed in Col. 2, lines 55-59
are injection moldable thermoplastics. However, Sumi specifically teaches to use a

. poured resin material to make the casing. Second, once the wires are added to the
poles, one of ordinary skill in the art would not want to subject that structure to the high
pressures and temperatures typically found in an injection moiding process. Thus, the
invention of claim 1 and the claims dependant thereon would not have beén obvious in
view of Sumi. .

The Office Action takes the position, in rejecting claim 2, that Figure 1 of Sumi
shows each arc segment with a plurality of poles with wire 19 wound around them. As
noted above, a careful reading of Sumi shows that by the time the windings are applied,
there is just one po!é member 3, not a plurality of stator arc segments each having a
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plurality of poles with wire around the poles. if the pieces are considered separately,
none of the pieces constitutes a stator arc segment with a plurality of poles with wire
would around the poles. If the whole pole member 3 is considered, it does not
constitute a plurality of individual stator arc segments. Either way it is considered, the
claim limitation is not met. Further, the last phrase of claim 1 is not met. Claim 1
requires that the monolithic body of phase change material substantially encapsulating
the stator arc segments and the wire wound around the poles also bonds the arc
segments together to hold the arc segments in a toroidal shape. By the time a resin
material is poured into the mold in Sumi, the pole member 3 is already held in its
toroidal shape by the fitting grooves 10 and the insulating layer of synthetic resin. The
later added resin does not constitute a monolithic body of phase change material with
this insulating layer. Thus there is no monolithic body of phase change material that
both encapsulates the poles with windings on them and bonds the arc segments
together to hold the arc segments in a toroidal shape.

Claims 9 and 21 also require individual stator arc segments each having a
plurality of poles with wire wound around said poles, and also require substantially
‘encapsulating the toroidal core formed of aligned stator arc segments with a monolithic
body of phase change material, with the phase change material bonding the arc - .
segments, and windings, together to hold the arc segments in a toroidal shape. As
noted above, these features are not found in Sumi. Claims 9 and 21, and claims 10, 15-
17 and 22 dependent thereon, are thus not anticipated by Sumi.

Hirano discloses a stator made of arc segments, but again the arc segments do
not each include a plurality of poles, and there is no suggestion of substantially
encapsulating the arc segments in the stator of Hirano with a monolithic body of phase
change material. Rather, the segments are held together by “welding, bonding or
applying an annular member.” (Column 2, lines 47-48.) Thus even if Sumi and Hirano
were somehow combined, and arc segments such as those disclosed in Hirano were
used in the motor of Sumi, the stator segments would be bonded together by some
other means before the wire was wound around the poles. Just as with Sumi, any resin
material later poured into a mold to create the casing and flange for the motor would not
constitute an injected molded monolithic body of phase change material which acts to

10
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hold the arc segments in a toroidal shape as required by claims 1, 9 and 21. Thus,
even if the art were somehow combined, the resulting device would not have all of the
elements called for by claims 1, 9 and 21. These claims, and the claims dependent
thereon, are thus patentable over Sumi and Hirano.

Claims 3 and 30 were rejected in the outstanding Office Action under 35 U.S.C.
§ 103(a) as being unpatentable over Sumi in view of Hirano. This rejection is
respectfully traversed. Claim 3 is ultimately dependent on claim 1, and claim 30 is
ultimately dependent on claim 9. As discussed above, neither Sumi nor Hirano disclose
a monolithic body of injection molded phase change material substantially
encapsulating stator arc segments with wire windings on multiple poles on each
segment, and bonding the arc segments'together to hold the arc segments in a toroidal
shape. Hence claims 3 and 30 are patentable over Sumi and Hirano.

In the outstanding Office Action claims 4-8, 11-14 and 31-32 were rejected under
35 U.8.C. § 103(a) as being unpatentable over Sumi in view of U.S. Patent No.
5,592,731 (Huang). This rejection is also respectfully traversed. Claims 4-8 are
ultimately dependent on claim 1, and claims 11-14 and 31-32 are ultimately dependent
on claim 9. Huang discloses stator arc segments, but those arc segments are not
substantially encapsulated by a monolithic body of phase change material as called for
by claim 1. In Huang, individual particles of iron powder (each with an iron phosphate
layer thereon) have a coating of thermoplastic material on them, and the thermopléstic
material allows the particles to be compacted together. Thus in Huang, the' iron
paricles are encapsulated in a thermoplastic, rather than the stator arc segments being
encapsulated as called for by claim 1. These particles are then compacted in a die to
form a stator arc segment, but these stator arc segments are not thereafter
encapsulated. Rather, a metallic ring 62 is used to hold the arc segments together.
See column 8, line 61 to column 9, line 10 of Huang.

Since Huang does not disclose the monolithic body of phase change material
substantially encapsulating stator arc segments and bonding the arc segments togeﬂier
to hold the arc segments in a toroidal shape, nor would it have been obvious to modify
Huang to include this element, claims 4-8, 11-14 and 31-32 are patentable over Sumi

and Huang.

1"
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Claims 19-20 were rejected in the outstanding Office Action under 35 U.S.C.
§ 103(a) as being unpatentable over Sumi in view of U.S. Patent No. 4,015,154
(Tanaka). This rejection is respectfully traversed. Claims 19-20 are ultimately
dependent on claim 9, and are patentable over Sumi for the reasons discussed above.

Tanaka discloses a motor made with a conventional laminated toroidal core,
rather than a core made of stator arc segments. Such a laminated toroidal core is then
placed in an injection molding machine and a specific combination of thermosetting and
thermoplastic materials is used to form a casing around the core. Tanaka goes to great
lengths in choosing the right combination of thermosetting and thermoplastic materials,
and notes that significant problems surround molding cores for electric motors using
these materials. Column 4, lines 29-51 describe these problems, which include
contraction and shrinkage, cracks, cave-ins, lack of high fidelity reproduction, etc.

There is nothing in either Tanaka or Sumi that would suggest that stator pieces
such as those in Sumi could or should be overmolded with the specific composition of
Tanaka. The Tanaka injection molding is for laminated cores that form a complete

. annular ring, not a core made from pieces. Further, from the problems addressed in
Tanaka with injection molding cores in general, it would go against Tanaka to try to
mold stator core made of individual pieces, especially where the segments are then
held together by the injection meolded material. Hence claims 19-20 are patentable over

Sumi and Tanaka.

12
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Since each of the rejections has been overcome, an eary notice of allowance is
respectfully requested.

Respectfully submitted,

Steven P. Shurtz
Registration No. 31,424
Attomey for Applicant

BRINKS HOFER GILSON & LIONE
P.O. BOX 10395

CHICAGQO, ILLINOIS 60610

(312) 3214200

Direct: (801) 444-3933
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09/798,511 NEAL, GRIFFITH D. /—/
Office Action Summary Examiner Art Unit }

Stephen J Kenny 3726

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

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

after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
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- 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) Responsive to communication(s) filed on 20 May 2004.
2a)X] This action is FINAL. 2b)[] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

4)X Claim(s) 1-28, 30-32 is/are pending in the application.
4a) Of the above claim(s) 27 and 28 is/are withdrawn from consideration.

5)[] Claim(s) _____is/are allowed.

6)X] Claim(s) 1-26, 30-32 is/are rejected.

7)[] Claim(s) _____is/are objected to.

8)[] Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

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

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)(JAIl  b)[J Some * c)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ___
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
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1) [X] Notice of References Cited (PTO-892) 4) [] Interview Summary (PTO-413)
2) [[] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _
3) [] Information Disclosure Statement(s) (PTO-1449 or- PTO/SB/08) 5) [] Notice of Informal Patent Application (PTO-152)
Paper No(s)/Mail Date . 6) I:l Other:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 20040827
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Application/Control Number: 09/798,511 Page 2
Art Unit: 3726

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

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

A person shall be entitled to a patent unless —

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

Claims 1-2, 9-10, 15-18, 21-26 are rejected under 35 U.S.C. 102(b) as being anticipated
by Sumi et al. (US Patent No 5191698).

Regarding claims 1, 9, 16, 21, Sumi discloses forming a stator assembly comprising: a
plurality of stator arc segments (7, 8) forming a toroidal core, having two ends in contact with
each other (Figure 2), and a monolithic body of thermoplastic phase change material
substantially encapsulating the stator arc segments via injection molding and holding said end
surfaces with one another (column 1, lines 30-35, 46-50, 65-68 & column 2, lines 54-64).

Regarding claims 2, 10, & 15, Sumi discloses each arc segment has a plurality of poles
with wire (19) wound around (Figure 1).

Regarding claims 17-18, Sumi discloses clamping the toroidal core in an injection mold
cavity to maintain the shape (column 2, lines 54-56).

Regarding claims 22-26, Sumi discloses the stator arc segments are steel laminations
(column 2, lines 41 & 54); a motor/electronic device having a shaft, base, bearings, rotor, &

magnet hub (Figure 1).
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Art Unit: 3726

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

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

In the alternative to the U.S.C. 102 rejection above, claims 1-2, 9-10, 15-18, 21-26 are
rejected under U.S.C. 103(a) as being unpatentable over Sumi in view of Hirano (US Patent No
5729072).

Sumi discloses the claimed invention as discussed above except for explicitly illustrating
that the stator core segments are positioned such that the end surfaces of each segment are in
contact with each other.

Hirano discloses a plurality of stator segments (11) positioned such that the end surfaces
are in contact with each other. This configuration is widely known and practiced within the art,
since it provides favorable magnetic flux characteristics, as well as facilitates the formation of a
toroidal core. Therefore it would have been obvious to one of ordinary skill in the art at the time
the invention was made to form a stator core as disclosed by Sumi wherein the segments are in

contact with each other as taught by Hirano in order to realize the advantages discussed above.

Claims 3 & 30, are rejected under 35 U.S.C. 103(a) as being unpatentable over Sumi in
view of Hirano et al (US Patent No 5729072).
Sumi discloses the instant invention except for a packing density of the wire around the

stator poles is between 60% ~ 80%.
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Hirano discloses a packing density of 70% (abstract line 11). A high packing density is
advantageous in that it allows for an increase in magnetic flux while saving space as well.
Therefore it would have been obvious to one of ordinary skill in the art at the time the invention
was made to modify a stator core as Qisclosed by Sumi with the packing density taught by

Hirano in order to achieve a more efficient stator core.

Claims 4-8, 11-14, & 31-32 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Huang (US Patent No 5592731).

Regarding claims 4, 5, & 31, Sumi discloses the claimed invention except for the bonding
material having the claimed coefficient of linear thermal expansion (CLTE).

Regarding claims Huang discloses a phase change material for coating stator arc
components having a coefficient of linear thermal expansion of less than 2#10in/in/°F &
1.5%10°in/in/°F (column 9, lines 10-14). The use of a bonding agent having such a CLTE is
advantageous in that it prevents geometric distortion of the stator segments, which in turn
prevents performance degradation.

Regarding claims 6-8, & 32 Sumi/Huang disclose the claimed invention except for the
specific values of Coefficient of Linear Thermal Expansion; thermal conductivity; and material
composition. It would have been an obvious matter of design choice to use the specific values
claimed, since applicant has disclosed that such values are merely the “preferred” values
(applicant’s page 10, lines 15+), thereby implying that the invention would perform equally well

with alternative values as disclosed by Sumi/Huang.
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Regarding claim 11, Huang discloses prior to the aligning step, the wire is wound around
said poles of said stator arc segments (column 8, lines 34-35).

Regarding claims 12 & 13, Huang discloses stator segments placed in a carrier that holds‘
said stator segments while wire is wound around said poles (column 8, lines 36-37) wherein said
carrier has a plurality of cavities to hold and support said segments (Figure 5).

Regarding claim 14, Huang discloses spacing apart segments by a distance X, where X is

the length of uncoiled wire necessary to align said stator arc segments to form a toroidal core

(Figure 6).

Therefore it would have been obvious to one of ordinary skill in the art at the time the
invention was made to form a stator core as disclosed by Sumi, with a bonding agent having the
CLTE, winding method as taught by Huang in order to realize the improvements to performance

afforded by these modifications as discussed above.

Claims 19-20 are rejected under 35 U.S.C. 103(a) as being unpatentable over Sumi in
view of Tanaka (US Patent No 4015154).

Sumi discloses the claimed invention except for the specific temperature at which the
encapsulating material is heated to during the molding application.

Tanaka discloses that thermosetting materials be heated to an elevated temperature during
application (column 5, line 36). Thus the specific limitation of an application temperature of
200°F ~ 700°F, or 550°F ~ 650°F is considered an obvious matter of design choice since

applicant has provided no explanation of why these specific temperature ranges are beneficial or
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Art Unit: 3726

significant; and it appears as if the invention would perform equally well with the heating

disclosed by Tanaka.

Response to Arguments
Applicant's arguments with respect to claims 1-32 have been considered but are moot in

view of the new ground(s) of rejection.

Conclusion

Applicant's amendment necessitated the new ground(s) of rejection presented in this
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a).
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1.136(a).

A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO
MONTHS of the mailing date of this final action and the advisory action is not mailed until after
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event,
however, will the statutory period for reply expire later than SIX MONTHS from the date of this

final action.
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Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Stephen J Kenny whose telephone number is 703-306-0359. The
examiner can normally be reached on mon - fri 9am - 5pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Peter Vo can be reached on 703-308-1789. The fax phone number for the
organization where this application or proceeding is assigned is 703-872-9306.

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).

sk € Z(,-n’/l
?/3;/,,7

DAVID P. BRYANT
PRIMARY EXAMINER
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3 posited with the United States Postal Service, with
sufficient postage, as first class mail in an envelope
addressed to:
Commissioner for Patents
P.O. Box 1450

Alexandra, VA 22313-1450

on May 17, 2004

Date of Deposit

Steven P. Shurtz, Reg. No. 31,424
Name of applicant, assignee or

! o

Signature
May 17, 2004
Date of Signature

Our Case No. 8864/20

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: -
Griffith D. Neal

Serial No.: 09/798,511
Filing Date: March 2, 2001

For: STATOR ASSEMBLY MADE FROM A

PLURALITY OF TOROIDAL CORE
ARC SEGMENTS AND MOTOR
USING SAME

AMENDMENT AND SUMMARY OF INTERVIEW

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

R N W W L W L )

Examiner: Stephen J. Kenny

Group Art Unit No.: 3726

<OG}'0 20@

&

1//\69
/9,9)0

In response to the Office Action mailed November 18, 2003, please enter the

following amendment and consider the followihg remarks.

Amendments to the specification are on page 3 of this paper.
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Amendments to the drawings are on page 4 of this paper, and include both an
attached replacement sheet and an annotated sheet showing changes.

Amendments to the claims are reflected in the listing of claims which begins on
page 5 of this paper.

Remarks begin on page 9 of the paper.
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Amendment to the Specification

Please replace the paragraph on page 6, lines 15-16, with the following amended
paragraph:

FIG. 1 is an exploded, partial cross-sectional and perspective view of a

conventional high speed motor of the [[present invention]] prior art.

Please replace the paragraph on page 11, lines 1-17, with the following amended
paragraph:

One preferred thermoplastic material, Konduit OTF-212-11, was made into a
thermoplastic body and tested for its coefficient of linear thermal expansion by a
standard ASTM test method. It was found to have a CLTE in the range of —30 to 30°C
of 1.09x10°° in/in/°F in the X direction and 1.26x10°® in/in/°F in both the Y and Z
directions, and a CLTE in the range of 100 to 240°C of 1.28x107 in/in/°F in the X
direction and 3.16x107 in/in/°F in both the Y and Z directions. (Hence, the relevant
CLTEs for purposes of defining the invention are 1.09 x 107 in/in/°F and
1.28 x 10 in/in/°F.) Another similar material, Konduit PDX —0-988, was found to have a
CLTE in the range of —30 to 30°C of 1.1x107® in/in/°F in the X direction and 1.46x10°°
in/in/°F in both the Y and Z directions, and a CLTE in the range of 100 to 240°C of
1.16x107° in/in/°F in the X direction and 3.4x107° in/in/°F in both the Y and Z directions.
By contrast, a [[PBS]] PPS type polymer, (Fortron 4665) was likewise tested. While it
had a low CLTE in the range of —30 to 30°C (1.05x107 in/in/°F in the X direction and
1.33x10° in/in/°F in both the Y and Z directions), it had a much higher CLTE in the
range of 100 to 240°C (1.94x10° in/in/°F in the X direction and 4.17x10°® in/in/°F in both
the Y and Z directions).
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Amendments to the Claims

Please amend claims 1, 9, 21 and 23-26. A complete listing of the claims with
proper claim identifiers follows.
Listing of Claims

1. (Currently amended) A stator assembly, comprising:

a) a plurality of stator arc segments forming a toroidal core, wherein
each said stator arc segment has two end surfaces that are each in contact with an end
surface of another stator arc segment to form the toroidal core; and

b) a monolithic body of phase change material substantially
encapsulating the stator arc segments [[and holding said end surfaces in contact with

one another]] , wherein said phase change material bonds the arc segments together to

hold the arc segments in a toroidal shape.

2. (Original) The stator assembly of claim 1 wherein each of the stator arc

segments has a plurality of poles with wire wound around said poles.

3. (Original) The stator assembly of claim 2 wherein the packing density of
the wire around the poles is between about 60 percent and about 80 percent.

4. (Original) The stator assembly of claim 1 wherein the phase change
material has a coefficient of linear thermal expansion of less than 2x107 in/in/°F
throughout the range of 0-250°F.

5. (Original) The stator assembly of claim 1 wherein the phase change
material has a coefficient of linear thermal expansion of less than 1.5x107° in/in/°F
throughout the range of 0-250°F.

6. (Original) The stator assembly of claim 1 wherein the phase change
material has a coefficient of Iinealj thermal expansion of between about 0.8x107® in/in/°F
and about 1.2x107 in/in/°F throughout the range of 0-250°F.
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7. (Original) The stator assembly of claim 1 wherein the phase change
material has a thermal conductivity of at least 0.7 watts/meter®K at 23°C.

8. (Original) The stator assembly of claim 1 wherein the phase change

material comprises polyphenyl sulfide.

9. (Currently amended) A method of making a stator assembly for a motor
comprising:

a) providing at least two stator arc segments each having a first end
surface and a second end surface;

b) aligning said stator arc segments to form a toroidal core, wherein
each said end surface of one segment is in contact with an opposing end surface of
another segment; and

c) substantially encapsulating said toroidal core with a monolithic body

of phase change material to form said stator assembly, wherein said phase change

material bonds the arc segments together to hold the arc segments in a toroidal shape.

10.  (Original) The method of claim 9, wherein each of said stator arc
segments have a plurality of poles extending inwardly from a base of said stator arc

segment.

11.  (Original) The method of claim 10 wherein prior to said step of aligning,

the wire is wound around said poles of said stator arc segments.

12.  (Original) The method of claim 11 wherein said stator arc segments are
placed in a carrier that holds and supports said stator arc segments while the wire is

wound around said poles.

13.  (Original) The method of claim 12 wherein said carrier has a plurality of

cavities to hold and support said stator arc segments.

14.  (Original) The method of claim 13 wherein said cavities are spaced apart a
distance X, wherein X is the length of uncoiled wire necessary to align said stator arc

segments to form a toroidal core.
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15.  (Original) The method of claim 9 wherein said toroidal core has multiple
conductors that create a plurality of magnetic fields when electrical current is conducted
through the conductors.

16.  (Original) The method of claim 9 wherein said phase change material is
selected from the group consisting of thermoplastics and thermosetting materials.

17.  (Original) The method of claim 9 wherein prior to said substantially
encapsulating, said toroidal core is clamped in an injection mold cavity to maintain the

toroidal shape.

18.  (Original) The method of claim 9 wherein said step of substantially
encapsulating the core is performed by injection molding said phase change material

around said toroidal core.

19.  (Original) The method of claim 18 wherein said phase change material is

injected into a mold at temperature of between about 200°F and about 700°F.

20.  (Original) The method of claim 18, whérein said phase change material is

injected into a mold at a temperature of between about 550°F to about 650°F.

21.  (Currently amended) A method of making a motor comprising:

a) providing four stator arc segments, wherein each stator arc
segment has a first end surface and a second end surface;

b) aligning said stator arc segments to form a toroidal core, wherein
each said end surface of one segment is in contact with an opposing end surface of
another segment; ,

c) substantially encapsulating said toroidal core with a monolithic body
of phase change material, wherein said substantially encapsulating is by injection
molding said phase change material around said toroidal core to form a stator
assembly, wherein said phase change material bonds the arc segments together to hold

the arc segments in a toroidal shape; and
d) constructing the stator assembly into a motor.
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22. (Original) The method of claim 21 wherein each of said stator arc

segments comprise a plurality of steel laminations.

23.  (Currently Amended) A motor [[made from]] comprising the stator
assembly of claim 1.

24.  (Currently amended) The motor of claim [[21]] 23 wherein said motor
comprises [[a]] said stator assembly, a shaft, a base, bearings, a rotor, at least one
permanent magnet and a hub.

25.  (Currently amended) An electronic device including the motor of claim
[[21]] 23.

26.  (Currently amended) A motor and disc assembly including the motor
[[made by the method]] of claim [[21]] 23.

27. (Withdrawn) A combination of stator arc segments and a carrier used to
support said stator arc segments during a winding operation comprising:
a) a plurality of stator arc segments; and
b) a plurality of cavities to hold and support said stator arc segments.
28. (Withdrawn) The combination of stator arc segments and carrier of claim
27 wherein said cavities are spaced apart a distance X, wherein the distance X is the
length of uncoiled wire necessary to align said stator arc segments to form a toroidal
core.
29. (Canceled)

30.  (Previously presented) The method of claim 11 wherein the packing

density of the wire around the poles is between about 60 percent and about 80 percent.

31.  (Previously presented) The method of claim 9 wherein the phase change
material has a coefficient of linear thermal expansion of less than 2x10° in/in/°F
throughout the range of 0-250°F.

32.  (Previously presented) The method of claim 9 wherein the phase change
material has a thermal conductivity of at least 0.7 watts/meter®K at 23°C.
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REMARKS

Examiner Kenny is thanked for the courtesy of a telephone interview with the
below signed Attorney for Applicant on May 14, 2004. During that interview, claims 1, 9,
17, 21 and 23-26 were discussed. U.S. Patent No. 5,692,731 (Huang) and U.S. Patent
No. 4,015,154 (Tanaka) were discussed. Arguments presented during the interview are
included in the remarks below. The foregoing drawing amendments were also
discussed. Agreement was reached that the forgoing amendments would overcome all

outstanding rejections.

In the outstanding Office Action, claims 23, 25 and 26 were rejected under 35
U.S.C. § 112, second paragraph as indefinite. The forgoing amendments to these

claims overcomes this rejection.

In the outstanding Office Action, claims 1, 2, 4, 5, 9-16, 23, 25-26 and 31 were
rejected under 35 U.S.C. § 102(b) as anticipated by U.S. Patent No. 5,592,731 (Huang).
Claim 1 is directed to a stator assembly, and requires a plurality of stator arc segments
forming a toroidal core, with each arc segment having two end surfaces that contact an
end surface of another stator arc segment. Claim 1 also calls for a monolithic body of
phase change material substantially encapsulating the stator arc segments wherein said
phase change material bonds the arc segments together to hold the arc segments in a
toroidal shape. The specification defines substantial encapsulation as meaning that the
body either entirely surrounds the toroidal core, or surrounds almost all of it except for
minor areas of the core that may be exposed. Substantial encapsulation also means
that the body and toroidal core are rigidly fixed together and behave as a single
component with respect to harmonic oscillation vibration. (Specification, page 9, lines
3-8.) In the preferred embodiment, the monolithic body is formed by an injection
molding operation, in which a plurality of stator arc segments are clamped in a mold,

and thermoplastic material is injection molded around them to form the monolithic body.

Huang discloses stator arc segments, but those arc segments are not
substantially encapsulated by a monolithic body of phase change material as called for
by claim 1. The Office Action refers to column 5, lines 1-15 of Huang as teaching the
monolithic body of phase change material substantially encapsulating the stator arc
segments and holding the end surfaces together. However, lines 1-15 simply describe
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how individual particles of iron powder (each with an iron phosphate layer thereon) have
a coating of thermoplastic material on them, and how the thermoplastic material
behaves when the particles are compacted together. Thus in Huang, the iron particles
are encapsulated in a thermoplastic, rather than the stator arc segments being
encapsulated as called for by claim 1. These particles are then compacted in a die to
form a stator arc segment, but these stator arc segments are not thereafter
encapsulated. Rather, a metallic ring 62 is used to hold the arc segments together.

See column 8, line 61 to column 9, line 10.

The Office Action refers to Figures 4a and 4c of Huang as disclosing stator arc
segments with ends “fixed” together. While this characterization of Huang is traversed,
it was agreed that the modification of claims 1 and 9, which make it explicit that the
phase change material bonds the arc segments together to hold the arc segments in a

toroidal shape, would distinguish over the reference.

Since there is no monolithic body of phase change material in Huang
substantially encapsulating the stator arc segments and bonding the arc segments
together to hold the arc segments in a toroidal shape as required by claim 1, claim 1 is
not anticipated by Huang. Claims 2, 4, 5, 23 and 25-26 dependent on claim 1 are -
therefore likewise also not anticipated by Huang.

Claim 9 requires substantially encapsulating the toroidal core formed of aligned
stator arc segments with a monolithic body of phase change material, with the phase
change material bonding the arc segments together to hold the arc segments in a
toroidal shape. As noted above, this feature is not found in Huang. Claim 9, and claims

10-16 and 31 dependent thereon are not anticipated by Huang.

Claims 3 and 30 were rejected in the outstanding Office Action under 35 U.S.C.
§ 103(a) as being unpatentable over Huang in view of U.S. Patent No. 5,729,072
(Hirano). This rejection is respectfully traversed. Claim 3 is ultimately dependent on
claim 1, and claim 30 is ultimately dependent on claim 9. As discussed above, Huang
does not disclose a monolithic body of phase change material substantially
encapsulating stator arc segments and bonding the arc segments together to hold the
arc segments in a toroidal shape. Hirano discloses a stator made of arc segments, but

again there is no suggestion of substantially encapsulating the arc segments in the

10
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stator of Hirano with a monolithic body of phase change material. Rather, the segments
are held together by “welding, bonding or applying an annular member.” (Column 2,
lines 47-48.) Thus even if Huang and Hirano were somehow combined the resulting
device would not have all of the elements called for by claims 1 and 9. Hence claims 3

and 30 are patentable over Huang and Hirano.

In the outstanding Office Action claims 6-8 and 32 were rejected under 35 U.S.C.
§ 103(a) as being unpatentable over Huang. This rejection is also respectfully
traversed. Claims 6-8 are ultimately dependent on claim 1, and claim 32 is ultimately
dependent on claim 9. Since Huange does not disclose the monolithic body of phase
change material substantially encapsulating stator arc segments and bonding the arc
segments together to hold the arc segments in a toroidal shape, nor would it have been
obvious to modify Huang to include this element, claims 6-8 and 32 are patentable over

Huange.

Claims 17-26 were rejected in the outstanding Office Action under 35 U.S.C.
§ 103(a) as being unpatentable over Huang in view of U.S. Patent No. 4,015,154
(Tanaka). This rejection is respectfully traversed. Claims 17-20 are ultimately
dependent on claim 9. Claim 21, like claim 9, requires substantially encapsulating a
toroidal core made of stator arc segments with a monolithic body of phase change
material, with the phase change material bonding the arc segments together to hold the
arc segments in a toroidal shape. Claim 21 goes on to require that the phase change
material is injection molded around the toroidal core. Claim 22 is dependent on
claim 21. Claims 23-26 are dependent on claim 1. Thus all of the rejected claims are

patentable over Huange for the reasons discussed above.

Tanaka discloses a motor made with a conventional laminated toroidal core,
rather than a core made of stator arc segments. Such a laminated toroidal core is then
placed in an injection molding machine and a specific combination of thermosetting and
thermoplastic materials is used to form a casing around the core. Tanaka goes to great
lengths in choosing the right combination of thermosetting and thermoplastic materials,
and notes that significant problems surround molding cores for electric motors using
these materials. Column 4, lines 29-51 describe these problems, which include

contraction and shrinkage, cracks, cave-ins, lack of high fidelity reproduction, etc.

11
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There is nothing in either Tanaka or Huang that would suggest that stator arc
segments such as those in Huang could or should be overmolded with the specific
composition of Tanaka. The Tanaka injection molding is for laminated cores that form a
complete annular ring, not core segments. Further, from the problems addressed in
Tanaka with injection molding cores in general, it would go against Tanaka to try to
mold stator core segments, especially where the ends of the segments are then held
together by the injection molded material.

Huang does not suggest encapsulating stator arc segments. Hence it would not
have been obvious to modify Huang and somehow come up with a process of injection
molding stator arc segments to hold their ends together and form an encapsulated

toroidal core. Hence claims 17-26 are patentable over Huang and Tanaka.
Since each of the rejections has been overcome, an early notice of allowance is

respectfully requested.

Respectfully submitted,

Mowr 0 St
Steven P. Shurtz =
Registration No. 31,424

Attorney for Applicant

BRINKS HOFER GILSON & LIONE
P.0. BOX 10395

CHICAGO, ILLINOIS 60610

(312) 321-4200

Direct: (801) 444-3933
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Amendment to the Drawings

Attached is an annotated sheet 1 of the drawings showing the change (in red) to
reflect that FIG. 1 represents prior art and to show the electrical connector 9 discussed
on page 1 of the specification but inadvertently left off of the original FIG. 1. A new
formal drawing of sheet 1 incorporating those changes is also attached.
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‘ Application No. t Applicant(s)
s 09/798,511 NEAL, GRIFFITH D.
. Office Action Summary Examiner ArtUnit
Stephen J Kenny 3726

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- 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) Responsive to communication(s) filed on 18 August 2003.
2a)[] This action is FINAL. 2b)[X] This action is non-final.

3)J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O0.G. 213.

Disposition of Claims

4)X Claim(s) 1-28 and 30-32 is/are pending in the application.
4a) Of the above claim(s) 27 and 28 is/are withdrawn from consideration.

5)] Claim(s) _____is/are allowed.

6)X Claim(s) 1-26, 30-32 is/are rejected.

7)O Claim(s) _____is/are objected to.

8)[] Claim(s) ____ are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[] The drawing(s) filed on isfare: a)[_] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[J The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. §§ 119 and 120

12)[0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)lJ Al b)[J Some * c)[.] None of:
1.[J Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No. .
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
13)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application)
since a specific reference was included in the first sentence of the specification or in an Application Data Sheet.
37 CFR 1.78.
a) [J The translation of the foreign language provisional application has been received.
14)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121 since a specific
reference was included in the first sentence of the specification or in an Application Data Sheet. 37 CFR 1.78.

Attachment(s)

1) D Notice of References Cited (PTO-892) 4) |:| Interview Summary (PTO-413) Paper No(s). .
2) D Notice of Draftsperson’s Patent Drawing Review (PTO-948) 5) D Notice of Informal Patent Application (PTO-152)

3) D Information Disclosure Statement(s) (PTO-1449) Paper No(s) . 6) [] Other:

U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-03) Office Action Summary Part of Paper No. 12
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Application/Control Number: 09/798,511 Page 2
Art Unit: 3726

DETAILED ACTION
Claim Rejections - 35 USC § 112

The following is a quotation of the second paragraph of 35 U.S.C. 112:

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.

Claims 23, 25, & 26 are rejected under 35 U.S.C. 112, second paragraph, as being
indefinite for failing to particularly point out and distinctly claim the subject matter which
applicant regards as the invention.

Regarding claim 23 is drawn to a motor made from the stator of claim 1, however the
stator is only one component to a motor, therefore it is unclear as to how a motor can be
produced by the method of claim 1.

Regarding claims 25 & 26, claim 25 is drawn to an “electronic device” whereas claim 26
is drawn to a “motor and disc assembly”. It is unclear as to how the same method (claim 21) can

be used to produce two different products (i.e. an electronic device vs. a motor & disc assembly).

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

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

A person shall be entitled to a patent unless —

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

Claims 1, 2, 4, 5, 9-16, 23, 25-26, &31 are rejected under 35 U.S.C. 102(b) as being

anticipated by Huang (US Patent No 5592731).
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Regarding claims 1, 2, 9, & 10, Huang discloses a stator assembly comprising a plurality
of stator arc segments (22) forming a toroidal core, having two ends in contact with each other
(Figure 4a), and a monolithic body of phase change material substantially encapsulating the
stator arc segments and holding said end surfaces with one another (column 5, lines 1-15).

Regarding claims 4, 5, & 31, Huang discloses the phase change material having a
coefficient of linear thermal expansion of less than 2*10”in/in/°F & 1.5%107%in/in/°F (column 9,
lines 10-14).

Regarding claim 11, Huang discloses prior to the aligning step, the wire is wound around
said poles of said stator arc segments (column 8, lines 34-35).

Regarding claims 12 & 13, Huang discloses stator segments placed in a carrier that holds
said stator segments while wire is wound around said poles (column 8, lines 36-37) wherein said
carrier has a plurality of cavities to hold and support said segments (Figure 5).

Regarding claim 14, Huang discloses spacing apart segments by a distance X, where X is
the length of uncoiled wire necessary to align said stator arc segments to form a toroidal core
(Figure 6). |

Regarding claim 15, Huang discloses multiple conductors (37) that create a plurality of
magnetic fields when electrical current is conducted through said conductors (Figure 6).

Regarding claim 16, Huang discloses said phase change material selected from the group
of thermoplastics & thermosetting materials (column 5, lines 13-15).

Regarding claims 23, 25-26, Huang discloses a motor/electrical device made from a

stator assembly (column 3, line 67). (See MPEP 2173.05(p)).
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Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

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

Claims 3 & 30, are rejected under 35 U.S.C. 103(a) as being unpatentable over Huang in
view of Hirano et al (US Patent No 5729072).

Huang discloses the instant invention except for a packing density of the wire around the
stator poles is between 60% ~ 80%.

Hirano discloses a packing density of 70% (abstract line 11). A high packing density is
advantageous in that it allows for an increase in magnetic flux while saving space as well.
Therefore it would have been obvious to one of ordinary skill in the art at the time the inventionA
was made to modify a stator core as disclosed by Huang with the packing density taught by

Hirano in order to achieve a more efficient stator core.

Claims 6-8, & 32 are rejected under 35 U.S.C. 103(a) as being unpatentable over Huang.

Huang discloses the claimed invention except for the specific values of Coefficient of
Linear Thermal Expansion; thermal conductivity; and material composition. It would have been
an obvious matter of design choice to use the specific values claimed, since applicant has

disclosed that such values are merely the “preferred” values (applicant’s page 10, lines 15+),
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thereby implying that the invention would perform equally well with alternative values as

disclosed by Huang.

Claims 17-26 are rejected under 35 U.S.C. 103(a) as being unpatentable over Huang in
view of Tanaka et al (US Patent No 4015154).

Regarding claims 17, 18, 21-23, & 26 Huang discloses the instant invention except for
injection molding the substantially encapsulating material.

Tanaka discloses clamping (column 3, line 64) a stator core in an mold cavity and
subsequently injection molding a thermosetting resin substantially encapsulating said core
(column 5, lines 1-5). Injection molding is a technique old and well established for effectively
encompassing components of dynamoelectric machines in order to provide improved vibration &
noise characteristics as well as heat dissipation (column 1, lines 48-52). Therefore it would have
been obvious to one of ordinary skill in the art at the time the invention was made to modify the
stator disclosed by Huang whereby the thermosetting material is injection molded as taught by
Tanaka in order to realize the advantages discussed above.

Regarding claims 19 & 20, Tanaka discloses that thermosetting materials be heated to an
elevated temperature during application (column 5, line 36). Thus the specific limitation of an
application temperature of 200°F ~ 700°F, or 550°F ~ 650°F is considered an obvious matter of
design choice since applicant has provided no explanation of why these specific temperature
ranges are beneficial or significant; and it appears as if the invention would perform equally well

with the heating disclosed by Tanaka.
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Regarding claims 24& 25, it is inherent that a motor assembly include a shaft, base,
bearings, rotor at least one permanent magnet, and a hub and an electronic device. These

components (along with a winding assembly) are the defining features of a motor assembly.

Conclusion
The prior art made of record in the previous office action, and not relied upon is

considered pertinent to applicant's disclosure.

Response to Arguments

Applicant's arguments filed 3/2/01 have been fully considered but they are not
persuasive. The applicant has put forth the argument that the Huang reference does not disclose
encapsulating the stator arc segments in a monolithic body of phase change material. The
examiner points out that the stator arc segments of Huang are formed of iron powder (as
described in column 4, lines 53-65), which is then encapsulated with a thermoplastic coating (i.e.
a monolithic body of phase change material) (column 4, lines 66+) which serves as a binding
means to hold the iron powder particles together (column 5, line 5), while the end surfaces of the
stator arc segments are held together. Figures 4a, 4c disclose the stator arc segments (20)
comprised of iron powder encapsulated and bonded by a thermoplastic coating having the end
surfaces of the stator arc segments fixed together (without welding, or annular member 90).

In response to applicant's argument that the examiner's conclusion of obviousness for the
Huang & Tanaka references is based upon improper hindsight reasoning, it must be recognized

that any judgment on obviousness is in a sense necessarily a reconstruction based upon hindsight
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reasoning. But so long as it takes into account only knowledge which was within the level of
ordinary skill at the time the claimed invention was made, and does not include knowledge
gleaned only from the applicant's disclosure, such a reconstruction is proper. See In re
McLaughlin, 443 F.2d 1392, 170 USPQ 209 (CCPA 1971). Furthermore, the fact that Tanaka is
drawn to a stator core of a complete annular ring in no way limits the teachings therein from
being applied to segmented cores as disclosed by Huang. It is widely known in the art that stator
cores can be manufactured either as an annular ring, or a segmented core — and it is the desired
application (i.e. number of poles & density of the windings) which determines which of these
configurations is most advantageous. Tanaka discloses the advantage of injection molded cores
(i.e. high accuracy — column 4, line 29) thus it would not go against Tanaka to try to mold stator
core segments, where accuracy is of even greater concern given the more densely positioned
poles & windings.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Stephen J Kenny whose telephone number is 703-306-0359. The
examiner can normally be reached on mon - fri 9am - 5pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Peter Vo can be reached on 703-308-1789. The fax phone number for the
organization where this application or proceeding is assigned is (703) 872-9306.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone number is 703-308-1148.

) MO
S PETERVO
SUPERVISORY PATENT EXAMINEF

TECHNOLOGY CENTER 3700
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Our Case No. 8864/20
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: )
)
Griffith D. Neal )
Serial No.: 09/798,511 ; :
) .Examiner: Stephen J. Kenny
Filing Date: March 2, 2001 )
Group Art Unit No.: 3726
For: STATOR ASSEMBLY MADE FROM A ;
PLURALITY OF TOROIDAL CORE )
ARC SEGMENTS AND MOTOR
USING SAME - ; ]
AMENDMENT

Commissioner for Patents
P.O. Box 1450 h
Alexandria, VA 22313-1450

€002 22 9nV
03AIE33d

T

0082 ¥31H3J ADDTIONHI3L

Dear Sir:

In response to the Office Action mailed February 13, 2003, please enter the
following amendment and consider the following remarks. Amendments to the claims

are reflected in the listing of claims which begins on page 2 of this paper. Remarks
begin on page 6 of the paper.
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Amendm nts to the Claims
Please cancel claim 29. No other amendments are being made to the claims. A

complete listing of the claims with proper claims identifiers follows.

Listing of Claims

1. (Original) A stator assembly, comprising:
a) a plurality of stator arc segments forming a toroidal core, wherein
~ each said stator arc segment has two end surfaces that are each in contact with an end
surface of another stator arc segment to form the toroidal core; and
b) a monolithic body of phase change material substantially
encapsulating the stator arc segments and holding said end surfaces in contact with

one another.

2. (Original) The stator assembly of claim 1 wherein each of the stator arc

segments has a plurality of poles with wire wound around said poles.

3. (Original) The stator assembly of claim 2 wherein the packing density of
the wire around the poles is between about 60 percent and about 80 percent.

4. (Original) The stator assembly of claim 1 wherein the phase change
material has a coefficient of linear thermal expansion of less than 2x107 in/in/°F
throughout the range of 0-250°F.

5. (Original) The stator assembly of claim 1 wherein the phase change
material has a coefficient of linear thermal expansion of less than 1.5x10 in/in/°F
throughout the range of 0-250°F.

6. (Original) The stator assembly of claim 1 wherein the phase change
material has a coefficient of linear thermal expansion of between about 0.8x107° in/in/°F
and about 1.2x10° in/in/°F throughout the range of 0-250°F.

7. (Original) The stator assembly of claim 1 wherein the phase change
material has a thermal conductivity of at least 0.7 watts/meter°K at 23°C.
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8. (Original) The stator assembly of claim 1 wherein the phase change

material comprises polypheny! sulfide.

9. (Original) A method of making a stator assembly for a motor comprising:
a) providing at least two stator arc segments each having a first end
surface and a second end surface;
b) aligning said stator arc segments to form a toroidal core, wherein
each said end surface of one segment is in contact with an opposing end surface of

another segment; and
c) substantially encapsulating said toroidal core with a monolithic body
of phase change material to form said stator assembly.

10.  (Original) The method of claim 9, wherein each of said stator arc
segments have a plurality of poles extending inwardly from a base of said stator arc

segment.

11.  (Original) The method of claim 10 wherein prior to said step of aligning,

the wire is wound around said poles of said stator arc segments.

12.  (Original) The method of claim 11 wherein said stator arc segments are
placed in a carrier that holds and supports said stator arc segments while the wire is

wound around said poles.

13.  (Original) The method of claim 12 wherein said carrier has a plurality of

cavities to hold and support said stator arc segments.

14.  (Original) The method of claim 13 wherein said cavities are spaced apart a
distance X, wherein X is the length of uncoiled wire necessary to align said stator arc

segments to form a toroidal core.

15.  (Original) The method of claim 9 wherein said toroidal core has multiple
conductors that create a plurality of magnetic fields when electrical current is conducted

through the conductors.
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16.  (Original) The method of claim 9 wherein said phase change material is

selected from the group consisting of thermoplastics and thermosetting materials.

17.  (Original) The method of claim 9 wherein prior to said substantially
encapsulating, said toroidal core is clamped in an injection mold cavity to maintain the

toroidal shape.

18.  (Original) The method of claim 9 wherein said step of substantially
encapsulating the core is performed by injection molding said phase change material

around said toroidal core.

19.  (Original) The method of claim 18 wherein said phase change material is

injected into a mold at temperature of between about 200°F and about 700°F.

20. (Original) The method of claim 18, wherein said phase change material is

injected into a mold at a temperature of between about 550°F to about 650°F.

21.  (Original) A method of making a motor comprising:

a) providing four stator arc segments, wherein each stator arc
segment has a first end surface and a second end surface;

b) aligning said stator arc segments to form a toroidal core, wherein
each said end surface of one segment is in contact with an opposing end surface of
another segment;

c) substantially encapsulating said toroidal core with a monolithic body
of phase change material, wherein said substantially encapsulating is by injection
molding said phase change material around said toroidal core to form a stator
assembly; and

d) constructing the stator assembly into a motor.

22. (Original) The method of claim 21 wherein each of said stator arc

segments comprise a plurality of steel laminations.

23.  (Original) A motor made from the stator assembly of claim 1.
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24. (Original) The motor of claim 21 wherein said motor comprises a stator

& assembly, a shaft, a base, bearings, a rotor, at least one permanent magnet and a hub.

25. (Original) An electronic device including the motor of claim 21.

26.. (Original) A motor and disc assembly including the motor made by the

method of claim 21.

27. (Withdrawn) A combination of stator arc segments and a carrier used to
support said stator arc segments during a winding operation comprising:
a) a plurality of stator arc segments; and
b) a plurality of cavities to hold and support said stator arc segments.
28. (Withdrawn) The combination of stator arc segments and carrier of claim
27 wherein said cavities are spaced apart a distance X, wherein the distance X is the
length of uncoiled wire necessary to align said stator arc segments to form a toroidal
core.
29. (Canceled)

30. (Previously presented) The method of claim 11 wherein the packing
density of the wire around the poles is between about 60 percent and about 80 percent.

31.  (Previously presented) The method of claim 9 wherein the phase change
material has a coefficient of linear thermal expansion of less than 2x107 infin/°F
throughout the range of 0-250°F.

32. (Previously presented) The method of claim 9 wherein the phase change
material has a thermal conductivity of at least 0.7 watts/meter®K at 23°C.
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REMARKS
In the outstanding Office Action, claims 1, 2, 4, 5, 9-16, 29 and 31 were rejected
under 35 U.S.C. § 102(b) as anticipated by U.S. Patent No. 5,692,731 (Huang). Claim
29 has been canceled. Otherwise, this rejection is respectfully traversed.

Claim 1 is directed to a stator assembly, and requires a plurality of stator arc
segments forming a toroidal core, with each arc segment having two end surfaces that
contact an end surface of another stator arc segment. Claim 1 also calls for a
monolithic body of phase change material substantially encapsulating the stator arc
segments and holding the end surfaces in contact with one another. The specification
defines substantial encapsulation as meaning that the body either entirely surrounds the
toroidal core, or surrounds almost all of it except for minor areas of the core that may be
exposed. Substantial encapsulation also means that the body and toroidal core are
rigidly fixed together and behave as a single component with respect to harmonic
oscillation vibration. (Specification, page 9, lines 3-8.) In the preferred embodiment, the
monolithic body is formed by an injection molding operation, in which a plurality of stator
arc segments are clamped in a mold, and thermoplastic material is injection molded

around them to form the monolithic body.

Huang discloses stator arc segments, but those arc segments are not
substantially encapsulated by a monolithic body of phase change material as called for
by claim 1. The Office Action refers to column 5, lines 1-15 of Huang as teaching the
monolithic body of phase change material substantially encapsulating the stator arc
segments and holding the end surfaces together. However, lines 1-15 simply describe
how individual particles of iron powder (each with an iron phosphate layer thereon) have
a coating of thermoplastic material on them, and how the thermoplastic material
o ,:ywvrbehaves when the particles are compacted together. Thus in Huang, the iron particles
Nl W

wt

v

"/’:,, 5:,;,»&"} claim 1. These particles are then compacted in a die to form a stator arc segment, but
; p

e these stator arc segments are not thereafter encapsulated. Rather, a metallic ring 62 is

are encapsulated in a thermoplastic, rather than the stator arc segments as called for by

used to hold the arc segments together. See column 8, line 61 to column 9, line 10.
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Since there is no monolithic body of phase change material in Huang
substantially encapsulating the stator arc segments and holding their end surfaces
together as required by claim 1, claim 1 is not anticipated by Huang. Claims 2, 4 and 5
dependent on claim 1 are therefore likewise also not anticipated by Huang.

Claim 9 requires substantially encapsulating the toroidal core formed of aligned
stator arc segments with a monolithic body of phase change material. As noted above,
this feature is not found in Huang. Claim 9, and claims 10-16 and 31 dependent

thereon are not anticipated by Huang.

Claims 3 and 30 were rejected in the outstanding Office Action under 35 U.S.C.
§ 103(a) as being unpatentable over Huang in view of U.S. Patent No. 5,729,072
(Hirano). This rejection is respectfully traversed. Claim 3 is ultimately dependent on
claim 1, and claim 30 is ultimately dependent on claim 9. As discussed above, Huang
does not disclose a monolithic body substantially encapsulating stator arc segments.
Hirano discloses a stator made of arc segments, but again there is no suggestion of
substantially encapsulating the arc segments in the stator of Hirano with a monolithic
body of phase change material. Rather, the segments are held together by “welding,
bonding or applying an annular member.” (Column 2, lines 47-48.) Thus even if Huang
and Hirano were somehow combined the resulting device would not have all of the
elements called for by claims 1 and 9. Hence claims 3 and 30 are patentable over

Huang and Hirano.

In the outstanding Office Action claims 6-8 and 32 were rejected under 35 U.S.C.
§ 103(a) as being unpatentable over Huang. This rejection is also respectfully
traversed. Claims 6-8 are ultimately dependent on claim 1, and claim 32 is ultimately
dependent on claim 9. Since Huange does not disclose the monolithic body
substantially encapsulating the stator arc segments, nor would it have been obvious to

modify Huang to include this element, claims 6-8 and 32 are patentable over Huange.

Claims 17-26 were rejected in the outstanding Office Action under 35 U.S.C.
§ 103(a) as being unpatentable over Huang in view of U.S. Patent No. 4,015,154
(Tanaka). This rejection is respectfully traversed. Claims 17-20 are ultimately
dependent on claim 9. Claim 21, like claim 9, requires substantially encapsulating a

toroidal core made of stator arc segments with a monolithic body of phase change
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material. Claim 21 goes on to require that the phase change material is injection
molded around the toroidal core. Claims 22 and 24-26 are dependent on claim 21.
Claim 23 is dependent on claim 1. Thus all of the rejected claims are patentable over

Huange for the reasons discussed above.

Tanaka discloses a motor made with a conventional laminated toroidal core,
rather than a core made of stator arc segments. Such a laminated toroidal core is then
placed in an injection molding machine and a specific combination of thermosetting and
thermoplastic materials is used to form a casing around the core. Tanaka goes to great
lengths in choosing the right combination of thermosetting and thermoplastic materials,
and notes that significant problems surround molding cores for electric motors using
these materials. Column 4, lines 29-51 describe these problems, which include

contraction and shrinkage, cracks, cave-ins, lack of high fidelity reproduction, etc.

The rejection is based on an impermissible hindsight combination of the
references, and should be withdrawn. First, there is nothing in either Tanaka or Huang
that would suggest that stator arc segments such as those in Huang could or should be
overmolded with the specific composition of Tanaka. The Tanaka injection molding is
for laminated cores that form a complete annular ring, not core segments. Second,
from the problems addressed in Tanaka with injection molding cores in general, it would
go against Tanaka to try to mold stator core segments, especially where the ends of the

segments are then held together by the injection molded material.

The Office Action stateé, “it would have been obvious to one of ordinary skill in
the art at the time the invention was made to modify the stator disclosed by Huang
whereby the thermosetting material is injection molded as taught by Tanaka in order to
realize the advantages discussed above.” This statement suggests that Huang teaches
to use a thermosetting material to encapsulate the stator arc segments. This is simply
not the case. Huang does not suggest encapsulating stator arc segments. Hence it
would not have been obvious to modify Huang and somehow come up with a process of
injection molding stator arc segments to hold their ends together and form an
encapsulated toroidal core. Hence claims 17-26 are patentable over Huang and

Tanaka.
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Since each of the rejections has been overcome, an early notice of allowance is

respectfully requested.

Respectfully submitted,

N //M@ .

Steven P. Sfu
Registration Mo. 31,424
Attorney for Apphcant

BRINKS HOFER GILSON & LIONE
P.O. BOX 10395

CHICAGO, ILLINOIS 60610

(312) 3214200

Direct: (801) 444-3933
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. Application No. ‘ Applicant(s)
09/798,511 NEAL, GRIFFITH D.
Office Action Summary Examiner ArtUnit
Stephen J Kenny 3726

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SiX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- 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) Responsive to communication(s) filed on 11/25/02 .
2a)[] This action is FINAL. 2b)X] This action is non-final.

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

4)K Claim(s) 1-32 is/are pending in the application.
4a) Of the above claim(s) 27 and 28 is/are withdrawn from consideration.

5)J Claim(s) _____is/are allowed.

6)X] Claim(s) 1-26 and 29-32 is/are rejected.

7)J Claim(s) _____is/are objected to.

8)[] Claim(s) _____are subject to restriction and/or election requirement.

Application Papers
9)[] The specification is objected to by the Examiner.
10)[[] The drawing(s) filed on is/are: a)[] accepted or b)[_] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
11)J The proposed drawing correction filed on _____is: a)[_] approved b)[] disapproved by the Examiner.
If approved, corrected drawings are required in reply to this Office action.
12)(] The oath or declaration is objected to by the Examiner.
Priority under 35 U.S.C. §§ 119 and 120
13)] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)~(d) or (f).
a)JAIl b)[] Some * ¢)[] None of:
1.[J Certified copies of the priority documents have been received.
2.[0] certified copies of the priority documents have been received in Application No. ______

3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

14)J Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) [] The translation of the foreign language provisional application has been received.
15)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s)

1) & Notice of References Cited (PTO-892) 4) E] Interview Summary (PTO-413) Paper No(s).
2) |:| Notice of Draftsperson’s Patent Drawing Review (PT0O-948) 5) D Notice of Informal Patent Application (PTO-152)
3) E Information Disclosure Statement(s) (PTO-1449) Paper No(s) 4, 8 . 6) D Other:
U.S. Patent and Trademark Office
PTO-326 (Rev. 04-01) Office Action Summary Part of Paper No. 9
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Application/Control Number: 09/798,511 Page 2
Art Unit: 3726

DETAILED ACTION
Election/Restrictions
The applicant has elected with traverse the invention of Group II (claims 9-20, 30-32)
and put forth the argument that the restriction was improper, the examiner agrees with the
applicant and hereby declares claims 1-26, & 29-32 as Group I; however claims 27 & 28
stand restricted as Group II. The claims of Group II (27 & 28) are distinct from Group

since Group II requires a plurality of cavities to support stator arc segments.

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

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

A person shall be entitled to a patent unless —

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

Claims 1, 2, 4, 5, 9-16, 29, 31 are rejected under 35 U.S.C. 102(b) as being anticipated by
Huang (US Patent No 5592731).

Regarding claims 1, 2, 9, 10, & 29 Huang discloses a stator assembly comprising a
plurality of stator arc segments (22) forming a toroidal core, having two ends in contact with
each other (Figure 4a), and a monolithic body of phase change material substantially
encapsulating the stator arc segments and holding said end surfaces with one another (column 5,

lines 1-15).
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Regardiné claims 4, 5, & 31, Huang discloses the phase change material having a
coefficient of linear thermal expansion of less than 2*107in/in/°F & 1.5%10*in/in/°F (column 9,
lines 10-14).

Regarding claim 11, Huang discloses prior to the aligning step, the wire is wound around
said poles of said stator arc segments (column 8, lines 34-35).

Regarding claims 12 & 13, Huang discloses stator segments placed in a carrier that holds
said stator segments while wire is wound around said poles (column 8, lines 36-37) wherein said
carrier has a plurality of cavities to hold and support said segments (Figure 5).

Regarding claim 14, Huang discloses spacing apart segments by a distance X, where X is
the length of uncoiled wire necessary to align said stator arc segments to form a toroidal core
(Figure 6).

Regarding claim 15, Huang discloses multiple conductors (37) that create a plurality of
magnetic fields when electrical current is conducted through said conductors (Figure 6).

Regarding claim 16, Huang discloses said phase change material selected from the group
of thermoplastics & thermosetting materials (column 5, lines 13-15).

Regarding claim 29, Huang discloses a stator arc segment comprising a plurality of steel

laminations and at least one pole (column 1, lines 20-35).

Claim Rejections - 35 USC § 103
The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

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

Claims 3 & 30, are rejected under 35 U.S.C. 103(a) as being unpatentable over Huang in
view of Hirano et al (US Patent No 5729072).

Huang discloses the instant invention except for a packing density of the wire around the
stator poles is between 60% ~ 80%.

Hirano discloses a packing density of 70% (abstract line 11). A high packing density is
advantageous in that it allows for an increase in magnetic flux while saving space as well.
Therefore it would have been obvious to one of ordinary skill in the art at the time the invention
was made to modify a stator core as disclosed by Huang with the packing density taught by

Hirano in order to achieve a more efficient stator core.

Claims 6-8, & 32 are rejected under 35 U.S.C. 103(a) as being unpatentable over Huang.

Huang discloses the claimed invention except for the specific values of Coefficient of
Linear Thermal Expansion; thermal conductivity; and material composition. It would have been
an obvious matter of design choice to use the specific values claimed, since applicant has not
disclosed that such values solves any stated problem or is for any particular purpose, and it
appears that the invention would perform equally well with alternative values as disclosed by

Huang. Therefore, these specific values do not carry any patentable weight.

Claims 17-26 are rejected under 35 U.S.C. 103(a) as being unpatentable over Huang in

view of Tanaka et al (US Patent No 4015154).
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Regarding claims 17, 18, 21-23, & 26 Huang discloses the instant invention except for
injection molding the substantially encapsulating material.

Tanaka discloses clamping (column 3, line 64) a stator core in an mold cavity and
subsequently injection molding a thermosetting resin substantially encapsulating said core
(column 5, lines 1-5). Injection molding is a technique old and well established for effectively
encompassing components of dynamoelectric machines in order to provide improved vibration &
noise characteristics as well as heat dissipation. Therefore it would have been obvious to one of
ordinary skill in the art at the time the invention was made to modify the stator disclosed by
Huang whereby the thermosetting material is injection molded as taught by Tanaka in order to
realize the advantages discussed above.

Regarding claims 19 & 20, it is inherent that thermosetting materials be heated to an
elevated temperature during application. Thus the specific limitation of an application
temperature of 200°F ~ 700°F, or 550°F ~ 650°F does not carry any patentable weight. Further,
the applicant has provided no explanation of why these specific temperature ranges are beneficial
or significant.

Regarding claims 24& 25, it is inherent that a motor assembly include a shaft, base,

bearings, rotor at least one permanent magnet, and a hub and an electronic device.

Conclusion

The prior art made of record on the attached PTO-892, and not relied upon is considered

pertinent to applicant's disclosure.
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Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Stephen J Kenny whose telephone number is 703-306-0359. The
examiner can normally be reached on mon - fri 9am - Spm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Greg Vidovich can be reached on 703-308-1513. The fax phone numbers for the
organization where this application or proceeding is assigned are 703-872-9302 for regular
communications and 703-872-9303 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone number is 703-308-1148.

sk S&
February 10, 2003

(Sl

TECHNOLOGY CENTER 3700
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| hereby certify that this correspondence is being

deposited with the United States Postal Service, with / / / ¢ ﬂ &,
sufficient postage, as first class mail in an envelope

addressed to:

Commissioner for Patents
Washington, D.C. 20231
on November 7, 2002

Date of Deposit

Steven P. Shurtz, Reg. No. 31,424
Name of applicant, assignee or

Registejed Representative
Lt P Ll

Signature
November 7, 2002

Date of Signature

Case No. 8864/20
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Griffith D. Neal
Serial No:  09/798,511 : Examiner: Pedro J. Cuevas
Filed: March 2, 2001 Group Art Unit: 2834

For: STATOR ASSEMBLY MADE FROM
A PLURALITY OF TOROIDAL CORE
ARC SEGMENTS AND MOTOR
USING SAME

’ PETITION AND FEE FOR FIVE (5) MONTHS EXTENSION OF TIME
(37 CFR § 1.136(a))

Commissioner for Patents
Washington, D.C. 20231

Dear Sir:

This is a petition for an extension of the time to respond to Office Action
dated May 7, 2002 for a period of five (5) month(s).

X  Applicant is:
X  asmall entity:
[] verified statement is attached
X]  already established
/13/2002 NHOHAHML 00000164 09798511

FC:2255 980.00 0O
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[J  other than small entity

Ext nsion Other Than Small Entity
Months Small Entity

] One Month $110.00 $55.00

] Two Months $400.00 $200.00

] Three Months $920.00 $460.00

] Four Months $1,440.00 $720.00

X Five Months $1,960.00 $980.00

Fee Payment

X]  Attached is a USPTO Credit Card Payment Form for $980.00 for the
Petition fee.

[] Charge Petition fee to Deposit Account No. 23-1925. A duplicate copy of
this Petition is attached.

X Charge any additional fee required or credit for any excess fee paid to
Deposit Account No. 23-1925. A duplicate copy of this Petition is
attached.

Respectfully submitted,

Dated:November 7, 2002 6 )o —9‘ 7

Steven P. Shurtz 7
Registration No. 31,424
Attorney for Applicant

BRINKS HOFER GILSON & LIONE
P.O. BOX 10395

CHICAGO, IL 60610
(312)321-4200

Rev. Oct.-01
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Commissioner for Patents
Washington, D.C. 20231
on November 7, 2002

Date of Deposit

Steven P. Shurtz, Reg. No. 31,424
Name of applicant, assignee or

Registered Representative

Signature
November 7, 2002
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Qur Case No. 8864/20

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:
Griffith D. Neal

Serial No.: 09/798,511

. Examiner: Pedro J. Cuevas
Filing Date: March 2, 2001

Group Art Unit No.: 2834
For. STATOR ASSEMBLY MADE

FROM A PLURALITY OF TOROIDAL

RESTRICTION REQUIREMENT

=

<>
CORE ARC SEGMENTS AND MOTOR :'5‘; =
USING SAME Cs Tl
o = O
e
= = M
AMENDMENT AND RESPONSE TO B O

fg—.:}

(6

Commissioner for Patents
Washington, D.C. 20231

Dear Sir:

In response to the Office Action mailed May 7, 2002, please enter the following
amendment and consider the following remarks.

11/13/2002 HROHAMAML 00000164 09798511
01 FC:2202 27.00 op
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In The Claims
Please add new claims 30-32 as follows:

|

/30./ (New) The method of clgim 11 wherein the packing density of the wire

around the poles is between about 60}percent and about 80 percent.
/31.// (New) The method of claim 9 wherein the phase change material has a

5“ X ,'(&;  coefficient of linear thermal expansior) of less than 2x107® in/in/°F throughout the range

O(\d

of 0-250°F.

(New) The method of claim 9 wherein the phase change material has a

thermal conductivity of at least 0.7 watts/meter°K at 23°C.

REMARKS

The amendment does not involve new matter. New claims 30-32 are patterned
after original claims 3, 4vand 7.

Applicant hereby elects to prosecute the claims of Group Il, claims 9-20.

Claims 30-32 are dependent on method claims in Group Il. It is believed that these
claims should thus be examined and acted upon in the present application.

The election is made with traverse. First with respect to the Group | and Group |l
claims, the Office Action takes the position that the claimed process can be used to
make other and material different products, namely, a stator assembly having a wide
range of stator arc segments. This argument is flawed. The product claims, 1-8, are
‘not limited to any particular stator arc segments or number of stator arc segments. The
given “example” of a material different product is, in fact, covered by the product claims.
That is, the claimed method can also be used to make a stator assembly having a wide
range of stator arc segments. Since the rational for making the restriction is flawed, the
claims of Group | should be examined with the claims of Group II.

As to the restriction between the Group |l claims and each of the Group I,
Group IV and Group V claims, the Office Action is silent. No rational is even given for
why restriction between these groups of claims is proper, other than to say that the
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claims would be classified in separate classes. This is not a sufficient basis for making

a restriction. It must also be shown that the inventions are distinct. MPEP §806.05. No
such showing has been made in the Office Action. For example, it has not been shown
how the method of claim 9 is distinct from the method of claim 21. Until such a showing

is made, Applicant traverses these various restriction requirements.

Respectfully submitted,

Ve 0 Ll

Steven P. Shurtz
Registration No. 31,424
Attorney for Applicant

November 7, 2002

BRINKS HOFER GILSON & LIONE
P.O. BOX 10395

CHICAGO, ILLINOIS 60610

(312) 3214200
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"TRANSMITTAL LETTER Case No. 8864/20 _~

Serial No. Fiting Date Examiner Group Art Unit/ /O

09/798,511 s March 2, 2001 Pedro J. Cuevas 2834

Inventor(s)

Griffith D. Neal

~

Title of Invention

STATOR ASSEMBLY MADE FROM A PLURALITY OF TOROIDAL CORE ARC SEGMENTS AND MOTOR USING SAME

TO THE COMMISSIONER FOR PATENTS

Transmitted herewith is USPTO Credit Card Payment Forms for Added Claims (3) ($27) and Extension Fee ($980);
Transmittal Letter (in Duplicate); Amendment and Response to Restriction Requirement (OA 5/7/02); Petition for Extension (5

Months) (in Duplicate); Return Postcard Evidencing Receipt.

X

submitted.

No additional fee is req

DOOX O

Petition for a five (6) month extension of time.

uired.

The fee has been calculated as shown below:

A verified statement to establish small entity status under 37 CFR §38 1.9 and 1.27 is enclosed.

Small entity status of this application under 37 CFR § 1.27 has been established by verified statement previously

Other Than
Small Entity Small Entity
Claims Highest No. or
Remaining Previously Present Add'l Add'l
After Paid For Extra Rate Fee Rate Fee
Amendment
Total 32 Minus 29 3 x $9= 27 x $18=
Indep. | 6 Minus 5 0 x42= X $84 =
First Presentation of Multiple Dep. Claim +$140= + $280=
Total $27 Total | $
' add'l fee add'l fee
Please charge Deposit Account No. 23-1925 (BRINKS HOFER GILSON & LIONE) in the amount of $ . A

X X X O

duplicate copy of this sheet is enclosed.

duplicate copy of this sheet is enclosed.

BRINKS HOFER GILSON & LIONE
P.0. BOX 10395

CHICAGO, ILLINOIS 60610
{312) 321-4200

Respectfully submitted,

M‘J— '

teven P. Shurtz
Registration No. 31,424
Attorney for Applicant

| hereby certify that this correspondence is being deposited with the United States Postal Service as
first class mail, with sufficient postage, in an envelope addressed to: Commissioner for Patents,
Washington, D.C. 20231, on November 7, 2002

Date: Mo U-7‘ 1003\
rev, Dec.-00
Document3

-

Signature: J Z;&m d- A’“Q%

Attached are USPTO Credit Card Payment Forms in the total amount of $1,007 to cover the filing fees (Added
Claims and Petition for Five Months Extension of Time).

The Commissioner is hereby authorized to charge payment of any additional filing fees required under 37 CFR §

1.16 and any patent application processing fees under 37 CFR § 1.17 associated with this communication or credit
any overpayment to Deposit Account No. 23-1925. A duplicate copy of this sheet is enclosed.

| hereby petition under 37 CFR &8 1.136(a) for any extension of time required to ensure that this par{;?e'r is timely
filed. Please charge any associated fees which have not otherwise been paid to Deposit Account No. 23

A

il

-0

—~
dJ

VRN o3

00757
PATENT TRADEMARK OFFICE
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UNITED STATES PATENT AND TRADEMARK OFFICE
UNITED STATES DEPARTMENT OF COMM. CE

United States Patent and Trademark Office

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231
WWW.uspLo.gov

r APPLICATIONNO. | FILING DATE | FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO. |  CONFIRMATION NO. J
09/798,511 03/02/2001 Griffith D. Neal 8864/20 9388
7590 05/07/2002

Sailesh K. Patel | EXAMINER I
Brinks Hofer Gilson & Lione

P.O. Box 10395 CUEVAS, PEDRO J

Chicago, IL 60610

| ART UNIT PAPER NUMBER |
2834

DATE MAILED: 05/07/2002

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

PTO-90C (Rev. 07-01)
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’ Application N . “ Applicant(s)
. 09/798,511 ) NEAL, GRIFFITH D.
Office Action Summary Examiner Art Unit
Pedro J. Cuevas 2834

-- The MAILING DATE of this communication appears on the cover sheet with the ¢ rrespondence address --
P riod for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- |f NO period for reply is specified above, the maximum statutory period will apply and will expire S1X (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)J Responsive to communication(s) filed on
2a)[ ] This action is FINAL. 2b)X] This action is non-final.

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

4)[X] Claim(s) 1-29 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5[] Claim(s) _____is/are allowed.
6)[ ] Claim(s) _____is/are rejected.
7)J Claim(s) is/are objected to.

8)IX] Claim(s) 1-29 are subject to restriction and/or election requirement.
Application Papers

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

11)] The proposed drawing correction filed on is: a)[_] approved b)[_] disapproved by the Examiner.

If approved, corrected drawings are required in reply to this Office action.
12)[] The oath or declaration is objected to by the Examiner.
Priority under 35 U.S.C. §§ 119 and 120
13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)lJ Al b)[] Some * c)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[7] cCertified copies of the priority documents have been received in Application No. ___

3. Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

14)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) [] The translation of the foreign language provisional application has been received.
15)[] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.

Attachment(s)

1) [] Notice of References Cited (PTO-892) 4)[] Interview Summary (PTO-413) Paper No(s). .
2) D Notice of Draftsperson’s Patent Drawing Review (PTO-948) 5) |:| Notice of Informal Patent Application (PTO-152)
3) [ Information Disclosure Statement(s) (PTO-1449) Paper No(s) } 6) ] Other:

U.S. Patent and Trademark Office
PTO-326 (Rev. 04-01) Office Action Summary Part of Paper No. 5
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Application/Control Number: 09/798,511 Page 2

Art Unit: 2834

DETAILED ACTION

Election/Restrictions

1. Restriction to one of the following inventions is required under 35 U.S.C. 121:

L.

IL

IIL.

Claims 1-8 and 23, drawn to a stator assembly, classified in class 310, subclass
164.

Claims 9-20, drawn to a method of making a stator assembly for a motor,
classified in class 29, subclass 596.

Claims 21-26, drawn to a method of making a motor, classified in class 29,
subclass 592.1.

Claims 27 and 28, drawn to a combination of stator arc segments and a carrier,
classified in class 310, subclass 259.

Claim 29, drawn to a stator arc segment, classified in class 310, subclass 254.

The inventions are distinct, each from the other because of the following reasons:

2. Inventions I and II are related as process of making and product made. The inventions

are distinct if either or b‘oth of the following can be shown: (1) that the process as claimed can be

used to make other and materially different product or (2) that the product as claimed can be

made by another and materially different process (MPEP § 806.05(f)). In the instant case

invention II can be used to make a stator assembly having a wide range of stator arc segments.

3. Inventions I and III are related as process of making and product made. The inventions

are distinct if either or both of the following can be shown: (1) that the process as claimed can be

used to make other and materially different product or (2) that the product as claimed can be
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Application/Control Number: 09/798,511 Page 3
Art Unit: 2834

made by another and materially different process (MPEP § 806.05(f)). In the instant case
invention III has to be used to construct a four stator arc segment motor.

4, Inventions I and IV are related as combination and subcombination. Inventions in this
relationship are distinct if it can be shown that (1) the combination as claimed does not require
the particulars of the subcombination as claimed for patentability, and (2) that the
subcombination has utility by itself or in other combinations (MPEP § 806.05(c)). In the instant
case, the combination as claimed does not require the particulars of the subcombination as
claimed because invention I can be constructed with a plurality of similar and patentably distinct
stator arc segments. The subcombination has separate utility such as forming a toroidal core.

5. Inventions V and IV are related as combination and subcombination. Inventions in this
relationship are distinct if it can be shown that (1) the combination as claimed does not require
the particulars of the subcombination as claimed for patentability, and (2) that the
subcombination has utility by itself or in other combinations (MPEP § 806.05(c)). In the instant
case, the combination as claimed does not require the particylars of the subcombination as
claimed because invention V is a patentable element used in the construction of invention IV.

The subcombination has separate utility such as forming a toroidal core.
6. Because these inventions are distinct for the reasons given above and have acquired a

separate status in the art as shown by their different classification, restriction for examination

purposes as indicated is proper.
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Application/Control Number: 09/798,511 Page 4
Art Unit: 2834
7. Because these inventions are distinct for the reasons given above and the search required

for Groups I or IV or V is not required for Groups II or III, restriction for examination purposes
as indicated is proper.

8. Because these inventions are distinct for the reasons given above and the search required
for Group I is not required for Group IV, restriction for examination purposes as indicated is
proper.

9. Because these inventions are distinct for the reasons given above and the search required
for Group I is not required for Group V, restriction for examination purposes as indicated is
proper.

10.  Because these inventions are distinct for the reasons given above and the search required
for Group II is not required for Group III, restriction for examination purposes as indicated is
proper.

11.  Because these inventions are distinct for the reasons given above and have acquired a
separate status in the art because of their recognized divergent subject matter, restriction for

examination purposes as indicated is proper.

12.  Applicant is advised that the reply to this requirement to be complete must include an
election of the invention to be examined even though the requirement be traversed (37 CFR

1.143).
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Application/Control Number: 09/798,511 Page 5
Art Unit: 2834

13.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Pedro J. Cuevas whose telephone number is (703) 308-4904. The
examiner can normally be reached on M-F from 8:30 - 6:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Neétor R. Ramirez can be reached on (703) 308-1371. The fax phone numbers for
the organization where this application or proceeding is assigned are (703) 305-1341 for regular
communications and (703) 305-3432 for After Final communications.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the receptionist whose telephone number is (703) 308-0956.

Pedro J. Cuevas 7’) .
May 4,2002 NESTOR RAMIREZ
SUPERVISORY PATENT EXAMINER
TECHNOLOGY CENTER 2800
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| hereby certify that this correspondence is being deposited
with the United States Postal Service with sufficient postage
as first class mail in an envelope addressed to: Assistant
Commlssmner for Patents, Washington, D.C. 20231 on

\? E J@x

July 16, 2001
- Date of Deposit

Sailesh K. Patel, Reg. No. 46,982
Name of Applicant, assignee or

A Registe mtwe
< CL(Q?/}

~=NSignature

Qur Case No. 8864/20

IN THE UNITED STATES PATENT AND TRAGEMARK OFFICE

In re Application of:
GRIFFITH D. NEAL

Serial No. 09/798,511 Examiner: To Be Assigned

L Filing Date: March 2, 2001 Group Art Unit No. 2834

For STATOR ASSEMBLY MADE
FROM A PLURALITY OF
TOROIDAL CORE ARC
SEGMENTS AND MOTOR USING
SAME

SUBMISSION OF FORMAL DRAWINGS

Assistant Commissioner for Patents
Washington, D.C. 20231
Dear Sir:

In response to the Notice to File Corrected Application Papers mailed May 16,
2001, Applicant submits herewith six (6) sheets of corrected formal drawings (Figures 1-
9) for the above-referenced application.

Respectfully submitted,

&

Sailesh K. Patel
Registration No. 46,982
Attorney for Applicant
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CHICAGO, ILLINOIS 60610

(312) 321-4200

209




©

Page 1 of 1

Sk NGRSO TATES PATENT AND TRADEMARK OFFICE
COMMISSIONER FOR PATENTS

UNITED STATES PATENT AND TRADEMARK OFFICE
WasHINGTON, D.C. 20231
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“CNIT D

www.uspio.gov
APPLICATION NUMBER I FILING/RECEIPT DATE I FIRST NAMED APPLICANT I ATTORNEY DOCKET NUMBER ‘
09/798,511 03/02/2001 Griffith D. Neal 886420
HKS HOFER oIl &l}“ﬁ‘i CONFIRMATION NO. 9388
B ECFE s e | FORMALITIES LETTER
Sailesh K. Patel A
Salesn . pate @ MNENEREn
P.O. Box 10395 | A 2 b e
Chicago, IL 60610 —
| ) NE
1 S pOCKES Date Mailed: 05/16/2001

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Filing Date Granted

This application has been accorded an Application Number and Filing Date. The application, however, is
informal since it does not comply with the regulations for the reason(s) indicated below. Applicant is given
TWO MONTHS from the date of this Notice within which to correct the informalities indicated below.
Extensions of time may be obtained by filing a petition accompanied by the extension fee under the

provisions of 37 CFR 1.136(a)

The required item(s) identified below must be timely submitted to avoid abandonment:

o Substitute drawings in compliance with 37 CFR 1.84 because:

» drawing sheets do not have the appropriate margin(s) (see 37 CFR 1.84(g)). Each
sheet must include a top margin of at least 2.5 cm. (1 inch), a left side margin of at
least 2.5 cm. (1 inch), a right side margin of at least 1.5 cm. ( 5/8 inch), and a
bottom margin of at least 1.0 cm. (3/8 inch);

A copy of this notice MUST be returned with the reply.

CustOmer Service Center

Initial Patent Examination Division (703) 308-1202
PART 2 - COPY TO BE RETURNED WITH RESPONSE
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nt Application for: Stator Assembly Made From A Plurality Of Toroidal Core Arc Segments And
Motor Using Same
Inventor(s): Griffith D. Neal
cket No. and Serial No. 8864/20 - 09/798,511 (Page 1 of 6)
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Patent Application for: Stator Assembly Made From A Plurality Of Toroidal Core Arc Segments And
Motor Using Same
Inventor(s): Griffith D. Neal
Attorney Docket No. and Serial No. 8864/20 - 09/798,511 (Page 2 of 6)
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Patent Application for: Stator Assembly Made From A Plurality Of Toroidal Core Arc Segments And
Motor Using Same

Inventor(s): Griffith D. Neal
Attorney Docket No. and Serial No. 8864/20 - 09/798,511 (Page 3 of 6)
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. Patent Application for: Stator Assembly Made From A Plurality Of Toroidal Core Arc Segments And

Motor Using Same

Inventor(s): Griffith D. Neal
Attorney Docket No. and Serial No. 8864/20 - 09/798,511 (Page 4 of 6)
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Patent Application for: Stator Assembly Made From A Plurality Of Toroidal Core Arc Segments And
Motor Using Same
Inventor(s): Griffith D. Neal
Attorney Docket No. and Serial No. 8864/20 - 09/798,511 (Page 5 of 6)
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Patent Application for: Stator Assembly Made From A Plurality Of Toroidal Core Arc Segments And
Motor Using Same

Inventor(s): Griffith D. Neal
Attorney Docket No. and Serial No. 8864/20-- 09/798,511 (Page 6 of 6)
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| hereby certify that this correspondence is being deposited
with the United States Postal Service with sufficient postage
as first class mail in an envelope addressed to: Assistant
E Commnssnoner for Patents, Washington, D.C. 20231 on
%
0\? KA July 16, 2001
- Date of Deposit

Sailesh K. Patel, Reg. No. 46,982
Name of Applicant, assignee or

)
3
g Register resentative

'\Slgnature

Our Case No. 8864/20

IN THE UNITED STATES PATENT AND TRACEMARK OFFICE

In re Application of:

GRIFFITH D. NEAL

Serial No. 09/798,511 Examiner: To Be Assigned

Filing Date: March 2, 2001 Group Art Unit No. 2834

For STATOR ASSEMBLY MADE
FROM A PLURALITY OF
TOROIDAL CORE ARC
SEGMENTS AND MOTOR USING
SAME
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Ei
5 :
=1
(]
si%
st
=

SUBMISSION OF FORMAL DRAWINGS

Assistant Commissioner for Patents
Washington, D.C. 20231
Dear Sir:
In response to the Notice to File Corrected Application Papers mailed May 16,
2001, Applicant submits herewith six (6) sheets of corrected formal drawings (Figures 1-

9) for the above-referenced application.
Respectfully submitted,

N

Sailesh K. Patel
Registration No. 46,982
Attorney for Applicant
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BRINKS HOFER GILSON & LIONE
P.0. BOX 10395

CHICAGO, ILLINOIS 60610

(312) 321-4200
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COMMISSIONER FOR PATENTS

UNITED STATES PATENT AND TRADEMARK OQFFICE
WasHINGTON, D.C. 2023!

www.uspfo.gov

| APPLICATION NUMBER | FILING/RECEIPT DATE | FIRSTNAMED APPLICANT | ATTORNEY DOCKET NUMBER |
09/798,511 03/02/2001 Griffith D. Neal 8864/20

CONFIRMATION NO. 9388
FORMALITIES LETTER

00 SOE RN G

*OC000000006080658*

Sailesh K. Patel

Brinks Hofer Gilson & Lione
P.O. Box 10395

Chicago, IL 60610

Date Mailed: 05/16/2001

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Filing Date Granted

This application has been accorded an Application Number and Filing Date. The application, however, is
informal since it does not comply with the regulations for the reason(s) indicated below. Applicant is given
TWO MONTHS from the date of this Notice within which to correct the informalities indicated below.
Extensions of time may be obtained by filing a petition accompanied by the extension fee under the
provisions of 37 CFR 1.136(a) '

The required item(s) identified below must be timely submitted to avoid abandonment:
e Substitute drawings in compliance with 37 CFR 1.84 because:

= drawing sheets do not have the appropriate margin(s) (see 37 CFR 1.84(g)). Each
sheet must include a top margin of at teast 2.5 cm. (1 inch), a left side margin of at
least 2.5 cm. (1 inch), a right side margin of at least 1.5 cm. ( 5/8 inch), and a
bottom margin of at least 1.0 cm. (3/8 inch);

A copy of this notice MUST be returned with the reply.

CustOmer Service Center
Initial Patent Examination Division (703) 308-1202 ) .
' PART 2 - COPY TO BE RETURNED WITH RESPONSE
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Motor Using Same
Inventor(s): Griffith D. Neal
Attorney Docket No. and Serial No. 8864/20 - 09/798,511 (Page 1 of 6)
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Motor Using Same
Inventor(s): Griffith D. Neal

Patent Application for: Sta'ssembly Made From A Plurality Of Toroid‘re Arc Segments And
Attorney Docket No. and Serial No. 8864/20 - 09/798,511 (Page 2 of 6)
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Attorney Docket No. and Serial No. 8864/20 - 09/798,511 (Page 4 of 6)

Motor Using Same
Inventor(s): Griffith D. Neal
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Motor Using Same
Inventor(s): Griffith D. Neal

Patent Application for: Sta‘ssembly Made From A Plurality Of Toroid‘re Arc Segments And
Attorney Docket No. and Serial No. 8864/20 - 09/798,511 (Page 5 of 6)
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Motor Using Same
Inventor(s): Griffith D. Neal -
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UNITED STATES PATENT AND TRADEMARK OFFICE

COMMISSIONER FOR PATENTS

UNITED STATES PATENT AND TRADEMARK OFFICE
wasHINGTON, D.C. 20231

www.uspto.gov

| APPLICATION NUMBER | FILING/RECEIPT DATE [ FRSTNAMEDAPPLICANT |~ ATTORNEY DOCKET NUMBER _ |
09/798,511 03/02/2001 Griffith D. Neal : 8864/20

CONFIRMATION NO. 9388
FORMALITIES LETTER

Sallesh K. Patel 000 O OGO

Brinks Hofer Gilson & Lione *OC000000006080658"
. P.O.Box 10395 :
Chicago, IL 60610

Date Mailed: 05/16/2001

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

This application has been accorded an Application Number and Filing Date. The application, however, is
informal since it does not comply with the regulations for the reason(s) indicated below. Applicant is given
TWO MONTHS from the date of this Notice within which to correct the informalities indicated below.
Extensions of time may be obtained by filing a petition accompanied by the extension fee under the
provisions of 37 CFR 1.136(a)

The required item(s) identified below must be timely submitted to avoid abandonment:
e Substitute drawings in compliance with 37 CFR 1.84 because:

= drawing sheets do not have the appropriate margin(s) (see 37 CFR 1.84(g)). Each
sheet must include a top margin of at least 2.5 cm. (1 inch), a left side margin of at
least 2.5 cm. (1 inch), a right side margin of at least 1.5 cm. (5/8 inch), and a
bottom margin of at least 1.0 cm. (3/8 inch);

A copy of this notice MUST be returned with the reply.

Custdmer Service Center -
Initial Patent Examination Division (703) 308-1202
PART 3 - OFFICE COPY
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Case No. 8864/20

PATENT APPLICATION TRANSMITTAL LETTER
To the Commissioner for Patents:

Transmitted herewith for filing is the patent application of: Griffith D. Neal for : STATOR ASSEMBLY MADE FROM A PLURALITY OF

TOROIDAL CORE ARC SEGMENTS ANDMOTOR USING SAME. Enclosed are:

X Six (6) sheet(s) of drawings, twenty-four (24) pages of application (including title page), and the following Appendices : .
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STATOR ASSEMBLY MADE FROM A PLURALITY OF TOROIDAL
CORE SEGMENTS AND MOTOR USING SAME

FIELD OF THE INVENTION

The present invention relates generally to a stator assembly used in a
motor. It relates particularly to a spindle motor such as used in a hard disc
drive, and to the construction and arrangement of a stator assembly made
from a plurality of arc segments.

BACKGROUND OF THE INVENTION

Computers commonly use disc drives for memory storage purposes.
Disc drives include a stack of one or more magnetic discs that rotate and are
accessed using a head or read-write transducer. Typically, a high speed
motor such as a spindle motor is used to rotate the discs.

In conventional spindle motors, stators have been made by laminating
together stamped pieces of steel. These stamped pieces of steel are
generally circular in nature, but also have “poles” extending either inwardly or
outwardly, depending on whether the rotor is on the inside or surrounds the
stator. The stamped pieces are laminated together and then coated with
insulation. Wire is then wound around the poles to form stator windings.

An example of a conventional spindle motor 1 is shown in FIG. 1. The
motor 1 includes a base 2 which is usually made from die cast aluminum, a
stator 4, a shaft 6, bearings 7 and a disc support member 8, also referred to
as a hub. A magnet 3 and flux return ring 5 are attached to the disc support
member 8. The stator 4 is separated from the base 2 using an insulator (not
shown) and attached to the base 2 using a glue. Distinct structures are
formed in the base 2 and the disc support member 8 to accommodate the
bearings 7. One end of the shaft 6 is inserted into the bearing 7 positioned in
the base 2 and the other end of the shaft 6 is placed in the bearing 7 located
in the hub 8. A separate electrical connector 9 may also be inserted into the

base 2.
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Each of these parts must be fixed at predefined tolerances with respect
to one another. Accuracy in these tolerances can significantly enhance motor
performance.

In operation, the disc stack is placed upon the hub. The stator
windings are selectively energized and interact with the permanent magnet to
cause a defined rotation of the hub. As hub 8 rotates, the head engages in
reading or writing activities based upon instructions from the CPU in the
computer.

Manufacturers of disc drives are constantly seeking to improve the
speed with which data can be accessed. To an extent, this speed depends
upon the efficiency of the spindle motor, as existing magneto-resistive head
technology is capable of accessing data at a rate greater than the speed
offered by the highest speed spindle motor currently in production. The
efficiency of the spindle motor is dependent upon the dimensional consistency
or tolerances between the various components of the motor. Greater
dimensional consistency between components leads to a smaller gap
between the stator 4 and the magnet 3, producing more force, which provides
more torque and enables faster acceleration and higher rotational speeds.

The conventional method of forming stators has a number of
drawbacks. First, most steel is manufactured in rolled sheets and thus has a
grain orientation. The grain orientation has an effect on the magnetic flux
properties of the steel. In circular stamped pieces of steel, the grain
orientation at different points around the circle differs. Compared from the
radius line of the circle, the grain orientation is sometimes aligned along the
radius, sometimes transverse to it, and mostly at a varying angle to the radius.
The un-aligned grain structure of conventional stators causes the magnetic
flux values to differ in parts of the stator and thus the motor does not have
consistent and uniform torque properties as it rotates.

Another drawback with using circular steel pieces is that, especially for
inward facing poles, it has been difficult to wind the wire windings tightly
because of the cramped space to work inside of the laminated stator core.

The cramped working space creates a lower limit on the size of the stator and
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thus the motor. The limited working space also resulits in a low packing
density of wire. The packing density of wire coiled around the poles affects
the amount of power generated by the motor. Increasing packing density
increases the power and thus the efficiency of the spindle motor.

An important factor in motor design is to reduce stack up tolerances in
the motor. Stack up tolerances reduce the overall dimensional consistency
between the components. Stack up tolerances refer to the sum of the
variation of all the tolerances of all the parts, as well as the overall tolerance
that relates to the alignment of the parts relative to one another. One source
of stack up tolerances is from the circular stator body. Generally, the
thickness of rolled steel is not uniform across the width of the roll. Sometimes
the edges are thicker or thinner than the center. In a stator made from
circular stamped pieces, the thickness of individual laminations are thus
different from one side to the other. When stacked together, this creates a
stack up tolerance problem. Furthermore, the circular stampings leave a lot of
wasted steel that is removed and must be recycled or discarded.

Another important factor in motor design is the lowering of the
operating temperature of the motor. Increased motor temperature affects the
electrical efficiency of the motor and bearing life. As temperature increases,
resistive loses in wire increase, thereby reducing total motor power.
Furthermore, the Arhennius equation predicts that the failure rate of an
electrical device is exponentially related to its operating temperature. The
frictional heat generated by bearings increases with speed. Also, as bearings
get hot they expand, and the bearing cages get stressed and may deflect,
causing non-uniform rotation reducing bearing life. This non-uniform rotation
causes a further problem of limiting the ability of the servo system controlling
the read/write heads to follow data tracks on the magnetic media. One
drawback with existing motor designs is their limited effective dissipation of
the heat, and difficulty in incorporating heat sinks to aid in heat dissipation. In
addition, in current motors the operating temperatures generally increase as

the size of the motor is decreased.
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Manufacturers have established strict requirements on the outgassing
of materials that are used inside a hard disc drive. These requirements are
intended to reduce the emission of materials onto the magnetic media or
heads during the operation of the drive. Of primary concern are glues used to
attach components together, varnish used to insulate wire, and epoxy used to
protect steel laminations from oxidation.

In addition to such outgassed materials, airborne particulate in a drive
may lead to head damage. Also, airborne particulates in the disc drive could
interfere with signal transfer between the read/write head and the media. To
reduce the effects of potential airborne particulate, hard drives are
manufactured to exacting clean room standards and air filters are installed
inside of the drive to reduce the contamination levels during operation.

An example of a spindle motor is shown in U.S. Patent No. 5,694,268
(Dunfield et al.) (incorporated herein by reference). Referring to FIG. 5 of this
patent, a stator of the spindle motor is encapsulated with an overmold 42.
The overmolded stator 40 contains openings through which mounting pins 44
may be inserted for attaching the stator 200 to a base. U.S. Patent
No. 5,672,972 (Viskochil) (incorporated herein by reference) also discloses a
spindle motor having an overmolded stator. One drawback with the overmold

used in these patents is that it has a different coefficient of linear thermal

expansion (“CLTE”") than the corresponding metal parts to which it is attached.

Another drawback with the overmold is that it is not very effective at
dissipating heat. Further, the overmolds shown in these patents are not
effective in dampening some vibrations generated by energizing the stator
windings.

U.S. Patent No. 5,806,169 (Trago) (incorporated herein by reference)
discloses a method of fabricating an injection molded motor assembly.
However, the motor disclosed in Trago is a step motor, not a high speed
spindle motor, and would not be used in applications such as hard disc drives.
Further, none of these three prior art designs address the problem of variation
in the thickness of steel used to make the stator cores and the non-uniform

grain structure in the steel compared to the magnetic flux in the stator during
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operation of the motor. Thus, a need exists for an improved high speed
spindle motor, having properties that will be especially useful in a hard disc

drive, overcoming the aforementioned problems.

BRIEF SUMMARY OF THE INVENTION

A high speed motor has been invented which overcomes many of the
foregoing problems. In addition, unique stator assemblies and other
components of a high speed motor have been invented, as well as methods of
manufacturing motors and hard disc drives. In one aspect, the invention is a
motor comprising: a plurality of stator arc segments forming a toroidal core,
wherein each said stator arc segment has two end surfaces that are each in
contact with an end surface of another stator arc segment to form a toroidal
core; and a monolithic body of phase change material substantially

encapsulating the stator arc segments and holding said toroidal core in place.

In another aspect the invention is a method of making a motor
comprising: providing at least two stator arc segments each having a first end
surface and a second end surface; aligning said stator arc segments to form a
toroidal core, wherein each said end surface of one segment is in contact with
an opposing end surface of another segment; and substantially encapsulating
said toroidal core with a monolithic body of phase change material and
solidifying the phase change material to hold the stator arc segments

together.

In another aspect the invention is a method of making a motor
comprising: providing four stator arc segments, wherein each stator arc
segment has a first end surface and a second end surface; aligning said
stator arc segments to form a toroidal core, wherein each said end surface of
one segment is in contact with an opposing end surface of another segment;
and substantially encapsulating said toroidal core with a monolithic body of
phase change material, wherein said substantially encapsulating is by

injection molding said phase change material around said toroidal core.
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In yet another aspect, the invention is a combination of stator arc
segments and a carrier used to support said stator arc segments during a
winding operation comprising a plurality of stator arc segments, and: a
plurality of cavities to hold and support said stator arc segments, wherein said
cavities are spaced apart a distance X, wherein the distance X is the length of
uncoiled wire necessary to align said stator arc segments to form a toroidal
core.

The invention provides the foregoing and other features, and the
advantages of the invention will become further apparent from the following
detailed description of the presently preferred embodiments, read in conjunction
with the accompanying drawings. The detailed description and drawings are
merely illustrative of the invention and do not limit the scope of the invention,

which is defined by the appended claims and equivalents thereof.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

FIG. 1 is an exploded, partial cross-sectional and perspective view of a
conventional high speed motor of the present invention.

FIG. 2 is a perspective view of a stator arc segment.

FIG. 3 is a perspective view of a combined carrier assembly and stator
arc segments of FIG. 2.

FIG. 4 is a perspective view of stator arc segments of FIG. 2 with
windings thereon ready to be formed into a toroidal core.

FIG. 5 is a perspective view of an injection molded stator assembly
using the stator arc segments of FIG. 4.

FIG. 6a is a cross-sectional view of the toroidal core of FIG. 4 in an
injection mold assembly, prior to injecting a phase change material.

FIG. 6b is a cross-sectional view of the toroidal core of FIG. 4 in an
injection mold assembly, after injecting a phase change material.

FIG. 7 is an exploded, partial cross-sectional and perspective view ofa
high speed motor using the encapsulated stator of FIG. 5.

FIG. 8 is an exploded, partial cross-sectional and perspective view ofa
high speed motor and disc assembly made with the motor of FIG. 7.
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FIG. 9 is a cross-sectional view of the motor of FIG. 8.

DETAILED DESCRIPTION OF THE DRAWINGS AND PREFERRED
EMBODIMENTS OF THE INVENTION

A preferred embodiment of a high speed motor of the present invention
and portions of the motor at different stages of manufacture are shown in
FIGS. 2-7 and 9. By “high speed” it is meant that the motor can operate at
over 5,000 rpm. The spindle motor 100 is designed for rotating a disc or stack
of discs in a computer hard drive. Motor 100 is formed by using an injection
molded stator assembly 40, that is formed by injection molding a plurality of
stator arc segments 20 aligned to form a toroidal core 17. Although the
embodiment described here uses four arc segments, one of ordinary skill in
the art will understand that two, three or any greater number of arc segments
may be used. The preferred motor of the present invention is smaller, has a
grain structure that is more uniformly aligned, allows for greater packing
density of wire and reduces waste of steel in the manufacturing process as
compared with conventional motors used for disc drives, thereby increasing
power and reducing stack up tolerances and manufacturing costs and
producing other advantages discussed below.

Referring to FIG. 2, a stator arc segment 20 is first constructed, using
steel laminations 11. The stator arc segment 20 is made of steel pieces that
are stamped out of rolled steel. The stamped steel pieces are arc segments,
but also have poles 21 extending inwardly or outwardly depending on whether
the rotor is inside or surrounds the stator. In the embodiment shown in
FIG. 2, the poles 21 are shown extending inwardly. The stamped pieces are
then coated with epoxy which provides insulation and laminates the pieces
together to form a stator arc segment 20.

As shown in FIG. 3, the stator arc segments 20 are then preferably
placed in a carrier 30. The carrier 30 has a plurality of cavities 32 that hold
the stator arc segments 20 in place. In a preferred embodiment, the space
between the cavities is equivalent to the length of wire needed to travel from a
point on one pole 21a to the next pole 21b in the same phase of windings
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following the arc of the stator arc segments 20. The carrier 30 shown in FIG.
3 shows an alternative embodiment where the space between the cavities is
not necessarily equivalent to the length of wire needed to travel from a point
on one pole 21a to the next pole 21b. By precisely aligning the stator arc
segments 20, the carrier 30 greatly enhances the efficiency for winding wire
15 around the poles 21 and manufacturing stators.

Wire 15 is then wound around the poles 21 of the stator arc segments
20 using a spool winder 34 that has a set of needles 35 that wind wire around
the poles 21. The wire 15 is wound around one pole 21 and is then wound
around another pole 21 in its phase until all poles 21 in the same phase are
wound with the same wire 15. Poles 21 in other phases are also similarly
wound. Having only arc segments, rather than a full toroidal core, and placing
the arc segments 20 in the carrier 30 makes it much easier for needle 35 to
wind wire 15 around poles 21. Using this method, a wire packing density of
about 60 percent to about 80 percent can be achieved.

As shown in FIG. 4, the stator arc segments 20 are then removed from
the carrier and aligned to form a magnetically inducible toroidal core 17
having a plurality of poles 21 thereon, and wire windings 15 which serve as
conductors. To form the toroidal core 17, an end surface 16 of each stator arc
segment 20 is aligned and brought into contact with a corresponding end
surface 19 of another stator arc segment 20. The wire 15 between the poles
21 of different stator arc segments 20 is also aligned in the toroidal core 17,
following the arc of the stator arc segments 20. As a result, the wire in the
toroidal core 17 is taught. After the wire is wound so that one set of three
leads is terminated together to create the common ground 46, and the other
ends of the wire, are for each of the three phases form the leads 47a, 47b and
47c¢c by which current is supplied to the windings. The conductors induce or
otherwise create a plurality of magnetic fields in the core when electrical
current is conducted through the conductors. In this embodiment, a magnetic
field is induced in each of the poles 21.

As shown in FIG. 5, the toroidal core 17 is then encapsulated in a body

42. Together the toroidal core 17 and the body 42 make up an injection
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molded stator assembly 40. The body 42 is preferably a monolithic body.
Monolithic is defined as being formed as a single piece. The body 42
substantially encapsulates the toroidal core 17. Substantial encapsulation
means that the body 42 either entirely surrounds the toroidal core 17, or
surrounds almost all of it except for minor areas of the toroidal core 17 that
may be exposed. However, substantial encapsulation means that the body
42 and toroidal core 17 are rigidly fixed together, and behave as a single
component with respect to harmonic oscillation vibration.

The body 42 is preferably formed of a phase change material, meaning
a material that can be used in a liquid phase to envelope the stator, but which
later changes to a solid phase. There are two types of phase change
materials that will be most useful in practicing the invention: temperature
activated and chemically activated. A temperature activated phase change
material will become molten at a higher temperature, and then solidify at a
lower temperature. However, in order to be practical, the phase change
material must be molten at a temperature that is low enough that it can be
used to encapsulate a toroidal core. Preferred phase change materials will be
changed from a liquid to a solid in the range of about 200 °F to about 700 °F,
more preferably in the range of about 550 °F to about 650 °F. The most
preferred temperature activated phase change materials are thermoplastics.
The preferred thermoplastic will become molten at a temperature at which it is
injection-moldable, and then will be solid at normal operating temperatures for
the motor. An example of a phase change material that changes phases due
to a chemical reaction, and which could be used to form the body, is an
epoxy. Other suitable phase change materials may be classified as
thermosetting materials.

The preferred method of developing the monolithic body 42 comprises
designing a phase change material to have a coefficient of linear thermal
expansion such that the phase change material contracts and expands at
approximately the same rate as the metal laminations of the toroidal core 17.
For example, the preferred phase change material should have a CLTE of
between 70% and 130% of the CLTE of the core of the stator. The phase
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change material should have a CLTE that is intermediate the maximum and
minimum CLTE of the toroidal core and other motor components where the
body is in contact with those other components and they are made of a
different material than the core. Also, the CLTE’s of the body and toroidal
core should match throughout the temperature range of the motor during its
operation. An advantage of this method is that a more accurate tolerance
may be achieved between the body and the components of the toroidal core
because the CLTE of the body matches the CLTE of the toroidal core
components more closely. Most often the toroidal core components will be
metal, and most frequently steel and copper. Other motor parts are often
made of aluminum and steel.

Most thermoplastic materials have a relatively high CLTE. Some
thermoplastic materials may have a CLTE at low temperatures that is similar
to the CLTE of metal. However, at higher temperatures the CLTE does not
match that of the metal. A preferred thermoplastic material will have a CLTE
of less than 2 x 10°° in/in/°F, more preferably less than 1.5 x 10°° in/in/°F,
throughout the expected operating temperature of the motor, and preferably
throughout the range of 0-250°F. Most preferably, the CLTE will be between
about 0.8 x 10 in/in/°F and about 1.2 x 107 in/in/°F throughout the range of
0-250°F. (When the measured CLTE of a material depends on the direction
of measurement, the relevant CLTE for purposes of defining the present
invention is the CLTE in the direction in which the CLTE is lowest.)

The CLTE of common solid parts used in a motor are as follows:

23°C 250°F
Steel 0.5 0.8 (x10”in/in/°F)
Aluminum 0.8 1.4
Ceramic 0.3 04

Of course, if the motor is designed with two or more different solids,
such as steel and aluminum components, the CLTE of the phase change
material would preferably be one that was intermediate, the maximum CLTE
and the minimum CLTE of the different solids, such as 0.65 iﬁ/in/"F at room
temperature and 1.1 x107°in/in/°F at 250°F.
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One preferred thermoplastic material, Konduit OTF-212-11, was made
into a thermoplastic body and tested for its coefficient of linear thermal
expansion by a standard ASTM test method. It was found to have a CLTE in
the range of —30 to 30°C of 1.09x10° in/in/°F in the X direction and 1.26x107®
in/in/°F in both the Y and Z directions, and a CLTE in the range of 100 to
240°C of 1.28x107% in/in/°F in the X direction and 3.16x107 in/in/°F in both the
Y and Z directions. (Hence, the relevant CLTEs for purposes of defining the
invention are 1.09 x 107 in/in/°F and 1.28 x 10 in/in/°F.) Another similar
material, Konduit PDX —0-988, was found to have a CLTE in the range of —30
to 30°C of 1.1x107% in/in/°F in the X direction and 1.46x10°° in/in/°F in both the
Y and Z directions, and a CLTE in the range of 100 to 240°C of 1.16x1 0°
in/in/°F in the X direction and 3.4x10° in/in/°F in both the Y and Z directions.
By contrast, a PBS type polymer, (Fortron 4665) was likewise tested. While it
had a low CLTE in the range of —30 to 30°C (1.05x1 0% in/in/°F in the X
direction and 1.33x107 in/in/°F in both the Y and Z directions), it had a much
higher CLTE in the range of 100 to 240°C (1.94x1 07 in/in/°F in the X direction
and 4.17x107 in/in/°F in both the Y and Z directions).

In addition to having a desirable CLTE, the preferred phase change
material will also have a high thermal conductivity. A preferred thermoplastic
material will have a thermal conductivity of at least 0.7 watts/meter°K using
ASTM test procedure 0149 and tested at room temperature (23°C).

Stator assemblies made from arc segments held together by a body of
phase change material partially encapsulating the stator are themselves novel
and define another aspect of the present invention.

In the present embodiment, the phase change material used to make
the body 42 is preferably a thermally conductive but non-electrically
conductive plastic. In addition, the plastic preferably includes ceramic filler
particles that enhance the thermal conductivity, while reducing the coefficient
of linear thermal expansion of the plastic. A preferred form of plastic is
polyphenyl sulfide (PPS) sold under the tradename “Konduit” by LNP. Grade
OTF-212 PPS is particularly preferred. Examples of other suitable

thermoplastic resins include, but are not limited to, thermoplastic resins such
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as 6,6-polyamide, 6-polyamide, 4,6-polyamide, 12,12-polyamide,
6,12-polyamide, and polyamides containing aromatic monomers, polybutylene
terephthalate, polyethylene terephthalate, polyethylene napththalate,
polybutylene napththalate, aromatic polyesters, liquid crystal polymers,
polycyclohexane dimethylol terephthalate, copolyetheresters, polyphenylene
sulfide, polyacylics, polypropylene, polyethylene, polyacetals,
polymethylpentene, polyetherimides, polycarbonate, polysulfone,
polyethersulfone, polyphenylene oxide, polystyrene, styrene copolymer,
mixtures and graft copolymers of styrene and rubber, and glass reinforced or
impact modified versions of such resins. Blends of these resins such as
polyphenylene oxide and polyamide blends, and polycarbonate and
polybutylene terephthalate, may also be used in this invention.

As shown in FIG. 6a, to encapsulate the toroidal core 17 and form body
42, the toroidal core 17 is first clamped and held in place by pins 61 in an
injection mold cavity 66. The injection mold cavity 66 is very effective and
maintains the toroidal shape of the toroidal core 17. Molten phase-change
material is then injected into the molding cavity 66 with an extrusion screw
(not shown) until the pressure inside the cavity reaches a predetermined
molding pressure. After injecting the molten phase change material, the pins
61 retract as shown in FIG. 6b. The phase change material is then allowed to
cool and solidify into a monolithic body 42 that substantially encapsulates the
toroidal core 17. The preferred thickness of the body 42 depends on the
aspect ratio of the toroidal core 17.

The injection molded stator assembly 40 is then used to construct the
rest of the spindle motor 100 (FIG. 7). The spindle motor 100 includes a hub
108, which serves as a disc support member, the stator assembly 40, a base
102, a shaft 106 and bearings 107.

As shown in FIG. 7, a shaft 106 is connected to the hub or disc support
member 108 and is surrounded by bearings 107, which are adjacent against
the base 102 of the motor. A rotor or magnet 103 is fixed to the inside of the
hub 108 on a flange so as to be in operable proximity to the stator assembly.

The magnet 103 is preferably a permanent magnet, as described below.
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Referring to FIG. 7, the bearings 107 include an upper bearing 46 and
a lower bearing 48. Also, each bearing 107 has an outer surface 50 and an
inner surface 52. The outer surface 50 of the upper bearing contacts the hub
108 and the outer surface 50 of the lower bearing 48 contacts the lower
support base 102. The inner surfaces 52 of the bearings 107 contact the
shaft 116. The bearings are preferably annular shaped. The inner
surfaces 52 of the bearings 107 may be press fit onto the shaft 16. A glue
may also be used. The outer surface 50 of the bearings 107 may be press fit
into the interior portion of the base 102. A glue may also be used. The
bearings in the embodiment shown in FIG. 7 are ball bearings. Alternatively
other types of bearings, such as hydrodynamic or combinations of
hydrodynamic and magnetic bearings, may be used. The bearings are
typically made of stainless steel.

The shaft 106 is concentrically disposed within the interior portion of
the stator assembly 40 and the base 102. The bearings 107 surround
portions of the shaft 106. As described above, the inner surfaces 52 of the
bearings are in contact with the shaft 106. The shaft 106 includes a top
portion 54 and a bottom portion 56. The top portion 54 of the shaft 106 is
fixed to the hub 108. The bottom portion 54 of the shaft 106 is free to rotate
inside the lower bearing. Thus, in this embodiment, the shaft 106 is freely
rotatable relative to the base 102. The shaft 106 is preferably cylindrical
shaped. The shaft 106 may be made of stainless steel.

Referring to FIGS. 7 and 9, the hub 108 is concentrically disposed
around the stator assembly 40 and the base 102. The hub 108 is fixed to the
shaft 106 and is spaced apart from the stator assembly 40 and the base 102.
The hub 108 includes a flux return ring 58 and the magnet 103. The flux
return ring 58 is glued to the disc support member. The magnet 103 is glued
to the hub 108. As shown in FIG. 7, the magnet 103 concentrically surrounds
the stator assembly 40. In this embodiment the magnet 103 and stator
assembly 40 are generally coplanar when the motor 100 is assembled.

The magnet 103 is preferably a sintered part and is one solid piece.

The magnet 103 is placed in a magnetizer which puts a plurality of discrete
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North and South poles onto the magnet 103, dependant on the number of
poles 21 on the toroidal core 17. The flux return ring 58 is preferably made of
a magnetic steel. The hub is preferably made of aluminum. Also, the hub
may be made of a magnetic material to replace the flux return ring. Other
motor designs using an encapsulated stator that can be made by the present
invention are disclosed in provisional U.S. Patent Application Serial No.
60/171,817, filed December 21, 1999, incorporated herein by reference.

The spindle motor described above can be part of a motor and disc
assembly 150 as shown in FIG. 8. The disc assembly 150 has a disc stack
assembly 118, spindle motor 100, an actuator assembly 126, and a base 110.
These subassemblies of the disc assembly are maintained in a precise
relationship by precisely machined mounting positions on base 110.

The spindle motor 100 is mounted securely to the base 110, for
example through mounting holes and matching bolts (not shown) located on
the hub 108 of spindle motor 100. Alternatively, spindle motor 100 may be
adhesively mounted to base 110. The disc stack assembly is then mounted
to spindle motor 100 through a disc clamp 134 through a mounting screw 138.
The spindle motor 100, as shown in FIG.8, has a hub 108, stator assembly 40

and base 102 that are mounted together using bearings 107 and axle 106.

Advantages of the Present invention

An advantageous feature of the preferred embodiment is provided by
the fact that the stator assembly 40 is formed from stator arc segments 20
that are aligned to form a toroidal core 17 and substantially encapsulated with
a monolithic body 42 to form a stator assembly 40. Using stator arc segments
20 provides a more uniform grain structure to the toroidal core 17. The grain
orientation of prior art circular stampings varies a great deal at different points
around the circle. By using arc segments, a more uniform grain structure may
be obtained. The grain orientation has an effect on the magnetic flux
properties of the steel. By making all the arc segments have the same
orientation compared to the grain structure of the steel from which they are

stamped, the grain structure in the core is more uniform and the magnetic flux
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is more uniform and the motor 100 of the present invention has more
consistent and uniform torque properties as it rotates. This also leads to
greater motor efficiency and performance.

The preferred spindle motor also has greater packing density of wire
15. In the disclosed embodiment of the invention, the toroidal core 17 is
made of sections, preferably four stator arc segments 20. It should be
understood that the disclosed method can use any number of stator arc
segments 20 greater than at least two. With circular stamped stators, there is
a limitation of the spacing between each pole 21 to allow the needle 35
feeding the winding wire 15 to enter and exit the gap. Additionally in small
motors (less than 1.5 inches outer diameter), it is difficult to wind three phases
of wire concurrently. Furthermore, this geometry makes the process of
applying uniform, evenly spaced turns difficult to achieve. In this case, since
only quarter circles are stamped, there is more room to work, and a needle 35
feeding the winding wire 15 can thus pack the windings more tightly. The
carrier 30 also allows for this winding to be done more efficiently. Increasing
the packing density of wire 15 increases the magnetic field thereby providing
more electromotive force and increased power to the motor 100.

The limited working space for winding wire 15 around the poles 21 in
circular stamped stators limits the size of spindie motors as well. Since the
disclosed method allows for increased working room, smaller motors may be
made with the present method compared to prior art methods.

The disclosed spindle motor 100 minimizes stack up tolerances. Since
in the present embodiment only quarter circles are being used, the stamped
quarter circles can be stamped from portions of the steel roll that is of
consistent thickness. Thus, the resulting stacked stator arc segment 20 will
have reduced stack up tolerances. Reducing the stack up tolerances
optimizes dimensional consistency and thereby enables higher rotational
speeds with lower vibration induced runout. Furthermore, since arc segments
are used instead of circular stampings, they can be more closely laid out

when being stamped, reducing the amount of resulting scrap.
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Further, in the prior art, to prevent a motor from seizing when it gets
hot, larger than desired gaps between the magnet 3 and the stator assembly
4 were used so that when pieces expanded from being heated, the magnet
would not contact the stator. If the magnet contacted the stator, the contact
would generate magnetic particulate which can damage the heads and
interfere with their ability to read or record data on the discs. Also, if the body
has a CLTE greater than that of the steel laminations in the stator, the gap
has to be large enough so that the expansion of the body as the motor heats
up does not cause the body to contact the rotating magnet (even though the
steel laminations are not close to contacting the magnet). With the preferred
embodiment of the present invention, with the CLTE of the body matching that
of the steel laminations, much smaller gaps, as low as 0.005 inches and more
preferably as low as 0.003 inches, can be utilized. As the body 42 expands, it
only expands at the same rate as the laminations, and does not grow to the
point that the body 42 diminishes the gap size to zero. Thus, the only gap
that is needed is one sufficient for expansion of the steel laminations. These
smaller gaps make the motor 100 more efficient, as the electrical efficiency of
the motor decreases with larger distances between the stator and the rotating
magnet.

Through the use of the present embodiment, a particular plastic may
be chosen for the body 42 that has properties of rockwell hardness, flex
modulus, and elongation that are specifically designed to counteract the
vibratory frequencies generated by the motor 100. Thus, the disciosed
spindle motor 100 substantially reduces motor vibration. This reduced
vibration allows information on a disc to be stored closer together, thereby
enabiling higher data density.

The disclosed spindle motor 100 also reduces the emission of
materials from the motor components onto the magnetic media or heads of
the disc drive. This is achieved because components such as the stator,
which potentially emit such materials, are substantially encapsulated in

plastic.
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In addition, the disclosed spindle motor 100 obviates the necessity of a
separate plastic or rubber ring sometimes used to isolate the spindle motor
from the hard drive in order to prevent shorts from being transferred to the
magnetic media and ultimately the read-write heads. Because the disclosed
spindle motor body 42 is preferably made of a non-electrically conductive
(having a dielectric strength of at least 250 volts/mil) and injectable
thermoplastic material, such a separate rubber isolating ring is unnecessary.
Once again this reduces manufacturing costs and the stack up tolerances
associated with using an additional part.

It is contemplated that numerous modifications may be made to the
spindle motor and method for making the spindle motor of the present
invention without departing from the spirit and scope of the invention as
defined in the claims. For example, while the exemplary embodiment shown
in the drawings has four stator arc segments 20, those skilled in the art will
appreciate that the same method can be used to make stator assemblies with
two stator arc segments or any number greater than two. Furthermore, the
body 42 can encapsulate more than just the toroidal core. The body 42 can
also encapsulate or form the base 102 of the motor without departing from the
scope of the invention. Accordingly, while the present invention has been
described herein in relation to several embodiments, the foregoing disclosure
is not intended or to be construed to limit the present invention or otherwise to
exclude any such other embodiments, arrangements, variations, or
modifications and equivalent arrangements. Rather, the present invention is

limited only by the claims appended hereto and the equivalents thereof.
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CLAIMS

1. A stator assembly, comprising:

a) a plurality of stator arc segments forming a torocidal core,
wherein each said stator arc segment has two end surfaces that are each in
contact with an end surface of another stator arc segment to form the toroidal
core; and

b) a monolithic body of phase change material substantially
encapsulating the stator arc segments and holding said end surfaces in

contact with one another.

2. The stator assembly of claim 1 wherein each of the stator arc
segments has a plurality of poles with wire wound around said poles.

3. The stator assembly of claim 2 wherein the packing density of

the wire around the poles is between about 60 percent and about 80 percent.

4. The stator assembly of claim 1 wherein the phase change
material has a coefficient of linear thermal expansion of less than 2x107°
in/in/°F throughout the range of 0-250°F.

5. The stator assembly of claim 1 wherein the phase change
material has a coefficient of linear thermal expansion of less than 1.5x107°
in/in/°F throughout the range of 0-250°F.

6. The stator assembly of claim 1 wherein the phase change
material has a coefficient of linear thermal expansion of between about
0.8x107% in/in/°F and about 1.2x107 in/in/°F throughout the range of 0-250°F.

7. The stator assembly of claim 1 wherein the phase change
material has a thermal conductivity of at least 0.7 watts/meter®K at 23°C.

8. The stator assembly of claim 1 wherein the phase change

material comprises polyphenyi sulfide.
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9. A method of making a stator assembly for a motor comprising:

a) providing at least two stator arc segments each having a
first end surface and a second end surface;

b) aligning said stator arc segments to form a toroidal core,
wherein each said end surface of one segment is in contact with an opposing
end surface of another segment; and

c) substantially encapsulating said toroidal core with a

monolithic body of phase change material to form said stator assembly.

10. The method of claim 9, wherein each of said stator arc segments
have a plurality of poles extending inwardly from a base of said stator arc

segment.

11.  The method of claim 10 wherein prior to said step of aligning,

the wire is wound around said poles of said stator arc segments.

12. The method of claim 11 wherein said stator arc segments are
placed in a carrier that holds and supports said stator arc segments while the

wire is wound around said poles.

13. The method of claim 12 wherein said carrier has a plurality of

cavities to hold and support said stator arc segments.

14. The method of claim 13 wherein said cavities are spaced apart a
distance X, wherein X is the length of uncoiled wire necessary to align said

stator arc segments to form a toroidal core.

15.  The method of claim 9 wherein said toroidal core has multiple
conductors that create a plurality of magnetic fields when electrical current is

conducted through the conductors.
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16. The method of claim 9 wherein said phase change material is
selected from the group consisting of thermoplastics and thermosetting

materials.

17.  The method of claim 9 wherein prior to said substantially
encapsulating, said toroidal core is clamped in an injection mold cavity to

maintain the toroidal shape.

18. The method of claim 9 wherein said step of substantially
encapsulating the core is performed by injection molding said phase change

material around said toroidal core.

19.  The method of claim 18 wherein said phase change material is

injected into a mold at temperature of between about 200°F and about 700°F.

20. The method of claim 18, wherein said phase change material is
injected into a mold at a temperature of between about 550°F to about 650°F.

21. A method of making a motor comprising:

a) providing four stator arc segments, wherein each stator
arc segment has a first end surface and a second end surface;

b) aligning said stator arc segments to form a toroidal core,
wherein each said end surface of one segment is in contact with an opposing
end surface of another segment;

c) substantially encapsulating said toroidal core with a
monolithic body of phase change material, wherein said substantially
encapsulating is by injection molding said phase change material around said
toroidal core to form a stator assembly; and

d) constructing the stator assembly into a motor.

22. The method of claim 21 wherein each of said stator arc segments

comprise a plurality of steel laminations.

23. A motor made from the stator assembily of claim 1.
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24.  The motor of claim 21 wherein said motor comprises a stator
assembly, a shaft, a base, bearings, a rotor, at least one permanent magnet
and a hub.

25.  An electronic device including the motor of claim 21.

26. A motor and disc assembly including the motor made by the

method of claim 21.

27. A combination of stator arc segments and a carrier used to

support said stator arc segments during a winding operation comprising:

a) a plurality of stator arc segments; and

b) a plurality of cavities to hold and support said stator arc
segments.

28. The combination of stator arc segments and carrier of claim 27
wherein said cavities are spaced apart a distance X, wherein the distance X is
the length of uncoiled wire necessary to align said stator arc segments to form
a toroidal core.

29. A stator arc segment comprising a plurality of steel laminations

and at least one pole.
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ABSTRACT OF THE DISCLOSURE

A plurality of stator arc segments form a toroidal core for a stator
assembly used to make a motor. In a preferred embodiment, a plurality of
magnetic fields is created when electrical current is conducted through wire
wound around poles on the toroidal core. A monolithic body of phase change
material substantially encapsulates the conductors and holds the stator arc
segments in contact with each other in the toroidal core. Hard disc drives
using the motor, and methods of constructing the motor and hard disc drives

are also disclosed.
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Case No. 8864/20
DECLARATION FOR PATENT APPLICATION

As a below named inventor, [ hereby declare that:
My residence, post office address and citizenship are as stated below next to my name.

I believe [ am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled
Stator Assembly Made From a Plurality of Torodal Core Arc Segements and Motor Using Same, the specification of which:

X is attached hereto.
O was filed on as Application Serial No. .
| and was amended on (if applicable).

[ hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as
amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to the patentability as defined in Title 37, Code of Federal
Regulations, § 1.56(a).

I hereby claim foreign priority benefits under 35 U.8.C. § 119(a)(d) or § 365(b) of any foreign application(s) for patent or
inventor's certificate or § 365(a) of any PCT International application which designated at least one country other than the
United States, listed below and have also identified below, by checking the box, any foreign application for patent or inventor's
certificate, or PCT International application having a filing date before that of the application on which priority is claimed:

Prior Foreign Application(s) Priority Claimed
None O O
(Number) (Country) (Day/Month/Year Filed) Yes No
I hereby claim the benefit under 35 U.S.C. § 119(e) of any United States provisional application(s) listed below:
None
(Application Serial No.) (Filing Date)

| hereby claim the benefit under 35 U.S.C. § 120 of any United States application(s), or § 365(c) of any PCT International
application designating the United States, listed below and, insofar as the subject matter of each of the claims of this application
is not disclosed in the prior United States or PCT International application in the manner provided by the first paragraph of 35
U.S.C. § 112, T acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR § 1.56
which became available between the filing date of the prior application and the national or PCT International filing date of this
application:

none

(Application Serial No.) (Filing Date) (Status-patented, pending, abandoned)

] hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and 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 issued thereon.

Inventor's Signature M/L j~ M Date: 3 / / / o/

Full name of sole or first inventor Griféth' D. Neal

Residence Alameda, California

Citizenship United States of America

Post Office Address i 1334 Bay Street, Alameda,California 94501

BRINKS HOFER GILSON & LIONE
P.O. Box 10395
Chicago, IL 60610
(312) 321-4200
rev. Dec.-99
FAHOME\SPATEL\My Documents\Encap\8864-20 Declaration.doc
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Case No. 8864/20

Inventor(s): GRIFFITH D. NEAL
Title: STATOR ASSEMBLY MADE FROM A PLURALITY OF TOROIDAL CORE ARC SEGMENTS AND
MOTOR USING SAME

POWER OF ATTORNEY

The specification of the above-identified patent application:

X is attached hereto
O was filed on

[ hereby revoke all previously granted powers of attorney in the above-identified patent application and appoint the following
attorneys to prosecute said patent application and to transact all business in the Patent and Trademark Office connected therewith:

as application Serial No.

Steven P. Shurtz - 31,424
Jeffery M. Duncan - 31,609
Sailesh K. Patel - 46,982

Please address all correspondence and telephone calls to Sailesh K. Patel in care of:
Brinks Hofer Gilson & Lione
P.O. Box 10395

Chicago, IL 60610
(312)321-4200

The undersigned hereby authorizes the U.S. attorneys named herein to accept and follow instructions from GRIFFITH D.
NEAL as to any action to be taken in the Patent and Trademark Office regarding this application without direct communication
tween the U.S. attorney and the undersigned. In the event of a change in the persons from whom instructions may be taken, the U.s.

torneys named herein will be so notified by the undersigned.

ENCAP MOTOR CORPORATION, a CORPORATION, certifies that it is the assignee of the entire right, title and interest in
he patent application identified above by virtue of either:

] K] An assignment from the inventor(s) of the patent application identified above, a copy of which is attached hereto.
OR
An assignment from the inventor(s) of the patent application identified above. The assignment was recorded in the Patent
and Trademark Office at Reel , frame
OR
A chain of title from the inventor(s), of the patent application identified above, to the current assignee as shown below:
1. From To:
The document was recorded in the Patent and Trademark Office at
Reel , frame , or a copy thereof is attached.
2. From To:
The document was recorded in the Patent and Trademark Office at
Reel , frame , or a copy thereof is attached.
O Additional documents in the chain of title are listed on a supplemental sheet.

The undersigned has reviewed the assignment or all the documents in the chain of title of the patent application identified
above and, to the best of undersigned's knowledge and belief, title is in the assignee identified above.

The undersigned (whose title is supplied below) is empowered to act on behalf of the assignee.

I hereby declare that all statements made herein of my own knowledge are true, and that all statements made on information
and belief are believed to be true; and further, that these statements are made with the knowledge that willful false statements, and the
like so made, are punishable by fine or imprisonment, or both, under Section 1001, 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.

Signature W" \9\ %te: 3/[ /O/

Name: Griffith D. Neal
Title: CEO
Rev. Nov. 98
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ASSIGNMENT

WHEREAS, Griffith D. Neal, hereinafter called the "Assignor", has made the

invention described in the United States patent application entitled Stator Assembly Made

From a Plurality Of Toroidal Core Arc Segments and Motor Using Same, executed by

Assignor on the same date of this Assignment;

WHEREAS, Encap Motor Corporation, a corporation organized and existing under

the laws of the State of California, having a place of business at 540 Delancey Street, Suite

301, San Francisco, California 94107, hereinafter called the "Assignee", desires to acquire

the entire right, title and interest in and to the invention and the patent application identified
above, and all patents which may be obtained for said invention, as set forth below;

NOW, THEREFORE, in consideration of the sum of One Dollar ($1.00), and other
valuable and legally sufficient consideration, the receipt of which by the Assignor from the
Assignee is hereby acknowledged, the Assignor has sold, assigned and transferred, and by
these presents does sell, assign and transfer to the Assignee, the entire right, title and interest
for the United States in and to the invention and the patent application identified above, and
any patents that may issue for said invention in the United States; together with the entire
right, title and interest in and to said invention and all patent applications and patents therefor
in all countries foreign to the United States, including the full right to claim for any such
application all benefits and priority rights under any applicable convention; together with the
entire right, title and interest in and to all continuations, divisions, renewals and extensions of
any of the patent applications and patents defined above; to have and to hold for the sole and
exclusive use and benefit of the Assignee, its successors and assigns, to the full end of the
term or terms for all such patents.

The Assignor hereby covenants and agrees, for both the Assignor and the Assignot's
legal representatives, that the Assignor will assist the Assignee in the prosecution of the
patent application identified above; in the making and prosecution of any other patent
applications that the Assignee may elect to make covering the invention identified above; in

vesting in the Assignee like exclusive title in and to all such other patent applications and
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patents; and in the prosecution of any interference which may arise involving said invention,
or any such patent application or patent; and that the Assignor will execute and deliver to the
Assignee any and all additional papers which may be requested by the Assignee to carry out
the terms of this Assignment.

The Commissioner of Patents and Trademarks is hereby authorized and requested to
issue patents to the Assignee in accordance with the terms of this Assignment.

IN TESTIMONY WHEREOF, the Assignor has executed this agreement.

DATED: 3/ 10/ W 9 M

Griffith D. Neal

STATE OF Qemswd )
) ss.
COUNTY OF (ev— )

I, MARA Davidsoc ~PERg~ , a Notary Public in and for the County and
State aforesaid, do hereby certify that Griffith D. Neal, personally known to me to be the
same person whose name is subscribed to the foregoing instrument, appeared before me this
day in person and acknowledged that (s)he signed, sealed and delivered the said instrument
as his/her free and voluntary act for the uses and purposes therein set forth.

IN WITNESS WHEREOF, I have hereunto set my hand and Notarial Seal, this

|5+ dayof Fak ,20 014
» Wﬂﬂ;@ﬁ,
OFFICIAL SEAL |
MARIA DAVIDSON-PERRY

NOTARY PUBLIC, STATE OF ILLINOIS §
MY COMMISSION EXPIRES:07/14/02 ¢
PYNNIPYYIIVINIVVYNIIS.

(SEAL)

ANV

My Commission Expires: ()"“"“j— 4, 2009

Rev. Dec-99
FAHOME\SPATEL\My Documents\Encap\8864-20 Assignment.doc
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PATENT APPLICATION TRANSMITTAL LETTER

To the Commissioner for Patents:

Transmitted herewith for filing is the patent application of: Griffith D. Neal for : STATOR ASSEMBLY MADE FROM A PLURALITY OF

TOROIDAL CORE ARC SEGMENTS ANDMOTOR USING SAME. Enclosed are:

X Six (6) sheet(s) of drawings, twenty-four (24) pages of application (including title page), and the following Appendices : .
X Declaration.
X Power of Attorney. o =
O Verified statement to establish small entity status under 37 CFR §§ 1.9 and 1.27. ‘*: =
X Assignment transmittal letter and Assignment of the invention to : Encap Motor Corporation. mg E
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Please charge my Deposit Account No. 23-1925 in the amount of $: . A duplicate copy of this sheet is enclosed.

a5 A check in the amount of $: 516 to cover the filing fee is enclosed.

The Commissioner is hereby authorized to charge payment of the following fees associated with this communication or credit
any overpayment to Deposit Account No. 23-1925. A duplicate copy of this sheet is enclosed.

X Any additional filing fees required under 37 CFR § 1.16.
X Any patent application processing fees under 37 CFR §1.17.

T
i

[} The Commissioner is hereby authorized to charge payment of the following fees during the pendency of this application or
credit any overpayment to Deposit Account No. 23-1925. A duplicate copy of this sheet is enclosed.

O Any filing fees under 37 CFR § 1.16 for presentation of extra claims.
O Any patent application processing fees under 37 CFR § 1.17.
O The issue fee set in 37 CFR § 1.18 at or before mailing of the Notice of Allowance, pursuant to 37 CFR § 1.311(b).
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Sailesh K. Patel
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FACOMMON\SPatel\8864-20 Patent App Trans Ltr.doc
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STATOR ASSEMBLY MADE FROM A PLURALITY OF TOROIDAL
CORE SEGMENTS AND MOTOR USING SAME

FIELD OF THE INVENTION

The present invention relates generally to a stator assembly used in a
motor. It relates particularly to a spindle motor such as used in a hard disc
drive, and to the construction and arrangement of a stator assembly made

from a plurality of arc segments.

BACKGROUND OF THE INVENTION

Computers commonly use disc drives for memory storage purposes.
Disc drives include a stack of one or more magnetic discs that rotate and are
accessed using a head or read-write transducer. Typically, a high speed
motor such as a spindle motor is used to rotate the discs.

In conventional spindle motors, stators have been made by laminating
together stamped pieces of steel. These stamped pieces of steel are
generally circular in nature, but also have “poles” extending either inwardly or
outwardly, depending on whether the rotor is on the inside or surrounds the
stator. The stamped pieces are laminated together and then coated with
insulation. Wire is then wound around the poles to form stator windings.

An example of a conventional spindle motor 1 is shown in FIG. 1. The
motor 1 includes a base 2 which is usually made from die cast aluminum, a
stator 4, a shaft 6, bearings 7 and a disc support member 8, also referred to
as a hub. A magnet 3 and flux return ring 5 are attached to the disc support
member 8. The stator 4 is separated from the base 2 using an insulator (not
shown) and attached to the base 2 using a glue. Distinct structures are
formed in the b_ase 2 and the disc support member 8 to accommodate the
bearings 7. One end of the shaft 6 is inserted into the bearing 7 positioned in
the base 2 ana the other end of the shaft 6 is placed in the bearing 7 located
in ihe hub 8. A separate electrical connector 9 may also be inserted into the

base 2.
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Each of these parts must be fixed at predefined tolerances with respect
to one another. Accuracy in these tolerances can significantly enhance motor
performance.

In operation, the disc stack is placed upon the hub. The stator
windings are selectively energized and interact with the permanent magnet to
cause a defined rotation of the hub. As hub 8 rotates, the head engages in
reading or writing activities based upon instructions from the CPU in the
computer.

Manufacturers of disc drives are constantly seeking to improve the
speed with which data can be accessed. To an extent, this speed depends
upon the efficiency of the spindle motor, as existing magneto-resistive head
technology is capable of accessing data at a rate greater than the speed
offered by the highest speed spindle motor currently in production. The
efficiency of the spindle motor is dependent upon the dimensional consistency
or tolerances between the various components of the motor. Greater
dimensional consistency between components leads to a smaller gap
between the stator 4 and the magnet 3, producing more force, which provides
more torque and enables faster acceleration and higher rotational speeds.

The conventional method of forming stators has a number of
drawbacks. First, most steel is manufactured in rolled sheets and thus has a
grain orientation. The grain orientation has an effect on the magnetic flux
properties of the steel. In circular stamped pieces of steel, the grain .
orientation at different points around the circle differs. Compared from the
radius line of the circle, the grain orientation is sometimes aligned along the
radius, sometimes transverse to it, and mostly at a varying angle to the radius.
The un-aligned grain structure of conventional stators causes the magnetic
flux values to differ in parts of the stator and thus the motor does not have
consistent and uniform torque properties as it rotates.

Another drawback with using circular steel pieces is that, especially for
inward facing poles, it has been difficult to wind the wire windings tightly
because of the cramped space to work inside of the laminated stator core.

The cramped working space creates a lower limit on the size of the stator and
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thus the motor. The limited working space also results in a low packing
density of wire. The packing density of wire coiled around the poles affects
the amount of power generated by the motor. Increasing packing density
increases the power and thus the efficiency of the spindle motor.

An important factor in motor design is to reduce stack up tolerances in
the motor. Stack up tolerances reduce the overall dimensional consistency
between the components. Stack up tolerances refer to the sum of the
variation of all the tolerances of all the parts, as well as the overall tolerance
that relates to the alignment of the parts relative to one another. One source
of stack up tolerances is from the circular stator body. Generally, the
thickness of rolled steel is not uniform across the width of the roll. Sometimes
the edges are thicker or thinner than the center. In a stator made from
circular stamped pieces, the thickness of individual laminations are thus
different from one side to the other. When stacked together, this creates a
stack up tolerance problem. Furthermore, the circular stampings leave a lot of
wasted steel that is removed and must be recycled or discarded.

Another importént factor in motor design is the lowering of the
operating temperature of the motor. Increased motor temperature affects the
electrical efficiency of the motor and bearing life. As temperature increases,
resis;cive loses in wire increase, thereby reducing total motor power.
Furthermore, the Arhennius equation predicts that the failure rate of an
electrical device is exponentially related to its operating temperature. The
frictional heat generated by bearings increases with speed. Also, as bearings
get hot they expand, and the bearing cages get stressed and may deflect,
causing non-uniform rotation reducing bearing life. This non-uniform rotation
causes a further problem of limiting the ability of the servo system controlling

- the read/write heads to follow data tracks on the magnetic media. One

drawback with existing motor designs is their limited effective dissipation of
the heat, and difficulty in incorporating heat sinks to aid in heat dissipation. In
addition, in current motors the operating temperatures generally increase as

the size of the motor is decreased.
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Manufacturers have established strict requirements on the outgassing
of materials that are used inside a hard disc drive. These requirements are
intended to reduce the emission of materials onto the magnetic media or
heads during the operation of the drive. Of primary concern are glues used to
attach components together, varnish used to insulate wire, and epoxy used to
protect steel laminations from oxidation.

In addition to such outgassed materials, airborne particulate in a drive
may lead to head damage. Also, airborne particulates in the disc drive could
interfere with signal transfer between the read/write head and the media. To
reduce the effects of potential airborne. particulate, hard drives are
manufactured to exacting clean room standards and air filters are installed
inside of the drive to reduce the contamination levels during operation.

An example of a spindle motor is shown in U.S. Patent No. 5,694,268
(Dunfield et al.) (incorporated herein by reference). Referring to FIG. 5 of this
patent, a stator of the spindle motor is encapsulated with an overmold 42.
The overmolded stator 40 contains openings through which mounting pins 44
may be inserted for attaching the stator 200 to a base. U.S. Patent
No. 5,672,972 (Viskochil) (incorporated herein by reference) also discloses a

spindle motor having an overmolded stator. One drawback with the overmold .

used in these patents is that it has a different coefficient of linear thermal

expansion (“CLTE”) than the corresponding metal parts to which it is attached.

Another drawback with the overmold is that it is not very effective at
dissipating heat. Further, the overmolds shown in these patents are not
effective in dampening some vibrations generated by energizing the stator
windings.

U.S. Patent No. 5,806,169 (Trago) (incorporated herein by reference)
discloses a method of fabricating an injection molded motor assembly.
However, the motor disclosed in Trago is a step motor, not a high speed
spindle motor, and would not be used in applications such as hard disc drives.
Further, none of these three prior art designs address the probiem of variation
in the thickness of steel used to make the stator cores and the non-uniform

grain structure in the steel compared to the magnetic flux in the stator during
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operation of the motor. Thus, a need exists for an improved high speed
spindle motor, having properties that will be especially useful in a hard disc

drive, overcoming the aforementioned problems.

BRIEF SUMMARY OF THE INVENTION

A high speed motor has been invented which overcomes many of the
foregoing problems. In addition, unique stator assemblies and other
components of a high speed motor have been invented, as well as methods of
manufacturing motors and hard disc drives. In one aspect, the invention is a
motor comprising: a plurality of stator arc segments forming a toroidal core,
wherein each said stator arc segment has two end surfaces that are each in
contact with an end surface of another stator arc segment to form a toroidal
core; and a monolithic body of phase change material substantially

encapsulating the stator arc segments and holding said toroidal core in place.

In another aspect the invention is a method of making a motor

 comprising: providing at least two stator arc segments each having a first end

surface and a second end surface; aligning said stator arc segments to form a
toroidal core, wherein each said end surface of one segment is in contact with
an opposing end surface of another segment; and substantially encapsulating
said toroidal core with a monolithic body of phase change material and
solidifying the phase change material to hold the stator arc segments

together.

In another aspect the invention is a method of making .a motor
comprising: providing four stator arc segments, wherein each stator arc
segment has a first end surface and a second end surface; aligning said
stator arc segments to form a toroidal core, wherein each said end surface of
one segment is in contact with an opposing end surface of another segment;
and substantially encapsulating said toroidal core with a monolithic body of
phase change material, wherein said substantially encapsulating is by

injection molding said phase change material around said toroidal core.
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In yet another aspect, the invention is a combination of stator arc
segments and a carrier used to support said stator arc segments during a
winding operation comprising a plurality of stator arc segments, and: a

plurality of cavities to hold and support said stator arc segments, wherein said

cavities are spaced apart a distance X, wherein the distance X is the length of
uncoiled wire necessary to align said stator arc segments to form a toroidal
core.

The invention provides the foregoing and other features, and the
advantages of the invention will become further apparent from the following
detailed description of the presently preferred embodiments, read in conjunction
with the accompanying drawings. The detailed description and drawings are
merely illustrative of the invention and do not limit the scope of the invention,

which is defined by the appended claims and equivalents thereof.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

FIG. 1 is an exploded, partial cross-sectional and perspective view of a
conventional high speed motor of the present invention.

FIG. 2is a perspective view of a stator arc segment.

FIG. 3 is a perspective view of a combined carrier assembly and stator
arc segments of FIG. 2.

FIG. 4 is a perspective view of stator. arc segments of FIG. 2 with
windings thereon ready to be formed into a toroidal core. '

FIG. 5 is a perspective view of an injection molded stator assembly
using the stator arc segments of FIG. 4.

FIG. 6a is a cross-sectional view of the toroidal core of FIG. 4 in an
injection mold assembly, prior to injecting a phase change material.

FIG. 6b is a cross-sectional view of the toroidal core of FIG. 4 in an
injection mold assembly, after injecting a phase change material.

FIG. 7 is an exploded, partial cross-sectional and perspective view of a
high speed motor using the encapsulated stator of FIG. 5.

FIG. 8 is an exploded, partial cross-sectional and perspective view of a
high speed motor and disc assembly made with the motor of FIG. 7.
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FIG. 9 is a cross-sectional view of the motor of FIG. 8.

DETAILED DESCRIPTION OF THE DRAWINGS AND PREFERRED
EMBODIMENTS OF THE INVENTION

A preferred embodiment of a high speed motor of the present invention
and portions of the motor at different stages of manufacture are shown in
FIGS. 2-7 and 9. By “high speed” it is meant that the motor can operate at
over 5,000 rpm. The spindle motor 100 is designed for rotating a disc or stack
of discs in a computer hard drive. Motor 100 is formed by using an injection
molded stator assembly 40, that is formed by injection molding a plurality of
stator arc segments 20 aligned to form a toroidal core 17. Although the
embodiment described here uses four arc segments, one of ordinary skill in
the art will understand that two, three or any greater number of arc segments
may be used. The preferred motor of the present invention is smaller, has a
grain structure that is more uniformly aligned, allows for greater packing
density of wire and reduces waste of steel in the manufacturing process as
compared with conventional motors used for disc drives, thereby increasing .
power and reducing stack up tolerances and manufacturing costs and
producing other advantages discussed below.

Referring to FIG. 2, a stator arc segment 20 is first constructed, using
steel laminations 11. The stator arc segment 20 is made of steel pieces that
are stamped out of rolled steel. The stamped steel pieces are arc segments,
but also have poles 21 extending inwardly or outwardly depending on whether
the rotor is inside or surrounds the stator. In the embodiment shown in
FIG. 2, the poles 21 are shown extending inwardly. The stamped pieces are
then coated with epoxy which provides insulation and laminates the pieces
together to form a stator arc segment 20.

As shown in FIG. 3, the stator arc segments 20 are then preferably
placed in a carrier 30. The carrier 30 has a plurality of cavities 32 that hold
the stator arc segments 20 in place. In a preferred embodiment, the space
between the cavities is equivalent to the length of wire needed to travel from a
point on one pole 21a to the next pole 21b in the same phase of windings
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following the arc of the stator arc segments 20. The carrier 30 shown in FIG.
3 shows an alternative embodiment where the space between the cavities is
not necessarily equivalent to the length of wire needed to travel from a point
on one pole 21a to the next pole 21b. By precisely aligning the stator arc
segments 20, the carrier 30 greatly enhances the efficiency for winding wire
15 around the poles 21 and manufacturing stators.

Wire 15 is then wound around the poles 21 of the stator arc segments
20 using a spool winder 34 that has a set of needles 35 that wind wire around
the poles 21. The wire 15 is wound around one pole 21 and is then wound
around another pole 21 in its phase until all poles 21 in the same phase are
wound with the same wire 15. Poles 21 in other phases are also similarly
wound. Having only arc segments, rather than a full toroidal core, and placing
the arc segments 20 in the carrier 30 makes it much easier for needle 35 to
wind wire 15 around poles 21. Using this method, a wire packing density of
about 60 percent to about 80 percent can be achieved.

As shown in FIG. 4, the stator arc segments 20 are then removed from
the carrier and aligned to form a magnétically inducible toroidal core 17
having a plurality of poles 21 thereon, and wire windings 15 which serve as
conductors. To form the toroidal core 17, an end surface 16 of each stator arc
segment 20 is aligned and brought into contact with a corresponding end
surface 19 of another stator arc segment 20. The wire 15 between the poles
21 of different stator arc segments 20 is also aligned in the toroidal core 17,
following the arc of the stator arc segments 20. As a result, the wire in the
toroidal core 17 is taught. After the wire is wound so that one set of three
leads is terminated together to create the common ground 46, and the other
ends of the wire, are for each of the three phases form the leads 47a, 47b and
47c by which current ié supplied to the windings. The conductors induce or
otherwise create a plurality of magnetic fields in the core when electrical
current is conducted through the conductors. In this embodiment, a magnetic
field is induced in each of the poles 21.

As shown in FIG. 5, the toroidal core 17 is then encapsulated in a body
42. Together the toroidal core 17 and the body 42 make up an injection
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molded stator assembly 40. The body 42 is preferably a monolithic body.
Monolithic is defined as being formed as a single piece. The body 42
substantially encapsulates the toroidal core 17. Substantial encapéulation
means that the body 42 either entirely surrounds the toroidal core 17, or
surrounds almost all of it except for minor areas of the toroidal core 17 that
may be exposed. However, substantial encapsulation means that the body
42 and toroidal core 17 are rigidly fixed together, and behave as a single
component with respect to harmonic oscillation vibration.

The body 42 is preferably formed of a phase change material, mean’ing
a material that can be used in a liquid phase to envelope the stator, but which
later changes to a solid phase. There are two types of phase change
materials that will be most useful in practicing the invention: temperature
activated and chemically activated. A temperature activated phase change
material will become molten at a higher temperature, and then solidify at a
lower temperature. However, in order to be practical, the phase Change
material must be molten at a temperature that is low enough that it can be
used to encapsulate a toroidal core. Preferred phasé change materials will be
changed from a liquid to a solid in the range of about 200 °F to about 700 °F,
more preferably in the range of about 550 °F to about 650 °F. The most
preferred temperature activated phase change materials are thermoplastics.
The preferred thermoplastic will become moilten at a temperature at which it is
injection-moldable, and then will be solid at normal operating temperatures for
the motor. An example of a phase change material that changes phases due
to a chemical reaction, and which could be used to form the body, is an
epoxy. Other suitable phase change materials may be classified as
thermosetting materials.

The preferred method of developing the monolithic body 42 comprises
designing a phase change material to have a coefficient of linear thermal
expansion such that the phase change material contracts and expands at
approximately the same rate as the metal laminations of the toroidal core 17.
For example, the preferred phase change material should have a CLTE of
between 70% and 130% of the CLTE of the core of the stator. The phase
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change material should have a CLTE that is intermediate the maximum and
minimum CLTE of the toroidal core and other motor components where the
body is in contact with those other components and they are made of a
different material than the core. Also, the CLTE's of the body and toroidal
core should match throughout the temperature range of the motor during its
operation. An advantage of this method is that a more accurate tolerance
may be achieved between the body and the components of the toroidal core
because the CLTE of the body matches the CLTE of the toroidal core
components more closely. Most often the toroidal core components will be
metal, and most frequently steel and copper. Other motor parts are often
made of aluminum and steel.

Most thermoplastic materials have a relatively high CLTE. Some
thermoplastic materials may have a CLTE at low temperatures that is similar
to the CLTE of metal. However, at higher temperatures the CLTE does not
match that of the metal. A preferred thermoplastic material will have a CLTE
of less than 2 x 108 in/in/°F, more preferably less than 1.5 x 107 in/in/°F,
throughout the éxpected operating temperature of the motor, and p'referably
throughout the range of 0-250°F. Most preferably, the CLTE will be between
about 0.8 x 10 in/in/°F and about 1.2 x 10 in/in/°F throughout the range of
0-250°F. (When the measured CLTE of a material depends on the direction
of measurement, the relevant CLTE for purposes of defining the present
invention is the CLTE in the direction in which the CLTE is lowest.)

The CLTE of common solid parts used in a motor are as follows:

23°C 250°F
Steel 0.5 ' 0.8  (x10%in/in/°F)
Aluminum 0.8 1.4
Ceramic 0.3 . 04

Of course, if the motor is designed with two or more different solids,
such as steel and aluminum components, the CLTE of the phase change
material would preferably be one that was intermediate, the maximum CLTE
and the minimum CLTE of the different solids, such as 0.65 iﬁ/in/°F at room
temperature and 1.1 x107° in/in/°F at 250°F.
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One preferred thermoplastic material, Konduit OTF-212-11, was made
into a thermoplastic body and tested for its coefficient of linear thermal
expansion by a standard ASTM test method. It was found to have a CLTE in
the range of —30 to 30°C of 1.09x107° in/in/°F in the X direction and 1.26x10°
in/in/°F in both the Y and Z directions, and a CLTE in the range of 100 to
240°C of 1.28x107% in/in/°F in the X direction and 3.16x10”° in/in/°F in both the
Y and Z directions. (Hence-, the relevant CLTEs for purposes of defining the
invention are 1.09 x 107 in/in/°F and 1.28 x 107 in/in/°F.) Another similar
material, Konduit PDX —0-988, was found to have a CLTE in the range of —30
to 30°C of 1.1x10°% in/in/°F in the X direction and 1.46x107 in/in/°F in both the -
Y and Z directions, and a CLTE in the range of 100 to 240°C of 1.16x10™
in/in/°F in the X direction and 3.4x10°° in/in/°F in both the Y and Z directions.
By contrast, a PBS type polymer, (Fortron 4665) was likewise tested. While it
had a low CLTE in the range of —30 to 30°C (1.05x107° in/in/°F in the X
direction and 1.33x107 in/in/°F in both the Y and Z directions), it had a much
higher CLTE in the range of 100 to 240°C (1.94x1 07 in/in/°F in the X direction
and 4.17x10°° in/in/°F in both the Y and Z directions).

In addition to having a desirable CLTE, the preferred phase change

‘material will also have a high thermal conductivity. A preferred thermoplastic

material will have a thermal conductivity of at least 0.7 watts/meter°K using
ASTM test procedure 0149 and tested at room temperature (23°C).

Stator assemblies made from arc segments held together by a body of
phase change material partially encapsulating the stator are themselves novel
and define another aspect of the present invention.

In the present embodiment, the phase change material used to make
the body 42 is preferably a thermally conductive but non-electrically
conductive plastic. In addition, the plastic preferably includes ceramic filler
particles that enhance the thermal conductivity, while reducing the coefficient
of linear thermal expansion of the plastic. A preferred form of plastic is
polyphenyl sulfide (PPS) sold under the tradename “Konduit” by LNP. Grade
OTF-212 PPS is particularly preferred. Examples of other suitable
thermoplastic resins include, but are not limited to, thermoplastic resins such
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as 6,6-polyamide, 6-polyamide, 4,6-polyamide, 12,12-polyamide,
6,12-polyamide, and polyamides containing aromatic monomers, polybutylene
terephthalate, polyethylene terephthalate, polyethylene napththalate,
polybutylene napththalate, aromatic polyesters, liquid crystal polymers,
polycyclohexane dimethylol terephthalate, copolyetheresters, polyphenylene
sulfide, polyacylics, polypropylene, polyethylene, polyacetals,
polymethylpentene, polyetherimides, polycarbonate, polysulfone,
polyethersulfone, polyphenylene oxide, polystyrene, styrene copolyfner,
mixtures and graft copolymers of styrene and rubber, and glass reinforced or
impact modified versions of such resins. Blends of these resins such as
polyphenylene oxide and polyamide blends, and polycarbonate and
polybutylene terephthalate, may also be used in this invention.

As shown in FIG. 6a, to encapsulate the toroidal core 17 and form body
42, the toroidal core 17 is first clamped and held in place by pins 61 in an
injection mold cavity 66. The injection mold cavity 66 is very effective and
maintains the toroidal shape of the toroidal core 17. Molten phase-change
material is then injected into the molding ca\)ity 66 with an extrusion screw
(not shown) until the pressure inside the cavity reaches a predetermined
molding pressure. After injecting the molten phase change material, the pins
61 retract as shown in FIG. 6b. The phase change material is then allowed to
cool and solidify into a monolithic body 42 that substantially encapsulates the
toroidal core 17. The preferred thickness of the body 42 depends on the
aspect ratio of the toroidal core 17. _

The injection molded stator assembly 40 is then used to construct the
rest of the spindle motor 100 (FIG. 7). The spindle motor 100 includes a hub
108, which serves as a disc support member, the stator assembly 40, a base
102, a shaft 106 and bearings 107.

As shown in FIG. 7, a shaft 106 is connected to the hub or disc support
member 108 and is surrounded by bearings 107, which are adjacent against
the base 102 of the motor. A rotor or magnet 103 is fixed to the inside of the
hub 108 on a flange so as to be in operable proximity to the stator assembly.
The magnet 103 is preferably a permanent magnet, as described below.
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Referring to FIG. 7, the bearings 107 include an upper bearing 46 and
a lower bearing 48. Also, each bearing 107 has an outer surface 50 and an
inner surface 52. The outer surface 50 of the upper bearing contacts the hub
108 and the outer surface 50 of the lower bearing 48 contacts the lower
support base 102. The inner surfaces 52 of the bearings 107 contact the
shaft 116. The bearings are preferably annular shaped. The inner
surfaces 52 of the bearings 107 may be press fit onto the shaft 16. A glue
may also be used. The outer surface 50 of the bearings 107 may be press fit
into the interior portion of the base 102. A glue may also be used. The
bearings in the embodiment shown in FIG. 7 are ball bearings. Alternatively
other types of bearings, such as hydrodynamic or combinations of
hydrodynamic and magnetic bearings, may be used. The bearings are
typically made of stainless steel.

The shaft 106 is concentrically disposed within the interior portion of
the stator assembly 40 and the base 102. The bearings 107 surround
portions of the shaft 106. As described above, the inner surfaces 52 of the
bearings are in contact with the shaft 106. The shaft 106 includes a top
portion 54 and a bottom portion 56. The top portion 54 of the shaft 106 is
fixed to the hub 108. The bottom portion 54 of the shaft 106 is free to rotate
inside the lower bearing. Thus, in this embodiment, the shaft 106 is freely
rotatable relative to the base 102. The shaft 106 is preferably cylindrical
shaped. The shaft 106 may be made of stainless steel.

Referring to FIGS. 7 and 9, the hub 108 is concentrically disposed
around the stator assembly 40 and the base 102. The hub 108 is fixed to the
shaft 106 and is spaced apart from the stator assembly 40 and the base 102.
The hub 108 includes a flux return ring 58 and the magnet 103. The flux
return ring 58 is glued to the disc support member. The magnet 103 is glued
to the hub 108. As shown in FIG. 7, the magnet 103 concentrically surrounds
the stator assembly 40. In this embodiment the magnet 103 and stator
assembly 40 are generally coplanar when the motor 100 is assembled.

The magnet 103 is preferably a sintered part and is one solid piece.
The magnet 103 is placed in a magnetizer which puts a plurality of discrete
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North and South poles onto the magnet 103, dependant on the number of
poles 21 on the toroidal core 17. The flux return ring 58 is preferably made of
a magnetic steel. The hub is preferably made of aluminum. Also, the hub
may be made of a magnetic material to replace the flux return ring. Other
motor designs using an encapsulated stator that can be made by the present
invention are disclosed in provisional U.S. Patent Application Serial No.
60/171,817, filed December 21, 1999, incorporated herein by reference.

The spindle motor described above can be part of a motor and disc
assembly 150 as shown in FIG. 8. The disc assembly 150 has a disc stack
assembly 118, spindle motor 100, an actuator assembly 126, and a base 110.
These subassemblies of the disc assembly are 'maintained in a precise
relationship by precisely machined mounting positions on base 110.

The spindle motor 100 is mounted securely to the base 110, for
example through mounting holes and matching bolts (not shown) located on
the hub 108 of spindle motor 100. Alternatively, spindle motor 100 may be
adhesively mounted to base 110. The disc stack assembly is then mounted
to spindie motor 100'through a disc clamp 134 through a mounting screw 138.
The spindle motor 100, as shown in FIG.8, has a hub 108, stator assembly 40
and base 102 that are mounted together using bearings 107 and axle 106.

Advantages of the Present invention

An advantageous feature of the preferred embodiment is provided by
the fact that the stator assembly 40 is formed from stator arc segments 20
that are aligned to form a toroidal core 17 and substantially encapsulated with
a monolithic body 42 to form a stator assembly 40. Using stator arc segments
20 provides a more uniform grain structure to the toroidal core 17. The grain
orientation of prior art circular stampings varies a great deal at different points
around the circle. By using arc segments, a more uniform grain structure may
be obtained. The grain orientation has an effect on the magnetic flux
properties of the steel. By making all the arc segments have the same
orientation compared to the grain structure of the steel from which they are

stamped, the grain structure in the core is more uniform and the magnetic flux
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is more uniform and the motor 100 of the present invention has more
consistent and uniform torque properties as it rotates. This also leads to
greater motor efficiency and performance.

The preferred spindle motor also has greater packing density of wire
15. In the disclosed embodiment of the invention, the toroidal core 17 is
made of sections, preferably four stator arc segments 20. It should be
understood that the disclosed method can use any number of stator arc
segments 20 greater than at least two. With circular stamped stators, there is
a limitation of the spacing between each pole 21 to allow the needle 35
feeding the winding wire 15 to enter and exit the gap. Additionally in small
motors (less than 1.5 inches outer diameter), it is difficult to wind three phases
of wire concurrently. Furthermore, this geometry makes the process of
applying uniform, evenly spaced turns difficult to aéhieve. In this case, since
only quarter circles are stamped, there is more room to work, and a needle 35
feeding the winding wire 15 can thus pack the windings more tightly. The
carrier 30 also allows for this winding to be done more efficiently. Increasing
the packing density of wire 15 increases the magnetic field thereby providing
more electromotive force and increased power to the motor 100.

The limited working space for winding wire 15 around the poles 21 in
circular stamped stators limits the size of spindle motors as well. Since the
disclosed method allows for increased working room, smaller motors may be
made with the present method compared to prior art methods.

The disclosed spindle motor 100 minimizes stack up tolerances. Since
in the present embodiment only quarter circles are being used, the stamped
quarter circles can be stamped from portions of the steel roll that is of
consistent thickness. Thus, the resulting stacked stator arc segment 20 will
have reduced stack up tolerances. Reducing the stack up tolerances
optimizes dimensional consistency and thereby enables higher rotational
speeds with lower vibration induced runout. Furthermore, since arc segments
are used instead of circular stampings, they can be more closely laid out

when being stamped, reducing the amount of resulting scrap.
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Further, in the prior art, to prevent a motor from seizing when it gets
hot, larger than desired gaps between the magnet 3 and the stator assembly
4 were used so that when pieces expanded from being heated, the magnet
would not contact the stator. If the magnet contacted the stator, the contact
would generate magnetic particulate which can damage the heads and
interfere with their ability to read or record data on the discs. Also, if the body
has a CLTE greater than that of the steel laminations in the stator, the gap-
has to be large enough so that the expansion of the body as the motor heats
up does not cause the body to contact the rotating magnet (even though the
steel laminations are not close to contacting the magnet). With the preferred
embodiment of the present invention, with the CLTE of the body matching that
of the steel laminations, much smaller gaps, as low as 0.005 inches and more
preferably as low as 0.003 inches, can be utilized. As the body 42 expands, it
only expands at the same rate as the laminations, and does not grow to the:
point that the body 42 diminishes the gap size to zero. Thus, the only gap
that is needed is one sufficient for expansion of the steel laminations. These
smaller gaps make the motor 100 more efficient, as the electrical efficiency of
the motor decreases with larger distances between the stator and the rotating
magnet.

"Through the use of the present embodiment, a particular plastic may
be chosen for the body 42 that has properties of rockwell hardness, flex
modulus, and elongation that are specifically designed to counteract the
vibratory frequencies generated by the motor 100. Thus, the disclosed
spindle motor 100 substantially reduces motor vibration. This reduced
vibration allows information on a disc to be stored closer together, thereby
enabling higher data density.

The disclosed spindle motor 100 also reduces the emission of
materials from the motor components onto the magnetic media or heads of
the disc drive. This is achieved because components such as the stator,
which potentially emit such materials, are substantially encapsulated in

plastic.
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In addition, the disclosed spindle motor 100 obviates the necessity of a
separate plastic or rubber ring sometimes used to isolate the spindle motor
from the hard drive in order to prevent shorts from being transferred to the
magnetic media and ultimately the read-write heads. Because the disclosed
Spindle motor body 42 is preferably made of a non-electrically conductive
(having a dielectric strength of at least 250 volts/mil) and injectable
thermoplastic material, such a separate rubber isolating ring is unnecessary.
Once again this reduces manufacturing costs and the stack up tolerances
associated with using an additional part.

It is contemplated that numerous modifications may be made to the
spindle motor and method for making the spindle motor of the present
invention without departing from the spirit and scope of the invention as
defined in the claims. For example, while the exemplary embodiment shown
in the drawings has four stator arc segments 20, those skilled in the art will
appreciate that the same method can be used to make stator assemblies with
two stator arc segments or any number greater than two. Furthermore, the
body 42 can encapsulate more than just the toroidal core. The body 42 can
also encapsulate or form the base 102 of the motor without departing from the

. scope of the invention. Accordingly, while the present invention has been

described herein in relation to several embodiments, the foregoing disclosure
is not intended or to be construed to limit the present invention or otherwise to
exclude any such other embodiments, arrangements, variations, or
modifications and equivalent arrangements. Rather, the present invention is

limited only by the claims appended hereto and the equivalents thereof.
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CLAIMS

Pre

A stator assembly, comprﬁsing:

a) a plurality of statorjarc segments forming a toroidal core,

wherein each said stator arc segment
contact with an end surface of anothe
core; and

b) a monolithic body
encapsulating the stator arc segment%

contact with one another.

as two end surfaces that are each in

stator arc segment to form the toroidal

of phase éhange material substantially
and holding said end surfaces in

2./ The stator assembly of[claim 1 wherein each of the stator arc

segments has a plurality of poles with wire wound around said poles.

e
/3.

The stator assembly of]claim 2 wherein the packing density of

the“wire around the poles is between} about 60 percent and about 80 percent.

The stator assembly ofjclaim 1 wherein the phase change ‘

material has a coefficient of linear thgrmal expansion of less than 2x10°
in/in/°F throughout the range of 0-25pD°F.

/5./ The stator assembly ofjclaim 1 wherein the phase change

material has a coefficient of linear thermal expansion of less than 1.5x107°

in/in/°F throughout the range of 0-250°

F.

The stator assembly of claim 1 wherein the phase change

material has a coefficient of linear thermal expansion of between about
0.8x10°° in/in/°F and about 1.2x107° [n/in/°F throughout the range of 0-250°F.

The stator assembly o[ claim 1 wherein the phase change

material has a thermal conductivity

f at least 0.7 watts/meter®K at 23°C.

The stator assembly gf claim 1 wherein the phase change

mateérial comprises polyphenyl sulfide.
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//-9./' A method of making a sfator assembly for a motor comprising:
a) providing at leasf two stator arc segments each having a

first end surface and a second end syrface;

b) aligning said stator arc segments to form a toroidal core,

wherein each said end surface of ong segment is in contact with an opposing

end surface of another segment; ang
c) substantially en

monolithic body of phase change m

The method of claim 9
have a plurality of poles extending i

segment.

capsulating said toroidal core with a

terial to form said stator assembly.

wherein each of said stator arc segments

nwardly from a base of said stator arc

The method of claim {10 wherein prior to said step of aligning,

the wire is wound around said polgs of said stator arc segments.

127

The method of claim|11 wherein said stator arc segments are

placéd in a carrier that holds and gupports said stator arc segments while the

wire is wound around said poles.

13./ The method of clain} 12 wheréin said carrier has a plurality of

cavities to hold and support said gtator arc segments.

147 The method of claim 13 wherein said cavities are spaced apart a

distance X, wherein X is the length of uncoiled wire necessary to align said

stator arc segments to form a togoidal core.

/1'5./ The method of claim 9 wherein said toroidal core has multiple

conductors that create a plurality of
conducted through the conducters.

magnetic fields when electrical current is
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The method of claim 9 whergin said phase change material is
selected from the group consisting of thefmoplastics and thermosetting
materials.

177 The method of claim 9 whefein prior to said substantially
encapsulating, said toroidal core is clamped in an injection mold cavity to
maintain the toroidal shape.

187 The method of claim 9 wheérein said step of substantially
encapsulating the core is performed by ihjection molding said phase change
material around said toroidal core.

The method of claim 18 wherein said phase change material is

injected into a mold at temperature of between about 200°F and about 700°F.

The method of claim 18, wherein said phase change material is
injected into a mold at a temperature ofjbetween about 550°F to about 650°F.

2‘() A method of making a mgtor comprising:
/ a) providing four statpr arc segments, wherein each stator
arc segment has a first end surface ad a second end surface;

b) aligning said statpr arc segments to form a toroidal core,
wherein each said end surface of ong segment is in contact with an opposing
end surface of another segment;

c) substantially en¢apsulating said toroidal core with a
monolithic body of phase change material, wherein said substantially
encapsulating is by injection molding said phase change material around said

toroidal core to form a stator assembly; and
d) constructing the stator assembly into a motor.
P
22. The method of claim 21 wherein each of said stator arc segments

comprise a plurality of steel laminafions.

23. A motor made from the stator assembly of claim 1.
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247"  The motor of claim 21 wherein said motor comprises a stator

')‘@ assémbly, a shaft, a base, bearings, a rofor, at least one permanent magnet
5 /D\ ~ andahub.
-~ . L . .
(;’; ./25. An electronic device including the motor of claim 21.
5 67 A motor and disc assemb y including the motor made by the

method of claim 21.

27. A combination of stator grc segménts and a carrier used to

support said stator arc segments durirfjg a winding operation comprising:

a) a plurality of statgr arc segments; and
b) a plurality of cavities to hold and support said stator arc

segments.
28. The combination of statpr arc segments and carrier of claim 27

wherein said cavities are spaced apaft a distance X, wherein the distance X is
the length of uncoiled wire necessanyj to align said stator arc segments to form

a toroidal core.
29. A stator arc segment comprising a plurality of steel laminations

and at least one pole.

20
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ABSTRACT OF THE DISCLOSURE

A plurality of stator arc segments form a toroidal core for a stator
assembly used to make a motor. In a preferred embodiment, a plurality of
magnetic fields is created when electrical current is conducted through wire
wound around poles on the toroidal core. A monolithic body of phase change
material substantially encapsulates th’e conductors and holds the stator arc
segments in contact with each other in the toroidal core. Hard disc drives
using the motor, and methods of constructing the motor and hard disc drives

are also disclosed.
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My residence, post office address and citizenship are as stated below next to my name.
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Regulations, § 1.56(a).
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is not disclosed in the prior United States or PCT International application in the manner provided by the first paragraph of 35
U.S.C. § 112, 1 acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR § 1.56
which became available between the filing date of the prior application and the national or PCT International filing date of this
application:

none
(Application Serial No.) (Filing Date) (Status-patented, pending, abandoned)

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and 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 issued thereon.

Inventor's Signature M/L \9~ M Date: «.2///0 /

Full name of sole or first inventor Griféith' D. Neal

Residence Alameda, California

Citizenship United States of America

Post Office Address 1334 Bay Street, Alameda,California 94501

BRINKS HOFER GILSON & LIONE
P.O. Box 10395
Chicago, IL 60610
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Title: STATOR ASSEMBLY MADE FROM A PLURALITY OF TORUIDAL CORE ARC SEGMENTS AND
MOTOR USING SAME

POWER OF ATTORNEY

The specification of the above-identified patent application:

X is attached hereto
O was filed on

I hereby revoke all previously granted powers of attorney in the above-identified patent application and appoint the following
attorneys to prosecute said patent application and to transact all business in the Patent and Trademark Office connected therewith:

Steven P. Shurtz - 31,424
Jeffery M. Duncan - 31,609
Sailesh K. Patel - 46,982

as application Serial No.

Please address all correspondence and telephone calls to Sailesh K. Patel in care of:
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£ The undersigned hereby authorizes the U.S. attorneys named herein to accept and follow instructions from GRIFFITH D.
NEAL as to any action to be taken in the Patent and Trademark Office regarding this application without direct communication
“*hetween the U.S. attorney and the undersigned. In the event of a change in the persons from whom instructions may be taken, the U.S.
sHttorneys named herein will be so notified by the undersigned.

: ENCAP MOTOR CORPORATION, a CORPORATION, certifies that it is the assignee of the entire right, title and interest in
’=tﬁ e patent application identified above by virtue of either:

An assignment from the inventor(s) of the patent application identified above, a copy of which is attached hereto.
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An assignment from the inventor(s) of the patent application identified above. The assignment was recorded in the Patent
and Trademark Office at Reel , frame
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A chain of title from the inventor(s), of the patent application identified above, to the current assignee as shown below:
1. From To:
The document was recorded in the Patent and Trademark Office at
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2. From To:
The document was recorded in the Patent and Trademark Office at
Reel , frame , or a copy thereof is attached.
O Additional documents in the chain of title are listed on a supplemental sheet.

The undersigned has reviewed the assignment or all the documents in the chain of title of the patent application identified
above and, to the best of undersigned's knowledge and belief, title is in the assignee identified above.

The undersigned (whose title is supplied below) is empowered to act on behalf of the assignee.

I hereby declare that all statements made herein of my own knowledge are true, and that all statements made on information
and belief are believed to be true; and further, that these statements are made with the knowledge that willful false statements, and the
like so made, are punishable by fine or imprisonment, or both, under Section 1001, 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.

Signature W 5 % {f /
Name: Griffith D. Neal
Title: CEO

Rev. Nov. 98
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