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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address. COMMISSIONER FOR PATENTS

PQ Box 1450

Alexandria, Virginia 22313-1450

Www uspto.gov

| APPLICATION NUMBER I FILING OR 371 (C) DATE I FIRST NAMED APPLICANT I ATTY. DOCKET NO/TITLE
14/120,197 05/05/2014 John Talbot Boys 1172/69068-Div. 2
CONFIRMATION NO. 4659
14443 IMPROPER CFR REQUEST
The Law Office of Richard F. Jaworski, PC
273 Walt Whitman Road R LA TR M AMEE W
Suite 327 000000083239328

Huntington Station, NY 11746-4149
Date Mailed: 05/27/2016

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT

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

In response to your request for a corrected Filing Receipt, the Office is unable to comply with your request
because:

« The priority or continuity claim has not been entered because it was not filed during the required time period.
Applicant may wish to consider filing a petition to accept an unintentionally delayed claim for priority. See 37

CFR 1.55 0r 1.78.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO.
14/120,197 05/05/2014 John Talbot Boys 1172/69068-Div. 2 4659
14443 759 08/17/2016 -
. . . EXAMINER
The Law Office of Richard F. Jaworski, PC |
273 Walt Whitman Road NGUYEN, TUYEN T
Suite 327
Huntington Station, NY 11746-4149 | ART UNIT | PAPER NUMBER
2837
| MAIL DATE ] DELIVERY MODE
08/17/2016 PAPER

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

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

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

14/120,197 BOYS ET AL.
Office Action Summary Examiner Art Unit
TUYEN NGUYEN 2837

AlA (First Inventor to File)
Status
No

Period for Reply

THIS COMMUNICATION.

Extensions oftime may be available under the provisions 0f37 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.

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

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

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
50X Claim(s) 72-79 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) _____is/are allowed.
7)X] Claim(s) Z2-79 is/are rejected.
8)[] Claim(s) _____is/are objected to.
9)[] Claim(s) are subject to restriction and/or election requirement.

participating intellectual property office for the corresponding application. For more information, please see
hitp/www usoto aov/eatents/init events/pebh/index.jsp or send an inquiry to PPHieedkack@uspto.gov.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[J The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)J Al b)[J Some** ¢)[] None of the:
1.[] Certified copies of the priority documents have been received.

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.

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

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF

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).

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

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

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).

Attachment(s)
1) E Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) & Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 |:| Oth
Paper No(s)/Mail Date 5/16/16_12/7/15_2/9/15_11/17/14 & 5/5/14. ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160725
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Application/Control Number: 14/120,197 Page 2
Art Unit: 2837

The present application is being examined under the pre-AIA first to invent provisions.
3DETAILED ACTION
Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of pre-AIA 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.

Claim(s) 72 is/are rejected under pre-AIA 35 U.S.C. 102(b) as being anticipated by Eto
[US 5,469,036.]

Eto discloses an inductive power transfer device/pad comprising:

- a coil [33] having at least one turn of conductor in a first layer; and

- a plurality of magnetic material [35] arranged in a second layer substantially parallel to
that of the coil wherein the magnetic material arranged so as to be spaced apart from one another
about the coil with their lengths extending across a longitudinal length of the coil.

Claim Rejections - 35 USC § 103
The following is a quotation of pre-AIA 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, 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 73-79 is/are rejected under pre-AIA 35 U.S.C. 103(a) as being unpatentable over

Eto.
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Application/Control Number: 14/120,197 Page 3
Art Unit: 2837

Regarding claims 73-74, the specific arrangement of the magnetic materials and shape of
the coil would have been an obvious design consideration based on the intended applications
and/or environments uses.

Regarding claim 78, ferrite material is a known magnetic material use in magnetic
device.

Regarding claim 75-77 and 79, the specific additional magnetic materials and/or
positioning of the magnetic materials would have been obvious for the purpose providing
intended magnetic flux/field desired.

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to TUYEN NGUYEN whose telephone number is (571)272-1996.
The examiner can normally be reached on M-F 8:30-5:00.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, ELVIN ENAD can be reached on 571-272-1990. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.
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Application/Control Number: 14/120,197 Page 4
Art Unit: 2837

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

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

/ITUYEN NGUYEN/
Primary Examiner, Art Unit 2837
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Notice of References Cited

14/120,197

Examiner
TUYEN NGUYEN

Application/Control No.

Applicant(s)/Patent Under
Reexamination
BOYS ET AL.

Art Unit

2837 Page 1 of 1

U.S. PATENT DOCUMENTS

Coums%fjﬂf\,”utm'\éi[‘l?ﬁ; code | e, Name CPC Classification US Classification

A | US-7,463,131 B1 12-2008 Hwang; Kyuwoon HO1F17/0006 336/200
B | US-6,429,651 B1 08-2002 Choi; Sang-on GO01R33/04 324/225
c | US-8,102,236 B1 01-2012 Fontana, Jr.; Robert E. HO1F3/14 336/200
D | US-7,875,955 B1 01-2011 Hopper; Peter J. HO1F17/0006 257/516
E | US-2008/0238601 A1 10-2008 Das; Anirban HO1F1/24 336/200
F | US-

G | US-

H | US-

| us-

J | Us-

K | US-

L | US-

M | US-

OREIGN PATENT DOCUMENTS
Countr?%i)%?—?\l:tm’\tiZTz:; Gode MMD-;a(t\?YY Country Name CPC Classification

N

O

P

Q

R

S

T

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

u

v

w

X

*A copy of this reference I1s 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. 20160725
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Receipt date: 08/16/2016
e Dkt. 1172/69068-Div 2

& IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

ﬂzflgation of : John Talbot BOYS et al.
Serial No. : 14/120,197 Examiner:
Date Filed : May 5, 2014 GAU:
For : MULTI POWER SOURCED ELECIRIC VEHICLE

273 Walt Whitman Rd.
Suite 327
Huntington Station, NY 11746

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1150

INFORMATION DISCLOSURE STATEMENT

The information listed in the attached form PTO-1449 is brought to the attention of the
Examiner. In accordance with 37 C.F.R. §1.92(a)(2)(ii), copies of U.S. Patents listed herein need
nat b provided.

The listed documents have been made of record in sister divisional application Serial No.
13/999,663. 1t is respectfully requested that the information cited in annexed Forms PTO-1449
be considered by the Examiner in connection with the above-identified patent application, and

that such art be made of record in said application.

I hereby certify that this paper is being deposited this date with the U.S.
Postal Service as first class mail addressed to the Commissioner for Patents,
P.O. Bgx 1450, Alexandria, VA 22313-1450

w ?5'%{// MD%’JM

Richard F. Jawors#
Reg, Mo, 33,315
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Receint date: 05/16/2016
John Talbot BOYS etal. " 1172/69068-Div.

Page 2 ot 2

The citation of the listed items is not a representation that they constitute a complete or
exhaustive listing of the relevant art or that these items are prior art. The items listed are
submitted in good faith, but are not intended to substitute for the Examiner's search. It is hoped,
however, that in addition to apprising the Examiner of the particular items, they will assist in
identitying fields of search and in making as [ull and complete a search as possible.

The filing of this Information Disclosure Statement is not an admission that the
information cited herein is, or is considered to be, material to patentability as defined in 37
C.F.R. §1.56(b).

This Information Disclosure Statement is being submitted prior to issuance of a first
action on thc merits. Accordingly, it is believed that no fees are required. However, if a fee is
deemed neccssary tor consideration of the present Information Disclosure Statement the Office is
authorized to charge the tee to Deposit Account 50-5504.

Early and favorable consideration of the case is respectfully requested.

Respectfully submitted,

b

RICHARD F. JAWORSKI

Registration No. 33.515

Attorney for Applicant

Customer No. 14443

The Law Office of Richard F. Jaworski, PC
Tel. (631) 659-3608
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Receipt date: 05/16/2016 A
Gheel 1 ol 5
jAtty. Docket No. Serial No.

Fo;m_EkO—\1449 U.S. Department of Commerce |1172/69068 .
- -Div 2 14/120,197
/ OPAgS Patent and Trademark Office pplicant
Z ohn Talbot BOYS et al.
MAY 16 2T} INFORMATION DISCLOSURE CITATION Filing Date Group
= BY APPLICANT May 5, 2014
4. S, (Use several sheets if necessary)
e -
L T— U.S. PATENT DOCUMENTS |
FExaminer Document Number Date Name Class Subclass E"iling Datg
Tnitial if Appropriate
™ aa [20f03|00(5 |2 |64|7 Mar. 20, 2003 [Yoshida et al.
! E I/
TN a5 (59 [4 B |1 |8 |[Apr. 10, 1995 }Nor et al. |
.,}TN/' ac |20|0902|7814 |9 |2 |[Nov. 2009 IShimizu et a1.| |
. | AD |8 0O |3 [0 8 [8 |8 |Oct. 2011 IPandya et al. |
e J
AF I
AG
AH - L
Al — ' |
AJ |
AK |
AL
| |
] 1
][] |
AP
| || |
| FOREIGN PATENIY DOCUMENTS
[Document Number Date Country Class | Subclass Translation
Yes No
| N/ |AQ EP(12(0 (5|3 | 4 (0 May 15, 2002 EP -
I []
| TN/ | ar (115|013 |5 | 9|9 Mar. 26, 1999 Japan Yes |_‘
AS|11{2|5|2 (8|1 |0|SEPT. 17, 1999 Japan
| e | | P Yes |
, AT|10({1 (8|9 |3|6|9 | July 21, 1998 Japan
| /TN/ | | | o P Yes |
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.) |
AU
A
T
|AX
EXAMINER ’m\-rz CONSIDERED
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP
609: Draw line through citation if not in conformance and not considered. Include copy of this
form with next communication to applicant.
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Receipt date: 05/16/2016

Sligel 3 of 3

[Atty. Docket No. Serial No.
Form PTO-1449 U.S. Department of Comme;ce |1172/69068—Div 2 14/120,197
Patent and Trademark Office PpIicant
ohn Talbot BOYS et al.
INFORMATION DISCLOSURE CITATION Er—rrl g Tt cToTs
BY APPLICANT May 5, 2014
(Use several sheets if necessary)
U.S. PATENT DOCUMENTS |
- Filing Date
|Examiner &Document Number Date Name Class Subclass . .
Initial if Appropriate
AA
AB
= | | [
| > |
|
AF
AG
AH |
AT - - -
Bl _ I
™ | I
AM
i | ] | I
AN
| all | I
RO
I || | I
AP
| Rl | |
| FOREIGN PATENT DOCUMENTS
[Document Number Date Country Class | Subclass Translation
Yes ] No |
N AQ |20|02]5[s5[1[7 Feb. 20, 2002 Japan Yes | E
| | = | F
AS
I |
| |~ i |
| OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
AU
| AV
| AW
| AX
XAMINER , ) ) TE CONSIDERED o .
r {Tuyen Nguyen/ 08/16/2016
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP
609: Draw line through citation if not in conformance and not considered. Include copy of this
form with next communication to applicant.
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%
Receipt date: 02/02/2015 Dkt. 1172/69068-Div. 2

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

lication of : John Talbot BOYS er gl

Serial No. : 14/120,197 Examiner:
Date Filed : May 5, 2014 GAU:
‘ For : MULTI POWER SOURCED ELECTRIC VEHICLE

273 Walt Whitman Rd.
Suite 327
Huntington Station, NY 11746

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

INFORMATION DISCLOSURE STATEMENT

The information listed in the attached form PTO-1449 is brought to the attention of the
Examiner. In accordance with 37 C.F.R. §1.92(a)(2)(ii), copies of U.S. Patents listed herein need
not be provided.

The listed documents were cited in a corresponding Australian application. It is
respectfully requested that the information cited in annexed Form PTO-1449 be considered by
the Examiner in connection with the above-identified patent application, and that such art be

made of record in said application.

[ hereby certify that this paper is being deposited this date with the U.S.
Postal Service as first class mail addressed tothe Commissioner for Patents,

P.O. Box 1450, Alexandrja, VA 22313-1450
/ P —
W 20 46,3018

Richard F. Jaworski Dafe
Reg. No. 33,515 |
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John Talbot BOYS etRéceipt date: 02/09/2015 1172/69068-Div. 2
Page 2 of 2

The citation of the listed items is not a representation that they constitute a complete or
exhaustive listing of the relevant art or that these items are prior art. The items listed are
submitted in good faith, but are not intended to substitute for the Examiner's search. It is hoped,
however, that in addition to apprising the Examiner of the particular items, they will assist in
identifying fields of search and in making as full and complete a search as possible.

The filing of this Information Disclosure Statement is not an admission that the
information cited herein is, or is considered to be, material to patentability as defined in 37
C.FR. §1.56(b).

This Information Disclosure Statement is being submitted prior to receipt of an action on
the merits. Accordingly, it is believed that no fee is required for consideration of the present
Information Disclosure Statement. However, if a fee is deemed to be required, the Office is
authorized to charge any fees to Deposit Account 50-5504.

Early and favorable consideration of the case is respectfully requested.

Respectfully submirted,

RICHARD F. JAWORSKI

Registration No. 33,515

Attorney for Applicant

Customer No. 14443

The Law Office of Richard F. Jaworski, PC
Tel. (631) 659-3608
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Receint datar 02/019/5016 Sheet 1 of 1

Form PTO-1449 U.S. Department of Commerce F{Y’.;z /%O;g?’ef;iv_ 2seria]i 4N;1'20,19.7
OPAP Patent and Trademark Office plicant
% INFORMATION DISCLOSURE CITATION Eol}:: 'Ir'aatbOt O
i FEB 092015 % ) BY APPLICANT v _3,, %014 Toup
! , {Use several sheets if necessary)
\%, & U.S. PATENT DOCUMENTS
Examwbp/ [Document Number jDate Name Class ISubclass i;lli\;grlz::-:?ate
Initial
‘.*/TN,/ a5 2o 2 16 1 [7 |JApr. 13, 1993 | NOR
N a7 1 |6 4 |2 |5 |5 |Jan. 16, 2007 | HUI
AC
AD |
AE |
AF
AG |
AH
Al
AJ |
v |
AL
— -
wl § p— - -
RO
AP
FOREIGN PATENT DOCUMENTS
Document Number Date Country Class | Subclass Translation
Yes No
AQ
AR
AS
AT
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
AU
AV
AW
=
[FXRMINER ITuyen Nguyen/ I”ATE CONSIDERED 08/16/2016
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP
609: Draw line through citation if not in conformance and not considered. Include copy of this
form with next communication to applicant.
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Recsipt dater 11/17/2014 /{,/
Dkt. 1172/69068-Div. 2 ) /

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Mpplication of : John Talbot BOYS et al.
Serial No. - 14/120,197 Examiner:
Date Filed ° May S, 2014 GAU: 3742
For 1 MULTI POWER SOURCED ELECTRIC VEHICLE
273 Walt Whitman Rd.
Suite 327

Huntington Station, NY 11746

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

INFORMATION DISCLOSURE STATEMENT

The information listed in the attached form PTO-1449 is brought to the attention of the
Examiner. Inaccordance with 37 C.F.R. §1.92(a)(2)(ii), copies of U.S. Patents listed herein need
not be provided.

The cited documents were both third party submissions in a corresponding Japanese
patent application. In addition, document WO 03/105308 was recently cited by the EPO in an
extended European Search Report.

It is respectfully requested that the information cited in annexed Form PTO-1449 be
considered by the Examiner in connection with the above-identified patent application, and that

such art be made of record in said application.

ereby certify that this paper 1s being deposited this date wi € U.O.
Postal Service as first class mail addressed to the Commissioner for Patents,

P.O.B., 1450, Alexandria, V.,. 22,,3-1450
M Alov. i¥, Joly

Richard F. Jaworskt Drate
Rep. Mo, 33,515
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Receipt date: 11/17/2014
John Talbot BOYS et al. 1172/69068-Div. 2
Page 2 of 2

The citation of the listed items is not a representation that they constitute a complete or
exhaustive listing of the relevant art or that these items are prior art. The items listed are
submitted in good faith, but are not intended to substitute for the Examiner's search. It is hoped,
however, that in addition to apprising the Examiner of the particular items, they will assist in
identifying fields of search and in making as full and complete a search as possible.

The filing of this Information Disclosure Statement is not an admission that the
information cited herein is, or is considered to be, material to patentability as defined in 37
C.F.R. §1.56(b).

This Information Disclosure Statement is being submitted prior to receipt of an action on
the merits. Accordingly, it is believed that no fee is required for consideration of the present
Information Disclosure Statement. However, if a fee is deemed to be required, the Office is
authorized to charge any fees to Deposit Account 50-5504.

Early and favorable consideration of the case is respectfully requested.

Respectfully submitted,

RICHARD FAAWORSKI
Registration No. 33,515
Attorney for Applicant
Customer No. 14443

The Law Office of Richard F. Jaworski, PC
Tel. (631) 659-3608
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Recaipt date; 11/17/2014
Sheet 4 of 4
|Atty. Docket No. Serial No.

Form PTO-1449 U.S. Department of Commel.:'ce |1172/69068-Div. 2 14/120,197
Patent and Trademark Office S1Tcant
John Talbot BOYS et al.
INFORMATIOBNY 1;1:;:1%?&? CITATION Filing Date Group
(Use several sheets if necessary) | xeh 14, 2014 3742
] U.S. PATENT DOCUMENTS
}?ﬁi:i::r }Documant Number IDate Name [Class Subclass i‘;li}\:grg;;:ate
AR
AB
| Bl
I il I O
[T PN
| EEEEEN )
[ Il I I o o)
AH \9,&' d{_s@/
1
L] |
I N |
AL
AM
AN
I i S I I O |
I [l I O |
FOREIGN PATENT DOCUMENTS
bocument Number Date Country Class | Subclass Translation
i Yes No
| JTN/ |AQ|JP 20|06|42|5|1 9|Feb. 9, 2006 Japan | I xe
| TN/ J AR |wo 03r10|5 | 3 l 0 (8 Dec. 18, 2003 WIPO | I
AS
AT
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
AU
AV
AW
1]
[ExAMINER ITuyen Nguyen / ATE CONSIDERED 07/25/2018
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of : John Talbot BOYS et al.

Serial No. : Div. of 12/451,436 Examiner:
Date Filed ; Concurrently Herewith GAU: 2832
For : MULTI POWER SOURCED ELECTRIC VEHICLE

273 Walt Whitman Rd.
Suite 327
Huntington Station, NY 11746

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

INFORMATION DISCLOSURE STATEMENT

The information listed in the attached form PTO-1449 is brought to the attention of the
Examiner. In accordance with 37 C.F.R. §1.92(a)(2)(ii), copies of U.S. Patents listed herein need
not be provided.

It is respectfully requested that the information cited in annexed Form PTO-1449 be
considered by the Examiner in connection with the above-identified patent application, and that
such art be made of record in said application.

The citation of the listed items is not a representation that they constitute a complete or
exhaustive listing of the relevant art or that these items are prior art. The items listed are
submitted in good faith, but are not intended to substitute for the Examiner's search. It is hoped,
however, that in addition to apprising the Examiner of the particular items, they will assist in
identifying fields of search and in making as full and complete a search as possible.

The filing of this Information Disclosure Statement is not an admission that the
information cited herein is, or is considered to be, material to patentability as defined in 37

C.F.R. §1.56(b).
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This Information Disclosure Statement is being submitted along with filing of the present
Divisional Application of Application Serial No. 12/451,436 filed January 13, 2010. Since each
of the documents cited herein is of record in that parent application, it is believed that copies of
the documents are not required.

It is believed that no fee is required for consideration of the present Information
Disclosure Statement. However, if a fee is deemed to be required, the Office is authorized to
charge any fees to Deposit Account 50-5504.

Early and favorable consideration of the case is respectfully requested.

Respecifuby subinmed,

RICHARD FJAW(RSK!
Registration No. 33,515
Attorney for Applicant
Customer No. 14443

The Law Office of Richard F. Jaworski, PC
Tel. (631) 659-3608
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of : John Talbot BOYS et al.

Serial No. : 14/120,197 Examiner: Tuyen T. Nguyen
Date Filed : May 5, 2014 GAU: 2837
For > MULTI POWER SOURCED ELECTRIC VEHICLE

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

AMENDMENT

Sir:

In response to the Office Action dated August 17, 2016, the time for responding to which
having been extended to Monday, December 19, 2016 by the accompanying Petition for
Extension of Time, please amend the above-identified application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2
of this paper.

Remarks begin on page 5 of this paper.

I hereby certify that this paper is being deposited this date with the U.S.
Postal Service as first class mail addressed to the Commissioner for

Patentys P.O. By 150, Adexandria, VA 22313-1450.
WZ/ Dec. 19, 20i4

Richard F. Jawopefi, : Date
Reg. No. 33,515
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the application:

Listing of Claims:

Please amend the claims as shown below:

Claims 1-71 (previously canceled)

Claims 72-79 (presently canceled)

80. (new) An inductive power transfer pad to receive power from a transmitting pad, the
inductive power transfer pad comprising:

one or more permeable magnetic material members in a first layer;

a coil having at least one turn of a conductor, the coil being arranged in a second layer
substantially parallel to that of said permeable magnetic material members; and

a shield member comprising a backplate defining a third layer, said backplate arranged to

control electromagnetic flux generated by said transmitting pad.

81. (new) The inductive power transfer pad as claimed in claim 80, having a plurality of
permeable magnetic material members in a form of bars each being arranged such that its length

extends radially from a common point but spaced apart therefrom.
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82. (new) The inductive power transfer pad as claimed in claim 81 wherein the coil is
positioned to wind around the common point such that it passes each bar at approximately a

center of the length of each bar.

83. (new) The inductive power transfer pad as claimed in claim 80 wherein a plane of the
backplate is substantially parallel to planes of each of the permeable magnetic material members
and the coil, the plane of the or each permeable magnetic material member is located between

the plane of the backplate and the plane of the coil.

84. (new) The inductive power transfer pad as claimed in claim 80 wherein the backplate

is formed from a material which substantially inhibits the passage of magnetic flux therethrough.

85. (new) The inductive power transfer pad as claimed in claim 84 wherein the backplate

is formed from one at least one of copper and aluminum.

86. (new) The inductive power transfer pad as claimed in claim 80 wherein the backplate

extends beyond coil and slabs.

87. (new) The inductive power transfer pad as claimed in claim 80, wherein the or each

permeable magnetic material member comprises ferrite.

88. (new) The inductive power transfer pad as claimed in claim 80, wherein the backplate
is arranged to control the electromagnetic flux substantially perpendicular to the third layer.

-3-
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89. (new) The inductive power transfer pad as claimed in claim 80 wherein the shield
member is arranged to control the electromagnetic flux between the inductive power transfer pad

and the transmitting pad.

90. (new) The inductive power transfer pad as claimed in claim 80 wherein the backplate

is arranged to direct electromagnetic flux generated by the transmitting pad.

91. (new) An inductive power transfer pad as claimed in claim 90 wherein the

electromagnetic flux is directed substantially perpendicular to the third layer.

92. (new) An inductive power transfer system comprising a wireless power receiver pad
separable from a wireless power transmitter pad, the two said pads each comprising:

one or more permeable magnetic material members in a first layer;

a coil having at least one turn of a conductor, the coil being arranged in a second layer
substantially parallel to that of said permeable magnetic material members; and

a shield member comprising a backplate defining a third layer, said backplate arranged to

control electromagnetic flux.
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REMARKS

The application has been reviewed in light of the Office Action dated August 17, 2016.
Claims 80-92 are pending in this application, with claims 80 and 92 being in independent form.
Claims 72-79 have been canceled without prejudice and claims 80-92 have been added. It is
submitted that no new matter has been added and no new issues have been raised by the present
Amendment.

Claim 72 was rejected under 35 U.S.C. §102(b) as allegedly anticipated by U.S. Patent
5,469,036 to Eto. Claims 73-79 were rejected under 35 U.S.C. §103(a) as allegedly unpatentable
over Eto. Applicants have carefully considered the Examiner’s comments and the cited art, and
respectfully submit new independent claims 80 and 92 are patentable over the cited art, for at
least the following reasons.

Independent claim 80 relates to an inductive power transfer pad to receive power from a
transmitting pad, the inductive power transfer pad comprising one or more permeable magnetic
material members in a first layer, a coil having at least one tum of a conductor, the coil being
arranged in a second layer substantially parallel to that of the permeable magnetic material
members and a shield member comprising a backplate defining a third layer, the backplate
arranged to control electromagnetic flux generated by the transmitting pad.

Eto, as understood by Applicants, relates to an inductive power transfer mechanism for a
horse riding game for recreational entertainment purposes and in which an artificial horse is
positioned above a track base and is provided with power for movement with respect to the base.
The base includes a plurality of windings located above magnets to provide a wide magnetic flux
field around the track for reception by corresponding receiving coils in the moving horse.

Independent claim 80 relates to an inductive power transfer pad to receive power from a

-5-
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transmitting pad. In contrast the coils of Eto (33, 35) referenced in the Office Action are
arranged on the transmitting side. Eto shows a transmitting coil for providing power to a toy
horse. The coils of Eto (33, 35) are formed by a plurality of panels connected in a track shape
(col. 4, lines 31-32) and placed beneath the toy horse. This structure is designed to stay in a fixed
position and transmit power to a different receiver. There is no suggestion in Eto that such an
arrangement provides a useful receiver. The person skilled in the art would not be led to modify
the structure into a receiver because it relies on a plurality of connected panels which would be
unwieldy in a receiver.

Eto is not understood to teach or suggest a shield for controlling the magnetic field as
recited in independent claim 80. The arrangement in Eto is intended to promote a wide
uncontrolled magnetic field in order to provide a wide and sufficiently continuous magnetic flux
around the track to enable operation of the horse. Eto is not concerned with controlling the
splaying of the magnetic flux, but instead the opposite to allow for movement of the horse. Eto’s
primary concern is to avoid the use of contact brushes for transferring electrical power (Col. 1,
lines 49-63). Accordingly, a person of ordinary skill in the art would have no motivation to
consider restriction or controlling of the magnetic flux since this would limit the effectiveness of
horse’s movements.

Applicants find no teaching or suggestion in the cited art of an inductive power transfer
pad to receive power from a transmitting pad, the inductive power transfer pad comprising one or
more permeable magnetic material members in a first layer, a coil having at least one turn of a
conductor, the coil being arranged in a second layer substantially parallel to that of the permeable

magnetic material members and a shield member comprising a backplate defining a third layer,
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the backplate arranged to control electromagnetic flux generated by the transmitting pad, as
recited in independent claim 80.

Accordingly, Applicants submit independent claim 80 is patentably distinct from the
cited art.

Applicants also find no teaching or suggestion of an inductive power transfer system
comprising a wireless power receiver pad separable from a wireless power transmitter pad, the
two said pads each comprising one or more permeable magnetic material members in a first
layer, a coil having at least one turn of a conductor, the coil being arranged in a second layer
substantially parallel to that of said permeable magnetic material members and a shield member
comprising a backplate defining a third layer, said backplate arranged to control electromagnetic
flux, as recited in independent claim 92.

Accordingly, independent claim 92 is also believed to be patentably distinct from the
cited art.

If a petition for an extension of time is required to make this response timely, this paper
should be considered to be such a petition, and the Commissioner is authorized to charge the
requisite fees to our Deposit Account No. 50-5504.

Any additional fees required for consideration of this Amendment may be charged to
Deposit Account No. 50-5504.

If a telephone interview could advance the prosecution of this application, the Examiner

is respectfully requested to call the undersigned attorney.
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Entry of this amendment and allowance of this application are respectfully requested.

Respectfully submitted,

LA

RICHARD F. JAW@RSKI
Reg. No. 33,515

Attorney for Applicant
The Law Office of
Richard F. Jaworski, P.C.
Tel.: (631) 659-3608
Customer No. 14443
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Application of : John Talbot BOYS et al.

Serial No. : 14/120,197 Examiner: Tuyen T. Nguyen
Date Filed : May 5, 2014 GAU: 2837

For - MULTI POWER SOURCED ELECTRIC VEHICLE

Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

PETITION FOR EXTENSION OF TIME

Sir:

It is respectfully requested that the period for filing a response to the Office Action dated
August 17, 2016, be extended by one month, i.e. from November 17, 2016 to Monday,
December 19, 2016.

The $200.00 statutory extension fee for filing a response within the first month pursuant
to 1.136(a) by (other than) a small entity may be charged to the below indicated deposit account.

The Commissioner is authorized to charge any additional fees, or credit any overpay-

ment, to our Deposit Account No. 50-5504.

Respectfully submitted,

Mkoyfz?””

I hereby certify that this paper is being | RICHARD F. JAWORSKI
deposited this date with the U.S. Postal Registration No. 33,515

Service as first class mail addressed to: Att for Aopli ¢
Commissioner for Patents, P.O. Box 1450, orney lor Applican

Alexandrip, VA 22313-)45 The Law Office of
‘Mﬂ:& 1% 20 Richard F. Jaworski, P.C.

Richard F. Jaworski ate Tel.: (631) 659-3608
Reg No. 33513 12/27/2046 VELANGD 0000BG03 SO55e4 14120197

B1 FC:12d1 200,20 [A
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WIRELESS NON-RADIATIVE ENERGY TRANSFER

PRIORITY INFORMATION
This application claims priority from provisional application Ser. No. 60/698,442

filed July 12, 2005, which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

The invention relates to the field of oscillatory resonant electromagnetic modes,

and in particular to oscillatory resonant electromagnetic modes, with localized slowly
evanescent field patterns, for wireless non-radiative energy transfer.

In the early days of electromagnetism, before the electrical-wire grid was
deployed, serious interest and effort was devoted towards the development of schemes to
transport energy over long distances wirelessly, without any carrier medium. These efforts
appear to have met with little, if any, success. Radiative modes of omni-directional
antennas, which work very well for information transfer, are not suitable for such energy
transfer, because a vast majority of energy is wasted into free space. Directed radiation
modes, using lasers or highly-directional antennas, can be efficiently used for energy
transfer, even for long - distances (transfer distance Lrgrans»Lpev, Where Lpgy is the
characteristic size of the device), but require existence of an uninterruptible line-of-sight
and a complicated tracking system in the case of mobile objects.

Rapid development of autonomous electronics of recent years (e.g. laptops, cell-
phones, house-hold robots, that all typically rely on chemical energy storage) justifies
revisiting investigation of this issue. Today, the existing electrical-wire grid carries energy
almost everywhere; even a medium-range wireless non-radiative energy transfer would be
quite useful. One scheme currently used for some important applications relies on

induction, but it is restricted to very close-range (Lrrans«Lpev) energy transfers.

SUMMARY OF THE INVENTION

According to one aspect of the invention, there is providéd an electromagnetic

energy transfer device. The electromagnetic energy transfer device includes a first
resonator structure receiving energy from an external power supply. The first resonator
structure has a first Q-factor. A second resonator structure is positioned distal from the
first resonator structure, and supplies useful working power to an external load. The
second resonator structure has a second Q-factor. The distance between the two resonators

can be larger than the characteristic size of each resonator. Non-radiative energy transfer
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between the first resonator structure and the second resonator structure is mediated
through coupling of their resonant-field evanescent tails.

According to another aspect of the invention, there is provided a method of
transferring electromagnetic energy. The method includes providing a first resonator
structure receiving energy from an external power supply. The first resonator structure
has a first Q-factor. Also, the method includes a second resonator structure being
positioned distal from the first resonator structure, and supplying useful working power to
an external load. The second resonator structure has a second Q-factor. The distance
between the two resonators can be larger than the characteristic size of each resonator.
Furthermore, the method includes transferring non-radiative energy between the first
resonator structure and the second resonator structure through coupling of their resonant-

field evanescent tails,

BRIEF DESCRIPTION OF THE DRA WINGS

FIG. 1 is a schematic diagram illustrating an exemplary embodiment of the

invention;

FIG. 2A is a numerical FDTD result for a high-index disk cavity of radius » along
with the electric field; FIG. 2B a numerical FDTD result for a medium-distance coupling
between two resonant disk cavities: initially, all the energy is in one cavity (left panel);
after some time both cavities are equally excited (right panel).

FIG. 3 is schematic diagram demonstrating two capacitively-loaded conducting-
wire loops;

FIGs. 4A-4B are numerical FDTD results for reduction in radiation-Q of the
resonant disk cavity due to scattering from extraneous objects;

FIG. 5 is a numerical FDTD result for medium-distance coupling between two
resonant disk cavities in the presence of extraneous objects; and

FIGs. 6A-6B are graphs demonstrating efficiencies of converting the supplied
power into useful work (#,,), radiation and ohmic loss at the device (#4), and the source
(15), and dissipation inside a human (#), as a function of the coupling-to- «/T; ; in panel
(a) I3, is chosen so as to minimize the energy stored in the device, while in panel (b) I3, is

chosen so as to maximize the efficiency #,, for each x/Iy .

DETAILED DESCRIPTION OF THE INVENTION

In contrast to the currently existing schemes, the invention provides the feasibility

of using long-lived oscillatory resonant electromagnetic modes, with localized slowly

evanescent field pattems, for wireless non-radiasive energy transfer. The basis of this
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technique is that two same-frequency resonant objects tend to couple, while interacting
weakly with other off-resonant environmental objects. The purpose of the invention is to
quantify this mechanism using specific examples, namely quantitatively address the
following questions; up to which distances can such a scheme be efficient and how
sensitive is it to external perturbations. Detailed theoretical and numerical analysis show
that a mid-range (Lrrans = few+*Lpgy) Wireless energy-exchange can actually be achieved,
while suffering only modest transfer and dissipation of energy into other off-resonant
objects.

The omnidirectional but stationary (non-lossy) nature of the near field makes this
mechanism suitable for mobile wireless receivers, It could therefore have a variety of
possible applications including for example, placing a source connected to the wired
electricity network on the ceiling of a factory room, while devices, such as robots, vehicles,
computers, or similar, are roaming freely within the room. Other possible applications
include electric-engine buses, RFIDs, and perhaps even nano-robots.

The range and rate of the inventive wireless energy-transfer scheme are the first
subjects of examination, without considering yet energy drainage from the system for use
into work. An appropriate analytical framework for modeling the exchange of energy
between resonant objects is a weak-coupling approach called “coupled-mode theory”.
FIG. 1 is a schematic diagram illustrating a general description of the invention. The
invention uses a source and device to perform energy transferring. Both the source 1 and
device 2 are resonator structures, and are separated a distance D from each other. In this
arrangement, the electromagnetic field of the system of source 1 and device 2 is
approximated by F(r,2)= a)(t)Fi(r)+ax(t)Fy(r), where F;a(r)=[E;2(r) Hjy(r)] are the
eigenmodes of source 1 and device 2 alone, and then the field amplitudes a;(z) and ax(t)

can be shown to satisfy the “coupled-mode theory™

d ; _
EN = iy~ Ty )y iy 4Ky

ot
%Zl =—i (a& —ily )ﬂz + iKyads + g0

where w, are the individual eigen-frequencies, I3,» are the resonance widths due to the
objects’ intrinsic (absorption, radiation etc.) losses, 1,21 are the coupling coefficients, and
k11,22 model the shift in the complex frequency of each object due to the presence of the
other.

The approach of Eq. 1 has been shown, on numerous occasions, to provide an
excellent description of resonant phenomena for objects of similar complex eigen-

frequencies (namely |wj-ak|«|ki2,21| and Tj=I3), whose resonances are reasonably well

)
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defined (namely I7,&Im(kis22}«|Ki221]) and in the weak coupling limit (namely
|612,21]«@;,2). Coincidentally, these requirements also enable optimal operation for energy
transfer. Also, Eq. (1) show that the energy exchange can be nearly perfect at exact
resonance (@;=a; and I}=13), and that the losses are minimal when the “coupling-time”
is much shorter than all “loss-times”. Therefore, the invention requires resonant modes of
high Q=a/(2I) for low intrinsic-loss rates I, and with evanescent tails significantly
longer than the characteristic sizes L; and L; of the two objects for strong coupling rate
|612,21] over large distances D, where D is the closest distance between the two objects.
This is a regime of operation that has not been studied extensively, since one usually
prefers short tails, to minimize interference with nearby devices.

Objects of nearly infinite extent, such as dielectric waveguides, can support guided
modes whose evanescent tails are decaying exponentially in the direction away from the
object, slowly if tuned close to cutoff, and can have nearly infinite Q. To implement the
inventive energy-transfer scheme, such geometries might be suitable for certain
applications, but usually finite objects, namely ones that are topologically surrounded
everywhere by air, are more appropriate.

Unfortunately, objects of finite extent cannot support electromagnetic states that

are exponentia}ly decaying in all directions in air, since in free space: k2=w?/c?.
Because of this, one can show that they cannot support states of infinite Q. However, very
long-lived (so-called “high-O”) states can be found, whose tails display the needed
exponential-like decay away from the resonant object over long enough distances before
they turn oscillatory (radiative). The limiting surface, where this change in the field
behavior happens, is called the “radiation caustic”, and, for the wireless energy-transfer
scheme to be based on the near field rather than the far/radiation field, the distance
between the coupled objects must be such that one lies within the radiation caustic of the
other. '
The invention is very general and any type of resonant structure satisfying the
above requirements can be used for its implementation. As examples and for definiteness,
one can choose to work with two well-lanown, but quite different electromagnetic resonant
systems: dielectric disks and capacitively-loaded conducting-wire loops. Even without
optimization, and despite their simplicity, both will be shown to exhibit fairly good
performance. Their difference lies mostly in the frequency range of applicability due to
practical considerations, for example, in the optical regime dielectrics prevail, since

conductive materials are highly lossy.
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Consider a 2D dielectric disk cavity of radius r and permittivity & surrounded by air
that supports high-Q whispering-gallery modes, as shown in FIG. 2A. Such a cavity is
studied using both analytical modeling, such as separation of varjables in cylindrical
coordinates and application of boundary conditions, and detailed numerical finite-
difference-time-domain (FDTD) simulations with a resolution of 30pts/r. Note that the
physics of the 3D case should not be significantly different, while the analytical
complexity and numerical requirements would be immensely increased. The results of the
two methods for the complex eigen-frequencies and the field patterns of the so-called
“leaky” eigenmodes are in an excellent agreement with each other for a variety of
geometries and parameters of interest.

The radial modal decay length, which determines the coupling strength
Kk =|i1}=| K12, is on the order of the wavelength, therefore, for near-field coupling to take
place between cavities whose distance is much larger than their size, one needs
subwavelength-sized resonant objects (r«A). High-radiation-Q and long-tailed
subwavelength resonances can be achieved, when the dielectric permittivity ¢ is as large as
practically possible and the azimuthal field variations (of principal number m) are slow
(namely m is small).

One such TE-polarized dielectric-cavity mode, which has the favorable
characteristics Q,q=1992 and A/r=20 using £=147.7 and m=2, is shown in FIG. 24,
and will be the “test” cavity 18 for all subsequent calculations for this class of resonant
objects. Anothier example of a suitable cavity has Q,,;=9100 and A/r=10 using
€=65.61 and m =3. These values of ¢ might at first seem unrealistically large. However,
not only are there in the microwave regime (appropriate for meter-range coupling
applications) many materials that have both reasonably high enough dielectric constants
and low losses, for example, Titania: £~ 96, Im{&)/e = 10°%; Barium tetratitanate: &=~ 37,
Im{el/e = 10'4; Lithium tantalite: € ~ 40, Imfg)/e = 10 etc.), but also & could instead
signify the effective index of other known subwavelength (A/r»1) surface-wave systers,
such as surface-plasmon modes on surfaces of metal-like (negative-g) materials or
metallodielectric photonic crystals.

With regards to material absorption, typical loss tangents in the microwave (e.g.
those listed for the materials above) suggest that Q,p~&2mf€)~10000. Combining the
effects of radiation and absorption, the above analysis implies that for a properly designed
resonant device-object d a value of Q4~2000 should be achijevable. Note though, thqt the
resonant source § will in practice often be immobile, and the restrictions on its allowed

geometry and size will typically be much less stringent than the restrictions on the design
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of the device; therefore, it is reasonable to assume that the radiative losses can be designed
to be negligible allowing for Qs~10000, limited only by absorption.

To calculate now the achievable rate of energy transfer, one can place two of the
cavities 20, 22 at distance D between their centers, as shown in FIG. 2B. The normal
modes of the combined system are then an even and an odd superposition of the initial
modes and their frequencies are split by the coupling coefficient x, which we want to

calculate.  Analytically, coupled-mode theory gives for dielectric objects
Kip =a;2/2-jd3rEf (r)Ey(r)g (r)/ Id3r|E1 (rjze(r), where &1,2(r) denote the dielectric
functions of only object 1 alone or 2 alone excluding the background dielectric (free
space) and &r) the dielectric function of the entire space with both objects present.
Numerically, one can find x using FDTD simulations either by exciting one of the cavities
and calculating the energy-transfer time to the other or by determining the split normal-
mode frequencies. For the “test” disk cavity the radius r¢ of the radiation caustic is

rc =11r, and for non-radiative coupling D <r¢, therefore here one can choose D/r=10,

7, 5, 3. Then, for the mode of FIG. 3, which is odd with respect to the line that connects
the two cavities, the analytical predictions are w2&=1602, 771, 298, 48, while the
numerical predictions are w2k=1717, 770, 298, 47 respectively, so the two methods
agree well. The radiation fields of the two initial cavity modes interfere constructiveiy or
destructively depending on their relative phases and amplitudes, leading to increased or
decreased net radiation loss respectively, therefore for any cavity distance the even and
odd normal modes have Qs that are one larger and one smaller than the initial single-
cavity 0=1992 (a phenomenon not captured by coupled-mode theory), but in a way that
the average I"is always approximately I*=@/2Q. Therefore, the corresponding coupling-to-
loss ratios are x/I=1.16, 2.59, 6.68, 4249, and although they do not fall in the ideal
operating regime x/7»I, the achieved values are still large enough to be useful for
applications.

Consider a loop 10 or 12 of N coils of radius r of conducting wire with circular

cross-section of radius a surrounded by air, as shown in FIG, 3. This wire has inductance
L=u,N 2r[ln (8r/ a)—2:|, where 4, is the magnetic permeability of free space, so

connecting it to a capacitance C will make the loop resonant at frequency a=1/ JLC.
The nature of the resonance lies in the periodic exchange of energy from the electric field
inside the capacitor due to the voltage across it to the magnetic field in free space due to
the current in the wire. Losses in this resonant system consist of ohmic loss inside the wire

and radiative loss into free space.
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For non-radiative coupling one should use the near-field region, whose extent is set
roughly by the wavelength A, therefore the preferable operating regime is that where the

loop is small (r«4). In this limit, the resistances associated with the two loss channels are
respectively R, =\j;¢:55/5 ‘Nrla and Ry =7z/6-770N2 (mr/c)4 , where p is the
resistivity of the wire material and 7), =120z Q is the impedance of free space. The
quality factor of such a resonance is then Q = WL/(Rypy + Rpqq ) and is highest for some

frequency determined by the system parameters: at lower frequencies it is dominated by
ohmic loss and at higher frequencies by radiation.

To get a rough estimate in the microwave, one can use one coil (N=1) of copper
(p=1.691 0%Qm) wire and then for r=Icm and a=Imm , appropriate for example for a cell
phone, the quality factor peaks to O=1225 at f~380MHz, for r=30cm and a=2mm for a
laptop or a household robot Q=1103 at f=17MHz, while for r=Im and a=4mm (that could
be a source loop on a room ceiling) 0=1315 at f=5MHz. So in general, expected quality
factors are Q=1000-1500 at /r=50-80, namely suitable for near-field coupling,

The rate for energy transfer between two loops 10 and 12 at distance D between
their centers, as shown in FIG. 3, is given by &y, =@M / 2J Z,E, where M is the mutual

inductance of the two loops 10 and 12. In the limit r«D«A one can use the quasi-static
3
result M =7z/4-u,NiN, (’1'2)2’03 , which means that w/2K—-(D/Jr1r2) . For

example, by choosing again D/r=10, 8, 6 one can get for two loops of r=Icm, same as
used before, that w/2xk=3033, 1553, 655 respectively, for the r=30cm that w/2x=7131,
3651, 1540, and for the r=1Im that /2xk=6481, 3318, 1400. The corresponding coupling-
to-loss ratios peak at the frequency where peaks the single-loop Q and are «/=0.4, 0.79,
1.97 and 0.15, 0.3, 0.72 and 0.2, 04, 0.94 for the three loop-linds and distances. An
example of dissimilar loops is that of a r=1Im (source on the ceiling) loop and a r=30cm

(household robot on the 4floor) loop at a distance D=3m (room height) apart, for which
K /T’y =0.88 peaks at f=6.4MHz, in between the peaks of the individual Q’s. Again,

these values are not in the optimal regime #/I'» I, but will be shown to be sufficient.

It is important to appreciate the difference between this inductive scheme and the
already used close-range inductive schemes for energy transfer in that those schemes are
non-resonant. Using coupled-mode theory it is easy to show that, keeping the geometry
and the energy stored at the source fixed, the presently proposed resonant-coupling
inductive mechanism allows for Q approximately 1000 times more power delivered for
work at the device than the traditional non-resonant mechanism, and this is why mid-range

energy wansfer is now possible. Capacitively-loaded conductive loops are actually being
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widely used as resonant antennas (for example in cell phones), but those operate in the far-
field regime with #/A~1, and the radiation Q’s are intentionally designed to be small to
make the antenna efficient, so they are not appropriate for energy transfer.

Clearly, the success of the inventive resonance-based wireless energy-trahsfer
scheme depends strongly on the robustness of the objects’ resonances. Therefore, their
sensitivity to the near presence of random non-resonant extraneous objects is another
aspect of the proposed scheme that requires analysis. The interaction of an extraneous
object with a resonant object can be obtained by a modification of the coupled-mode-
theory model in Eq. (1), since the extraneous object either does not have a well-defined
resonance or is far-off-resonance, the energy exchange between the resonant and
extraneous objects is minimal, so the term k2 in Eq. (1) can be dropped. The appropriate

analytical model for the field amplitude in the resonant object a,(t) becomes:
da .
—-=—i{e—iF))a +ina

Namely, the effect of the extraneous object is just a perturbation on the resonance
of the resonant object and it is twofold: First, it shifts its resonant frequency through the
real part of x;;thus detuning it from other resonant objects. This is a problem that can be
fixed rather easily by applying a feedback mechanism to every device that corrects its
frequency, such as through small changes in geometry, and matches it to that of the
source. Second, it forces the resonant object to lose modal energy due to scattering into
radiation from the extraneous object through the induced polarization or currents in it, and
due to material absorption in the extraneous object through the imaginary part of xj;. This
reduction in Q can be a detrimental effect to the functionality of the energy-transfer
scheme, because it cannot be remedied, so its magnitude must be quantified.

In the first example of resonant objects that have been considered, the class of
dielectric disks, small, low-index, low-material-loss or far-away stray objects will induce
small scattering and absorption. To examine realistic cases that are more dangerous for
reduction in Q, one can therefore place the “test” dielectric disk cavity 40 close to: a)
another off-resonance object 42, such as a human being, of large Refe)=49 and Imfe}=16
and of same size but different shape, as shown in FIG. 4A; and b) a roughened surface 46,
such as a wall, of large extent but of small Re{g} =2.5 and Im{s}=d.05, as shown in FIG.
4B.

Analytically, for objects that interact with a small perturbation the reduced value of

radiation-Q due to scattering could be eswmated using the polarization

@)
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Id3r|Px1 (rﬂ2 ec_"d3r|E1' (r)-Re{ex (r)}i2 induced by the resonant cavity 1 inside the

extraneous object X=42 or roughened surface X=46. Since in the examined cases either
the refractive index or the size of the extraneous objects is large, these first-order
perturbation-theory results would not be accurate enough, thus one can only rely on

numerical FDTD simulations. The absorption-Q inside these objects can be estimated

through Im{xj}= /2-Id3r|E1 (r)’2 Im{ex (r)}/fd3r|El (r)l2 e(r).

Using these methods, for distances D/r=10, 7, 5, 3 between the cavity and
extraneous-object centers one can find that Q,,;=1992 is respectively reduced to
Oraa=1988, 1258, 702, 226, and that the absorption rate inside the object is Qap,=312530,
86980, 21864, 1662, namely the resonance of the cavity is not detrimentally disturbed
from high-index and/or high-loss extraneous objects, unless the (possibly mobile) object
comes very close to the cavity. For distances D/r=10, 7, 5, 3, 0 of the cavity to the
roughened surface we find respectively Q,.y=2101, 2257, 1760, 1110, 572, and
Qabs>4000, namely the influence on the initial resonant mo<|ie is acceptably low, even in
the extreme case when the cavity is embedded on the surface. Note that a close proximity
of metallic objects could also significantly scatter the resonant field, but one can assume
for simplicity that such objects are not preseut.

Imagine now a combined system where a resonant source-object s is used to
wirelessly transfer energy to a resonant device-object d but there is an off-resonance
extraneous-object e present. One can see that the strength of all extrinsic loss mechanisms
from e is determined by [E(r,)[%, by the square of the small amplitude of the tails of the
resonant source, evaluated at the position r. of the extraneous object. In contrast, the
coefficient of resonant coupling of energy from the source to the device is determined by
the same-order tail amplitude [E4(r,)|, evaluated at the position r, of the device, but this
time it is not squared! Therefore, for equal distances of the source to the device and to the
extraneous object, the coupling time for energy exchange with the device is much shorter
than the time needed for the losses inside the extraneous object to accumulate, especiaily if
the amplitude of the résonant field has an exponential-like decay away from the source.
One could actually optimize the performance by designing the system so that the desired
coupling is achieved with smaller tails at the source and longer at the device, so that
interference to the source from the other objects is minimal.

The above ‘concepts can be verified in the case of dielectric disk cavities by a
simulation that combines FIGs. 2A-2B and 4A-4B, namely that of two (source-device)
“test” cavities 50 placed 10r apart, in the presence of a same-size extraneous object 52 of

£=49 between them, and at a distance 5r from a large roughenéd surface 56 of €=2.5, as
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shown in FIG. 5. Then, the original values of Q=1992, w/2x=1717 (and thus x/I'=].16)
deteriorate to Q=763, w/2k=965 (and thus x/I=0.79). This change is acceptably small,
considering the extent of the considered external perturbation, and, since the system
design has not been optimized, the final value of coupling-to-léss ratio is promising that
this scheme can be useful for energy transfer.

In the second example of resonant objects being considered, the conducting-wire
loops, the influence of extraneous objects on the resonances is nearly absent. The reason
for this is that, in the quasi-static regime of operation (r«4) that is being considered, the
near field in the air region surrounding the loop is predominantly magnetic, since the

electric field is localized inside the capacitor. Therefore, extraneous objects that could

interact with this field and act as a perturbation to the resonance are those having

significant magnetic properties (magnetic permeability Refu)>1 or magnetic loss
Im(u}>0). Since almost all common materials are non-magnetic, they respond to magnetic
fields in the same way as free space, and thus will not disturb the resonance of a
conducting-wire loop. The only perturbation that is expected to affect these resonances is a
close proximity of large metallic structures.

An extremely important implication of the above fact relates to safety
considerations for human beings. Humans are also non-magnetic and can sustain strong
magnetic fields without undergoing any risk. This is clearly an advantage of this class of
resonant systems for many real-world applications. On the other hand, dielectric systems
of high (effective) index have the advantages that their efficiencies seem to be higher,
judging from the larger achieved values of «/7, and that they are also applicable to much
smaller length-scales, as mentioned before.

Consider now again the combined system of resonant source s and device d in the
presence of a human A and a wall, and now let us study the efficiency of this resonance-
based energy-transfer scheme, when energy is being drained from the device for use into
operational work. One can use the parameters found before: for dielectric disks,
absorption-dominated loss at the source Q,~10" , radiation-dominated loss at the device
Qa~1 g (which includes scattering from the human and the wall), absorption of the source-
and device-energy at the human Q;., Qar ~10°-10° depending on his/her not-very-close
distance from the objects, and negligible absorption loss in the wall; for conducting-wire
loops, Q,~Qd~10’ , and perturbations from the human and the ‘wall are negligible. With
corresponding loss-rates /'=w/2Q, distance-dependent coupling «, and the rate at which
working power is extracted Iy, the coupled-mode-theory equation for the device field-

amplitude is
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Different temporal schemes can be used to extract power from the device and their
efficiencies exhibit different dependence on the combined system parameters. Here, one
can assume steady state, such that the field amplitude inside the source is maintained
constant, namely a,(t)=A,e"®, so then the field amplitude inside the device is au(t)=Aqe™®
with Ag=ir/( ITy+Typ+1)As Therefore, the power lost at the source is Ps=21';|A_,|2, at the
device it is P4=2.I}|Ad|2, the power absorbed at the human is P;.=21';,;.|A,|2+2.I'}1.;.|Ad|2, and
the useful extracted power is Pw=21"w|Ad|2. From energy conservation, the total power

entering the system i Pioqg= Ps+Pg+Pj+P,. Denote the total loss-rates r‘;"' =T+
and %'=r, +T4_p . Depending on the targeted application, the work-drainage rate
should be chosen either I, =T to minimize the required energy stored in the resonant

objects or I‘W=I‘ﬁ"\’1+;§7l'“s°'r‘§” >T% such that the ratio of useful-to-lost powers ,

namely the efficiency #,=P,/Piowai, is maximized for some value of x. The efficiencies #
for the two different choices are shown in FIGs. 6A and 6B respectively, as a function of
the x/I'y figure-of-merit which in turn depends on the source-device distance.

FIGs. 6A-6B show that for the system of dielectric disks and the choice of
optimized efficiency, the efficiency can be large, e.g., at least 40%. The dissipation of
energy inside the human is small enough, less than 5%, for values x/Iy>1 and Q;>10°,
namely for medium-range source-device distances (Dg/r<10) and most human-
source/device distances (D;/r>8). For example, for Dy/r=10 and Dy/r=8, if I0W must be
delivered to the load, then, from FIG. 6B, ~0.4W will be dissipated inside the human, ~4W
will be absorbed inside the source, and ~2.6W will be radiated to free space. For the
system of conducting-wire loops, the achieved efficiency is smaller, ~20% for x/I#=L, but
the significant advantage is that there is no dissipation of energy inside the human, as
explained earlier.

Even better performance should be achievable through o;;timization of the resonant
object designs.- Also, by exploiting the earlier mentioned interference effects between the
radiation fields of the coupled objects, such as continuous-wave operation at the frequency
of the normal mode that has the larger radiation-Q, one could further improve the overall
system functionality. Thus the inventive wireless energy-transfer scheme is promising for
many modern applicatidns. Although all considerations have been for a static geometry,

all the results can be applied directly for the dynamic geometries of mobile objects, since

3
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the energy-transfer time. k™' ~ 145, which is much shorter than any timescale associated

with motions of macroscopic objects.

The invention provides a resonance-based scheme for mid-range wireless non-
radiative energy transfer. Analyses of very simple implementation geometries provide
encouraging performance characteristics for the potential applicability of the proposed
mechanism. For example, in the macroscopic world, this scheme could be used to deliver
power to robots and/or computers in a factory room, or electric buses on a highway
(source-cavity would in this case be a “pipe” running above the highway). In the
microscopic world, where much smaller wavelengths would be used and smaller powers
are needed, one could use it to implement optical inter-connects for CMOS electronics or
else to transfer energy to autonomous nano-objects, without worrying much about the
relative alignment between the sources and the devices; energy-transfer distance could be
even longer compared to the objects’ size, since Im{é(w)} of dielectric materials can be
much lower at the required optical frequencies than it is at microwave frequencies.

As a venue of future scientific research, different material systems should be
investigated for enhanced performance or different range of applicability. For example, it
might be possible to significantly improve performance by exploring plasmonic systems.
These systems can often have spatial variations of fields on their surface that are much
shorter than the free-space wavelength, and it is precisely this feature that enables the
required decoupling of the scales: the resonant object can be significantly smaller than the
exponential-like tails of its field. Furthermore, one should also investigate using acoustic
resonances for applications in which source and device are connIe,Cted via a common
condensed-matter object.

Although the present invention has been shown and described with respect to
several preferred embodiments thereof, various changes, omissions and additions to the
form and detail thereof, may be made therein, without departing from the spirit and scope
of the invention.

What is claimed is:
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CLAIMS

1. A method of transferring energy comprising:

providing a first resonator structure receiving energy from an external power
supply, said first resonator structure having a first resonant frequency w,, and a first Q-
factor Q,, and characteristic size L;, and

providing a second resonator structure being positioned distal from said first
resonator structure, at closest distance D, said second resonator structure having a second
resonant frequency ,, and a second Q-factor Q2, and characteristic size L;

wherein the two said frequencies ®; and ; are close to within the narrower of the
two resonance widths I}, and I',,

transferring energy non-radiatively between said first resonator structure and said
second resonator structure, said energy transfer being mediated through coupling of their
resonant-field evanescent tails, and the rate of energy transfer between said first resonator
and said second resonator being denoted by «,

wherein non-radiative means D is smaller than each of the resonant wavelengths A,

and A, wherein c is the propagation speed of radiation in the surrounding medium.

2, The method of claim 1, wherein said method comprising said resonators with .
Q;>100, and Q>>100, and k/sqrt(I"}*I2)>0.2,0.5,1,2,5, and D/L,>1,2,3,5.

3. The method of claim 1, wherein said method comprising said resonators with

Q;>200, and Q2>200, and K/sqrt(I'1*#I'2)>0.2,0.5,1,2,5, and D/L,>1,2,3,5.

4. The method of claiml, said method comprising said resonators with Q;>500, and
Q2>500, and k/sqrt(I'*I'2)>0.2,0.5,1,2,5, and D/1,>1,2,3,5.
5. The method of claim 1, said method comprising said resonators with Q,>1000, and

Q2>1000, and x/sqrt(I";*I'2)>0.2,0.5,1,2,5, and D/L>>1,2,3,5.

6. An energy transfer device comprising;

a first resonator structure receiving energy from an external power supply, said
first resonator structure having a first resonant frequency ®;, and a first Q-factor Q,, and
characteristic size L, and

a second resonator structure being positioned distal from said first resonator
structure, at closest distance D, said second resonator structure having a second resonant
frequency w3, and a second Q-factor Q2, and characteristic size L, _

wherein the two said frequencies ®: and ®; are close to within the narrower of the

two resonance widths I"), and I,
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wherein non-radiative energy transfer between said first resonator structure and
said second resonator structure is mediated through coupling of their resonant-field
evanescent tails, and the rate of energy transfer between said first resonator and said
second resonator is denoted by «,

wherein non-radiative means D is smaller than each of the resonant wavelengths A,

and A, wherein c is the propagation speed of radiation in the surrounding medium.

7. The energy transfer device of claim 6, said method comprising said resonators with
Q1>200, and Q,>200, and k/sqrt(I"*I2)>0.2,0.5,1,2,5, and D/L>>1,2,3,5.

8. The energy transfer device of claim 7, wherein said resonant field in said device is
electromagnetic.
0. The energy transfer device of claim 8 and said first resonator structure comprises a

dielectric sphere, where the characteristic size L, is the radius of the sphere.

10.  The energy transfer device of claim 8, and said first resonator structure comprises a

metallic sphere, where the characteristic size L, is the radius of the sphere.

11.  Theenergy transfer device of claim 8, and said first resonator structure comprises a

metallodielectric sphere, where the characteristic size L, is the radius of the sphere.

12.  The energy transfer device of claim 8, and said first resonator structure comprises a

plasmonic sphere, where the characteristic size L, is the radius of the sphere.

13.  The energy transfer device of claim 8, and said first resonator structure comprises a

polaritonic sphere, where the characteristic size L, is the radius of the sphere.

14. The energy transfer device of claim 8, and said first resonator structure comprises a
capacitively-loaded conducting-wire loop, where the characteristic size L, is the radius of

the loop.

15.  The energy transfer device of claim 8, and said second resonator structure

comprises a dielectric sphere, where the characteristic size L, is the radius of the sphere.

16.  The energy transfer device of claim 8, and said second resonator structure

comprises a metallic sphere where the characteristic size L, is the radius of the sphere.
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17.  The energy transfer device of claim 8, and said second resonator structure
comprises a metallodielectric sphere where the characteristic size L, is the radius of the

sphere.

18. The energy transfer device of claim 8, and said second resonator structure

comprises a plasmonic sphere where the characteristic size L is the radius of the sphere.

19. The energy transfer device of claim 8, and said second resonator structure

comprises a polaritonic sphere where the characteristic size L, is the radius of the sphere.

20.  The energy transfer device of claim 8, and said second resonator structure
comprises a capacitively-loaded conducting-wire loop where the characteristic size L, is

the radius of the loop.

21. The energy transfer device of claim 7, wherein said resonant field in said device is

acoustic.
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* NOTICES *

JPO and INPIT 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)]

1. In uncontacted charge station which charges battery mounted on a plurality of electric loads
which have respectively conductor loops and secondary converter for charging by charging rate
which was connected to this, converted AC electric power to DC power, and had battery
chosen,

an uncontacted charge station comprising:

A magnetic core.

A connecting link which is a connecting link which has the core attachment conductor partially
surrounded at least by these magnetic cores, and is made into an outline for which core
attachment conductors surround each load loop partially alternative at least.

A primary converter for converting electric power from a power supply to AC electric power by
a selected charging rate corresponding to load, when it is the primary converter connected to
the above-mentioned core attachment conductor and is connected to load by the above-
mentioned link.

Representative drawing

2. Uncontacted charge station aut diny Lo claim 1 which above-mentioned primary converter
responds to charging rate indicator for instructing selected charging rate, and converts electric
power by the selected charging rate.

3. Uncontacted charge station according to claim 2 where it is for charging load which
generates charging rate indication signal, and above-mentioned primary converter responds to
above-mentioned charging rate indication signal.

4. Uncontacted charge station according to claim 2 which is for charging load which has optical
fiber transmitter which conveys charging rate indication signal, and is provided with optical
fiber receiver for above-mentioned primary converter responding to above-mentioned optical
fiber transmitter, and receiving above-mentioned charging rate indication signal.

S. the above-mentioned link is provided with a chamber which forms a flow path which receives
a cold fluid for cooling the above-mentioned core attachment conductor -- and -- The above-
mentioned station, The uncontacted charge station according to claim 1 provided with a cold
fluid circulation system connected to the above-mentioned chamber since it circulated through
a cold fluid to a flow path of the above-mentioned connecting link.

6. Uncontacted charge station according to claim 1 which can be closed so that above-
mentioned link can be opened so that each load loop may be accepted, and it may be
surrounded substantially. Representatl\iﬂlialvgl?ﬁ %ll_qzlléllilé? B 12181
7. Uncontacted charge station according to claim 1 by which pivotal mounting combination is
carried out so that above-mentioned link can be separated into at least two link segments, ?
these segments may be opened so that each load loop may be accepted or it may dissociate,
and it may engage with each load loop and it may close at pivotal mounting ceremony.

8. Connect a longitudinal shaft to a plurality of load loops which it has respectively, can
separate the above-mentioned link into at least two link segments, and these segments, The
uncontacted charge station according to claim 1 which can be radially closed in order to be able
to open radially in order [ which separates from a longitudinal shaft of a portion by which each
load loop was surrounded respectively, or goes to it ] to set radially and to dissociate each load
loop, and to engage with each load loop.

9. Uncontacted charge station according to claim 1 which can be closed by advancing-side-by-
side movement so that above-mentioned link can be separated into at least two link segments,
these segments can be opened by advancing-side-by-side movement so that each load loop
may be dissociated, and each load loop may be engaged.

10. It is an uncontacted charge station which charges a battery of loading in the 1st which has
respectively a secondary converter for converting AC electric power to DC power so that it may
charge by a charging rate which had a battery chosen, and second electric load, In an
uncontacted charge station which the 1stload of the above has the 1st load loopmade into size
charged by the 1st charging rate, and has the 2nd load loop made into size charged by the 2nd
charging rate with the 2nd bigger load of the above than the 1st charging rate of the above,

an uncontacted charge station comprising:

A magnetic core.

Itis a connecting link which has the core attachment conductor partially surrounded at least by
the magnetic cores, A connecting link which is made into size in which these links surround
each of the 1st and 2nd loops partially exchangeable at least by being made an outline for
which core attachment conductors surround each load loop partially alternative at least.

A primary converter for converting electric power from a power supply to AC electric power by
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a selected charging rate corresponding to the load, when it is the primary converter connected
to the above-mentioned core attachment conductor and is connected to load by the above-
mentioned link.

11. The uncontacted charge station according to claim 10 which the above-mentioned primary
converter responds to a charging rate indicator for instructing a selected charging rate, and
converts electric power by the selected charging rate.

12. The uncontacted charge station according to claim 10 where it is for charging load which
generates a charging rate indication signal, and the above-mentioned primary converter
responds to the above-mentioned charging rate indication signal.

13. the above-mentioned link is provided with a chamber which forms a flow path which
receives a cold fluid for cooling the above-mentioned core attachment conductor -- and -- The
above-mentioned station, The uncontacted charge station according to claim 10 provided with
a cold fluid circulation system connected to the above-mentioned chamber since it circulated
through a cold fluid to a flow path of the above-mentioned connecting link.

14. The uncontacted charge station according to claim 10 which can be closed so that the
above-mentioned link can be opened so that each load loop may be accepted, and it may be
surrounded substantially.

15. The uncontacted charge station according to claim 10 by which pivotal mounting
combination is carried out so that the above-mentioned link can be separated into at least two
link segments, these segments may be opened so that each load loop may be accepted or it
may dissociate, and it may engage with each load loop and it may close at a pivotal mounting
ceremony.

16. Can separate the above-mentioned link into at least two link segments, and these
segments, The uncontacted charge station according to claim 10 which can be radially closed in
order to be able to open radially in order [ which separates from a longitudinal shaft of a
portion by which each load loop was surrounded respectively, or goes to it ] to set radially and
to dissociate each load loop, and to engage with each load loop.

17. The uncontacted charge station according to claim 10 which can be closed by advancing-
side-by-side movement so that the above-mentioned link can be separated into at least two
link segments, these segments can be opened by advancing-side-by-side movement so that
each load loop may be dissociated, and it may engage with each load loop.

18. 1n a cnre attachment conductor which surround some conductor loops wntiected Lo a
power supply or load,

A connecting link comprising:

A core attachment conductor connected to another side of a power supply or load.

A magnetic core which surround the above-mentioned core attachment conductor partially at
least.

A cold fluid clian iber which forms a flow path tor circulating through a cold fluid through a link.

19. The connecting link according to claim 18 where the above-mentioned cold fiuid chamber is
arranged in the above-mentioned core attachment conductor.

20. In a core attachment conductor which surround some conductor loops connected to a
power supply or load,

A connecting link comprising:

A core attachment conductor connected to another side of a power supply or load.

A magnetic core which surround the above-mentioned core attachment conductor partially at
least,

A cold fluid chamber which is arranged in the above-mentioned core attachment conductor,
and forms a flow path for circulating through a cold fluid through a link.

Husks which are husks of an insulating material which stores the above-mentioned core and a
core attachment conductor, and form a loop acceptance portion for accepting the above-
mentioned loop.

21. The connecting link according to claim 18 where the above-mentioned cold fiuid chamber is
provided with a plurality of fluid transportation conduit tubes arranged between the above-
mentioned core and a core attachment conductor.

22. The connecting link according to claim 18 which can be closed so that the above-mentioned
link can be opened so that a loop may be accepted, and a loop may be surrounded
substantially.

23. The connecting link according to claim 18 by which pivotal mounting combination is carried
out so that the above-mentioned link can be separated into at least two link segments, these
segments may be opened so that a loop may be accepted or it may dissodate, and it may
engage with a loop and it may close at a pivotal mounting ceremony.

24, Can separate the above-mentioned link into at least two link segments, and these
segments, The connecting link according to claim 18 which can be radially closed in order to be
able to open radially in order [ which separates from a longitudinal shaft of a portion by which
the above-mentioned loop was surrounded respectively, or goes to it ] to set radially and to
dissodate a loop, and to engage with a loop.

25. The connecting link according to claim 18 which can be closed by advancing-side-by-side
movement so that the above-mentioned link can be separated into at least two link segments,
these segments can be opened by advancing-side-by-side movement so that a loop may be
dissociated, and it may engage with a loop.

26. In an electric vehicle which enabled it to receive AC electric power from a primary converter
of outside of a vehicle,

An electric vehicle comprising:

The above-mentioned primary converter is a magnetic core.

A connecting link which has the core attachment conductor partially surrounded at least by the
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magnetic cores is included, and it is the above-mentioned vehicle, A battery of vehicle loading
A secondary converter for having a loading charging system and converting the system and AC
electric power to DC power for charging the above-mentioned battery.

Conductor loops which are the conductor loops for being connected to the above-mentioned
secondary converter and transmitting AC electric power from a primary converter to a
secondary converter, and were made into form selectively surrounded by a magnetic core of
the above-mentioned connecting link, and at least 1 portions of a core attachment conductor.

27. It is for charging a battery from a primary converter of fixing which responds to a charging
rate indicator which instructs a selected charging rate, and converts electric power by the
selected charging rate, The electric vehicle according to claim 26 by which the above-
mentioned electric vehicle generates a charging rate indicator which constitutes a charging rate
indication signal.

28. The electric vehicle according to claim 27 by which the above-mentioned secondary
converter generates the above-mentioned charging rate indication signal.

29. Arefor charging by a primary converter which has an optical fiber receiver, and the above-
mentioned charging rate indication signal, The electric vehicle according to claim 27 which
constitutes an optical fiber signal which is transmitted by an optical fiber transmitter supported
by the above-mentioned loop, and is read with an optical fiber receiver of a primary converter.
30. The electric vehicle according to claim 26 connected to a secondary converter by a
connector line with the above-mentioned flexible loop.

31. the above-mentioned loop was made into size which charges a battery at the usual rate --
it usually having a loop and the above-mentioned vehicle, furthermore  having boost charge
conductor loops connected to a secondary converter in order to charge a battery at a rate of
urgency quicker than the above-mentioned usual rate :and -- The electric vehicle according to
claim 26 by which the above-mentioned secondary converter is connected to either the above~
mentioned usual loop or boost charge conductor loops exchangeable.

32, the above-mentioned loop is made into size which charges a battery at the usual rate -~ the
above-mentioned charging rate indicator, To a primary converter that a battery is charged at
the usual rate a finger example and the above-mentioned vehicle, furthermore -- having boost
charge conductor loops connected to a secondary converter in order to charge a battery at a
rate of urgency quicker than the above-mentioned usual rate -- and -- The above-mentioned
vehicle, The electric vehicle according to claim 26 containing a rate indicator of boost charge
supported by the above-mentioned boost charge conductor loops in order to instruct to a
primary converter that a battery is charged at the above-mentioned rate of urgency.

33. In an uncontacted charging system for charging a plurality of energy storage devices which
have at least one selected charging rate respectively,

an uncontacted charging system comprising:

A secondary converter for being a plurality of secondary converters for converting AC electric
power to DC power, and charging respectively one each of the above-mentioned energy
storage devices of a plurality of.

A plurality of conductor loops respectively connected to one each of the above-mentioned
secondary converters of a plurality of.

A magnetic core.

A connecting link which is a connecting link which has the core attachment conductor partially
surrounded at least by the magnetic cores, and is what the above-mentioned core attachment
conductors surround partially one each of the above-mentioned loops of a plurality of
alternative at least, and transmits electric power among them.

A primary converter for being connected to the above-mentioned core attachment conductor,
and converting electric power from a power supply to AC electric power by a charging rate
chosen [ above-mentioned ].

34. The uncontacted charging system according to claim 33 which converts electric power by a
charging rate which the above-mentioned primary converter responded to a charging rate
indicator, and was chosen.

35. The uncontacted charging system according to claim 34 which comprises a charging rate
indication signal with which the above-mentioned charging rate indicator was generated by the
above-mentioned secondary converter.

36. the above-mentioned link is provided with a chamber which forms a flow path for receiving
a cold fluid which cools the above-mentioned core attachment conductor -- and -- The above-
mentioned charging system, The uncontacted charging system according to claim 33 provided
with a cold fluid circulation system for being connected to the above-mentioned chamber and
circulating through a cold fluid to a flow path of the above-mentioned connecting link.
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* NOTICES *

JPO and INPIT 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.

DETAILED DESCRIPTION
[Detailed Description of the Invention)

The field present invention of uncontacted battery charging svstem invention,relates to a
battery recharge system generally, and more, in order to improve safety, reliability, and a
user's expedient nature in details, the improved uncontacted battery recharge system which
can be used for an electric vehicle etc. is started.

If the_description electrical-and-electric-eguipment vehicle of the advanced technology.
increases as expected, it will be necessary to arrange the dispersed recharge construct
standardized appropriately at a vehicle driver's dwelling, a workshop, a car barn, a recharge
station, etc., for example. The main points which should be taken into consideration when
determining the standardization system carried out on a large scale are an initial cost,
operating cost, reliability, and a user's safety.

when the technology which can be used now is used, the solution most promising for a battery
recharge is supplying exchange (AC) or direct-current (DC) electric power to a vehicle by
metal-metallic contact of a plug and the conductor in socket composition. Charge is performed
when the driver of a vehicle connects the outlet of a power supply with a vehicle physically.
Espedially Lhe thing that a driver without the level of skill which does not have this connection
trained performs when high current and voltage required to carry out the recharge of the
electric vehicle are given operationally will cause unnecessary danger, if a means to cut a
vehicle from charging power promptly automatically is not provided. The necessity of giving the
opportunity of charge in the position dispersed as mentioned above is affected according to
these same problems.

It is included that framework weight produces an electric vehicle, and wear and a crack
especially produce the exposure contact of a high current largely, and there is a problem in the
safety under misuse of failure mode and an owner as other defects. Recognition of the general
public about the safety deterioration accompanying ******** of big electric power has had the
adverse effect on the important thing at taking in of a customer of an electric vehicle.

A chance that an expensive separation converter is needed from the probability that the
standard and safe organization like a under rye TAZU laboratory demand electric separation
between an AC power and a vehicle battery being high is high.

Then, it can be used forsupplying electric power to an electric vehicle, and is turned to
conquering the above-mentioned restrictions and a defect, and an uncontacted battery
recharge system which is not subject to those influences is demanded.

According to one characteristics of the summary present invention of invention the
uncontacted recharge system and method for carrying out the recharge of the energy storage
device mounted on the electric vehicle have a primary converter for converting the electric
power from a power supply to high-frequency power. It is connected to a battery and the
secondary converter mounted on the vehicle is converted to the charging power to which high~
frequency power is supplied by the energy storage device. Primary [ these ) and the secondary
converter of each other are connected by uncontacted combination of conductor loops and a
connecting link which forms a coaxial winding transformer, A connecting link has a magnetic
core and the core attachment conductor partially surrounded at least by the magnetic cores.
These core attachment conductors surround some conductor loops partially alternative at least,
and transmit electric power among them. A core attachment conductor is connected to either
primary or a secondary converter, and conductor loops are attached to another side of primary
and a secondary converter.

The overall object of the present invention is to provide the battery recharge system and
method of using the battery of an electric vehicle for carrying out a recharge.

The another object of the present invention is to provide the connecting link for combining an
electric vehicle with a power supply.

The additional object of the presentinvention is to provide the battery recharge system which
improves a user's safety, improves expedient nature, shortens recharge time, and moreover
increases battery recharge efficiency and a battery shelf life rather than the conventional
system.

The another object of the present invention is to provide the battery recharge system for the
electric vehicle which reliability can install and use at rational high and cost.

The present invention relates to the above-mentioned characteristics and the object separately,
and it relates also to the whole. These, other objects, the characteristics, and the effect of the
present invention will become clear [ to a person skilled in the art ] from the following
descriptions and an accompanying drawing.

The easy description Fig 1 of Qi’gwingg is a partial outline rear view showing one form of the
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uncontacted recharge system of the present invention for carrying out the recharge of an
energy storage device like the battery mounted on the electric vehicle.
Fig.2 is a radial cross sectional view showing one form of the disengageable connecting link of
Fig.1.
Fig.3 is a radial cross sectional view showing one form of another disengageable connecting link
of the present invention.
Fig.4 is a schematic block diagram showing one form of the uncontacted recharge system of
Fig.1.
Fig.S is a partial outline rear view showing another form of the uncontacted recharge system of
the present invention.
Fig.6 is a radial cross sectional view showing one form of the disengageable connecting link of
Fig.5.
Fig.7 is a schematic block diagram showing one form of the uncontacted recharge system of
Fig.5.
Fig.8 is a partial outline rear view showing another form of the uncontacted recharge system of
the present invention.
Fig.9 is the partial outline and partial fracture rear view showing another additional form of the
uncontacted recharge system of the present invention.
Fig.10 is a partial outline plan showing one form of the disengageable connecting link which
surround the conductor loops of one form shown in Fig.9.
Fig.11 is the front cross sectional view which was along 11 to 11 line of Fig.10.
Fig.12 is a schematic view of the fluid cooling system used with the link of Fig.10.
Fig.13 is a front cross sectional view of the link shown by opening wide, in order to accept the
loop of Fig.10.
Fig.14 is an elevation showing one form of another working example of the connecting link of
the present invention shown by opening wide, in order to accept the loop of Fig.10.
Fig.15 is an elevation showing one form of another working example of the connecting link of
the present invention shown by opening wide, in order to accept the loop of Fig.10.
Fig.16 and 17 are the elevations of the link of Fig.10, and are the figures showing the state of
surrounding the conductor loops of two another forms of the present invention.
Many another working examples of ipti I

i are described below about charge of an energy storage device.
These working examples are described about charge of the DC battery 12 of loading in an
electric vehicle. Probably, it will be clear to a person skilled in the art that the charging system's
[ uncontacted ] disclosed here it can be used also for other energy storage devices and
mechanisms like a mobile robot or a space vehicle.
Eicst workjng-example Fig.1 shows the working example of the uncontacted recharge system
10 constituted by the present invention, in order to supply the charging power which carries
out the recharge of the battery system of the electric vehicle 14, or an energy storage device
like the battery 12. Although the energy storage device is shown as the battery 12 for
simplification, probably, it will be clear that the recharge system's described here the energy
storage device of other forms, such as a superconductivity magnetic energy storage device and
an electromagnetic flywheel, can be used also for carrying out a recharge. Probably the working
example of an electric vehicle will only be described as an example, and it will be clear that this
system's it can be used for any electric loads which have an inside or loading energy pooling
capacity.
The recharge system 10 receives electric power from the power supply 16 through the
conductor 18. The power supply 16 is the AC power supply (AC) of single phase or a polyphase
or the direct-current (DC) power supply for which it asks by a specific use. A primary converter
like the source converter 20 of the high frequency current converts the electric power received
from the power supply 16, for example, AC electric power of line frequency (the U.S. 60 Hz), to
high about frequency, for example, 2 thru/or 50 kHz. After operation of various elements of the
recharge system 10 like the primary converter 20 summarizes the relation of operation
between various elements, it is further described below.
The high-frequency AC electric power from the primary converter 20 is supplied to the joint
sheath, i.e., a coupling means like the link 25, described in detail below by a connector
conductor, i.e., the connector line 22, (Fig.2 and 3). The link 25 is constituted so that it may
clamp to the secondary electric power pickup conductor loops 30 attached to the vehicle 14,
The word used here of "no contacting" means thatthere is no electric contact between two
conductors except for the magnetic connection between two conductors. When the link 25 is
connected to the conductor loops 30, the structure constituted in this way can be called "a
coaxial winding transformer (CWT)" here, and this can be analyzed using various theories from
the field of current transmission.
The secondary loop 30 is connected to the secondary converter 32. This converter 32 converts
AC electric power of the high frequency received from the primary converter 20 through the
link 25 and the loop 30 to the charging power used for charge of the vehicle battery 12. This
charging power may be AC, DC power, or its combination, for example, the superimposed thing
carried out may be sufficient as AC electric power on DC waveform. A specific form of the
charging power used for a given use is instructed by the energy demand of a specific energy
storage device by which a recharge is carried out.
The recharge system 10 can be operated by the same method as the usual gasoline pump of
the service station of the roadside. The driver of a vehicle parks the vehicle 14 near the primary
converter 20, and connects with the electric power pickup loop 30 to which the connector link
25 was attached by the vehicle 14. After clamping the link 25 manually to the electric power
pickup 30 of a vehicle, the control logic contained in the primary converter checks whether a
circuit is the right, before starting supply of AC electric power of high frequency. The high-
frequency AC electric power received from the link 25 by the pickup 30 is used for converting to
charging power and charging the battery 12 by the secondary converter 32.
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If Fig.2 is referred to, it is connected to the conductor loops 3 0 and the working example shown
in here [ of the connecting link 25 ] is shown that it forms CWT. The link 25 is provided with
the disengageable magnetic core 40 divided and shown in two core parts, i.e., the segment 42,
and 42', and two segments are pivotally mounted together in the hinge 44. It may be joined by
other various means (not shown), and the core segment 42 and 42' may be operated by
motion of other ways, are based on the translation motion instead of pivotal mounting
movement, or may be operated with the combination. Combination with the link 25 and the
loop 30 may be performed so that the loop 30 may exercise an open sand mold (not shown)
and may accept the link 25.

The link 25 also has the core attachment conductor 45, and this is divided and shown in two
conductor parts, i.e., the segment 46, and 46'. In the working example shown here, the
conductor 45 is a copper reality tubular member, for example. However, it is clear that the
conductor 45 can be formed for example, using a plurality of individual conductors, and in this
case, an individual conductor is uniformly distributed by the inner surface of a core so that
uniform current distribution may be made substantially.

Each of the conductor segment 46 and 46’ is respectively supported by the core segment 42
and 42'. As shown in Fig.2, after the link 25 has closed, the two minimum air gaps arise at the
place where the core segment 42 and 42' abut. After the link 25 has closed, the conductor 45
forms the region 48 between winding in the link 25. In the state where the conductor loops 30
have been arranged to the region 48 between winding, the space S between winding is formed
between the conductor loops 30 and the core attachment conductor 4S.

When the link 25 is energized, momentary current (not shown) flows into both directions
through the conductor loops 30 and the core attachment conductor 45. Namely, when current
flows in the direction which goes to a paper side at the conductor loops 30, current flows in the
direction which comes out in the conductor 45 from a paper side.

Although deleted from Fig.2 for clarification, the conductor loops 30 are the insulated
conductors with which the inner part of the conductive material was surrounded by the outer
layers of the insulating material. Similarly, as for the conductor 4S5, a conductive material is
surrounded by an insulating material (not shown).

The conductor 45 adjoins the region 48 between winding between the conductive part of the
conductor 4S5, and the core 40, and contains the insulating material. The core 40 also has an
insulatingmaterial (not shown) on the periphery. The core 40 may have a jacket (not shown)
of elasticity and durability material, in order to protect from a damage while using the link 25.
If Fig.3 is referred to, another working example ofthe link of Fig.1 is shown as the link 25'. This
link 25' is provided with the disengageable core, i.e., split core 50, which were shown as what
has the two core segments 52 and 54. The core segment 52 supports the core attachment
conductor 55 shown as a C channel member of reality copper, for example. Probably, it will be
clear that this conductor's 55 it may comprise a plurality of individual components as described
above about the conductor 45 of Fig.2. If Fig.1 is referred to, the core attachment conductor 55
will be connected to the primary converter 20 by the conductor (not shown) in the connector
line 22.

As for the core segment 54, being eternally attached to the vehicle 14 is preferable. The core
segment 52 and 54 each are considered as the composition mutually abutted so that the
magnetic flux path of the magnetic adjuster in which these core segments have the two
minimum air gaps in the place where it abuts may be formed. the two core segments 52 and
54 abut mutually -- as =- having -~ having -~ at the time, these magnetic flux paths surround
the conductor loops 30.

The illustrated conductor 30 passes through the core segment 54 front freely, and extends it to
the mounting points (not shown) of the vehicle 14 through the region between winding, and is
electrically connected to the converter 32. Or the conductor loops 30 may be supported from
the core segment 54 by the base material (not shown) of an insulating material again. As the
core segments 52 and 54 show Fig.3, when it turns mutually and is pulled, the region 58
between winding is formed among them, and the axial direction portion of the conductor loops
30 is surrounded substantially.

The two core segments 52 and 54 can be fixed together when operating using a mechanical
latch mechanism or instrument (not shown). However, when the effective current which flows
into the conductors 30 and SS is reverse mutually at the time of energization, like the core
segment 42 of Fig.2, and 42', the two core segments 52 and 54 are turned conveniently and
mutually, and are pulled by attendant magnetism. If it puts in another way, when flowing in
the direction with same magneticflux of each core segment, a core segmentis turned mutually
and these magnetism pulls it. On the contrary, when the magnetic flux of each core segment is
reverse, a core segment is opposed mutually. These suction forces are supported so that joint
junction of a conductor segment of a core segment as a result may be started also conveniently
and it may maintain. By using reverse magnetic flux flow, a core segment is made to repel, and
power can be used so that it may separate, while controlling a charge link.

Fig.4 describes an operation method of the primary converter 20 and the secondary converter
32.

The link 25 and the conductor loops 30 are shown roughly.

** BE ***x**x* optimizes system performance here using power erection RINIKUSU, and it
satisfies the actualdesign requirement realized now. In the working example shown here, the
power supply 16 supplies electric power to the primary converter 20. The converter 20
prepares the primary power electronic input stage 60 for the case where the electric power
supplied by the power supply 16 is AC electric power shown in Fig.4 as three phase AC electric
power. This primary input stage 60 is the conventional thyristor rectification bridge which used
a thyristor, a transistor, a gate turn-off thyristor (GTO), etc., and converts received AC electric
power to DC power.

In the case of a large-sized vehicle or short charging time, largely from one MW (one MW), Or
in the case of a passenger vehicle, in the power level which is a 1 thru/or 10-kW level and
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which is commercially interested, the solution with one sufficient cost performance includes
using a power electronics converter with a thyristor rectifier as a primary input stage.

The voltage source converter which has a transistor device in the case of a low charging level is
a preferable working example. A rectifier supplies DC power to the choke coil 62, and commits
these as a DC current source over the high frequency converter 64. As long as the high
frequency converter 64 can generate a high frequency output like a current source inverter, the
inverter of what kind of form may be sufficient as it. The converter 64 has a plurality of
switching devices constituted and controlled as giving a desired high frequency output to the
link 25 was known for this field. When the power supply 16 supplies DC power to the primary
converter 20, also conveniently, the primary input stage 60 can be removed.

Each of the primary input stage 60 and the high frequency converter 64 receives each control
signal 66 and 68 from the control logic unit 70 which is a device of a micro processor base. The
control logic unit 70 receives "a conduction start” or the various operator inputs 72 like “ON"
switch signal.

The control power 74 like the DC power neededfor a digital control system is given to the
control logic unit 70. The feedback signal 76 also receives the control logic unit 70, and this,
The signal from the current transducer (not shown) which monitors charge of the battery load
12, And the output of the high frequency converter 64 given to the link 25; the signal from the
microswitch sensor (not shown) which instructs that the link 25 was connected to the
conductor coil 30, or instructs a "charge preparation” signal etc. is included.

The control logic unit 70 can generate communication or the control signal 78, This control
signal 78 is sent to the secondary converter 32, or the converter 32 gives a feedback signal to
the control logic unit 70 via this signal transmission 78.

Communication or the control signal 78 is sent in frequency fairly higher usually than the
electric power given by the high frequency converter 64. For example, the control signal 78 is a
signal of the frequency of megahertz cost. Such transmission of a control signal is daily
performed, when an electric power company transmits a control signal through a power line.
The secondary converter 32 has the secondary power electronic input stage 80 which receives
electric power from the conductor loops 30. This secondary input stage 80 converts the high-
frequency power transmitted through the link 25 to the combination of AC instructed by the
demand of the battery 12 and/or DC power, or AC and DC power. The filter of the necessary
output power given by the secondary input stage 80 is carried out with the filter 82, it ranks
next, and Is supplled to the battery 12 as charging power. Ot course, when an energy storage
device needs the combination of AC charging power or AC, and DC charging power, the power
electronics of the secondary input stage 80 can be changed as giving required charging power
was known well,

The secondary converter 32 may be provided with any power conditioner 84 which receives
electric power from the output side of the secondary input stage 80 through the conductor 86.
However, in a certain use, it is effective to take out before rectification the high-frequency
power received by the conductor 30 in the input side of the secondary input stage 80. The
power conditioner 84 supplies the electric power needed for the vehicle 14 by other loads 88
which are usually mounted and are attached. In order to accept a demand of other loads 88, in
the case of a DC output, the power conditioner 84 is a bridge rectifier.

In the case of a variable DC output, it is an AC/DC control converter, or a variable AC output
case is an AC/AC cycloconverter.

or other loads 88 energized by the regulator 84 are AC or a DC load -- or -- the -- it combines
and comes out.

For example, when the vehicle 14 is a motor home (mobile house automobile), while the
battery 12 is charged, a resident sometimes wants to watch television, to cook with an electric
heater, and/or to use other electrical machinery and apparatus in @ motor home. Other loads
88, The auxiliary relay of the battery charging system 10; so that it may be maintained at the
state where the link 25 closed around the conductor 30 during charge. The electronic latch
mechanism to secure; the ventilation fan for the battery 12 surrounded in battery supervising
system [ for monitoring the charging level of the battery 12 like a charging state indicator ];
and limited small space is also included.

In the recharge system 10, control of other 88 load of the electric power supplied to the battery
12 can be performed without feedback from the primary converter 20, when there is nothing.
For example, the secondary converter 32 and the battery 12 are monitored and controlled by
the signal transmission 78. The signal 78 is injected into the core attachment conductor 45,
and is induced to the secondary conductor loop 30 of the link 25 which works as a carrier. This
another working example of the recharge system 10 minimizes the cost to the moving system
of the working example described here. By controlling the current which flows into the primary
core attachment conductor 45, the primary converter 20 is an open loop mode, namely, can
supply electric power without feedback. Monitoring, control, and a guard signal can be obtained
without needing individual control wire connection between a primary converter and the vehicle
14,

The recharge system 10 can also treat the many load which is visible as in-series impedance for
the primary converter 20. The converter 20 adjusts current and a voltage change so that
change of the battery load 12 and other loads 88 may be accepted. Such a system may have a
certain loading control means about the current supplied to the battery 12 using the secondary
converter 32. It is preferable to have [ in the case of a single energy storage device ] a loading
controller in addition to main control Logical unit 70. Since the big flexibility and capability for
accepting a various battery form, various manufacturers, and various equipment specifications
are given, this is carried out preferably.

There is an effect of the recharge system 10 in having the very easy structure induded in the
vehicle 14, i.e., the electric power pickup loop 30, and the converter 32. Therefore, the system
10 can be carried out by the minimum cost and complexity in reconstruction or a new vehicle.
It can standardize to various vehicle modes, and can adapt this structure by the minimum
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investment by the manufacturer and owner of a vehicle. Control and a protection feature are
given, the equipment, i.e., primary converter 20, of fixing. The owner of the fixing converter 20
performs maintenance and updating to a control device. Since this system is very well alike to
the conventional oil supply station, it is easily received in the general public.

One defect considered by the system 10 to other working examples described below needs the
control logic by which the electric power supply position of each station was improved, and is
having to update with progress of technology. In the system 10, an energy supply person will
perform the greatest investment in a converter and control logic.

The system 10 has low flexibility about selection of the vehicle owner about a recharge
position, unless industry and commercial basic facilities standardize completely to this system.
Thedriver of the electric vehicle 14 has a degree larger thanthe case of the system of the Fig.5
described below depending on the owner and operator of a converter station, in order to
perform suitable recharge operation. Therefore, when the equipment of a vehicle receives
damage or it turns out that the life of a battery is shorter than anticipation, it may develop into
argument.

Another working example of the uncontacted recharge system 100 of the present invention is
shown in second working-example Fig.5.

In this another charging system 100, another primary converter 102 receives electric power
from the power supply 16 through the conductor 18. Although the conductor 18 is shown to
the three-phase-circuit AC power, probably, it will be clear that its DC or other polyphase AC
powers work as the suitable power supply 16. The primary converter 102 is converted to high
frequency AC electric power so that it may be described below in response to electric power
from the power supply 16, and it gives high frequency output electric power to the conductor
loops 104. About operation of various elements of the recharge system 100 like the primary
converter 102, it describes, after summarizing the relation of operation between various
elements.

The vehicle 106 has the energy storage device which was described above about the vehicle
14, and this calls it the battery 12 for simplification. However, the vehicle 106 differs in the
method of the connection with a primary converter, and contrnlin the vehicle 14. It does not
have only the conductor loops 30 (Fig.1) attached to the vehicle, but the vehicle 106 has a
connector conductor, i.e., the connector line 108, and this connects a joint sheath, i.e., a
coupling means like the link 110, to the vehicle 106. What was described above about the
connector line 22 of Fig.1 may be sufficient as the connector line 108, and the link 110 is
constituted as described above about Fig.1, but there are the following the different features.
The link 110 has the disengageable core 112 with a disengageable core part, i.e., the segment
114, and 114', and a core segment is joined together by pivotal mounting or other methods, as
described above about the core segment 42 of Fig.2, and 42'. Therefore, these core segments
114 and 114’ are pivotally mounted together, and are shown by the hinge 116.

The link 110 has the core attachment conductor 120 divided into two core parts, i.e., the
segment 122, and 122', Each of the conductor segment 122 and 122' is respectively supported
by the core segment 114 and 114'. As shown in Fig.6, after the link 110 has closed, the two
minimum air gaps arise at the place where the core segment 114 and 114' abut. After the link
110 has closed, the conductor 120 forms the region 124 between winding in the link 110. In
the state where the conductor loops 104 have been arranged to the region 124 between
winding, space between winding S' is formed between the conductor loops 104 and the core
attachment conductor 120.

IfFig.6 is referred to, the method of operating the link 110 differs from the method ofthe link
25 and 25' in that it is said that the coaxial winding transformer (CWT) formed by combination
with the link 110 and the conductor loops 104 has different electric power flow from the link 25
and 25' which are shown in Fig.1 thru/or 3. More, in an electric power flow system, to details,
the primary conductor way of the conductor loops 104 is carried out, and they are committed in
them. The core attachment conductor 120 works as a secondary conductor, and receives
electric power from the conductor loops 104 by derivation. Although shown the same [ the link
110 / the link 25 on a description, and structure ], the link 110 can also take the composition
shown in Fig.3 as 25'. Other geometrical form is considered about the coaxial winding
transformer for transmitting electric power between a core attachment conductor and a looped
conductor,

The working example the uncontacted recharge system 100 of Fig.5 was indicated to be is
roughly shown in Fig.7. Electric power is received from the power supply 16 described above
about the system of Fig.1 by the primary converter 102. The power supply 16 supplies electric
power to the primary power electronics input stage 130 described above about the primary
input stage 60 of Fig.4. When DC power is supplied by the power supply 16, the primary input
stage 130 can be removed.

In the example shown here, the primary input stage 130 converts the electric power from the
power supply 16 to DC power, and this is supplied to a high frequency converter like the series
resonance high frequency converter 132, Fixed DC voltage is given to the inverter 132 using
the capacitor 134. The high frequency series resonance inverter 312 is shown by the example
shown here as what has the four legs 1363, 136b, 136¢, and 136d with a switch, Each inverter
leg like 136 d has the diode 138 connected between the collector of the transistor 140, and the
emitter. Instead of the switch 140, other power electronic devices like a thyristor or a gate
turn-off thyristor (GTO) can be used. The high frequency output of the inverter 312 is supplied
to the resonance capacitor 142.

resonance converter technology is publicly known -- the [ for example, / IEEE transactions IA ]
-- IA-15 volumes, F.C. Schwartz who entitles "the controllable 45-kW current source
(Controllable 45 kW Current Source for DCMachines) for DC machine" published on the 437th
thru/or 444 pages in No. 4 and July, 1979/August, and J.

B. It discloses in the paper written by Klassen, If resonance inverter topology is used, the part
rating to primary and a secondary converter is maintainable to a convenient thing at an
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economical level. The resonance capacitor 142 works so that the volt-ampere invalidity (VAR)
demand of the conductor loops 104 may be supplied, therefore the inverter 132 should supply
only the active power (watt) demanded by a system. The first problem that influences selection
of converter topology is that the inverter switched on high frequency is usually restricted by the
switching loss in a device. use of resonance topology -- a device -- substantially  null voltage
-- or at a zero-electric-current crossing, it can switch substantially, and this is deteriorated
remarkably about switching loss, and higher frequency is obtained.

Therefore, the output of the primary converter 102 is supplied to the conductor loops 104, and
is supplied to the core attachment conductor 120 of the link 110 by derivation (each of it is
roughly shown in Fig.7). If Fig.S is referred to, the electric power received by the link 110 will
be supplied to the secondary converter 150 by which loading attachment was carried out
through the conductor in the connector line 108 at the vehicle 106. It has the secondary power
electronic input stage 152, and this receives electric power from the core attachment conductor
120, and the converter 150 rectifies it to charging power, and sends it to the filter 154. The
secondary input stage 152 and the filter 154 are easy to be what was respectively described
above about the secondary input stage 80 and the filter 82 of Fig.4. A filter is carried out and
the rectified charging power is supplied to the battery 12 by the secondary converter 150 for a
recharge.

The secondary converter 150 can be changed, as this field may be sufficient and it was known
so that the charging power of other forms might be given to an energy storage device. If itis a
request, secondary charging current can be adjusted with a frequency change, a voltage
change, or a phase change. For example, in the case of a DC output, the secondary power
electronic input stage 152 is a bridge rectifier.

In the case of a variable DC output, it is an AC/DC control converter, or, in the case of a
variable AC output, is an AC/AC cycloconverter.

Such enforcement is an working example with what [ preferable as an working example of DC
charging current ] has a certain control means in the both sides of the link 110 at least.

The secondary converter 150 is provided also with any power conditioner 156 which takes out
a part of DC power rectified by the secondary input stage 152 through the conductor 158. In a
certain use, before the power conditioner 156 passes through the secondary input stage 152, it
is effective to receive high-frequency power from the conductor 120 directly. The power
conditioner 156 supplies electric power to other loads 160 described above about other loads
88 of Fig.4.

The secondary converter 150 is provided with the control logic unit 162 which is the same form
as having described above about the control logic unit 70 of Fig.4. This control logic unit 162 is
the operator input 164, the control power 166, and a plurality of feedback signals.

168 is received and each of it describes above about the operator input 72, the control power
74, and the feedback signal 76 of Fig.4.

The control logic unit 162 communicates with the primary converter 102 with communication
or the control signal 170. This communication control signal 170 acts with ultrahigh frequency
communication and the control signal of megahertz cost, as described above about the control
signal 78. The kilohertz electric power shown in here it sent here through the link 110 works as
a carrier of the signal transmission 170.

For example, the primary converter 102 and the power supply 16 are monitored and controlled
by the signal transmission 170. The signal transmission 170 is each digital pulse of whether it is
a modulated analog signal induced to the looped conductor 104, or a series. The monitoring
between the primary converter 102 and the vehicle 106, control, and a guard signal are
obtained without needing an individual control wire combination between the primary converter
102 and the vehicle 106 also conveniently.

The recharge system 100 which the secondary converter 150, the control logic unit 162, and
the link 110 were altogether mounted on the vehicle 106, and was attached has a many effect.
For example, in the method of operation, the driver of the vehicle 106 parks a vehicle near the
primary converter 102, and clamps the link 110 by hand around the conductor loops 104 of
fixing non-carrying. The mounted secondary converter 150 gives electric power adjustment,
recharge strategy logic, circuit protection, and a safe allowable function.

As for the effect of the system 110, many of control systems are mounted on a vehicle,
therefore a vehicle is at the point which can have the capability to be adapted for the non-
standard primary converter power source at various places. An early investment required for an
electric power supply person to constitute a recharge place decreases, namely, the primary
converter 102 only has easy topology without the control strategy of the charging system 10 of
Fig.1.

The recharge system 100 is dramatically suitable for carrying out the recharge of the vehicle
during parking in meter. The owner of the vehicle 106 has the responsibility which maintains
and protects the link 110 and the connector line 108, therefore these will receive more prudent
handling. The recharge system 100 needs only standardization of the minimum of a
fundamental institution, but the greatest option of an energy source is granted to the driver of
the vehicle 106.

However, the recharge system 100 brings about a high initial cost for the owner of the vehicle
106, and a loading system becomes a complicated thing which needs maintenance. The energy
supply person who takes charge of the primary converter 102 is largely influenced by whether
a vehicle owner's equipment operates appropriately to prevent the damage to the primary
converter 102. The vehicle 106 must support additional weight and must provide the additional
space for a control logic unit, the connector line 108, and the link 110. Expensive control and
converter arrangement function under a load factor lower than the recharge system 10 of
Fig.1, namely, the frequency in use per day of the expensive hardware of the system 100 is
lower than the converter arrangement of Fig.1.

It hasthe link 25 or 25" which the 3rd worhing-examai Fig.8 shows the automatic uncontacted
recharge system 200, this operated as roughly shown in Fig.4, and was shown in Fig.2 or 3.
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This recharge system 200 has the primary converter 202 which receives electric power from
the power supply 16 through the conductor 18, as described above about Fig.1. The electric
vehicle 14 of Fig.8 is the same as the vehicle 14 of Fig.1, and has the electric power pickup
conductor loops 30 connected to the secondary converter 32. The secondary converter 32 gives
necessary charging power to an energy storage device, as described above about the working
example of Fig.1, and the energy storage device is shown as the battery 12 for simplification.
Although what was described above about the converter 20 may be sufficient as the primary
converter 202, it is preferable to indude many additional control characteristics. The connector
line 22 and not the manual connection link 25 but automatic recharge system 200 of Fig.1 have
the arm 204 by which an actuator operation is carried out and which can position a robot type.
This arm 204 is extended to the method of outside from the primary converter 202, and
supports a joint sheath, i.e., an automatic coupling means like the link 20S. When the link 205
has a disengageable core like the core 40 of Fig.2, the robot arm 204 is extension / grip type
arm which opens the link 205 and closes a link around the vehicle attachment conductor 30 so
that the conductor loops 30 may be accepted. When the link 205 is the same as the link 25'
shown in Fig.3, a robot arm maintains the position of the core segment 52 to the core segment
54, and the conductor S5 so that the minimum air gap may be given between the core
segments 52 and 54.

The operation method of the automatic link 205 is a point constituted so that the pickup looped
conductor 30 attached to the vehicle 14 may be ****ed and surrounded, and is the same as
that of the manual connecting link 25, The magnetic flux and the position sensor (not shown)
like the Hall effect and an optical position sensor may be respectively attached to the housing of
the arm 204, the link 205, or the converter 202. These position sensors are used for controlling
the arm 204 which goes to holding engagement with the pickup loop 30, and the stretch of the
link 20S. The converter 202 moved the arm 204 and the link 205 to the charging position using
these position sensor signals in response to the signal from these position sensors, and is
provided with the control logic unit for retracting to neutrality, a start, or a "pause"” position
after charge. Magnetic flux and a position sensor can be attached to a link and/or the vehicle
14, the arm position to the conductor loops 30 can be fed back, and an arm can be positioned
automatically. Positioning which is the arm 204 according to such a way and it of the sensor
that are used is well known for the field of a robot.

In the operation method of the automatic recharge system 200 of Fig.8, the driver of the
vehicle 14 adjoins the primary conver ler 202, and parks a vehicle In the boundary area 208. A
vehicle is positioned by the optical indicator, the limit switch, or various means like the simple
dent 210 which were provided by the paved road 212 contiguous to the converter 202.

In the case of operation, the automated system 200 performs automatically uncontacted
clamp-on combination with the link 205 and the conductor loops 30 of vehicle attachment. The
automated system 200 can stand the schedule of charging time and tactics, performs an
automatic recharge, detaches by monitoring, and recording and ranking the result next, and
gives the driver of the vehicle 14 a completion instruction.

The effect of the automatic recharge system 200 includes that the maximum safety degree is
programmable using the positioning controller which the field of a robot arm may be sufficient
as and is known.

The automated system 200 is well suitable also in formation (fleet) operation which cohere.
That is, a formation vehicle has a typical case where he is a single driver, to park at the
appointed area is demanded, and an automatic recharge serves as an option very attractive for
this formation use.

Give the maximum capability to exert a high usage rate and to minimize a work labor as
compared with other systems described here, and the automated system 200. The capability to
give equalization of load or the automatic scheduling of an electric power supply as some
energy management systems, and to reduce peak power demand, namely, to perform a
recharge during the non-peak load time of an electric power company is given. The system 200
is well suitable to an automated diagnosis, tendency monitoring, and an automatic-recording
holding system.

In this automated system 200, it is the minimum which is required of a user and it only parks a
vehicle at the position of the specification which adjoined the primary converter 202. However,
the automated system 200 is the most complicated among three systems proposed here. The
system 200 is remarkably influenced by standardization of the converter circuit 32 of the
standardized vehicle dimension and vehicle loading. the recharge of the system 200 is carried
out at various dispersed places .. as it is hard to carry out.

Another working example of the uncontacted recharge system 300 constituted by the present
invention for supplying the electric power which carries out the recharge of an energy storage
device like the battery 12 mounted on the electric vehicle 302 is shown in the 4th working-
examople Fig.9. This recharge system 300 has the primary converter 304 for receiving electric
power from the power supply 16 through the conductor 18. The loading battery 12 of the
vehicle 302 is connected to the secondary converter 306. Primary and the secondary converters
304 and 306 are easy to be what was respectively described above about the primary
converter 20 and the secondary converter 32 which are shown in Fig.4. Or what was
respectively described above about the primary converter 102 and the secondary converter 150
which were shown in Fig.7 may be sufficient as the converters 304 and 306 again.

Preferably, the primary converter 304 is provided with the dent portion 308 for receiving the
joint sheath, i.e., a connecting link like another working example of the link 310, constituted by
the present invention as shown in Fig.10 thru/or 12. This connecting link 310 is installed in the
dent portion 308 of the primary converter 304 for protection. This link 310 is shown as a
double bond link which has the two link members 312 and 314. As for this link 310, it is
preferable to be surrounded, the protection jacket, i.e., husks 316, of a durability insulating
material like a plastic, rubber, or other elastomers.

The core segments 318, 320, 322, and 324 are ferrite core materials like a PC-40 type ferrite
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core. As for the gapin a core separation part, minimizing is preferable. For example, in design
study and an experiment, the effective gap of 0.1 mm is obtained and it is shown that a bigger
gap than about 2 mm brings about low dissatisfied performance,

The double link 310 also has the primary conductor of the core attachment which grows into
each link member 312 and 314 from two portions arranged respectively. The link member 312
has the segmented primary conductor portion which was divided and shown in the two core
attachment conductor segments 326 and 328. The link member 314 has the segmented
primary conductor portion which was divided and shown in the two core attachment conductor
segments 330 and 332. These primary conductor segments 326, 328, 330, and 332 are
electrically connected together, as the conductor 334 shows to Fig.10 roughly. As illustrated,
the segmented link 310 has that to which the 1st upside portion 336 fits into the 2nd lower
portion 338. The upper link part 336 was provided with the core segments 318 and 322 and
the primary conductor segments 326 and 330, and, on the other hand, the lower link portion
338 is provided with the core segments 320 and 324 and the primary conductor segments 328
and 332.

Or it may be formed in upper continuous U shape portion (not shown) instead of the double link
frame formation which shows the lower link parts 336 and 338 to Fig.10 thru/or 11 by reaching
again. For example, the conductor segments 326 and 330 are the legs of single U shape upper
conductor segment (not shown), and the conductor segments 328 and 332 may be joined
together in a similar manner as a single U shape lower conductor segment (not shown).

When using the primary conductor of U shape, the leakage loss of end winding decreases, and
the necessity for the individual conductor 334 is eliminated. Reduction in leakage inductance
can be further attained by [ of U shape / upper ] reaching and forming a lower core segment
(not shown) so that the primary conductor segment of the upper part of such each U shape
and the lower part may be surrounded substantially. About the link frequency of a 20-kHz
range, press sintering core materials are preferable, and although this is conveniently molded in
various form like U shape core, in order to form the channel which receives a primary
conductor, it needs subsequent finish processing.

As shown in Fig.11, the link member 312 has the segmentation coredivided and shown in the
two core segments 318 and 320. Similarly, the link member 314 also has the segmentation
core divided and shown in the two core segments 322 and 324. Although the core of the link
members 312 and 314 is shown as cylindrical shape, the core segments 318, 320, 322, and
324 may be the rectangles or squares which were shown in sectional shape other than the
illustrated semicircle shape, for example, Fig.3, so that clearly [ a person skilled in the art ].

If Fig.12 is referred to, it is arbitrary, but the primary converter 304 is provided with the fluid
cooling system 340 for making the link 310 circulate through gas or a liquid, for example, a
cold fluid like the water 342. The link 310 has a cold fluid chamber which forms a flow path,
and this flow path is divided into a plurality of flow paths shown in Fig.11 by a tubular conduit
tube like the eonduit tube 344, Preferably, the fluid transportation conduit tube of these
plurality is a nonmagnetic electrical insulation material like a plastic, and it is arranged between
the core segment 318 and the primary conductor segment 326 so that it may be shown in
between a core and core attachment conductors (for example, Fig.11). Or a fluid chamber may
be arranged in a core attachment conductor, for example, each of the conduit tube 344 is a
copper material, and it may make it commit it also as a primary conductor of core attachment
again.

The fluid cooling system 340 shown in Fig.12 has the storage machine 346 which
communicates a pump or the compressor unit 348, and a compressor unit supplies the fluid
from the storage machine 346 to a heat radiator like the air-cooling heat exchange mechanism
350. The cooled fluid flows into the supply manifold 352 from the heat exchange mechanism
350. The supply manifold 352 is divided and shown in four ON ROKONJITTO 354, 356, 358,
and 360, and suppliesthe fluid 342 to the conduit tube 344 respectively arranged near the
primary conductor segments 330, 326, 332, and 328. Afluid flows into the discharge manifold
362 through the conduit tube 344 of the link 310. This discharge manifold 362 is shown near
the primary conductor segments 330, 326, 332, and 328 as what mixed the four exit conduit
tubes 364, 366, 368, and 370 which receive the fluid 342 from the conduit tube 344 arranged
respectively. The cooling system 340 has the return conduit tube 372 which returns the fluid
342 to the storage machine 346 from the discharge manifold 362. Probably, it will be clear that
the fiuid cooling system's 340 it can constitute from an equivalent form on a different structure
of the versatility well known to a person skilled in the art.

If Fig.9 thru/or 11 are referred to again, the flexible connector conductor 374 will connect the
uncontacted secondary conductor loop 380 to the secondary converter 306 preferably. The loop
380 is shown by Fig.11 as a charge loop of the large scale which has the four paralle!
conductors 382, 384, 386, and 388 as shown in Fig.13, or the rate of urgency.

Three another working examples which separate a link segment into Fig.13 thru/or 15, or it
joins to it together are shown, The link parts 336 and 338 are disengageable so that this may
open and the loop 380 may be accepted among them. The link parts 336 and 338 can be
opened if it ranks next, it is closed in order to charge the battery 12, and charge is completed.
The link 310 has a shell type opening and Fig.13 shows that by which pivotal mounting junction
of the two link parts 336 and 338 is carried out together with the hinge 390.

Preferably, as the arrow 392 shows, upper 336 can be opened in a pivotal mounting type so
that it may separate from the lower part 338, as the arrow 393 shows, it can insert the loop
380 among them, it can rank next, can be closed at a pivotal mounting ceremony, and can
transmit electric power among them.

If Fig.14 is referred to, by separating the portions 336 and 338 in the direction shown by the
arrow 394 radially, it is constituted and another link 310’ is shown that it opens radially. If the
link 310° opens radially, as the arrow 395 shows, the loop 380 can be inserted among the open
link parts 336 and 338.

Furthermore Fig.15 was constituted so that it might open by translation motion by sliding and
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separating the segment 336 from the segment 338 as the arrow 396 showed, it shows another
link 310", By opening of the translation motion of the link 310", the loop 380 can be inserted,
as the arrow 397 shows. The link 310" is closed by moving the link part 336 in the direction
opposite to the arrow 396, as long as there is gap where the portion 336 is sufficient to exceed
the loop 380. Such a gap is given by moving the link part 336 to above [ perpendicular to the
level arrow 396 which constitutes the unsymmetrical link part (not shown) which has the fixed
portion in which the deep loop acceptance outline 398 was formed, or is shown in Fig.15 ). Or
advancing-side-by-side movement of the link part 336 may be carried outin a parallel axial
direction again substantially ( longitudinal shaft / 399 / of the link 310" shown in Fig.15 with
the end elevation as the point 399 ]. On other structures about Fig.14, the radial direction of
15, an advancing-side-by-side move link opening mechanism, and the pivotal mounting
opening mechanism of Fig.13, an equivalent change and combination may be carried out by the
cam, the link, the lever, or a servofunction (not shown), as well known to a person skilled in
the art.

If Fig.9 is referred to again, the uncontacted recharge system 300 had the communications
system 400 preferably, and the communications system is provided with the primary converter
station 304 containing the communication (COMM) contro! device 402 in the working example
shown here.

The communication apparatus 402 has a dialog with the control logic unit of the primary
converter 304 like Logical unit 70 of Fig.4, or has a dialog via Logical unit 162 and the signal
170 of the secondary converter 150 of Fig.7.

The control device 402 receives the input from the charging rate indicator for instructing the
charging rate selected to the battery 12. The converter 304 responds to a charging rate
indicator, and converts the electric power from the power supply 16 to AC electric power sent
to the link 310 by the selected charging rate. A charging rate indicator can be carried out by
various different methods. In one working example, the selected charging rate is an operator
input supplied to the primary converter 304 by an operator from the keypad (not shown)
arranged at the place away from the converter 304 or there, for example.

Or as described above, a charging rate indication signal may be superimposed by the kilohertz
electric power of the high frequency supplied through the conductors 382, 384, 386, and 388
of the loop 380 in the megahertz signal of ultrahigh frequency again.

The interactive communications system 400 is shown in the working example of Fig.9. The
electric vehicle 302 has the control sensor array 404 for generating a charging rate indication
signal.

This mounted control sensor array 404 is the secondary converter 306 (not shown).

It may be connected there, as ******** could be constituted or it was shown to Fig.9 by the
dashed line. The sensor array 404 monitors a battery about a charging state, a charging rate, a
fault cell, etc., as the sensor signal 405 showed roughty,

A charging rate indication signal is conveyed by the communication conductor 406 from the
sensor array 404. In the working example shown in Fig.9, the communication conductor 406 is
adjoined and extended to it through the connector line 374, and is connected to the indicator
interface device 408 attached to the handle 410 of the loop 380. The indicator device 408
aligns so that it may communicate with the communication interface device 412, when the loop
380 is connected to the link 310. The communication interface device 412 adjoins the dent 308
by the converter 340, and is supported, and is connected to the communication apparatus 402
of a primary converter by the conductor 414.

In Fig.10 and any working example of 11, the loop 380 supports the indicator interface device
415 attached to the outer surface 416 of the loop 380, in order to instruct the selected charging
rate over the battery 12. In the working example shown here, the communication conductor
406 is extended through the connector line 374 and the loop 380, and is connected to the
indicator 415, In the state where the indicator 415 has been arranged at the loop 380, a
communication interface device is arranged in another position shown not as the dent 308 but
as the equipment 412', in order to communicate with the indicator 415, when the loop 380 is
connected to the link 310.

As shown in Fig.9 and 10, an optical fiber transmitter is used for one preferable working
example as the indicator interface devices 408 and 415, and an optical fiber receiver is used for
it as the communication interface devices 412 and 412', Instead of the optical fiber device
shown here, on other structures so that clearly [ a person skilled in the art ] Equivalent
converter communication and an indicator interface device, For example, the interface device,
the optical reader and the electromagnetism, or the derivation interface device (not shown) of
metal versus metallic contact may be used. The indicator signal which occurs by the loading
sensor array 404 may communicate other information from the vehicle 302 to the primary
converter 304, for example, a charging state, and the state of a battery, for example, the short
circuit of a battery cell, identification of a vehicle, and **, such as charge calculation
permission.

The uncontacted recharge system 300 is easily applicable so that various electric vehides by
which charging rates differ may be charged or one vehicle may usually be charged by the
charging rate and two different charging rates or more of the rate of boost charge. For
example, the loop 380 is made into size which carries out rapid high-speed charge of the
battery 12 with the rating of about 120 kW. Fig.16 shows another coupling loop 420 connected
to the loading secondary converter 306 by the flexible conductive connector line 374. This loop
420 has capacity smaller than the loop 380, as the small cross-sectional area of the loop 420
shows as compared with the loop 380. Although the loop 420 also comprises one or more the
parallel loops or winding which showed the secondary loop 380, it is shown having the power
conductor 422 single for simplification. The loop 420 is shown as what supports the above
communication loop conductors 406. Space between winding S" shown in Fig.11 to the mass
loop 380 is small to ** in the space S" between winding where the conductor loops 420 were
shown in Fig.16.
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Another thin wall tubular conductor lube 430 as what is replaced with the single winding loop
420 shown in Fig.16 is shown in Fig.17, In the link 310, this tubular loop 430 occupies big
volume, and it approaches the primary conductor of core attachment of the conductive material
of the loop 430, and it makes it arrange it rather than the loop 420. For example, let the
section outer diameter of the loop 430 be the size which produces space between winding S* of
the same diameter as having been shown in Fig.11 as the loop 380.

Small space between winding S” obtained by the loop 430 decreases leakage inductance as
compared with what is obtained using the loop 420 of single winding also conveniently.

The leakage inductance per 1 m of axial directions of core length (it is parallel to the
longitudinal shaft 399) is similarly determined with what is used for the coaxial transmission
line. For example, it is as follows when an outside primary conductor is infinitely approximated
with a thin current sheet.

L= [(N2mup) / (8 pi)] and [1+41n(K)] H/m (1) K=(R1/R2) >=1 (2) -- however, The winding
ratio of the number of times of N= secondary wind, and the number of times of a primary
wind, and drcumradius of an R1= distribution primary-current sheet radius R2= secondary
conductor Amplitude permeability of muo= free space (4pix10 ?H/m)

for example, the thing for which the circumradius R2 of a secondary conductor is increased - &
ratio -- leakage inductance L's decreasing also conveniently is clear by bringing K close to 1.

As shown in Fig.17, the packing 432 of an insulating non-magnetic material is filled in the
inside of the loop 430. or [ or / the inside of the loop 430 being hollow and filling up with air
again ] -- or it may be exhausted. The inside of the loop 430 is filled up with an insulating
nonmagnetic cooling medium (not shown) in another working example. Although not
illustrated, when used, the optical communication conductor 406 moves in parallel along with
the outside or the inside of the tubular loop 430.

The vehicle 302 can usually be equipped [ charge } with the conductor loops of the dimorphism
type of the loop 380 about the loop 420 or 430, and boost charge. Both of loops 380 and 420
(or 430) may be eternally connected to the secondary converter 306. These loops are
exchangeable and it is preferable that only the one loop 380 or 420 (or 430) is connected to
the converter 306 at given time. For example, in a long-distance road travel, while carrying out
operation rest along the expressway between states, etc., the boost charge loop 380 is installed
for high-speed charge. In everyday commuting, the usual loop 420 or 430 is used, and the loop
380 for high-speed charge with weight can be kept in a vehicle owner's car barn, for example,
can make a payload light, and can raise efficiency.

or - equipping the vehicle 302 only with the mass rate loop 380 of boost charge again -~ the
charging rate indicators 408 and 415 or an operator input (not shown) -- usually - or the rapid
selected charging rate may be made to communicate to the primary converter 304 It is
preferable to charge by a low charging rate from the economical efficiency of a customer's use,
at home with preferable usually charging by a low charging rate in the present battery
technology, 30 that the life of o Latlery may be prolonged, when possible.

As an example, the typical uncontacted charging system 300 in the U.S. is actually constituted
so that AC electric power may be received from the power supply 16 with 30 ampacity of the
single phase of 230V x.. If the standard loss of primary and the secondary converters 304 and
306 is assumed, it is shown that the total efficiency of 95% can be realized. When it is the
typical electric vehicle 302 whose energy pooling capacity is 20 kWh, it is based also on the
specific format of the battery 12 which is trickle-charging-required and is chosen, but the
charging time of 3 thru/or 6 hours is expected. In the case of remoteness or an extraordinary
use, the extraordinary battery charger of low rating for operating from the single phase 115V ¢
power supply 16 has 1.3-kW rating.

In order to replace today's of an internal-combustion engine vehicle formation efficiently, the
electric vehicle 302 can accept high-speed high power charge in the service station of the
roadside during a long-distance travel. For example, although the charging time for 15 minutes
is based also on the size of the vehicle 302, it needs a charging rate (50 kW thru/or 370 kW).
Growing up as the energy pooling capacity of a battery increases theseratingshown here with
improvement of battery technology is expected. As for the electric vehicle 302 which has high
power charging capacity, it is preferable that it can connect also with 230V xc for home use and
the 115V ¢ primary converter station 302 for emergencies, without needing additional
hardware. While the system 300 operates over such a wide power range, it minimizes the
weight and cost of loading and permanent residence battery-charger parts.

Use of the coaxial winding transformer which comprises the link 310 and the loop 380 can be
designed over a wide power range, for example, and unprecedented scale variability is acquired
by a main parasitism component like the leakage flux of a transformer being controllable. By
arranging without mounting no transformer core materials on the charge station 304, loading
transformer parts are restricted to the easy wire loop 380 made into the size which obtains a
maximum current level. The loop 380 does not have a magnetic material but sensitivity to clock
frequency or magnetic flux density is the minimum by extension.

The system 300 can operate with various converter topology and core materials over a wide
frequency range.

Since a loading secondary conductor comprises the easy wire loop 380, the loop 380 can be
made large-sized only by cost or weight very slight for the user of a vehicle being imposed.
The small loop 420 of low rating can be used, and it can be made to suit in form restrictions of
the big loop 380 about a low-electric-power use, without imposing substantial cost. By
comparing 16 with Fig.11, like the center versus center span between the link members 312
and 314, the inner diameter of the primary conductor segment of the link members 312 and
314 is the same, and it is clear that its charge scale variability is effectively given using the
single link 310. These dimensions are used in order to describe the interface of the general-
purpose loop shape shown by the loops 320 and 420.

Therefore, the system 300 treats this wide power range efficiently, without imposing
remarkable restrictions on the parts designed to low power level.
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The following tables 1 show the calculated data of the 6.6-kW system to the loop 420 of the
Fig.16 optimized so that it might operate at 77 kHz, and the computer calculated data of 6.6
kW (Fig.16) and a 120-kW working example (Fig.10 thru/or 11). In a 6.6-kW design, especially
the overall restrictions about the size and efficiency (and probably cost) of the system 300 are
the minimum, seeing from the user of the electric vehicle 302. One 6.6-kW system was created
without including any water cooling system 400, and was tested by satisfaction at the
laboratory.

Table ) Coaxigl winding trangformer design data

6. 6 kWD FIEt SEHE

IKOWTRAL T
Bq8h 6. 6kW 6. 6kW 120kW
—WRBE 200V 200V 200V
—REHM 57Amp 58Amp 600Amp
ZREBE 400V 400V 400V
ZRER 25Amp 25Amp 300Amp
bishiid- T7kHz T7kHz 20kHz
Bm(PC-407 =54 }) 210nT 210mT 210mT
BT -
272K 260. Omm 260. Omm 260. Onm
PEIE R DI E X 4 3. 4m 3. 4mm 15. Omm
SR DR 11. 2m 46. 4mn 46. 4nm
S DI E 11. 6mm 46. 9nm 47. 4om
a7 DRE 12. 2mm 47. 4mm 58. Omm
37 DR 23. 8mn 59. 2mm 102. 8mm
EHMTT Fro S 0. Smun 0. 5tm 0. 5om
EEHHER
27 E&/(PC-40) 0. 414ke 1.225kg 7.07kg
—REER 0. 055kg 0. 389keg 0. 77ke
ZHRMAE S 0. 038kg_ 0.066kg_ 0.67ke
87 0.507kg 1. 680kg 8.51kg
B HEE (kW ke) 19.98 6.0 14.1
g 99, 58% 99.01% 99. 70%

As the Congclusion above was carried out, each system has the characteristics and a defect. The
system 10 of Fig.1 resembles the form of the gasoline service station aesthetic. The recharge
system 100 of Fig.5 resembles the conventional electrical machinery and apparatus for
consumers which has the code inserted in a power receptacle. Therefore, notionally, the
recharge systems 10 and 100 will be received enough in general consumers by considering
whether an electric vehicle is similar to a gasoline energization vehicle, or it is similar to an
electrical machinery and apparatus. Charm that it is not necessary to contact a connection part
at all is for the automated system 200 of Fig.8 to start charge except that a user parks the
vehicle 14 appropriately near the primary converter 42. However, a robot arm requires cost for
it being more compticated than Fig.1 and the system of 5, and carrying out. The system 300 is
preferable about scale variability.

A vehicle by which charging capadity differs can be charged from the single charge station 304,
and different charging rates, such as usual and a rate of boost charge, can be chosen to the
one vehicle 302.

For example, the loop 380 of Fig.11 is 120 kW in charge rating, and, on the other hand, the
loop 420 is 6.6 kW in charge rating. The recharge system 300 also shows the fluid cooling
system 400 used to the connecting links 25, 25', and 110 by adding a cooling conduit tube (not
shown), as the conduit tube 344 of the link 310 was described. Fluid cooling of a link dissipates
conveniently the heat which occurred by the loss of I?R, and can perform high-speed charge by
the core attachment conductor of a low initial cost.

Therefore, the uncontacted battery current collection system described here fits operation with
a high frequency of 2 thru/or about 50 kHz by the CWT link conductor and converter of the
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very high power flux density which operates in very quick response time. The conductor
exposed at any times is not needed for connection of the electric power between a primary
converter and a vehicle. In addition, the recharge circuit is insensible in a position to the core to
an inside conductor in all the directions of an axial direction and a radial direction. It allows the
big gap between winding that it is insensible in this way in the position of the inside conductor
to an outer conductor, though output performance is maintained. A connecting link is a power
neutral,

Radial power does not show power of an axial direction between a core attachment conductor
and conductor loops, either.

while the recharge system stated here according to these various characteristics is physically
easy in a practical meaning : : the user to various parts of a system, and environment .. it is
strong so that physical abuse may be compensated.

The recharge systems 10, 100, and 200 supply [ load / of 1 thru/or 100 kW ] electric power to
each of those links in the high frequency of about 2 kHz about the load of about 20 kHz and
one MW or more. The primary current given by the converter of fixing induces the ampere turn
of a reverse quantity equal to a loading secondary winding and, without being accompanied by
physical contact between the conductors of CWT. It fills up with a non-magnetic material for an
insulation electric [ the space between winding in CWT ], and environmental. When both
primary [ of CWT ] and a secondary circuit transmit electric power to a convenient thing, they
have neither the exposed conductor nor the exposed magnetic core material in it. Therefore, in
these systems, the conductor and core part which the both sides of CWT were encapsulated
completely, namely, were attached to the primary converter, and a vehicle attachment
conductor and a core part are encapsulated, and the maximum safety can be attained.

The cost imposed more than the recharge systems 10, 100, 200, and 300 with the link and
loopwhich were combined inductively give peculiar electrical isolation to the power supply 16
and the battery load 12, therefore it gives electric separation is the minimum. Other effects of
the systems 10, 100, 200, and 300 contain the following.

- A power-factor is 1 and harmonic current is low;

- Interface suitable for the range of vehicle size;

- Interface suitable for the range of power level,

- Loop of minimum weight for a customer to treat;

- Peculiar safety, the benign defective mode;, and -low cost.

The technology rleseribed about the recharge system described here is o Lhing of the Initial
stage. Therefore, it is preferable that it is sufficiently suitable for change which any judgment
made about standardization produces with technical growth. Therefore, the parts described
here can be replaced to ****, such as such structures top, as ****, such as a structure top
known by the person skilled in the art, progress.

Although the principle of the present invention was illustrated and described about many
preferable working exainples, probably, It will be clear to a person skilled in the art that the
presentinvention's composition and details can be changed, without deviating from such a
prindple. For example, he may use other core composition to the link described here, and also
do other equipment known as other composition can be used also about a core attachment
conductor and it can exchange by a person skilled in the art and replacement with composition.
The position of a core may be contrary to a control logic unit, for example, may use Fig.1
thru/or the CWT composition of 3 with primary [ of Fig.7 ], and the secondary converters 102
and 150. The operator inputs 72 and 174 may be received by Fig.4 and primary [ of 7 ], or any
of a secondary converter. In addition, replacement and dimension change of a suitable material
may be made to the parts of the link described here. The composition of primary and a
secondary converter can be substantially changed based on power electronics and the actual
condition technology of other switching devices. Such all change shall be included at the
pneuma of the Claim of the present invention, and within the limits.
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(54)NON-CONTACT FEEDER

(57)Abstract

PROBLEM TO BE SOLVED: To reduce leakage of a magnetic field from a primary side feeder line
into steel and the like arranged within a predetermined area for installation of the feeder line at
alow cost.

SOLUTION: By means of this non-contact feeder, high frequency electric power fed from a high
frequency power source to the primary side feeder line 11 is guided by means of a secondary
coil so as to be fed to electric power receiving fadility. A magnetism shielding material 13 is
arranged between the primary side feeder line 11 and the steel and the like is the proximity of
the feeder line 11.
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CLAIMS RETAILED DESCRIPTION
DESCRIPTION OF DRAWINGS DRAWINGS

* NOTICES *

JPO and INPIT 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)] -
[Cilaim 1)A non-contact feeder system interposing magnetic-shielding material in a non-contact

feeder system which makes high-frequency power supplied to a primary side electric supply line

from an RF generator derive to a secondary winding, and supplies it to power receiving facilities
between the aforementioned primary side electric supply line and the iron close to this primary
side electric supply line.

(Claim 2]The non-contact feeder system according to claim 1, wherein the aforementioned §
magnetic-shielding material makes LI-shaped sectional shape which covers a primary side i
electric supply line. E
[Claim 3]The non-contact feeder system according to claim 1, wherein the aforementioned \

o~

13
2
v

magnetic-shielding material makes cylindrical sectional shape which covers the whole primary
side electric supply line. e )
[Claim 4]The non-contact feeder system according to claim 1 characterized by cylindrical I
magnetic-shielding material being covered at least by primary side electric supply line near “7

[ the ] a penetration part when making the iron of a plate penetrate the aforementioned 1}\‘0

primary side electric supply line.

[Claim S]Itis a non-contact feeder system of a description to either among Claim 1, wherein \\C
the aforementioned magnetic-shielding material is nonmagnetic and a conductor to Claim S.
[Claim 6]In a non-contact feeder system which supplies electric power in non-contact to a
mobile body from an electric supply line laid in accordance with a travel path of a mobile body,
A non-contact feeder system which is provided with the following and characterized by
connecting the tunable filter to the aforementioned voltage form inverter via a reactor for
current limiting.

A voltage form inverter which receives directcurrent voltage and outputs rectangular wave
voltage.

A pickup on the aforementioned mobile body side by which resonance frequency is adjusted to
fundamental wave frequency of the voltage form inverter.

A tunable filter in which resonance frequency between the aforementioned electric supply lines
is adjusted to fundamental wave frequency of the aforementioned voltage form inverter.

BE AT X T At B

Representative drawing
(Claim 7)The non-contact feeder system according to claim 6 having standardized the length of
the aforementioned electric supply line and modularizing in combination with the
aforementioned tunable filter. ' ' ‘ ‘ I’lff'ieff?ﬁ"{el_‘g"iaﬁl?ié% Llfll éllﬂ% _;;8 , %l.l [ﬁg"'
[Claim 8]The non-contact feeder system according to claim 6 having standardized the length of
the aforementioned electric supply line and modularizing in combination with the
aforementioned tunable filter and a voltage form inverter.
[Claim 9]The non-contact feeder system according to claim 7 or 8 turning up to a position
which does not block passage of a transformer of the aforementioned pickup of a non-end of
both sides of the aforementioned electric supply line.
[Claim 10]An electric supply line and a tunable filter or an electric supply line, a tunable filter,
and a voltage form inverter which modularized [ aforementioned ) are made into a lot, The
non-contact feeder system according to claim 7 or 8 having arranged so that two or more of
these sets may be added (n accordance with a travel path of the aforementioned mobile body,
or so that it may extend.
[Claim 11]The non-contact feeder system according to claim 7 connecting two or more of these
sets to at least one voltage form inverter in common by making into a lot an electric supply line
and a tunable filter which modularized [ aforementioned ).
[Claim 12]The non-contact feeder system according to claim 7 or 8 connecting the
aforementioned reactor for current limiting to an input side of the tunable filter for every
aforementioned tunable filter.
[Claim 13]The non-contact feeder system according to claim 7 or 8 connecting each
aforementioned tunable filter in common to a reactor for current limiting connected to an
output side of a voltage form inverter.
(Claim 14]At least 1 set of an electric supply line and a tunable filter or an electric supply line
which modularized [ aforementioned ], a tunable filter, and a voltage form inverter is arranged
pivotable, The non-contact feeder system according to claim 7 or 8 characterized by making a
mobile body movable in any direction in a non-contact feed condition to another side at these
from one side of two or more sets of other electric supply lines arranged around an electric
supply line of the lot.
[Claim 1S]It is a non-contact feeder system of a description to either among Claim 10 having
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made [ two or more ] a transformer of a pickup attached to the aforementioned mobile body,
and enlarging a gap of each transformer from a gap of the electric supply lines which are
modularized [ aforementioned ] and adjoin each other to Claim 14.

[Claim 16]It is a non-contact feeder system of a description to either among Claim 6, wherein
the aforementioned voltage form inverter is a general-purpose inverter to Claim 15.
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* NOTICES *

JPO and INPIT 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.

DETAILED DESCRIPTION

[Detailed Description of the Invention]

[0001]

[Field of the Invention])The present invention relates to the non-contact feeder system of the
mobile body which supplies electric power in a noncontact state to mobile bodies, such as a
cart for article carrying, a sheet carrier robot, and a tunnel lighting fixture cleaner.

[0002]

[Description of the Prior Art]JThe conventional non-contact feeder system is provided with the
RF generator which generates high-frequency power, the primary side electric supply line with
which this high-frequency power is supplied, the secondary winding by which inductive coupling
is carried out to this primary side electric supply line, and the power receiving facilities which
are connected to this secondary winding and operate in response to secondary electric power.
Among these, the primary side electric supply line is wired and fixed easily that is, without
being considered at all about magnetic effect so that it may be along a wall surface and a
support from a position with an RF generator. This primary side electric supply line is closed on
the basis of a power supply.

It wires using o cuaxial line, a twisted wire, or parallel lines.

[0003]And if high frequency voltage is applied to this primary side electric supply line from an
RF generator, The voltage of a predetermined level is derived to a secondary winding, this
voltage is supplied to motors, such as a cart which is power receiving fadilities and which runs
by itself, for example, driving current flows into this motor, and it carries out operation that a
cart runs along with a rail by the drive of this motor. In this case, in the crossover part from a
rail to a rail, a primary side electric supply line is wired by the steel pole, or is wired along with
a griddle.

[0004]By the way, there are a cable-bare system, a trolley system, etc, in the feeder system of
the conventional contact process to a mobile body. However, by a cable-bare system, migration
length has restrictions, and there are explosion prevention and a problem of an electric shock
by a trolley system. The problem of the raising dust by wear and a life is not avoided by the
contact process, but, for this reason, the feeder system of the noncontact method is proposed.
In [ Fig.20 is a circuit diagram showing the feeder system of this noncontact method, and } the
figure, The chopper which carries out Pulse Density Modulation of the ON/OFF of a transistor,
and adjusts output current, and 22 are the main circuit composition of a current form so that
21 may receive direct current voltage and the electric current value of an electric supply line
may turn into reference value, By inputting a direct current which the chopper 21 outputs and
carrying out pattern control of the ON/OFF of a transistor bridge, 23 is an inverter converted to
the rectangular current of conduction 180 degree, and a tunable filter which carries out
resonance amplification of the fundamental wave component of rectangular current. It is
movable to a moving direction, without laying 24 at the ground side in accordance with the
distance and the section where a mobile body moves, being an electric supply line containing
the primary winding 27 of the transformer T4 of the pickup 26, fixing the aforementioned
pickup 26 to the mobile body 25, and contacting the electric supply line 24. The output of the
pickup 26 is connected to the load R of the mobile body 25.

[0005]Fig.21 and Fig.22 show the structure of the transformer T4 of the pickup 26. In the
figure, 24 is an electric supply line, this is fixed to the ground side with a base material (not
shown), and is doubled with the distance and the section where the mobile body 25 moves,
and is laid beforehand. The electric supply line 24 is also making the primary winding 27 of the
transformer T4 serve a double purpose. The iron core 28 of the transformer T4 is movable to a
moving direction, without fixing to the mobile body 25 side and contacting the electric supply
line 24. The secondary winding 29 is coiled around the iron core 28 of the transformer T4, and
multiple connection of the secondary winding 29 is carried out to the capadtor C4 of the pickup
26.

[0006)The aforementioned transformer T4 has the low combination with an air gap magnetic
very largely compared with the usual transformer. For this reason, resonance phenomena are
used and electric power is made to transmit to a secondary circuit. The electric power~
frequency characteristic of the pickup 26 (transformer T4+ capacitor C4) is shown in Fig.23. A
peak power can be transmited with an illustrated profit and resonance frequency. Resonance
frequency is determined with the self-inductance of the transformer T4, and the electrostatic
capacitance of the capacitor C4, and it is changing a constant and it can set it as any frequency.
Electric power of the pickup 26 can be largely done by enlarging the current of the electric
supply line 24.

21/07/2016

Momentum Dynamics Corporation
Exhibit 1002
Page 656



Data Sourced Externally and Reproduced by Baldwins Intellectual Property Auckland  Page 2 of 6

[0007]Next, it describes about feed operation. First, the aforementioned chopper 21 carries out
Pulse Density Modulation of the ON/OFF of a transistor, and adjusts output current so that
direct current voltage may be received and the electriccurrent value of the electric supply line
24 may turn into reference value. By the inverter 22 inputting a direct current which a chopper
outputs, and carrying out pattern control of the ON/OFF of a transistor bridge, it converts to the
rectangular current of conduction 180 degree, and the tunable filter 23 carries out resonance
amplification of the fundamental wave component of rectangular current continuously. The
output of this tunable filter 23 serves as sinusoidal current. Since supplies power can be largely
done as the characteristic of the pickup 26 so that the current of the electric supply line 24 is
enlarged, resonance amplification of the current of the electric supply line 24 is carried out with
the tunable filter 23. The pickup 26 is fixed to the mobile body 25, without contacting the
electric supply line 24, it moves to a moving direction and the output of the pickup 26 is
connected to the load R of the mobile body 24. In this feed system, electric power is supplied to
the load R of the mobile body 24 in electric power, without contacting the ground side
electrically.

[0008])Here, the tuning frequency of the aforementioned tunable filter 23 and the resonance
frequency of the pickup 26 are adjusted so that it may correspond with the fundamental wave
frequency of the inverter 22. Alignment of the tunable filter 23 is performed according to the
inductance (primary self-inductance of the L3+ transformer T4) of the electric supply line 24 by
adjusting the inductance of the reactor L2, and the electrostatic capacitance of the capacitor
ca.

[0009)

[Problem to be solved by the invention]However, if it is in this conventional non-contact feeder
system, The high frequency magnetic field which occurs in a primary side electric supply line
flowed into the iron (magnetic body) which guide this primary side electric supply line, such as
the aforementioned steel pole and a griddle, these iron vibrated in response to the
electromagnetic force by this magnetic field, and there was a problem of generating the noise
which makes a radial plane the contact sounds and these surfaces of iron entirety.
[0010]Especially, when the frequency (or the integral multiple) of the high frequency current is
an auditory sensation area, it becomes jarring, and also it becomes a jarring sound, although a
generating sound becomes remarkable when primary side electric supply lines are parallel lines,
and it becomes somewhat small compared with parallel lines in being a twisted wire. Since a
magnetic field closes within a cable in a coaxial line, although a generating sound is low, it is
impossible to make the whole primary side electric supply line into a coaxial line, and it is also
actually impossible to change into a nonmagnetic material the iron of the whole region in which
a primary side electric supply line is installed. Fig.19 is an explanatory view showing the
analysis result of the magnetic flux distribution over the even griddle 12 when current is sent
through the primary side electric supply line 11 about the right half of the longitudinal direction
section of such a primary side electric supply line.

[0011]On the other hand, if it is in the conventional non-contact feeder system in Fig.22 from
the Fig.20 mentioned above, Since a controlled object is a resonant circuit when performing
current control (chopper) of the electric supply line 24, Although stabilization could be attained
because stabilization is difficult and lowers the response of control, the stability to a load
change was deteriorated conversely, for this reason, it doubled with the distance of the electric
supply line 24, or the characteristic of the load R, and there was a problem that optimizing
adjustment was needed each time. Since the large majority of the inverter which has come out
to the commerdial scene is the main circuit composition of a voltage form, a main element
(transistor) is also modularized by the circuit configuration which is easy to manufacture a
voltage form inverter, and he is marketed. As for the main element marketed, the diode is
connected to the transistor at contrary parallel. On the other hand, the main element of a
current form inverter is, in order to restrict the direction of current to a forward direction. There
was an illustrated problem that it is necessary to connect a diode to a transistor in series like,
and this diode is too much needed as compared with the case of a voltage form inverter, and
also wiring also increased in number and the cost of a current form inverter became
comparatively high-priced.

[0012])in order that the present non-contact feeder system may carry out non-contact electric
supply of the necessary power at the mobile body 25, the current of the electric supply line 24
is set as predetermined electric current value/frequency, and the inductance L3 of the electric
supply line 24 is proportional to length, for example, are 1.5 microhenries/1 m. Then, as long-
distance-izing, if the distance of the electric supply line 24 shall be 10 km, the voltage of the
electric supply line 24 can also be tens of kV (extra-high tension), and a problem will come out
at an insulating measure or safety. For this reason, there was a problem that a practical
distance was restrained by about 100m.

[0013]When adding equipment to an established non-contact feeder system and extending
distance and the section, re-covering of the electric supply line 24, readjustment of the tunable
filter 23, and readjustment of the current control of the electric supply line 24 are needed.
Among these, although the inductance of the reactor L2 and the electrostatic capacitance of the
capacitor C2 are adjusted according to the length (inductance) of the extended electric supply
line 24, readjustment of the tunable filter 23, In this case, the staff who have adjusting
equipment for exclusive use and know how needed to be dispatched to the spot, adjustment at
a spot had restrictions in environment (work space, safety), time, etc., and there was
inconvenience that sufficient adjustment could not be performed.

[0014]The present invention was made in view of such a situation, and the object, It can inhibit
with easy composition that the magnetic field from a primary side electric supply line leaks to
the iron in the predetermined region in which this primary side electric supply line is installed
low-cost, and is in providing the non-contact feeder system which can prevent generating of
the sound based on vibration of iron by this.

[001S])Even if it does not carry out current control of an electric supply line, while being able to
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realize non-contact electric supply stably, making a circuit simple and being able to aim at the
cost cut of an inverter, other objects of the present invention, It is in obtaining the non-contact
feeder system which can realize long-distance-ization of non-contact electric supply safely, and
can, in addition, realize arbitrarily the extension and the increase in non-contact power supply
equipment.

[0016]

[Means for solving problem]The non-contact feeder system built over the present invention for
the aforementioned purpose achievement, It is a non-contact feeder system which makes the
high-frequency power supplied to the primary side electric supply line from the RF generator
derive to a secondary winding, and supplies it to power receiving facilities, and makes
magnetic-shielding material interpose between the aforementioned primary side electric supply
line and the iron close to this primary side electric supply line. Prevention of being able to
inhibit leaking to iron the magnetic field of the high frequency which occurs from a primary side
electric supply line by magnetic-shielding material, therefore vibrating by this modes, in
response to the magnetic field whose iron is high frequency is enabled beforehand.

[0017])The non-contact feeder system concerning the presentinvention makes the
aforementioned magnetic-shielding material U-shaped sectional shape which covers a primary
side electric supply line. By this modes, most magnetic fields of the high frequency which
occurs from a primary side electric supply line are enabling inhibition of leaking to neighboring
iron by the magnetic-shielding material of U-shaped sectional shape.

[0018]The non-contact feeder system concerning the presentinvention makes the
aforementioned magnetic-shielding material cylindrical sectional shape which covers the whole
primary side electric supply line. It prevents completely that it leaks to iron by this modes as
the magneticfield of the high frequency which occurs from a primary side electric supply line
closes within magnetic-shielding material, and is enabling prevention of generating of the sound
accompanying vibration and this of iron reliably.

[0019]When the non-contact feeder system concerning the present invention makes the iron of
a plate penetrate the aforementioned primary side electric supply line, cylindrical magnetic-
shielding material is covered at least by the primary side electric supply line near [ the ] a
penetration part. Prevention of the magnetic field which a primary side electric supply line
generates leaking by this modes to the iron which a primary side electric supply line penetrates
is enabled effectively.

[0020]The non-contact feedw syslem concerning the present invention uses the
aforementioned magnetic-shielding material as nonmagnetic and a conductor. Prevention of
preventing passing through this nonmagnetic and conductor, and that magnetic field leaking to
iron by this by leading the magnetic field which a primary side electric supply line generates to
nonmagnetic and a conductor, and making it exhaust by this modes, is enabled effectively.
{0021)In the non-contact feeder system which supplies electric power in non-contact to a
mobile body from the electric supply line with which the non-contact feeder system concerning
this invention was laid in accordance with the travel path of a mobile body, The voltage form
inverter which receives direct current voltage and outputs rectangular wave voltage, and the
pickup on the aforementioned mobile body side by which resonance frequency is adjusted to
the fundamental wave frequency of the voltage form inverter, It has a tunable filter in which
the resonance frequency between the aforementioned electric supply lines is adjusted to the
fundamental wave frequency of the aforementioned voltage form inverter, and is a thing
connected to the aforementioned voltage form inverter via the reactor for current limiting about
the tunable filter,

[0022]The non-contact feeder system concerning the present invention standardizes the length
of the aforementioned electric supply line, and modularizes it in combination with the
aforementioned tunable filter.

[0023]The non-contact feeder system concerning the present invention standardizes the length
of the aforementioned electric supply line, and modularizes it in combination with the
aforementioned tunable filter and a voltage form inverter.

[0024])The non-contact feeder system concerning the present invention is turned up to the
position which does not block passage of the transformer of the aforementioned pickup of the
non-end of both the sides of the aforementioned electric supply line.

[0025]The non-contact feeder system concerning the present invention is arranged so that two
or more of these sets may be added in accordance with the travel path of the aforementioned
mobile body by making into a lot the electric supply line and the tunable filter or the electric
supply line, tunable filter, and voltage form inverter which modularized [ aforementioned ], or
so that it may extend.

[0026])The non-contact feeder system concerning the present invention makes a lot the electric
supply line and tunable filter which modularized [ aforementioned ], and is a thing connected to
community about two or more of these sets at at least one voltage form inverter,

[0027]The non-contact feeder system concerning the present invention is a thing connected to
the input side of the tunable filter for every aforementioned tunable filter about the
aforementioned reactor for current limiting.

[0028]The non-contact feeder system concerning the present invention is a thing connected to
community to the reactor for current limiting by which each aforementioned tunable filter was
connected to the output side of a voltage form inverter.

(0029]The non-contact feeder system concerning the present invention is the electric supply
line and tunable filter which modularized [ aforementioned ). Or a mobile body is made these
movable in any direction in a non-contact feed condition to another side from one side of two or
more sets of other electric supply lines which have arranged at least 1 set of an electric supply
line, a tunable filter, and a voltage farm inverter pivotable, and it has arranged around this via
the electric supply line of the lot.

[0030]The non-contact feeder system concerning the presentinvention makes [ two or more ]
the transformer of a pickup attached to the aforementioned mobile body, and it enlarges the
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gap of each transformer from the gap of the electric supply lines which are modularized

[ aforementioned } and adjoin each other.

[0031]The non-contact feeder system concerning the present invention uses the
aforementioned voltage form inverter as a general-purpose inverter.

[0032]

[Mode for carrying out the invention)Hereinafter, one form of enforcement of the present
invention is described about the figure. Fig.1 is a key map showing the essential part of the
non-contact feeder system of the present invention, in the figure, 11 is a pair of primary side
electric supply line with which high-frequency power is supplied from an RF generator, and this
primary side electric supply line 11 is wired along with the plate-like iron 12. These primary
side electric supply lines 11 and iron 12 of in between, the plate-like magnetic-shielding
material 13 interposes.

[0033]In this case, while nonmagnetic and conductors, such as copper and aluminum, are used
as the aforementioned magnetic-shielding material 13, that thickness is made more than
predetermined skin-depth delta (skin depth) (those about 3 times as tolerance) through which
the magnetic field which a primary side electric supply line generates does not pass. Here, it
makes sigma conductivity (1-/omegam) for omega by making frequency (rad/s) and mu into
amplitude permeability (H/m), and skin-depth delta becomes delta=(2/omegamusigma) "/2,
Therefore, since the skin depth is 0.83 mm, using an aluminum board as the magnetic-
shielding material 13 when [ a certain ] power-supply-frequency setting out is carried out, the
about 3 times as many things set to about 2.5 mm are desirable.

[0034]Therefore, in such a non-contact feeder system the high frequency magnetic field from
the primary side electric supply line 11, Since it flows into the magnetic-shielding material 13
with the prescribed thickness near this primary side electric supply line 11 and does not pass
through this, it can inhibit that a magnetic field leaks to the iron 12, and can suppress small
generating of the sound accompanying vibration and this of the iron 12. Fig.2 is an explanatory
view showing distribution of the lines of magnetic flux at this time, and although some lines of
magnetic flux have leaked from the side of the primary side electric supply line 11 since it
becomes a symmetric model here, it can check the state where the number of lines of magnetic
flux which flows into the iron 12 is deteriorated largely compared with the case of Fig.19.
[0035]Fig.3 shows the case where the U-shaped magnetic-shielding material 13A is used. In
this case, since the primary side electric supply line 11 is surrounded by this magnetic-shielding
material 13A, the number of the lines of miaynetic fux which flow into the iran 12 will become
fewer substantially. Fig.4 shows distribution of lines of magnetic flux when a predetermined
electric current value and the current of frequency are sent through the primary side electric
supply line 11. According to this, from the side of the magnetic-shielding material 13A, slight
lines of magnetic flux will only flow into the iron 12, therefore vibration of the iron 12 and
generating of a sound can be prevented to abbreviated authenticity.

[0036]Fig.S shows the case where the magnetic-shielding material 13B of rectangular cylinder
form is used. In this case, the magnetic flux which occurs from the primary side electric supply
line 11 closes in the magnetic-shielding material 138, and it can prevent completely leaking out
of this magnetic-shielding material 13B, therefore the influence of lines of magnetic flux on the
iron 12 will not arise, and can prevent vibration of iron, and generating of a sound completely.
[0037]While Fig.6 provided the magnetic-shielding material 13A and 13B so that Fig.3 and
Fig.5 might wrap the primary side electric supply line 11, it shows the case where it provides
conversely so that the outer side surface may be wrapped in the outer side surface of the iron
12 by the magnetic-shielding material 13C, 13D, and 13E of two or more sheets (one sheet
may be sufficient). Also in this case, the lines of magnetic flux from the primary side electric
supply line 11 leak to the iron 12, and it can prevent **** completely.

[0038]Next, one embodiment of enforcement of the present invention concerning Claim 16 is
described using Drawings from Claim 6. Fig.7 is a circuit diagram showing the non-contact
feeder system of the present invention, and the place where this differs from the current form
converter (chopper + current type inverter) of a prior art is the point which adopted the voltage
form inverter 22A as a voltage form converter. Therefore, other composition is the same as
that of what was shown in Fig.20. The chopper 21 is excluded. This voltage form inverter 22A
outputs the rectangular wave voltage of conduction as output voltage 180 degree like Fig.8 by
receiving direct current voltage and carrying out pattern control of the ON/OFF of the transistor
Qp and Qn. The capacitor Cp and Cn carry out the partial pressure of the direct current voltage,
and make the neutral point C. Since the output of this voltage form inverter 22A serves as a
voltage source, alignment FIRUTAHE connection of it is made via the reactor L1 for current
limiting.

[0039]Next, operation of the present invention is described while referring to a Fig.9 (a) - (d)
equivalent circuit. Conversion to each equivalent circuit is performed paying attention to the
fundamental wave frequency (fundamental wave frequency of non-contact electric supply) of
the voltage form inverter 22A. First, the circuit of Fig.7 can be converted to the 1st equivalent
circuit of Fig.9 (a). Here, L4 is equivalent to the mutual inductance of the transformer T4. Since
the pickup 26 makes electric power output with a peak value like Fig.23, it adjusts L4 or C4',
and carries out parallel resonance of L4 and C4'. By this, it can convert to the 2nd equivalent
circuit of Fig.9 (b). The series circuit of the inductances L2 and L3 and load R' can be converted
to the parallel circuit of the inductance L23 and load R" like the 3rd equivalent circuit of Fig.9
(c).

[004D]Here, if a tunable filter is adjusted and parallel resonance of C2 and L23 is carried out, it
can convert to a simple equivalent circuit like the 4th equivalent circuit of Fig,9 (d). In this
circuit, if impedance of L1 is made small, making output voltage V1 of the voltage form inverter
22A into a simple voltage source like Fig.8 can also supply electric power to the load of a
mobile body by non-contact. That is, the voltage form inverter 22A does not need to control an
output according to load, and should just only output the rectangular wave voltage of constant
frequency. As the circuit configuration of the aforementioned voltage form inverter 22A is not
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limited to Fig.7 but it is shown in Fig. 10, it replaces with the capacitor Cp and Cn which make
the aforementioned neutral point C, and the effect same also as a circuit configuration which
consists of a diode which carried out antiparallel connection of the transistor for switching and
these is acquired. As shown in Fig.11, the commercial general-purpose inverter 228 is also
employable. In this case, if the carrier frequency of the general-purpose inverter 22B is set as
the fundamental wave frequency of non-contact electric supply and it sets to the minimum (0V
is the best) which can set up output voltage, the voltage waveform of Fig.8 can be outputted.
Since the general-purpose inverter 22B is mass-produced and can be purchased with a low
price, about a model with few amounts of burst sizes of a non-contact feeder system, the cost
can be cut down rather than carrying out an exclusive design.

[0041]The aforementioned non-contact feeder system standardizes the length of the
aforementioned electric supply line 24, and Fig.12 prepares various unit lengths, and shows the
electric supply line module M modularized combining the electric supply line 24 and tunable
filter 23 which were standardized. By standardizing the length of the electric supply line 24,
troublesome alignment can be completed by the production process of the electric supply line
module M. In this case, the transformer T4 of the pickup 26 is fixed to the mobile body 25, and
is movable to the arrow direction (code 50) shown in Fig.12. It is that the mobile body 25
which the structure which can be removed from a trajectory for a maintenance is required, and
is supported by the linear guide moves the mobile body 25 to an arrow direction, and the
structure which can be removed from a trajectory is required. then, ** [ without the
transformer T4 contacting the electric supply line 24 by turning up, as the end of both the sides
of the electric supply line 24 is shown in Fig.12 / be / removing a mobile body from a
trajectory / possible ).

[0042)When performing non-contact electric supply of the section for a long distance, it is
changing the whole electric supply line 24 for a long distance by extending the electric supply
line module (electric supply line + tunable filter) M like Fig.13 and Fig.14, or adding. In this
case,-izing of the distance and the section in which non-contact electric supply is possible can
be carried out [ long distance ], pressing down the voltage of the electric supply line 24 to safe
low pressure, since the unit length of the electric supply line 24 was pressed down. Invention to
the equipment addition of non-contact electric supply is carrying out the equipment addition of
the electric supply line 24 by extending the electric supply line module (electric supply line +
tunable filter) M like Fig.13 and Fig.14. The equipment addition of the distance and the section
in which non=contact electric supply is possible can be vauied out simply, without re-covering a
tuning control and the electric supply line 24 there, since the tuning control of the electric
supply line module (electric supply line + tunable filter) M is carried out at the factory. Since
the end of both the sides of the electric supply line 24 is turned up like the graphic display, the
transformer T4 of the pickup 26 can be moved without contacting electric supply line module M
HE of another side, and the electric supply line 24 from one electric supply line module M.
[0043])The vonnection configuration of the voltage form inverter 22Ato the aforementioned
electric supply line module M is shown in Fig.15. Although not displayed on this Fig.15, it may
connect with the input side of the tunable filter 23 individually, or may connect the reactor L1
for current limiting to the output side of the voltage form inverter 22A collectively. The voltage
form inverter 22A operates as a voltage source, as described above, and it supplies electric
power according to the load R of the pickup 26 which moves along with each electric supply line
module (electric supply line + tunable filter) M. If it thinks in the 4th equivalent circuit of Fig.9
(d) when it explains supplementarily and the electric supply line module M has the pickup 26 (it
is placed), according to the impedance of the load R, current will flow into the tunable filter 23
from the voltage form inverter 22A. On the contrary, since the impedance of the load R
becomes infinite when there is no pickup 26 in the electric supply line module M, the current
(fundamental wave current of non-contact electric supply) which flows into the tunable filter 23
disappears from the voltage form inverter 22A. For this reason, the output capacitance of the
voltage form inverter 22A may be selected in accordance with the required power of the mobile
body 25 which moves the connected electric supply line module M, and is not affected in the
connection nuantity of the electric supply linc module M.

[0044]Two or more sets of the electric supply line module M and the combination of the
voltage form inverter 22A of each 1 which are shown in Fig.15 are standardized and
modularized, and long-distance-izing without restriction and an equipment addition are attained
by connecting, as shown in Fig.16. The voltage of the power line 30 is good also as direct
current voltage in accordance with the power receiving specification of the voltage form
inverter 22A, or good also as alternating current voltage.

[0045])Carrying out non-contact electric supply, it can curve or branch and can make any angle
move this mobile body 25 to the mobile body 25, as shown in Fig.17. In Fig.17, 31 is a
turntable and this is made pivotable to the predetermined angle at the clockwise rotation or the
counterclockwise rotation. The electric supply line 248 is fixed on this turntable 31. If it fixes to
angle of rotation as shows this turntable 31 to Fig.17, the mobile body 25 is movable to linear
direction in between the electric supply line 24A to the electric supply lines 24C. On the other
hand, in carrying out the branching guide of the mobile body 25 to the electric supply line 24D,
since the mobile body 25 is moved to the electric supply line 24B, it rotates the turntable 31.
And the turntable 31 is fixed with angle of rotation which can move to the electric supply line
24D from the electric supply line 248, and the mobile body 25 is moved to the electric supply
line 24D. The angle which curves or branches can be set up arbitrarily.

[0046]In order to prevent the area which occurs with the gap of electric supply line 24
unsupplied electric power and to always carry out possible [ of the non-contact electric supply
to the mobile body 25 ], in the present invention, As shown in Fig.18, it is considered as the
two transformers T4 of the pickup 26 attached to the mobile body 25, and mounts in the
position where the relation of a lower type is materialized.

Even when one transformer T4 cannot oppose and supply electric power to the gap part of the
electric supply line 24 by the thing of the interval > electric supply line of a transformer to do
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for gap ****, since the transformer T4 of another side opposes to the electric supply line 24,
the non-contact electric supply of it to the mobile body 25 is certainly attained. If it is
considered as the quantity with three or more pieces of the transformer T4, it cannot be
overemphasized that electric supply capability further increases.

[0047]

(Effect of the Invention]As mentioned above, since magnetic-shielding material was interposed
between a primary side electric supply line and the iron close to this primary side electric supply
line according to the present invention, The effect that it can prevent beforehand is acquired

( being able to inhibit leaking to iron the magnetic field of the high frequency which occurs from
a primary side electric supply line by installation of magnetic-shielding material, therefore
vibrating in response to the magnetic field whose iron is high frequency, and ). Therefore, like
the former, separate a primary side electric supply line from residential space, and install it, or.
By the present invention, generating of a sound can be inhibited fundamentally and reliably by
the method of confining the source of release of a sound, without considering it as being
indirect and the inefficient measure against sound insulation of making small the opening of the
partition of installation space and residential space, or sticking an insulator on the wall of
installation space and residential space. Since the aforementioned magnetic-shielding material
was made into U-shaped sectional shape which covers a primary side electric supply line, Since
most magnetic fields of the high frequency which occurs from a primary side electric supply line
could prevent leaking to neighboring iron by the magnetic-shielding material of U-shaped
sectional shape and it made the aforementioned magnetic-shielding material further cylindrical
sectional shape which covers the whole primary side electric supply line, It can prevent
completely that the magnetic field of the high frequency which occurs from a primary side
electric supply line leaks to iron, and the effect that generating of the sound accompanying
vibration and this of iron can be prevented reliably is acquired.

[0048]Since according to the present invention cylindrical magnetic-shielding material was
covered at least by the primary side electric supply line near [ the ] a penetration part when
making the iron of a plate penetrate the aforementioned primary side electric supply line, Can
prevent effectively the magnetic field which a primary side electric supply line generates from
leaking to the iron which a primary side electric supply line penetrates, and by using magnetic-
shielding material as nonmagnetic and a conductor further, The magnetic field which a primary
side electric supply line generates can be led to nonmagnetic and a conductor, and it can be
made to exhaist, and can prevent that that magnctic field passes througl this nunmagnetic
and conductor, and the effect that it can prevent effectively is acquired [ that that magnetic
field leaks to iron by this, and ).

[0049]By what according to the presentinvention it replaces with the conventional current
form converter (chopper + current type inverter), and a circuit configuration adopts a simple
voltage form inverter for, Since electric power can be supplied to a mobile body by non-contact
if cost can be reduced substantlally, and also the voltage form inverter does not need to control
an output according to load and the rectangular wave voltage of constant frequency is only
outputted. The effect that the current control of the resonant circuit which was being carried
out conventionally becomes unnecessary, and troublesome stabilization adjustment becomes
unnecessary is acquired. When a low price [ as a voltage form inverter ) marketing general-
purpose inverter is adopted, a large cost cut can be aimed at rather than carrying out the
exclusive design of the voltage form inverter about a model with few amounts of burst sizes.
[0050])By according to the present invention, standardizing the length of an electric supply line
and modularizing combining an electric supply line and a tunable filter, Adjustment of
troublesome alignment can be completed by a modular production process, and it becomes
possible by turning up the end of both the sides of an electric supply line to remove the
aforementioned mobile body from a trajectory, without a transformer contacting an electric
supply line. By adding an electric supply line module (electric supply line + tunable filter), The
equipment addition of the distance and the section in which non-contact electric supply is
possible can be carried out simply, without being able to carry out [ long distance }-izing of the
distance and the section in which non-contact electric supply is possible, pressing down the
voltage of an electric supply line to safe low pressure, and also carrying out adjustment of
alignment, and re-covering of an electric supply line by [ the ] carrying out electric supply line
module growth at a spot.

[0051]Since according to the present invention load impedance becomes infinite and the
current (fundamental wave current of non-contact electric supply) which flows into a tunable
filterdisappears from a voltage form inverter when there is no pickup in an electric supply line
module. The output capacitance of a voltage form inverter may be selected in accordance with
the required power of the mobile body which moves the connected electric supply line module,
and the advantage of not being influenced is acquired by the connection quantity of an electric
supply line module. The combination of each electric supply line module and a voltage form
inverter is standardized and modularized, and long-distance-izing of an electric supply line
without restriction and an equipment addition are attained by connecting with a power line. By
what either of the electric supply lines is rotatably provided for according to the present
invention, A mobile body at any angle, carrying out non-contact electric supply at a mobile
body a curve or by being able to carry out a branching guide and also making the interval of a
transformer larger than the gap between electric supply lines, The area which occurs with the
gap of an electric supply line unsupplied electric power is prevented, and the effect that the
non-contact electric supply to a mobile body is always realizable is acquired.
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1.This document has been translated by computer. So the translation may not
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2,***+ shows 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]It is a key map of an essential part showing the non-contact feeder system by one
form of enforcement of the present invention.

[Drawing 2]It is an explanatory view showing the distributed situation of the lines of magnetic
flux to the iron in Fig.1.

[Drawing 3]Itis a key map of an essential part showing the non-contact feeder system by
other forms of enforcement of the present invention,

[Drawing 4]It is an explanatory view showing the distributed situation of the lines of magnetic
flux to the iron in Fig.3.

[Drawing S)it is a key map of an essential part showing the non-contact feeder system by
other forms of enforcement of the present invention,

[Drawing 6]It is a key map of an essential part showing the non-contact feeder system by
other forms of enforcement of the present invention.

[Drawing 7]It is a circuit diagram showing the non-contact feeder system by one form of
enforcement of the present invention in detail.

[Drawing 8]It is & timing chart which shows the output voltage of the voltage form inverter in
Fig.7.

[Drawing 9]It is a representative circuit schematic of the non-contact feeder system shown in
Fig.7.

[Drawing 10]It is a circuit diagram showing other examples of the voltage form inverter in the
present invention.

(Drawing 11]it is a circuit diagram showing other examples of the voltage form inverter in the
present invention.

[Drawing 12]It is an explanatory view showing the unit which modularizes the electric supply
line and tunable filter in the present invention.

{Drawing 13]It is an explanatory view showing notionally the extension situation of the electric
supply line module in the present invention.

[Drawing 14]it is an explanatory view showing notionally the extension situation of the electric
supply line module in the present invention.

[Drawing 1S]It is an explanatory view showing notionally the long-distance-ized method of the
non-contact feeder system by the present invention.

[Drawing 16]It is an explanatory view showing notionally the long-distance-ized method of the
non-contact feeder system by the present invention.

[Drawing 17]It is an explanatory view showing the curve ofthe mobile body in the present
invention, or the method of a branching guide.

[Drawing 18]It is an explanatory view showing the prevention method of the area between the
electric supply lines in the present invention unsupplied electric power.

[Drawing 19]It is an explanatory view showing the distributed situation of the lines of magnetic
flux to the iron in the conventional non-contact feeder system.

[Drawing 20]It is a circuit diagram showing the conventional non-contact feeder system,
[Drawing 21]It is a perspective view showing the transformer of the pickup in Fig.20.
[Drawing 22]1t is a cross sectional view showing the transformer of the pickup in Fig.20.
[Drawing 23]It is a resonance characteristic figure showing the relation of electric power versus
the frequency in the pickup of Fig.20.

[Explanations of letters or numerals]

11 Primary side electric supply line

12 Iron

13, 13A, 138, 13C, 13D, and 13E Magnetic-shielding material

22A Voltage form inverter

228 Inverters in general

23 Tunable filter

24 Electric supply line

25 Mobile body

26 Pickup

L1 Reactor for current limiting

T4 Transformer

L

£

7
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CLAIMS

[Claim(s)]

[Claim 1]

A primary side unit which stores a primary side iron core which wound a primary side coil which
applies an alternating current, Have a secondary unit which stores a secondary side iron core
which wound the aforementioned primary side coil and a secondary side coil of a coupling
transformer constituted disengageable, and by an electromagnetic induction action of the
aforementioned coupling transformer, In a non-contact feeder system to supply, electric power
from the aforementioned primary side unit by non-contact to a secondary unit the
aforementioned primary side unit and a secondary unit, A non-contact feeder system having
fitted into pulling-out impossible and constituting nonmagnetic materials other than metal
which provides an opening to an opposed position of the aforementioned primary side iron core
and a secondary side iron core of an outer case which consists of metal, such as copper or
aluminum, and agrees with the opening in the aforementioned opening.

[Claim 2]

A primary side unit which stores a primary side iron core whichwound a primary side coil which
applies an alternating current, Have a secondary unil which stores a secondary side iron core
which wound the aforementioned primary side coil and a secondary side coil of a coupling
transformer constituted disengageable, and by an electromagnetic induction action of the
aforementioned coupling transformer, In a non-contact feeder system to supply, electric power
from the aforementioned primary side unit by non-contact to a secondary unit the
aforementioned primary side unit and a secondary unit, A non-contact feeder system fixing and
constituting metallic members, such as foil form, plate-like copper, or aluminum, in the inside
except an opposed position of the aforementioned primary side iron core and a secondary side
iron core of an outer case which consists of a nonmagnetic material.

(daim 3]

Claim 1, a non-contact feeder system of two descriptions, wherein the aforementioned primary
side unit equips outside of the aforementioned outer case with various circuits which constitute
this with this and a form of a separate type freely attachable/detachable.

[Claim 4]

The non-contact feeder system according to claim 3 having stored said various drcuits in a case
which consists of metal, such as copper or aluminum, and constituting them.
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DETAILED DESCRIPTION

(Detailed Description of the Invention]

(Field of the Invention)

{oo01)

When the present invention supplies electric power to a secondary unit by non-contact from a
primary side unit using the electromagnetic induction action of a coupling transformer, it relates
to the structure of the non-contact feeder system which can inhibit that the magnetic flux
emitted from the primary side iron core of the aforementioned primary side unit leaks out to
outside vainly as much as possible.

[Background of the Invention)

[0002)

In the state where constituted from the former the primary side unit and secondary unit which
store a secondary a primary coupling transformer side, respectively disengageable, and it made
the aforementioned primary side unit and the secondary unit oppose, What is called a non-
contact feeder system that supplies electric power to a secondary unit by non-contact from the
aforementioned primary side unit exists using the electromagnetic induction action of the
aforementioned caupling transformer (scc Matent Docurient 1),

[0003)

When using the aforementioned non-contact feeder system, the power cord of the
aforementioned primary side unit is inserted in power supply sections, such as an indoor
electric socket, By making it arrange oppositely on both sides of inclusion (windowpane etc.)
other than metal between the aforementioned primary side unit and a secondary unit, the
aforementioned coupling bdnsformer 1s tormed from the primary side coil of the
aforementioned primary side unit, and the secondary side coil of a secondary unit.

[0004)

And electric power is supplied to a primary side unit from the aforementioned power supply
section by supplying the start switch with which the aforementioned primary side unit was
equipped. At this time, the aforementioned primary side unit and a secondary unit, Since
inclusion, such as a windowpane, is inserted and the coupling transformer is formed from the
primary side coil and the secondary side coil like the above-mentioned, The electric power
supplied to the aforementioned primary side unit is supplied to a secondary unit by non-contact
via the aforementioned inclusion by the electromagnetic induction action of the aforementioned
coupling transformer, and operates satisfactorily the load connected to the secondary unit by it.
[Patent document 1] JP,2003-158027,A

[Description of the Invention]

(Problem to be solved by the invention]

[0005]

The non-contact feeder system of the aforementioned (a Patent document 1) description, A
resin material etc. the casing as an outer case of the aforementioned primary side unit and a
secondary unit by forming with nonmagnetic materials other than metal, The magnetic flux
emitted from the primary side iron core which wound the aforementioned primary side coil
passes the casing of the aforementioned nonmagnetic material satisfactorily, and interlinks it
reliably to the secondary side iron core which constitutes the aforementioned secondary unit.
(0006)

However, when the aforementioned casing is formed from nonmagnetic materials other than
metal like the above~mentioned, since the magnetic flux which occurs in the aforementioned
primary side iron core is radiately emitted towards outside from the end of the primary side
iron core, it passes the casing which consists of the aforementioned nonmagnetic material, and
is emitted in the various directions. That is, it is emitted not only in the direction which passes
the casing in the front position of the aforementioned primary side iron core, and it interlinks to
the aforementioned secondary side iron core but in the direction which is not interlinked with
the aforementioned secondary side iron core.

[0007)]

When the magnetic flux emitted to the aforementioned casing outside interlinks by this to the
aforementioned power cord which connects fixed power sources, such as an indoor power
supply, with a primary side unit, for example, A noise occurs on the voltage supplied to the
aforementioned primary side unit from a fixed power source, and via a secondary unit from the
aforementioned primary side unit, Unstable voltage was supplied to the load connected via the
secondary unit and connecting cord, and the malfunction of the aforementioned load, and
failure and fault may have been induced.

(0008]
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Then, it avoids satisfactorily that the magnetic flux emitted from the primary side iron core of
the aforementioned primary side unit leaks the present invention outside, and interlinks it to a
power cord etc., It aims at providing the non-contact feeder system constituted so that it might
prevent reliably that a noise etc. occur on the voltage supplied to a primary side unit.

[Means for solving problem]

[0009]

The primary side unit which stores the primary side.iron core which wound the primary side coil
which applies an alternating current according to the first aspect of affairs, Have a secondary
unit which stores the secondary side iron core which wound the aforementioned primary side
coil and the secondary side coil of the coupling transformer constituted disengageable, and by
the electromagnetic induction action of the aforementioned coupling transformer, In the non-
contact feeder system to supply, electric power from the aforementioned primary side unit by
non-contact to a secondary unit the aforementioned primary side unit and a secondary unit,
The opening was formed in the opposed position of the aforementioned primary side iron core
and secondary side iron core of an outer case which consists of metal, such as copper or
aluminum, and nonmagnetic materials other than the metal which agrees with the opening
concerned in the opening were attached to pulling-out impossible, and were constituted.

[0010]

The primary side unit which stores the primary side iron core which wound the primary side coil
which applies an alternating current according to the second aspect of affairs, Have a secondary
unit which stores the secondary side iron core which wound the aforementioned primary side
coil and the secondary side coil of the coupling transformer constituted disengageable, and by
the electromagnetic induction action of the aforementioned coupling transformer, In the non-
contact feeder system to supply, electric power from the aforementioned primary side unit by
non-contact to a secondary unit the aforementioned primary side unit and a secondary unit,
Metallic members, such as foil form, plate-like copper, or aluminum, were attached and
constituted in the inside except the opposed face of the aforementioned primary side iron core
and secondary side iron core of an outer case which consists of a nonmagnetic material.

(oo11)

According to the 3rd aspect of affairs, in the 1st and 2 aspect of affairs, the aforementioned
primary side unit provided with and constituted the various circuits which constitute this from a
separate-type form freely attachable/detachable in the aforementioned outer case outside.
(0012]

According to the 4th aspect of affairs, in the 3rd aspect of affairs, the above-mentioned various
circuits were stored in the case which consists of metal, such as copper and aluminum, and
were constituted.

[Effect of the Invention]

{0013]

According to the inventian arcarding to claim 1, thcouter case of o primaryslde unit and a
secondary unit is formed with metal, such as copper and aluminum, Since the opening was
formed in the opposed position of the primary side iron core and secondary side iron core of the
aforementioned outer case and the nonmagnetic material was fitted in and constituted in the
aforementioned opening, the magnetic flux emitted from the aforementioned primary side iron
core, Since the aforementioned outer case consists of metal, such as copper and aluminum,
while passing the aforementioned nonmagnetic material and interlinking reliably to the
aforementioned secondary side iron core, the magnetic flux emitted from the aforementioned
primary side iron core, Except the direction interlinked to a secondary side iron core, the
magnetic flux leaked to the power supplying cord which the passage to outside is inhibited as
much as possible by the aforementioned outer case, for example, connects a fixed power
source etc. with a primary side unit can interlink, and it can prevent reliably the problem which
a noise generates in service voltage.

[(0014)

According to the invention according to claim 2, stick copper foil or aluminium foil on the inner
side surface of the outer case which consists of a nonmagnetic material, or, While being able to
acquire the same effect as the invention according to claim 1 by attaching metal plates, such as
a copper plate or an aluminum plate, the aforementioned outer case, Since it is not the
geometry which consists of metal and a nonmagnetic material but the single structure by a
nonmagnetic material, while simplifying structure and being able to attain shortening of
manufacture time, it excels also in the fine sight nature of appearance.

[0015]

By equipping the outside of the aforementioned outer case with the various circuits which
constitute a primary side unit with a separate-type form freely attachable/detachable with this
according to the invention according to claim 3, For example, a plurality of primary side units
can be selectively operated using the single electric board which mounted the above-mentioned
various circuits by choosing alternatively a plurality of primary side units from which structure is
different. When the aforementioned outer case can be constituted compactly and a non-contact
feeder system is used by equipping the outside of the aforementioned outer case with the
above-mentioned various circuits, the installation flexibility of the aforementioned unit can be
expanded.

[0016]

While equipping the outside of the aforementioned outer case with the various circuits which
constitute the aforementioned primary side unit and a secondary unit according to the invention
according to claim 4, By constituting the case where the above-mentioned various circuits are
stored, with metal, such as copper or aluminum, it can prevent reliably the magnetic flux
emitted from the aforementioned primary side iron core interlinking in the above-mentioned
various circuits, and having an adverse effect.

[Best Mode of Carrying Out the Invention]

[0017]
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The magnetic flux emitted from the primary side iron core of a primary side unit was leaked to
the outer case outside of the aforementioned primary side unit, and realized the non-contact
feeder system which can prevent inducing various problems reliably by a simple structure,
(Working example]

[0018]

Hereinafter, an embodiment of the invention is described by Fig.1 thru/or Fig.S. Fig.1 is a block
diagram showing composition of a non-contact feeder system of the present invention.

In Fig.1, 1 is a primary side unit and 2 shows a secondary unit used between the
aforementioned primary side units 1 opening a predetermined interval and arranging
oppositely.

[0019]

The first rectification smoothing circuit 4 where the aforementioned primary side unit 1
converts the alternating current voltage supplied from the power supply sections 3, such as
commercial power, to a direct current, It comprises the drive circuit S which converts an output
of the above-mentioned first rectification smoothing circuit 4 to an alternating current of high
frequency, and it applies to the primary side coil 6, and the primary side iron core 7 which
winds the aforementioned primary side coil 6 around a leg steel part.

Each of these circuits are stored in the casing 8 as an outer case, and receive supply of electric
power from the aforementioned power supply section 3 via the power supplying cord 9.

[0020]

The secondary side iron core 10 which the secondary unit 2 compares the primary side iron
core 7 and end of the primary side unit 1, and is arranged on the other hand, The second
rectification smoothing circuit 12 connected to the output of the secondary side coil 11 wound
around the secondary side iron core 10 and the secondary side coil 11 is provided, and it is
accommodated in the casing 13 as an outer case. And the electric power supplied from the
aforementioned primary side unit 1 can be supplied to the aforementioned load 15 by
connecting the load 15 (direct current load) via the connecting cord 14.

[0021)

Fig.2is a side view showing an example of a busy condition of the aforementioned non-contact
feeder system A.

Between the aforementioned primary side unit 1 and the secondary it 2, the inclusion (glass
window etc.) 16 other than metal interposes.

At this time, the aforementioned primary side unit 1 and the secondary unit 2 are attached by
the fixing means which is installed in the aforementioned inclusion 16 and which is not
illustrated, for example, and are arranged oppositely mutually.

[0022]

When the aforementioned primary sirte unit 1 is being asscmbled, ABS plaslics, PBT
(polybutylene terephthalate) resin, or poly card NETO first prepares the small front board 17
formed in the thin walled rectangular shape which consists of nonmagnetic materials other than
metal. The fixed guard 17a which formed in the side surface longitudinal direction halfway part
of the aforementioned front board 17 the insertion hole of the screw member mentioned below
projects and possesses to the side, forming a level difference back to the plane part of the
aforementioned front board 17.

(0023)

Next, two kinds of components which constitute the casing 8 of the aforementioned primary
side unit 1 are prepared. One is the thin plate Ba of the rectangular shape which consists of
metal, such as copper and aluminum, and, similarly another is the accommodation part 8b of
the approximately bottomed Naokata form which consists of metal, such as copper and
aluminum. The opening 18 of the form which agrees with the plane part of the aforementioned
front board 17 is formed in the position (front position of the primary side iron core 7) where
the aforementioned primary side iron core 7 stored in the casing 8 opposes to the
aforementioned thin plate 8a.

[0024]

On the other hand, in the aforementioned accommodation part 8b, the holding piece 19
projected from the opening position to the side possesses.

The aforementioned accommodation part 8b is combined with swing impossible to the
aforementioned thin plate 8a using the holding piece 19 concerned,

[0025]

When attaching the front board 17 to the aforementioned thin plate 8a, the aforementioned
thin plate Ba is made to abut the aforementioned fixed guard 17a by inserting in the plane part
of the aforementioned front board 17 in the opening 18 formed in the aforementioned thin
plate 8a. In this state, as shown in Fig.3, the flat countersunk head screw 20 is inserted in the
insertion holes 21a and 21b formed in each of the fixed guard 17a provided in the
aforementioned thin plate 8a and the aforementioned front board 17 from the one surface
(lower part of Fig.3) side of the aforementioned thin plate 8a, The point is made to project
above the fixed guard 17a provided in the aforementioned front board 17.

[0026)

And the plane part fixes the aforementioned front board 17 to pulling-out impossible reliably in
the state where it was completely inserted in in the opening 18 formed in the aforementioned
thin plate Ba, by binding tight and fixing the nut 22 with a bundle to the aforementioned flat
countersunk head screw 20 which projected the point above the aforementioned fixed guard
17a.

[0027]

Next, the leg steel part of the primary side iron core 7 is stored and fixed at the hollow section
which was drilled in the shank 23a and which is not illustrated, The coil bobbin 23 which carried
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out predetermined winding number winding of the primary side coil 6 at the periphery of the
aforementioned shank 23a, Reliance is so that the aforementioned front board 17 may be
abutted, and the end of the aforementioned primary side iron core 7 inserts in the securing bolt
25 in the insertion hole 24 formed in the yoke part of the aforementioned coil bobbin 23,

[ multiple ] By carrying outthe screw stop of the point to the aforementioned insertion hole 24
of the aforementioned front board 17, and the screwing hole 26 formed in the corresponding
position, the primary side iron core 7 fixed to the aforementioned coil bobbin 23 is reliably fixed
to the aforementioned front board 17.

[0028)

It continues and the aforementioned primary side iron core 7 is isolated with the drcumference
by putting the shield 27 of approximately rectangular case shape which consists of metal, such
as copper or aluminum, on the circumference of the primary side iron core 7 fixed to the
aforementioned front board 17, The aforementioned shield 27 is fixed to the aforementioned
front board 17 by screwing the securing bolt 30 on the screwing hole 29 which inserted in the
insertion hole 28 and was formed in the aforementioned front board 17.

(0029]

On the other hand, the electric board 31 which mounted the various circuits which constitute
the primary side unit 1 shown in Fig.1 is reliably fixed to the aforementioned thin plate 8a with
the securing bolt 32, as shown in Fig.4. The drive drcuit S shown in Fig.1 is electrically
connected to the aforementioned primary side coil 6 stored in the aforementioned shield 27.
[0030)

As shown in Fig.3, the terminal 33 which connects the aforementioned primary side unit 1 with
an external power is fixed to the aforementioned accommodation part 8b by the terminal block
34. Therefore, when fixing the accommodation part 8b to the aforementioned thin plate 8a,
After electrically connecting the first rectification smoothing circuit 4 on the aforementioned
electric board 31 to the aforementioned terminal 33, the aforementioned thin plate 8a is
abutted in the holding piece 19 which extended from the opening of the aforementioned
accommodation part 8b to the side, The aforementioned accommodation part 8b and the thin
plate 8a are combined with separation impossible by inserting in the flat countersunk head
screw 37 in the insertion hole 35 and 36 formed in the same position of the aforementioned
holding piece 19 and the thin plate 8a, and binding tight the point of the flat countersunk head
screw 37 concerned with the nut 38 with a bundle via the aforementioned thin plate 8a and the
holding piece 19.

(0031)

Andthe aforementioned primary side unit 1 endsthe assembly by connecting the
aforementioned power supplying cord 9 to the terminal 33 attached to the aforementioned
accommodation part 8b. Since it is the same as that of the case where the aforementioned
primary side unit 1 is being assembled, about an assembly of the secondary unit 2, a
description is omitted.

(0032)

Fig.S is a perspective view in which assembling and showing the appearance of the primary
side unit 1 aforementioned [ after an end ], or the secondary unit 2. As shown in Fig.5, the
aforementioned primary side unit 1 and the secondary unit 2, The opening 18 is formed in
some thin plates 8a and 13a which oppose mutually, and in this opening 18, ABS plastics, PBT
(polybutylene terephthalate) resin, polycarbonate, etc. insert in the front board 17 which
consists of nonmagnetic materials other than metal, and are constituted.

(0033)

The aforementioned thin plates 8a and 13a consist of metal, such as copper and aluminum,
and are integrally fixed in a similar manner using the holding piece 19 of the accommodation
parts 8b and 13b which consists of metal, such as copper and aluminum, the flat countersunk
head screw 37, and the nut 38 (refer to Fig.3) with a bundle.

[0034)

Next, it describes with the effect acquired about the case where the aforementioned non-
contact feeder system A is used. When using the aforementioned non-contact feeder system A,
the primary side unit 1 and the secondary unit 2 are made to arrange oppositely via the
inclusion 16, such as a glass window, first, using the fixing means etc. which are not illustrated,
as shown in Fig,2,

[0035)

The electric power of the aforementioned power supply section 3 is supplied to the first
rectification smoothing circuit 4 shown in Fig.1 by connecting with the power supply sections 3,
such as commercial power which does not illustrate the power supplying cord 9 connected to
the aforementioned primary side unit 1, in this state, and supplying the start switch which is
provided in the primary side unit 1 and which is not illustrated.

[0036)

The above-mentioned first rectification smoothing circuit 4 converts the supplied alternating
current voltage to a direct current, outputs it to the drive drcuit 5, and the drive circuit S
converts the output of the above-mentioned first rectification smoothing circuit 4 to the
alternating current of high frequency, and it applies it to the primary side coil 6. Since the
aforementioned primary side coil 6 is wound around the leg steel part of the primary side iron
core 7 at this time, if the alternating current of high frequency is applied to the aforementioned
primary side coil 6, magnetic flux will occur in the aforementioned primary side iron core 7.
[0037)

The magnetic flux which occurred in the aforementioned primary side iron core 7 passes
satisfactorily the front board 17 which consists of the nonmagnetic material which fitted in in
the opening 18 formed in the thin plate 8a shown in Fig.3 thru/or Fig.5 from the end of the
primary side iron core 7, After passing the inclusion 16, such as a windowpane shown in Fig.2,
the front board 17 which fitted in in the opening 18 formed in the thin plate 13a of the
secondary unit 2 is passed reliably, and it interlinks reliably to the secondary side iron core 10
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stored in the casing 13 of the aforementioned secondary unit 2.

[0038]

Although the magnetic flux which occurred in the aforementioned primary side iron core 7 is
radiately emitted outside from that end at this time and it is going to pass the thin plate 8a of
the primary side unit 1, Since the aforementioned thin plate 8a is constituted by metal, such as
copper and aluminum, as mentioned above, through put (the amount of leakage flux) is reliably
inhibited by the magnetic resistance of this thin plate 8a in the outside of the aforementioned
magnetic flux.

[0039]

As a result, the magnetic flux which leaked to the outside of the aforementioned casing 8
interlinks to the power supplying cord 9 which connects between the power supply sections 3
with the primary side unit 1, Also in the case where made the electric power supplied to the
primary side unit 1 generate a noise, and passed the inclusion 16, such as a glass window
shown in Fig.2, and it reaches the secondary unit 2, Since the magnetic flux amount interlinked
in the casing 13 of the secondary unit 2 with the thin plate 13a which consists of metal, such as
copper and aluminum, which constitutes the aforementioned secondary unit 2 can be
decreased reliably, It can eliminate having an adverse effect on the various circuits on the
electric board 31 which the aforementioned leakage flux stored in the casing 13 as much as
possible.

[0040)

That is, the magnetic flux emitted from the primary side iron core 7, While passing satisfactorily
the front board 17 which consists of the nonmagnetic material which exists in the front position
of the aforementioned primary side iron core 7, and the front board 17 which consists of the
nonmagnetic material which constitutes the casing 13 and interlinking reliably to the secondary
side iron core 10, Leaking out to outside unnecessarily is inhibited as much as possible by the
thin plate 8a and the accommodation parts 8b which consists of metal, such as copper and
aluminum,

[0041]

Also in the leakage flux which passed the thin plate 8a of the aforementioned primary side unit
1, and was slightly leaked to outside, After passing the inclusion 16 shown in Fig.2, since it can
prevent interlinking in the casing 13 reliably, by existence of the thin plate 13a of the secondary
unit 2 which consists of metal, such as copper and aluminum, It can prevent completely that
the various circuits on the electric board 31 stored in the casing 13 of the aforeinentioned
secondary unit 2 break down by the aforementioned leakage flux, or produce fault.

[0042]

The magnetic flux which passed the front board 17 satisfactorily from the aforementioned
primary side iron core 7, and was interlinked to the secondary side iron core 10 makes the
secondary side coil 11 wound around the leg steel part of the aforementioned secondary side
iron core 10 inducc alternating current vullage.

{0043]

The alternating current voltage induced by the aforementioned secondary side coil 11, It is
after it inputs into the second rectification smoothing circuit 12 shown in Fig.1 and the above-
mentioned second rectification smoothing circuit 12 converts the input alternating current
voltage to direct current voltage. The load 15 connected by the connecting cord 14 can be
supplied, and it can be made to operate with the stable electric power which is not subject to
the influence of the noise according the aforementioned load 15 to leakage flux etc.

[0044]

It continues and describes the 2nd working example of the present invention by Fig.6. Fig.6 is a
front view showing the non-contact feeder system B of the 2nd working example, and the place
which is different from the primary side unit 1 of the 1st working example shown in Fig.4 in the
primary side unit 1a of Fig.6, It is forming the thin plate 8a with nonmagnetic materials, such
as ABS plastics, PBT (polybutylene terephthalate) resin, or polycarbonate, and not forming in
the front position of the primary side iron core 7 the opening 18 in which the front board 17 is
inserted.

[0045]

As a result, the thing of the shield 27 which consists of metal, such as copper or aluminum,
which surrounds the aforementioned primary side iron core 7 for which the foil form or the
plate-like leakage flux prevention material 39 which consists of metal, such as copper or
aluminum, are attached and constituted caudad is needed.

[0046]

When attaching the aforementioned leakage flux prevention material 39, When assembling the
primary side unit 1a, stick on the thin plate 8a the aforementioned leakage flux prevention
material 39 which consists of foil form, plate-like copper, or aluminum using adhesives etc.,
and, for example in this state, After pinching the aforementioned leakage flux prevention
material 39 between the holding piece 19 of the accommodation part 8b which constitutes the
casing 8, and the aforementioned thin plate 8a, it may fix using the flat countersunk head
screw 31 and the nut 22 with a bundle.

[0047]

The magnetic flux which occurred in the aforementioned primary side iron core 7 by carrying
out like this, After passing the indusion 16, such as a glass window shown in Fig.2 from the
thin plate 8a which consists of a nonmagnetic material, The thin plate 13a of the nonmagnetic
material which constitutes the casing 8 of the aforementioned primary side unit 1a and the
casing 13 of the secondary unit 2a formed similarly is passed, and it interlinks to the secondary
side iron core 10 stored in the aforementioned casing 13.

[0048)

the leakage flux of the aforementioned primary side iron core 7 can inhibit leaking out to
outside by the leakage flux prevention material 39 which consists of the foil form or plate-like
copper attached to the thin plate 8a which constitutes the casing 8 of the aforementioned
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primary side unit 1a, or aluminum as much as possible, and, Sinceit can prevent reliably
entering in the casing 13 also in the leakage flux slightly leaked to outside by the leakage flux
prevention material 39 which consists of metal, such as copper attached to the thin plate 13a of
the secondary unit 2a, or aluminum, It can prevent reliably the aforementioned leakage flux
interlinking in the power supplying cord 9 which connects the aforementioned primary side unit
1a and the power supply section 3, and the various circuits mounted on the electric board 31 of
the secondary unit 2a, and having an adverse effect on them.

[0049)

Fig.7 is a side view which describes the structure of the non-contact feeder system A in the 3rd
working example of the present invention. That is, it has the non-contact feeder system C
shown in Fig.7 with the separate-type form with the case 40 where store the electric board 39
which mounted the various circuits which constitute the primary side unit 1b shown in Fig.1 in
the outside of the casing 8, and it stores this in an inside.

[0050)

And the electric board 39 stored in the aforementioned case 40 is provided with the first power
supplying cord 9a connected to the first rectification smoothing circuit 4 shown in Fig.1, and the
second power supplying cord 9b connected to an output of the drive circuit 5, and is
constituted.

The first power supplying cord 9a is constituted so that connection with the aforementioned
power supply section 3 is possible.

(0051)

On the other hand, a one end is connected to the primary side unit 1b in the 3rd power
supplying cord Sc connected to the primary side coil 6.

An another side end of the 3rd above-mentioned power supplying cord 9c possesses the above-
mentioned second power supplying cord 9b and a connector which can be taken out and
inserted, and is constituted.

(0052]

The non-contact feeder system C shown in Fig.7 can prevent the break through to outside for
the magnetic flux which occurred in the aforementioned primary side iron core 7 by both the
shield 27 which consists of metal, such as copper and aluminum, and the accommodation part
8b. The various circuits whirh attached to the electric board 39 in the aforementioned case 40
the case 40 where the aforementioned electric board 39 was stored, by considering it as metal,
such as copper or aluminum, can be prevented more from receiving the adverse effect of the
aforementioned leakage flux much more reliably.

[0053]

By equipping the outside of the casing 8 with the aforementioned electric board 39, casing 8
the very thing can be miniaturized and the flexibliity at the time of installing the primary side
unit 1b can be expanded. Since the aforementioned electric board 39 is constituted [ side unit /
primary / 1b ] freely attachable/detachable with the case 40, For example, by choosing
alternatively a plurality of primary side units from which structure is different, and connecting
the aforementioned electricboard 39 a user, It is not necessary to prepare the electric board
39 corresponding to each of a plurality of primary side units, respectively, and it becomes
possible to choose a plurality of primary side units alternatively, and to operate them using the
single electric board 39.

(0054]

By equipping the outside of the casing 13 with the electric board 39 which constitutes
secondary unit 2b shown in Fig.7 with a separate-type form, it may constitute so that
secondary unit 2b may be formed compactly and the flexibility at the time of installation may
be expanded like the aforementioned primary side unit 1b.

(0055]

The thing which consists of the publicly known structure of others, such as not only the
resonance type shown in Fig.1 but a phase control type, may be sufficient as above-mentioned
non-contact feeder system A-C. The load linked to the aforementioned secondary units 2 and
2a and 2b is not limited to direct current load, and that of it being alternating current load is
natural.

(0056]

As described above, non-contact feeder system A-C of the present invention, the front board 17
which consists of the nonmagnetic material which fitted into the opening 18 which the
magnetic flux emitted from the primary side iron core 7 of the primary side unit 1 formed in the
casings 8 and 13 -- or, While passing satisfactorily the casings 8 and 13 which consists of a
nonmagnetic material and interlinking reliably to the secondary side iron core 10 of the
secondary unit 2, magnetic flux other than the direction interlinked to the secondary side iron
core 10, It can inhibit leaking out outside by the leakage flux prevention material 39 which
consists of the metal attached to the thin plates 8a and 13a which consists of metal, such as
copper and aluminum, the accommodation parts 8b and 13b, or the thin plates 8a and 13a,
such as foil form or plate-like copper, and aluminum, as much as possible. As a result, failure
and fault can be reliably prevented from a noise occurring to the electric power which the
aforementioned leakage flux interlinks to the power supplying cord 9, and is supplied to the
primary side unit 1, or occurring in the various circuits mounted on the electric board 31 of the
secondary unit 2.

[0057]

The aforementioned electric board 39 can prevent reliably receiving the adverse effect of the
magnetic flux emitted from the primary side iron core 7 by arranging the electric board 39 of
the aforementioned primary side unit 1 with a separate-type form with the case 40 where this
is stored in casing 8 outside of the primary side unit 1. A plurality of primary side units 1 can be
selectively operated using the single electricboard 39 by choosing alternatively a plurality of
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primary side units 1, and connecting by constituting the aforementioned electric board 39 freely
attachable/detachable with the primary side unit 1.

[Brief Description of the Drawings]

(0058)

[Drawing 1]It is a block diagram showing the composition of the non-contact feeder system of
the present invention.

[Drawing 2]It is a side view showing the busy condition of the aforementioned non-contact
feeder system,

[Drawing 3]Itis a cross-sectional view showing the internal structure of the primary side unit
which constitutes the aforementioned non-contact feeder system, and a secondary unit.
[Drawing 4]It is a front view showing the aforementioned primary side unit and a secondary
unit,

[Drawing 5]It is a perspective view showing the aforementioned primary side unit and a
secondary unit,

[Drawing 6]It is a front view showing the primary side unit and secondary unit in the 2nd
working example of the present invention.

[Drawing 7]It is a side view showing the structure of the non-contact feeder system in the 3rd
working example of the present invention.

[Explanations of letters or numerals]

[0059)

1, 1a, 1b primary side unit

2, 23, 2b secondary unit

3 Power supply section

4 A first rectification smoothing circuit

S Drive circuit

6 Primary side coil

7 Primary side iron core

8 and 13 Casing

9 Power supplying cord

9a-9¢ The 1-3rd power supplying cords

10 Secondary side iron core

11 Secondary side coil

12 A second rectification smoothing circuit

14 Cunnecting cord

15 Load

16 Inclusion

17 Front board

18 Opening

19 Holding piece

20, 37 flat countersunk head screws

21a, 21b, 24, 28, 35, and 36 Insertion hole

22 and 38 Nut with a bundle

23 Coil bobbin

23a Shank

25, 30, 32 securing bolts

26 and 29 Screwing hole

27 Shield

31 Electric board

33 Terminal

34 Terminal block

39 Leakage flux prevention member

40 Case

A-C Non-contact feeder system

Page 7 of 7
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Non-contact electric power feeder used to charge from exterior the battery of electric vehicle has magnetic-cores
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Novelty

The magnetic-cores (13, 14) are connected by primary coils (7) and secondary coils (8) which swirls and wounds
flatly on surfaces. The primary and secondary coils relays electric power based on the mutual dielectric effect of the
electromagnetic induction operation.

Use
Non-contact electric power feeder used to charge from exterior the battery of electric vehicle.

Advantage
Provides a power feeder that is lightweight with size lessened, and can increase the charging efficiency to fill battery
with sufficient power.

Drawing Description

The figures are the sectional views of the non-contact electric power feeder.
7 - Primary coils.

8 - Secondary coils.

13, 14 - Magnetic-cores.

17 - Mold resin.

18 - Foaming material.
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PROBLEM TO BE SOLVED: To provide a noncontact power supply device capable of first improving charging efficiency,
secondly expanding a gap to enhance usability and thirdly reducing a size and weight.

SOLUTION: This noncontact power supply device 6 is, for example, used for the battery charging of an electric
automobile, and supplies electric power from a primary coil 7 at a primary and power supply side to a secondary coil
8 at a secondary and power reception side based on the mutual dielectric action of electromagnetic induction. The
primary coil 7 and the secondary coil 8 have structures in each of which a plurality of parallel conductors used as one
set are flatly and spirally wound on the identical face and twisted at constant pitches. A primary magnetic core 13
and a secondary magnetic core 14 in which the primary coil 7 and secondary coil 8 are arranged are made of ferrite
etc., and formed to have flat plate shapes. Surfaces of the primary coil 7 and primary magnetic core 13 and surfaces
of the secondary coil 8 and the secondary magnetic core 14 are covered with mold resin 17 and fixed, respectively. A
foamed material 18 is mixed in the mold resin 17.
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Claims

Claims

All Claims (2)

Claims (English)

1. The non-contact electric power feeder which supplies electric power to a secondary coil from a primary coil
based on the mutual dielectric effect|action of an electromagnetic induction

WHEREIN:

This primary coil and a secondary coil consist of a structure which swirled flatly the surface [ the same ] and was
wound,

The magnetic-core core in which this primary coil and secondary coil are arrange|positioned is a non-contact
electric power feeder characterized by making flat form.

2. The non-contact electric power feeder described in Claim 1
WHEREIN:
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The non-contact electric power feeder characterized by the following.

While coating|coated fixing of the surface of this primary coil and this its magnetic-core core and the surface of
this secondary coil and this its magnetic-core core is respectively carried out by mold resin, the foaming material
is mixed into this mold resin.

{Translation from Thomson Reuters}

Description

DWPI Drawing Description

The figures are the sectional views of the non-contact electric power feeder.
7 - Primary coils.

8 - Secondary coils.

13, 14 . Magnetic-cores.

17 - Mold resin.

18 - Foaming material.

Drawing Description

Drawing Description

Description

Description

TECHNICAL FIELD

This invention relates to a non-contact electric power feeder.
That is, based on the mutual dielectric effect|action of an electromagnetic induction, it is related with the non-
contact electric power feeder which charges the battery of an electric vehicle by non-contact from the exterior.

DESCRIPTION OF RELATED ART

<<Technological background>>

(1) figure of FIG. 4 is isometric view explanatory drawing in which it uses for description of that basic principle
about this kind of non-contact electric power feeder.

As shown also to this figure, based on the mutual dielectric effect|action of an electromagnetic induction, the non-
contact electric power feeder 3 which supplies electric power to the secondary coil 2 from the primary coil 1 is
known conventionally,

For example, it is used for battery charging of an electric vehicle.

That is, mutual-opposition arrangement|positioning is carried out, the primary coil 1 wound by the primary
magnetic-core core 4 has in the secondary coil 2 wound by the secondary magnetic-core core 5, and magnetic-
flux formation with the primary coil 1 produces|generates a dielectric electromotive force in the secondary coil 2,
Electric power is supplied.

<<The Prior Art literature information>>
As such a non-contact electric power feeder 3, what was shown by the following patent document 1,2,3 is
mentioned, for example.

Patent 3630452 (Unexamined-lapanese-Patent No. 6-256505)International publication 92/17929International
publication 99/08359

<<PRIOR ART>>
FIG. 3 uses for description of this seed|species prior art example,
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(1) Figure is top view by the side of primary (top view of secondary side),

(2) Figure is front view of the primary side and secondary side,

(3) A figure is a sectional side view of the primary side and a secondary side.

First, in this kind of non-contact electric power feeder 3, secondary-side B makes a symmetrical structure the
primary side A.

And in the non-contact electric power feeder 3 of this seed|species prior art example, while the primary magnetic-
core core 4 and the secondary magnetic-core core S made substantially U-shape and the uneven|corrugated
shape of the substantially E-shape, for example, many is planarly arrange|positioned by both the predetermined
spacelinterval.

And this primary magnetic-core core 4 and the secondary magnetic-core core 5 are utilized,

The primary coil 1 and the secondary coil 2 were respectively wound by the rectangle or the round shape like
illustration on the whole between the concave part.

And mutual-opposition arrangement|positioning of the secondary-side B is carried out via an air gap C the such
primary side A,

The dielectric electromotive force was produced|generated by exciting-current electricity_supply in the primary
coil 1, and magnetic-flux D formation, it had in the secondary coil 2 by them, electric power was supplied to
secondary-side B from the primary side A, and the battery connected to secondary-side B was charged.

DISCLOSURE of the INVENTION

PROBLEM to be solved by the Invention

By the way, the following problem was pointed out about such a prior art example.

<<The 1st problem>>

1stly, about the non-contact electric power feeder 3 of this seed|species prior art example, an improvement of
much more increase-in-efficiency and charging efficiency was desired.

For example, in this seed|species prior art example, uneven|corrugated shaped primary and the secondary
magnetic-core cores 4 and 5 were used,

Therefore

Magnetic-flux D distribution came to have shown in front explanatory drawing of (3) figure of FIG. 2.

That is, it is distributed so that the magnetic flux D in the air gap C between the primary side A by which mutual-
opposition arrangement|positioning is carried out, and the secondary side B may turn and curve and concentrate
on a pole in the case of electric power feeding,

Therefore

At vicinity, a magnetic-flux D density becomes extremely high very much.

An in-air magnetic-flux D density is proportional to its magnetomotive force,

Therefore

Only a high-density part will require a big magnetomotive force,

Eventually, a bigger exciting current is needed about the primary coil 1,

The part and Joule-heat loss also increased and it had become a cause of the charging efficiency fall.

Furthermore, the Joule-heat loss by electrical-eddy-current generating was also pointed out as a factor of a
charging efficiency fall.

Namely, when the alternate magnetic flux D formed in the direction perpendicular|vertical to a paper surface in
(1) figure of FIG. 3 about the primary coil 1 and the secondary coil 2 which were wound by the rectangle passes
The loop electric current L which is a kind of electrical eddy current flowed into the line (also refer the (4) figures
of FIG. 2 mentioned later), and Joule-heat loss had generate|occur|produced by that much.

As for the non-contact electric power feeder 3 of this seed|species prior art example, that charging efficiency is
made about 86% by these,

Energy saving of one layer was desired.

<<The 2nd problem>>

2ndly, the further large gap-ization was desired about the non-contact electric power feeder 3 of this seed|species
prior art example.

That is, in this seed|species prior art example, since the magnetic-flux D density in an air gap C is high as
mentioned above with reference to (3) figures of FIG, 2, that part and a big exciting current are required,

There exists a difficulty of causing great Joule-heat loss.

On the other hand, in order to use and to extend an air gap C further for an easy improvement, a more excessive
exciting current will be required.

Eventually, the air gap C lets about 50mm be a limit in this seed|species prior art example with a high magnetic-
flux D density,

It was anxious for large gap-ization.
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That is, as for the primary side A and secondary-side B by which mutual-opposition arrangement|positioning of in
the case of electric power feeding is carried out, positioning operation for electric power feeding is facilitated, so
that the air gap C in the meantime is wide,

Etc.,

Thus, it is easy to use.

On the other hand, it is necessary to consider to the collision avoidance between the primary side A and the
secondary side B under a small gap like this seed|species prior art example in the case of the setup for electric
power feeding,

Etc.,

Thus, operation is troublesome,

The formation of a large gap and a much more usage easy improvement were desired.

<<The 3rd problem>>

3rdly, about the non-contact electric power feeder 3 of this seed|species prior art example, much more small size
and weight reduction were desired.

About especially secondary-side B called a pick-up, it was anxious for small size and weight reduction in view of
always vehicle-mounting, for example as an object for battery charging of electric vehicles, such as a micro bus.
On the other hand, as for the thing of this seed|species prior art example, that weight was set to about 70kg, for
example.

As that cause, by this seed|species prior art example, as mentioned above, uneven|corrugated shaped primary
and the secondary magnetic-core cores 4 and 5 are used,

(2) figures of FIG. 3, :

(3) As shown in the drawing(s), by the unevenness|corrugation, thickness became thick and had become an
enlargement and a cause of the increase of a weight.

Moreover, the primary coil 1 by the side of [ A ] primary, primary magnetic-core core 4 grade|etc., and the
secondary coil 2 of secondary-side B and secondary magnetic-core core 5 grade|etc.,

Although coating|coated fixing was respectively carried out by the mold resin for heat radiation or positioning
fixing (refer (2) figure of FIG. 1 mentioned later), the point in which the weight of this mold resin increases had
also become a cause of the increase of a weight.

<<About this invention>>

The non-contact electric power feeder of this invention is made in view of such a situation that the subject of the
said prior art example should be solved.

And 1stly charging efficiency improves this invention,

2ndly, large gap-ization is implement|achieved,

While the ease of using improves, it targets to propose the non-contact electric power feeder by which small size
and weight reduction are also implement|achieved 3rdly.

MEANS to solve the Problem

<<About a claim>> )

The technical means of this invention which solves such a subject is as follows.

About Claim 1, it is as follows.

The non-contact electric power feeder of Claim 1 supplies electric power to a secondary coil from a primary coil
based on the mutual dielectric effect|action of an electromagnetic induction.

And this primary coil and a secondary coil consist of a structure which swirled flatly the surface [ the same ] and
was wound,

The magnetic-core core in which this primary coil and secondary coil are arrange|positioned is characterized by
making flat form.

About Claim 2, it is as follows.

As for the non-contact electric power feeder of Claim 2, in Claim 1, while coating|coated fixing of the surface of
this primary coil and this its magnetic-core core and the surface of this secondary coil and this its magnetic-core
core is respectively carried out by mold resin, the foaming material is mixed into this mold resin,

It is characterized by the above-mentioned.

<<About an effect|action etc.>>

Since this invention consists of such a means, it is as follows.

(1) In this non-contact electric power feeder, a secondary side exists an air gap the primary side, and mutual-
opposition arrangement|positioning of in the case of electric power feeding is carried out.

(2) And if exciting current is sent by primary coil, magnetic flux will be formed and magnetic path will be formed
between primary coil and secondary coil,

An electromotive force is produced|generated by the secondary coil.
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(3) Thus, electric power is supplied to a secondary side by the mutual dielectric effect|action of an
electromagnetic induction from the primary side.

(4) Now, in this non-contact electric power feeder, a flat magnetic-core core and the coil of flat spiral form
combine, and are employ|adopted.

Then -- in in an air gap in the case of electric power feeding -- magnetic flux -- a parallel -- coming to be
distributed uniformly and sparse

A magnetic flux density becomes low,

Therefore

The magnetomotive force and exciting current for magnetic-flux formation are small, and completed and Joule-
heat loss are also reduced.

(5) Furthermore, if the coil is twisted in the fixed pitch, the electromotive force of the loop electric current which is
a kind of electrical eddy current will be canceled, it will have, and a loop electric current and Joule-heat loss will be
reduced.

(6) As above-mentioned, this non-contact electric power feeder has a low magnetic flux density, and since a
magnetomotive force and an exciting current are easy to come out small, it is widely settable by that much in an
air gap.

(7) If ratio of an outer diameter and an internal diameter is made in addition about into 2:1, even if a high
coupling coefficient will be obtained and it will make an air gap wide about the wound coil, a forceful inductive
coupling is hold|maintained.

(8) Furthermore, flat magnetic-core core and flat coil were employ|adopted for this non-contact electric power
feeder,

Therefore

Thickness of a secondary side is [ primary side ] thin -- by that much -- small size - it reduces in weight

(9) Moreover, as for a primary side, weight reduction is promoted by mixing the foaming material into the mold
resin of a secondary side.

(10) Now, the non-contact electric power feeder of this invention exhibits the following effect there.

ADVANTAGE of the Invention

<<The 1st effect>>

1slly, charging efficiency improves.

That is, the non-contact electric power feeder of this invention was employ|adopted combining the flat magnetic-
core core and the coil of flat spiral form,

Therefore

The magnetic flux density formed is low.

A high efficiency-increase is implement|achieved [ that have, and the magnetomotive force and exciting current
for magnetic-flux formation are small, and completed and Joule-heat loss are also reduced, etc. and ].

It compares with this seed|species prior art example mentioned above, i.e., the prior art example which was
winding the coil to the uneven|corrugated shaped magnetic-core core,

Since the magnetic flux density is low, the part and charging efficiency improve and energy saving is achieved.

<<The 2nd effect>>

2ndly, large gap-ization is implement{achieved and the ease of using improves.

That is, the non-contact electric power feeder of this invention has a low magnetic flux density in an air gap by
having employ|adopted the flat magnetic-core core and the coil of flat spiral form.

And since the magnetic flux density is low, it is more widely settable using the air gap between the primary side
and a secondary side because of an easy improvement.

For example, it compares with the prior art example which was winding the coil to the uneven|corrugated shaped
magnetic-core core,

A magnetic flux density is made sparse,

Therefore

The part and an air gap can be set widely.

Thus, large gap-ization is implement|achieved,

Therefore

About between the primary side by which position facing is carried out, and a secondary side, positioning
operation is easy in the case of electric power feeding,

Consideration of collision avoidance is also reduced,

Etc.,

Thus, the ease of using improves.

<<The 3rd effect>>
3rdly, small size and weight reduction are also implement|achieved.

https://www.thomsoninnovation.com/tip-innovation/printRecView.do?ResultSetId=87881...  10/5/2010

Momentum Dynamics Corporation
Exhibit 1002
Page 712



Thomson Innovation Record View Page 8 of 13

That is, the non-contact electric power feeder of this invention is compared with the prior art example which was
winding the coil to the uneven|corrugated shaped magnetic-core core by having employladopted the flat
magnetic-core core and the flat coil,

Thickness is reduced by half and a weight is reduced.

Furthermore, since the foaming material is mixed into the mold resin for heat radiation or positioning fixing, the
weight of the part is also reduced.

By these, a secondary side, i.e., the weight of a pick-up, becomes half extent of this seed|species prior art
example.

And in view of a pick-up always being vehicle-mounted, for example as an object for battery charging of a micro-
bus other electric vehicle, such small size and the significance of weight reduction are large.

Thus, all the subjects that existed in this seed|species prior art example are solved,

Etc.,

Thus, the effect which this invention exhibits is made remarkable and has a large thing.

Preferred EMBODIMENT of the Invention

<<About drawing>>

Hereafter, the non-contact electric power feeder of this invention is demonstrated in detail based on the Best
mode for carrying out the invention shown on drawing.

It uses for description of a best form for FIG. 1 and FIG. 2 to implement this invention.

And (1) figure of FIG. 1 is a plane-cross-section figure by the side of primary (plane-cross-section figure of a
secondary side),

(2) A figure is positive (side) sectional drawing by the side of primary (secondary side).

(1) figure of FIG. 2 is positive (side) cross-section explanatory drawing of an inductive coupling,

(2) Figure is front explanatory drawing of magnetic-flux distribution,

(4) Figure is planar explanatory drawing of electrical eddy current,

(5) A figure is planar explanatory drawing of a twisting coil.

(2) figures of FIG. 4 are block diagrams of the example of application of a non-contact electric power feeder.

<<About the outline|summary of the non-contact electric power feeder 6>>

First, (1) figure of FIG. 2,

With reference to (2) figures of FIG. 4 etc., it summarizes about the non-contact electric power feeder 6.

In the non-contact electric power feeder 6, the general structure which supplies electric power based on the
mutual-induction effect|action of an electromagnetic induction is publicly known and used.

That is, the secondary coil 8 is made to produce|generate an induced electromotive force by magnetic-flux D
formation with the primary coil 7 between the primary coil 7 by the side of [ F ] primary and the secondary coil 8
of secondary-side G by which proximity|contact mutual-opposition arrangement|positioning was carried out at the
time of electric power feeding.

The point which sends electric power to the secondary coil 8 from the primary coil 7 is publicly known and used.
And as shown to the representative example of (2) figure of FIG. 4, the electric-power-feeding [ which was
connected to the power-supply disc|board of the power supply 9 by the side of the external ground ] and receiving
side by which the primary side F was vehicle-mounted by the micro-bus other electric vehicle and the electric
train|tram sets with respect to secondary-side G at the time of electric power feeding.

Mutual-opposition arrangement|positioning is carried out via the air gap C which is space|gap space without a
physical connection, it has, and electric power is sent.

Secondary-side G is connected to the vehicle-mounted battery 10, for example,

The motor 11 drives with the battery 10 charged by electric power feeding.

In addition, 12 is a telecommunication control apparatus for electric power feeding.

About the mutual dielectric effect|action of the electromagnetic induction mentioned above, it is as follows.
Mutual-opposition arrangement|positioning of the primary coil 7 by the side of [ F ] primary and the secondary
coil 8 of secondary-side G is carried out by non-contact,

If it supplies with electricity to the primary coil 7 considering alternating current as an exciting current, the
magnetic field proportional to an electric current will arise on the axis|shaft, and the magnetic flux D will be
formed in a right angle direction at cycliclannular form.

And an electromotive force is produced|generated by the secondary coil 8 when the magnetic flux D which is
formed in this way and changes penetrates and links the secondary coil 8.

Thus, as shown to (1) figure of FIG. 2, the magnetic path of the magnetic flux D is formed and the inductive
coupling of both the circuits of the primary coil 7 and the secondary coil 8 to which a magnetic field is formed in
and electric power is sent using a magnetic field is carried out,

The height of a mutual coupling coefficient changes with the position of the coils 7 and 8 of primary and
secondary, a shape, a dimension, the distance dimension of an air gap C, the amounts of leakages of the
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magnetic flux D, etc.
The outline|]summary of the non-contact electric power feeder 6 is become like this.

< <About the structure of the primary side F and secondary-side G>>

Next, with reference to (1) figure of FIG. 1, FIG. 2, the symmetrical structure and internal structure of the primary
side F and secondary-side G are demonstrated.

First, as the non-contact electric power feeder 6 was shown to (1) figure of FIG. 2, secondary-side G makes the
same symmetrical structure by the upper and lower sides etc. the primary side F like this seed|species prior art
example at the time of electric power feeding.

Namely, the primary side F was equipped with the primary coil 7, the primary magnetic-core core 13, the back
board 15, and cover 16 grade|etc., and, as for the non-contact electric power feeder 6, secondary-side G is
equipped with the secondary coil 8, the secondary magnetic-core core 14, the back board 15, and cover 16
grade|etc.,.

And the primary side F and secondary-side G make the same vertically symmetrical structure, when up-and-down
mutual-opposition arrangement|positioning is carried out, for example at the time of electric power feeding.

It respectively distribute|arranges towards the outer side in order of the cover 16, the primary coil 7 (secondary
coil 8), the primary magnetic-core core 13 (secondary magnetic-core core 14), and the back board 15 from the
inner side of the plane of symmetry.

Moreover, about the primary side F and the internal structure of secondary-side G, it is as follows.

Coating|coated fixing of the primary coil 7 by the side of [ F ] primary, the surface of the primary magnetic-core
core 13, and the surface of the secondary coil 8 and the secondary magnetic-core core 14 is respectively carried
out by mold resin 17.

That is, mold resin 17 is filled with the example shown to (2) figure of FIG. 1 between the back board 15 and a
cover 16, it has the primary side F and secondary-side G in it, and they are internal primary and the secondary
coils 7 and 8,

Furtherrnore, coating|coated fixing of the surface of primary and the secondary magnetic-core cores 13 and 14 is
carried out.

Mold resin 17 consists of a product made of a silicone resin, for example,

Thus, by hardening an inside, positioning fixing of primary and the secondary coils 7 and 8 is carried out,

While ensuring the mechanical strength, a heat radiation function is also exhibited.

That is, an exciting current flows and primary and the secondary coils 7 and 8 heat-generate|emit with a Joule
heat,

However,

The heat conduction of mold resin 17 thermally radiates, and it cools.

Moreover, the foaming material 18 is mixed and embedded into such mold resin 17.

The foaming material 18 consists of expanded polystyrene and a product made from another foamed plastics, for
example,

It is used in order to reduce the quantity of mold resin 17 and to achieve weight reduction.

In the example of illustration, such a foaming material 18 is arranged around the inner side and outer side of
primary and the secondary coils 7 and 8 in the shape of [ large and small ] an annular-ring collar,

However,

It may not be based on the example of illustration, but the small-piece group of the foaming material 18 may be
mixed into mold resin 17.

The structure of the primary side F and secondary-side G is become like this.

<<About primary, the secondary coils 7 and 8, and primary and the secondary magnetic-core cores 13 and 14>>
Next, FIG. 1, FIG. 2 is referred,

Primary, the secondary coils 7 and 8 and primary, and the secondary magnetic-core cores 13 and 14 are
demonstrated.

The primary coil 7 and the secondary coil 8 consist of a structure which swirled flatly the surface [ the same ] and
wound conducting wire.

The primary magnetic-core core 13 and the secondary magnetic-core core 14 in which the primary coil 7 and the
secondary coil 8 are arrange|positioned make flat form.

These are explained further in full detail.

First, primary and the secondary magnetic-core cores 13 and 14 have a product made from a ferrite, a product
made of solidification iron sand, and a typical thing made from other ferrous material,

Magnetic permeability consists of an adult ferromagnetic material,

The forceful-ized function and guide function of the magnetic flux D are exhibited.

Namely, primary, increase of the inductance between the secondary coils 7 and 8,

While reinforce|strengthening a mutual electromagnetical coupling|bonding, the formed magnetic flux D is
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induced|guided|derived and collected,

It functions in order to direct.

And as shown in FIG. 1, this primary and the secondary magnetic-core cores 13 and 14 make flat flat form
without an unevenness|corrugation.

As it has and being shown to (2) figure of FIG. 2, it is between the primary side F and the secondary side G.
WHEREIN:

A pole dots with and is not unevenly distributed -- whole-izing -- equalize|homogenizing

It is parallel and magnetic-flux D distribution of the magnetic path formed by having becomes uniform,

The maldistribution of the magnetic flux D and concentration come to be avoided.

((3) figures of FIG. 2 regarding this seed|species prior art example, and comparison and contrast).

In response to this, in the same plane, primary and the secondary coils 7 and 8 are wound by spiral form, and it
has them, and they make a circular flat shape.

That is, as shown in FIG. 1, the winding time of a large number is carried out to spiral form, primary and the
secondary coils 7 and 8 have in it the parallel conducting wire insulated while being parallelized by several that
Joule-heat loss should be reduced, making winding center part the circle space H, and the whole makes an
annular-ring flange shape and a flat-shape with thin thickness.

And such primary and the secondary coils 7 and 8 are closely disposed by the symmetrical front side of the
primary and the secondary magnetic-core cores 13 and 14 which respectively respond|correspond.
Contact|abutting arrangement|positioning is carried out in the example of illustration.

(1) of FIG. 1 -- as shown in the drawing(s), ratio of the outer diameter J of primary and the secondary coils 7 and
8 and the internal diameter K which were wound in this way is set to about 2:1 [ moreover, ]

By such a setting, the coupling coefficient between primary and the secondary coil 7 and 8 becomes a high value.
This point is supported by experiment.

It has, and even if the electromagnetical coupling|bonding between primary and the secondary coil 7 and 8 takes
the wide air gap C between example both, it comes to be hold|maintained strongly|forcefully.

Furthermore, the primary and the secondary coils 7 and 8 which were wound in this way are twisted by the fixed
pitch space|interval.

Namely, about the primary and the secondary coils 7 and 8 which were wound

If alternate-magnetic-flux D(Magnetic flux D by which alternation formation is carried out with a change
corresponding to alternating current of an exciting current) passes in a direction perpendicular|vertical to a paper
surface as shown to (4) figure of FIG. 2, the cycliclannular loop electric current L which is a kind of electrical eddy
current will be induced by line, and it will flow into it, it will have in it, and will become a cause of Joule-heat loss.
So, with this primary and the secondary coils 7 and 8, as shown to (5) figure of FIG. 2, it is twisted by the fixed
pitch space|interval on the way, the wound multiple parallel conducting wire maintaining flatness.

That is, the positional relationship between several mth is transform|converted into each twisting location M of
every sequentially 1 each, and it goes, and the twisting is implemented so that it may return to an original-
position relationship by m times of twistings.

The twisting location M is formed in the pitch per 1 round of winding (for example, 5-6).

The electromotive force of the loop electric current L is canceled by such twisting, and the loop electric current L
and Joule-heat loss are significantly reduced.

Primary, the secondary coils 7 and 8 and primary, and the secondary magnetic-core cores 13 and 14 are become
like this.

< <Effect|action>> etc.

As explained above, the non-contact electric power feeder 6 of this invention is comprised.

Then, it is as follows.

(1) In this non-contact electric power feeder 6, provided with provided with primary coil 7 and primary magnetic-
core core 13 grade|etc., electric-power-feeding side, i.e., primary side F and secondary coil 8, and secondary
magnetic-core core 14 gradeletc., receiving side, i.e., secondary side, G exists an air gap C, and mutual-
opposition arrangement|positioning of in the case of electric power feeding is carried out.

(2) And if alternating current supplies with electricity to the primary coil 7 by the side of [ F ] primary as an
exciting current, the magnetic flux D will be formed (refer the (1) figure of FIG. 2).

It has and the magnetic path of this magnetic flux D is formed between the primary coil 7 by the side of [ F ]
primary, and the secondary coil 8 of secondary-side G.

As for the primary coil 7 and the secondary coil 8, the inductive coupling of between both circuits is carried out,
and a magnetic field is formed among both,

The magnetic flux D penetrates the secondary coil 8, and an electromotive force is produced|generated by the
secondary coil 8.

(3) In this non-contact electric power feeder 6, electric power is supplied to secondary-side G by the mutual
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dielectric effect|action of an electromagnetic induction from the primary side F.

That is, electric power is supplied from the external power-supply 9 and primary side F connected to this, and is
taken out in secondary-side G,

The battery 10 connected to this is charged (refer the (2) figures of FIG. 4).

(4) Now, by this non-contact electric power feeder 6, it is as follows there.

First, in this non-contact electric power feeder 6, flat primary, the secondary magnetic-core cores 13 and 14, and
the primary and the secondary coils 7 and 8 by which flat swirl|vortex winding was carried out combine, and are
employ|adopted.

Then, it is a magnetic path in the air gap C between the primary side F by which mutual-opposition
arrangement|positioning was carried out, and the secondary side G in the case of electric power feeding.
WHEREIN:

The magnetic flux D -- a parallel -- it comes to be distributed uniformly and sparse and a magnetic-flux D density
becomes low

((2) figures of FIG. 2 and (3) figures of FIG. 2 regarding this seed|species prior art example are compared and
contrasted.).

An in-air magnetic-flux D density and the magnetomotive force in which the magnetic flux D is formed exist in
proportionality relation,

Therefore

Thus, by a magnetic-flux D density being low, the magnetomotive force and exciting current for magnetic-flux D
formation are small, and completed and the Joule-heat loss of a circuit are also reduced that much.

Then -- for example, -- better than this seed|species prior art example that the direction of this invention
mentioned above, when the magnetic flux D of the same density is formed at a far small magnetomotive force, an
exciting current, and Joule-heat loss -- coming.

(5) Furthermore, this point is promoted much more by twisting the primary of this non-contact electric power
feeder 6, and the secondary coils 7 and 8 in the twisting location M of the fixed pitch (refer the (5) figures of FIG.
2).

That is, about the loop electric current L (refer the (4) figures of FIG. 2) which is a kind of electrical eddy current,
the electromotive force is canceled by such twisting, it has by it, and the loop electric current L and Joule-heat
loss come to be reduced significantly.

For example, based on such said (4) and the point of (5), this non-contact electric power feeder 6 is highly
efficiency-increased to about 92% with respect to 86% of this seed|species prior art example that charging
efficiency mentioned above.

(6) Moreover, this non-contact electric. power feeder 6 was employ|adopted combining flat primary, secondary
magnetic-core cores 13 and 14 and primary of flat spiral form, and secondary coils 7 and 8,

Therefore

As above-mentioned, the density of the magnetic flux D may be low and the magnetomotive force and exciting
current which form the magnetic flux D may be small.

Then, the air gap C between primary and the secondary coil 7 and 8 can be set widely by that much.

For example, in the case of the same exciting current of a value, it becomes possible to set an air gap C more
widely from this seed|species prior art example that the direction of this invention mentioned above,

An air gap C compares with this seed|species prior art example that was about SO0mm,

An air gap C can be doubled in 100mm.

(7) In addition, this point is followed up by what ratio of that outer diameter J and internal diameter K is made
about into 2:1 for about the primary of this non-contact electric power feeder 6 by which swirl|vortex winding was
carried out, and the secondary coils 7 and 8.

That is, thereby, a high coupling coefficient is obtained about between primary and the secondary coil 7 and 8,
Therefore

Even if it makes an air gap C wide, the forceful inductive coupling between both is maintained.

(8) Furthermore, flat primary, secondary magnetic-core cores 13 and 14, and flat primary and secondary coils 7
and 8 were employ|adopted for this non-contact electric power feeder 6,

Therefore

The primary side F and secondary-side G -- the thickness E is [ both ] thin -- by that much -- small size - it
reduces in weight

((2) figures of FIG. 1, and (2) figures of FIG. 3 regarding this seed|species prior art example and (3) figures are
compared and contrasted.).

Thickness E is compared with this seed|species prior art example mentioned above, and is reduced by half.

(9) moreover, the thing for which the weight reduction of such a non-contact electric power feeder 6 mixes the
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foaming material 18 the primary side F and into the mold resin 17 of secondary-side G -- (FIG. 1 -- reference) --
it promotes further.

That is, the filling amount of mold resin 17 is reduced, it has only the part which mixed the foaming material 18,
and weight reduction comes to progress much more.

For example, based on such said (8) and the point of (9), this non-contact electric power feeder 6 is reduced by
half with about 35kg with respect to about 70kg of this seed|species prior art example which the weight of
secondary-side B, i.e., a pick-up, mentioned above.

<<Others>>

In addition, according to the place demonstrated above based on the example of illustration etc., the primary coil
7 and the secondary coil 8 consist of a structure which both swirled flatly the surface [ the same ] and was wound,
And both the primary magnetic-core core 13 in which such a primary coil 7 and the secondary coil 8 are
arrange|positioned, and the secondary magnetic-core core 14 consisted of a structure which comprised flat form.
However, about the non-contact electric power feeder 6, it is not based on such a structure but the following
structures are also considered.

That is, only the any one side of the primary coil 7 or the secondary coil 8 makes only the primary coil 7 the
structure which was mentioned above and which swirled flatly the surface [ the same ] and was wound, for
example,

And the structure which made the flat structure only the primary magnetic-core core 13 or the secondary
magnetic-core core 14 of one side in which it is arrange|positioned can be considered.

In this case, the other side as which such a structure and a structure are not employ|adopted is useable in the
primary coil 1 or the secondary coil 2 of this seed|species prior art example mentioned above, and the primary
magnetic-core core 4 or the secondary magnetic-core core 5 which makes uneven|corrugated shape.

The non-contact electric power feeder 6 of the structure which employ|adopted the primary coil 7 of the structure
which swirled flatly and was typically wound in the same plane as such an example of a structure, and the primary
magnetic-core core 13 of the structure of making flat form, as a primary side can be considered.

In this case, the such primary side formation and is applicable as individual and a structure separate from a
secondary side.

And the place mentioned [ effect / the function, the effect|action, and ] above about such a non-contact electric
power feeder 6 based on the example of illustration etc. is applied correspondingly.

Thus, wider application of this-invention thought is also considered.

BRIEF DESCRIPTION OF THE DRAWINGS

[FIG. 1]

It uses for description of Best mode for carrying out the invention about the non-contact electric power feeder
based on this invention,

(1) Figure is plane-cross-section figure by the side of primary (plane-cross-section figure of secondary side),
(2) A figure is positive (side) sectional drawing by the side of primary (secondary side).

[FIG. 2]

It uses for description of this Best mode for carrying out the invention,

(1) Figure is positive (side) cross-section explanatory drawing of inductive coupling,

(2) Figure is front explanatory drawing of magnetic-flux distribution,

(4) Figure is planar explanatory drawing of electrical eddy current,

(5) A figure is planar explanatory drawing of a twisting coil.

In addition, (3) figures are front explanatory drawing of magnetic-flux distribution of this seed|species prior art
example.

[FIG. 3]

It uses for description of this seed|species prior art example,

(1) Figure is top view by the side of primary (top view of secondary side),

(2) Figure is front view of the primary side and secondary side,

(3) A figure is a sectional side view of the primary side and a secondary side.

[FIG. 4]

It uses for description of a non-contact electric power feeder,

(1) Figure is isometric view explanatory drawing of basic principle,

(2) A figure is a block diagram of the example of application.

Description of Symbols

1 primary coil (prior art example)
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2 secondary coil (prior art example)

3 non-contact electric power feeder (prior art example)
4 Primary magnetic-core core (prior art example)
S Secondary magnetic-core core (prior art example)
6 non-contact electric power feeder (this invention)
7 Primary coil (this invention)

8 Secondary coil (this invention)

9 Power supply

10 Battery

11 Motor

12 Telecommunication control apparatus

13 Primary magnetic-core core (this invention)
14 Secondary magnetic-core core (this invention)
15 Back board

16 Cover

17 Mold resin

18 Foaming material

A Primary side (prior art example)

B Secondary side (prior art example)

C Air gap

D Magnetic flux

E Thickness

F Primary side (this invention)

G Secondary side (this invention)

H Circle space

J Outer diameter

K Internal diameter

L Loop electric current

M Twisting location

[FIG. 1)

[MAT_IMAGE 000003]

[FIG. 2]

[MAT_IMAGE 000004]

[FIG. 3]
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[FIG. 4]

[MAT_IMAGE 000006]

Citations

Citation

Citing Patents (0)

Expand Cited Patents (8)

Cited Non-patents (0)

Other

Title Terms

Page 13 of 13

NON CONTACT ELECTRIC POWER FEED CHARGE EXTERIOR BATTERY VEHICLE MAGNETIC CORE CONNECT PRIMARY

SECONDARY COIL SWIRL WOUND SURFACE

Related Accessions

Type DWPI Update Accession Number |IDWPI Title
C 200841 2008-204315 -
N 200841 2008-504717 —

Copyright 2007-2010 THOMSON REUTERS

https://www.thomsoninnovation.com/tip-innovation/printRecView.do?ResultSetId=87881... 10/5/2010

Momentum Dynamics Corporation
Exhibit 1002
Page 718



% [ UNITED STATES DEPARTMENT OF COMMERCE
L United States Patent and Trademark Office

1
ek T T Address: COMMISSIONER FOR PATENTS
pe e PO. Box 1459

Alexandria, Virginia 22313-1450
Www.uspto.gov

é Fin *P.I UNITED STATES PATENT AND TRADEMARK OFFICE
lE .

NOTICE OF ALLOWANCE AND FEE(S) DUE

[ EXAMINER |
14443 7590 04/19/2017

The Law Office of Richard F. Jaworski, PC NGUYEN, TUYEN T

273 Walt Whitman Road

Suite 327 [ ART UNIT PAPER NUMBER |

Huntington Station, NY 11746-4149 2837

DATE MAILED: 04/19/2017
l APPLICATION NO. I FILING DATE ] FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. l CONFIRMATION NO. I
14/120,197 05/05/2014 John Talbot Boys 1172/69068-Div. 2 4659

TITLE OF INVENTION: Multi power sourced electric vehicle

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

nonprovisional UNDISCOUNTED $960 $0 $0 $960 07/19/2017

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

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

HOW TO REPLY TO THIS NOTICE:

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

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

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

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

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

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

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

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 requ1red) Blocks 1 through S should be completed where

ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

(fualed unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
mamlenance fee notifications.

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

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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers Each additional paper, such as an assngnment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

14443 . 7599 . 84/19/2017 . I hereby certify that this Fee(s) Transmittal is being deposited with the United
The Law Office of Richard F. Jaworski, PC States Postal Service with sufficient postage for first class mail in an envelope
’ ddi d he Mail S IbbUEpFEEg ddi b b facsi F;
. addressed to the Mail Sto address above, or being facsimile
27?’ Walt Whitman Road transmitted to the USPTO (§)71) 273-2885, on the date indicated below.
Suite 327 -
Huntington Station, NY 11746-4149 (Depositors name)
(Signature)
(Date)
APPLICATION NO. .l- FILING DATE I FIRSTNAMED INVENTOR I ATTORNEY DOCKET NO. ] CONFIRMATION NO. ]
14/120,197 05/05/2014 John Talbot Boys 1172/69068-Div. 2 4659
TITLE OF INVENTION: Multi power sourced electric vehicle
I APPLN.TYPE l ENTITY STATUS l ISSUE FEE DUE ] PUBLICATION FEE DUE | PREV.PAIDISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 07/19/2017

I EXAMINER l ART UNIT ] CLASS-SUBCLASS |
NGUYEN, TUYEN T 2837 336-08400C
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363).

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

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

[ "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to

PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3

Number is required. listed, no name will be printed.

]

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) : [ Individual Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) d Payment by credit card. Form PTO-2038 is attached.
[J Advance Order - # of Copies [ The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

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

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

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

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

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uSpto.gov

| APPLICATION NO. [ FILING DATE I FIRSTNAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO.
14/120,197 05/05/2014 John Talbot Boys 1172/69068-Div. 2 4659
I EXAMINER
14443 7590 04/19/2017
The Law Office of Richard F. Jaworski, PC NGUYEN, TUYEN T
273 Walt Whitman Road
Suite 327 | ART UNIT l PAPER NUMBER
Huntington Station, NY 11746-4149 2837

DATE MAILED: 04/19/2017

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

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

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

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Conwol Number and expiration
date for the agency to display on the inswument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent 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.

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s) |

14/120,197 BOYS ET AL.
. ays P i AlA (First Inventor to File)
Notice of Allowability XAt vEN AL it

No

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

1. X] This communication is responsive to amendment filed 12/22/2016.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

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

3. X The allowed claim(s) is/are 80-92. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

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

Certified copies:
a)[J Al b)[1Some *c)[] None of the:
1. [[] 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)).
* Certified copies not received:

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

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
[ 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 humber (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

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

Attachment(s)

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

2. X Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 12/27/2016

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

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

/ITUYEN NGUYEN/
Primary Examiner, Art Unit 2837

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20170416
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification| ;50197 BOYS ET AL
L —
' TUYEN NGUYEN 2837
CPC
Symbol l Type Version
HO1F =t F 2013-01-01
B60L R 182 I 2013-01-01
HO1F - 00 I 2013-01-01
B60L o 1816 I 2013-01-01
B60L 2o A 1829 I 2013-01-01
B60L SRl 1842 i 2013-01-01
B60L 1 1844 I 2013-01-01
B60L 2230 16 A 2013-01-01
B60L 2250 16 A 2013-01-01
Ho2J s 005 I 2013-01-01
Yo2T g 1T 7088 A 2013-01-01
Yo2T il om 7005 A 2013-01-01
Yo2T G m 125 A 2013-01-01
Yo2T R 163 A 2013-01-01
Y02T - 121 A 2013-01-01
Y02T R A 2013-01-01
Yo2T R 128 A 2013-01-01
Y02T K 122 A 2013-01-01
Y043 Pl W 126 A 2013-01-01
Y02E Fii] fal 721 A 2013-01-01
Ho2J ; I 0042 I 2013-01-01
Ho2J i 025 I 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version

NONE
Total Claims Allowed:
) ) 13
(Assistant Examiner) (Date)
/TUYEN NGUYEN/
Primary Examiner.Art Unit 2837 04/16/2017 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1
U.S. Patent and Trademark Office Part of Paper No. 20170416
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

14120197 BOYS ET AL.
TR
. TUYEN NGUYEN 2837
US ORIGINAL CLASSIFICATION INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
H| o F 5/00 (2006.01.01)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
[ NONE
Total Claims Allowed:
13
(Assistant Examiner) (Date)
/TUYEN NGUYEN/
Primary Examiner.Art Unit 2837 04/16/2017 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Part of Paper No. 20170416
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | ;50197 BOYS ET AL
‘““EH“H IH IHH HIIIH“ “‘ o o
1 Al TUYEN NGUYEN 2837
O Claims renumbered in the same order as presented by applicant O CPA O Tb. O R4z
Final Original Final Original Final Original Final Original Final Original Final Original Final | Original Final Original
1 80 |
2 81 |
3 82 |
4 83 |
5 84
6 85
7 86
8 87
9 88
10 89
11 90
12 91
13 92
NONE
Total Claims Allowed:
13
(Assistant Examiner) (Date)
/TUYEN NGUYEN/
Primary Examiner.Art Unit 2837 04/16/2017 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 1

U.S. Patent and Trademark Office

Part of Paper No. 20170416
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Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 14120197 BOYS ET AL.
TUYEN NGUYEN 2837
CPC- SEARCHED
Symbol Date Examiner
HO1F 5/00; 27/00-30 4/15/2017 TN
CPC COMBINATION SETS - SEARCHED
Symbol Date Examiner
US CLASSIFICATION SEARCHED
Class Subclass Date Examiner
336 84R, 84M, 200, 232 4/15/2017 TN
SEARCH NOTES
Search Notes Date Examiner
INTERFERENCE SEARCH
US Class/ US Subclass / CPC Group Date Examiner
CPC Symbol
336 84R, 84M, 200, 232 4/15/2017 TN
HO1F 5/00; 27/00-30 4/15/2017 TN

/TUYEN NGUYEN/
Primary Examiner.Art Unit 2837

U.S. Patent and Trademark Office Part of Paper No. : 20170416
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Receipt date: 12/27/201¢ 14120197 - GAU: 2837

Sheet 1 of 2

tty. Docket No. Serial No.
’Fom--ﬁ'f‘o—1449 U.S. Department of Commerce .;( ocret o eria Mo

Patent and Trademark Office

INFORMATION DISCLOSURE CITATION

DEC 2 7 2016 & BY APPLICANT

,, &'/ (Use several sheets if necessary)
N &
N rM&/ U.S. PATENT DOCUMENTS
|—-‘:_imee__, T T =
[Examiner Document Number Ipate Name Class 1Subclass E‘;l:.ng Datg t
Initial ..« if Appropriate
EET omala|s o o3 [2 |8 [gan. 24, 1989 [Bolger et al.
AB
AC
AD
AE
AF
AG
AH
AI
AJ
AK
AL
AM
AN
RO
AP
FOREIGN PATENT DOCUMENTS
Document Number Date Country Class | Subclass Translation
/mor N/ Yes No
AQ[ 2070700 B[ 6] 4] 6 [Jan. 18, 2007/ WIPO
T |
R[OB[ ST 05 [ ZT 792008 Japan X
im om m]l
= AST20[ 02113771765 9rﬁﬁy 14, 2002 Japan X
Dusdesii] e 12O OS IO T3 "9 T2 BEDELL 14, 2005 Japan %
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
82U
A%
M?’ I e N RS X &% B
IEXAMINER 0 ATE CONSIDERED CooemmEEm
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP
609: Draw line through citation if not in conformance and not considered. Include copy of this
form with next communication to applicant.
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Receipt date: 12/27/2016 14120197 - GAU: 2837

Sheet 2 of 2

X No. ial No.
Form PTO-1449 U.S. Department of Commerce Iiit;(z /%oggzgfsiv 2 Senal 4N7120 197
. 14
Patent and Trademark Office AppIlicant
John Talbot BOYS et al.
INFORMATION DISCLOSURE CITATION Filing Date Group
BY APPLICANT May 5, 2014 2837

(Use several sheets if necessary)

U.S. PATENT DOCUMENTS

Filing Date

[Examiner *Document Number ItDate Name Class Subclass . :
if Appropriate

Initial

AC

AD

AF

AG

AH

AT

AJ

AL

AO

Ap

FOREIGN PATENT DOCUMENTS

lDocument Number Date Country Class | Subclass Translation

Yes No
N AQ 120088 [ 77133 Bpril 17, 2008 Japan X

AR

AS

AT

OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
AU

AV

AW

AX

PRI L s - = o s TETTOT 2oL
IEXRMINER IATE CONSIDERED

PEXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP
609: Draw line through citation if not in conformance and not considered. Include copy of this
orm with next communication to applicant.
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UNITED STATES PATENT AND TRADEMARK QFFICE

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

P.0. Box 1450

Alexandria, Virgimia 22313-1450
WWW uspto.gov

I APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO.
14/120,197 05/05/2014 John Talbot Boys 1172/69068-Div. 2 4659
14443 7590 05/30/2017
) i EXAMINER
The Law Office of Richard F. Jaworski, PC t
273 Walt Whitman Road NGUYEN, TUYEN T
Suite 327
Huntington Station, NY 11746-4149 I ART UNIT I PAPER NUMBER
2837
| MAIL DATE | DELIVERY MODE
05/30/2017 PAPER

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

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

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

Commissioner for Patents

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

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 14120197
Applicant : Boys
Filing Date : 05/05/2014
Date Mailed : 05/30/2017

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Notice of Allowance Mailed

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

Applicant is given two (2) months from the mail date of this Notice within which to respond. This
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS.

The informalities requiring correction are indicated in the attachment(s). If the informality pertains to the
abstract, specification (including claims) or drawings, the informality must be corrected with an
amendment in compliance with 37 CFR 1.121 (or, if the application is a reissue application, 37 CFR
1.173). Such an amendment may be filed after payment of the issue fee if limited to correction of
informalities noted herein. See Waiver of 37 CFR 1.312 for Documents Required by the Office of Patent
Publication, 1280 Off. Gaz. Patent Office 918 (March 23, 2004). In addition, if the informality is not
corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(1)(iv), “all outstanding
requirements” will be considered to have been satisfied when the informality has been corrected. A
failure to respond within the above-identified time period will result in the application being
ABANDONED.

See attachment(s).

A copy of this notice MUST be returned with the reply. Please address response to
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RICHARD F. JA%ORS K]

Reg. No. 33,515
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corrected until after payment of the issue fee, for purposes of 35 U.S.C. 154(b)(1)(iv), “all outstanding
requirements” will be considered to have been satisfied when the informality has been corrected. A
failure to respond within the above-identified time period will result in the application being
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SUBSTITUTE SPECIFICATION
Serial No. 14/120,197

&

MULTI POWER SOURCED ELECTRIC VEHICLE
Field of the | i

The present invention relates to an Inductive Power Transfer (IPT) pad, a system, method
and means for charging a battery of an electric vehicle using multiple power sources and an
electric vehicle powered by said battery. More particularly, the invention relates to charging
the battery for an electric vehicle selectively using a high power source for charging at a high

rate or a lower power source for charging at a lower rate.

Background

In the development of pure electric vehicles (i.e., those powered solely by electricity as
opposed to hybrid vehicles), there are a number of problems to be solved before these
vehicles can gain widespread acceptance. These include the limited range compared with
more conventionally fuelled vehicles, the inconvenience of having to remember to recharge a
vehicle (even if it is possible to do so at the user's premises or home) and the severe
restrictions that occur should the vehicle not be charged. These problems have been
subjected to greater consideration in recent times due to heightened concerns about global
warming. Pure electric vehicles may have a role to play in reducing the effects of global
warming as they are clearly the lowest polluters of all vehicle types and are capable of
operating with a lower carbon ‘footprint’ than vehicles powered by more widespread and

conventional means.

Many problems with electric vehicles stem directly from the battery used to store energy to
power the vehicle. Virtually all battery types must be charged at a rate that is less than the
allowable discharge rate, they have a limited capacity, and their cycle life is not great. Thus,
it takes quite a long time to charge a vehicle, the time between charges is shorter than ideal,

and the functionality of the battery declines rapidly with age.

In use, electric vehicles are however very convenient and make ideal shopping baskets and
short trip commuter vehicles. Other tasks such as dropping off children at schools and
running errands are also well suited. If the accumulated distance travelled in a day is within
the range of the vehicle, then the battery may be recharged over-night, with service capable
of being resumed the next day. This is an ideal scenario. However, if the available range is
exceeded or the battery has not been sufficiently charged, the driver and passengers may be
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left stranded, there will likely be a recovery fee, the battery will need to be fully charged over
a longer period of time than a conventional charge cycle and, when using conventional
batteries, these will almost certainly be degraded such that their available capacity is
permanently reduced from what it was previously. Opportunity charging can help to
eliminate this problem and involves partially charging the vehicle whenever an opportunity

presents itself.

In perhaps a more serious situation where circumstances call for the vehicle to be taken on a
long trip, there is little that can be done. Here hybrid vehicles may be a good solution as they

can travel great distances on fossil fuels and refuel at conventional petrol stations.

For these reasons conventional pure electric vehicles have not met all of the modern

requirements for a passenger transport vehicle.

Inductive Power Transfer (IPT) provides a useful alternative to more conventional charging.
A charger using IPT is described in New Zealand Patent Application No. 545664, entitled
“Single Phase Power Supply for Inductively Coupled Power Transfer Systems” and is
incorporated herein by reference. This charger provides many advantages in that it will
operate from a standard single phase supply typically available in the home, has an excellent
power factor and very low harmonics. As a result of this, it would be possible to operate with
several thousand of these connected to a utility network without the quality of supply being
degraded. Moreover, the use of IPT obviates the need for a user to manually connect a
cable to the battery.

Summary of the Invention

It is an object of the invention to provide an improved Inductive Power Transfer (IPT) pad.

It is an object of the invention to provide means for charging a vehicle which mitigates the

aforementioned problems associated with conventional electric vehicles.

An alternative object of the invention is to provide a system for charging an electric vehicle.

An alternative object of the invention is to provide a method of charging an electric vehicle.

Alternatively, it is an object of the invention to at least provide a useful choice.

2
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According to a first aspect of the invention, there is provided an inductive power transfer
(IPT) pad comprising a coil having at least one turn of a conductor; one or more
ferromagnetic slabs; and a shield member arranged around both said coil and said

ferromagnetic slabs for channelling electromagnetic flux when in use.

Preferably, the conductor is litz wire.

Preferably, the coil comprises a plurality of turns of wire.

Preferably, the ferromagnetic slabs are monolithic slabs.

Preferably, the ferromagnetic slabs are ferrite slabs.

Preferably, each ferromagnetic slab is arranged in substantially the same plane.

Preferably, each ferromagnetic slab is arranged such that its length extends radially from a
common point but spaced apart therefrom.

Preferably, each ferromagnetic slab is spaced apart from adjacent slabs by substantially the

same angle.

According to a preferred embodiment, the IPT pad comprises eight ferromagnetic slabs each
spaced apart from adjacent slabs by approximately 45°. Other configurations may be

selected depending on system requirements.

Alternatively, in another embodiment, the IPT pad comprises a plurality of ferromagnetic
slabs whereby a subset of the ferromagnetic slabs extend radially from a common point but
are spaced apart therefrom, a further subset of the ferromagnetic slabs extend radially from a
different common point but are spaced apart therefrom, and a still further subset of the
ferromagnetic slabs are aligned perpendicularly to the direction of an imaginary straight line
connecting the said common points, whereby the still further subset of ferromagnetic slabs
are positioned equidistantly from the imaginary line but spaced equally along its length and
equally on each side of the imaginary line.
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Preferably, the coil is arranged in a plane substantially parallel to that of the ferromagnetic

slabs.

Preferably, the coil is positioned to wind around the common point such that it passes each

slab at approximately the centre of the length of each slab.

Preferably, the IPT pad comprises a substantially rigid backplate.

Preferably, the backplate is substantially planar,

Preferably, the plane of the backplate is substantially parallel to the planes of the
ferromagnetic slabs and the coil, with the plane of the slabs located between the planes of

the backplate and the coil.

Preferably, each ferromagnetic slab is spaced apart from the backplate by a thermally
conductive and mechanically insulating material so as to allow the transfer of heat there
between and protect the slab from mechanical shock. According to one embodiment, each
slab may be spaced apart from the backplate using foam or rubber pads. The material
making up the slabs is brittle and such steps serve to prevent cracking in the slabs caused
by rapid temperature changes and also due to mechanical stresses exerted on the IPT pad.

According to preferred embodiments, the backplane is formed from a material which
substantially inhibits the passage of magnetic flux therethrough. In one embodiment, this

material is aluminium.

Preferably, the shield member is formed from a strip of material with the ends thereof joined

to form a ring.

Preferably, the shield member is formed from aluminium.

Preferably, the shield member is coupled to the backplane.

Preferably, the IPT pad comprises a member having spaces formed therein for holding the
ferromagnetic slabs in position and having a channel for accommodating the coil.
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Preferably, the member is formed from a material which does not significantly affect magnetic

flux. In one embodiment, foam or rubber is used.

Preferably, the member is formed by a moulding process.

Preferably, the IPT pad comprises a cover plate formed from a material that is substantially

transparent to magnetic flux. In one embodiment this material is a non-toxic plastic.

According to preferred embodiments, the cover plate and the backplate provide front and
rear walls of a housing for the IPT pad, with side walls provided by the shield member, the

shield member preferably being configured to extend from the backplate to the cover plate.

The IPT pad according to the first aspect provides for improved performance in use by
channelling the flow of flux from the charging pad. More particularly, the backplate and the
shield member serve to direct flux upwards from the plane of the backplate with less splay of
flux in and parallel to the plane of the backplate. This not only improves the inductive
coupling but also reduces the chance that any undesired objects will be subjected to the
induced fields during use. It is important to note that if this leakage is not controlled, it can
lead to damage of such objects. For example, in the case of an electric vehicle, such

leakage may result in the wheel bearings eroding.

The IPT pad of the present invention is also beneficial in that it is relatively slimline compared
to more conventional IPT pickups. This is particularly important where pickup pads are
coupled to the underside of an electric vehicle since it is important that ground clearance is

maintained.

According to a second aspect, there is provided an inductive power transfer system
comprising two inductive power transfer pads, wherein the two inductive power transfer pads
are used in combination, one of the pads being used as a pickup pad and the other pad as a
charging pad.

Preferably, the charging pad is coupleable to a power supply and inductively transfers power
to the pickup pad, which is coupleable to a load, such as a battery.

According to a third aspect, there is provided an apparatus for charging a battery of an
electric or a hybrid electric vehicle, the apparatus comprising first means for selectively

5
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coupling the battery to a high power electrical supply; and second means for selectively
coupling the battery to a lower power electrical supply wherein the second means for
coupling comprises a pickup pad electrically coupled to the battery, wherein power is

transferred to the pickup pad from a charging pad by inductive power transfer.

Preferably, the first means for coupling comprises a socket electrically coupled to the battery,
wherein power is transferred by plugging a cable connected to the high power electrical
supply into the socket. Thus, electrical energy may be rapidly transferred to the battery using
the first means for coupling, resulting in rapid charging.

As would be apparent to one of skill in the art, alternatively, the first means for coupling
comprises a plug electrically coupled to the battery, wherein power is transferred by plugging

the plug into a socket connected to the cable connected to the high power electrical supply.

Preferably, the second means for coupling comprises a pickup pad according to the first

aspect of the invention.

The use of IPT avoids the need for a user to plug in a cable for opportunity charging,
including when a vehicle is parked overnight. Additionally or alternatively, a second socket
may be provided or the first socket adapted, if required, so that the battery may be connected
to a lower power supply using a cable. Again, in the alternative, the second socket may be
substituted by a plug configured to mate with a socket connected to the lower power supply.
Such embodiments provide for improved flexibility in that, where provided and where time
permits, the battery may be charged using IPT. |If rapid charging is required and a high
power supply is available, the battery may be connected thereto. However, there remains
the possibility that a battery will require charging where neither an IPT charging pad or a high
power supply is available. A user could, perhaps, put the charging pad inside the vehicle
when in transit so that, as required, it could be removed from the vehicle, appropriately
positioned and used for charging. This is possible because embodiments of the invention
involving IPT preferably work to widely available household voltages but this is inconvenient.
Thus, the second socket may be provided, preferably on an outer surface of the vehicle, to
enable the battery to be connected, via a cable, to a lower power supply, such as via a
conventional household socket. According to preferred embodiments, the socket used for
coupling to the high power supply may also be used to couple to a lower power supply. It is
therefore possible to charge a battery via most household circuits, with only a cable needing

to be carried in the vehicle.
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Thus, depending on requirements and which types of power supply and forms of transfer are
available, a user may selectively couple the battery to a high power supply or a lower power
electrical supply, preferably using IPT for transferring power from the lower power supply.

Preferably, the high power supply has a transfer rating between 10 kW and 500 kW.

Preferably, the lower power supply has a transfer rating between 0.5 kW and 2.5 kW so that
it may be provided by conventional household wiring. More preferably, the lower power
supply is between 1.0 kW and 2.2 kW.

Use of the word “battery” throughout the specification is not used in a limiting way and may

include one or any number of cells or batteries, or super capacitors.

Preferably, the apparatus comprises an indication means for indicating alignment between
the charging pad and the pickup pad.

Preferably, the apparatus comprises an indication means for indicating when the battery is
being charged.

According to a fourth aspect of the invention, there is provided an electric vehicle comprising

a rechargeable battery and the apparatus of the third aspect for charging said battery.

The electric vehicle may be a “pure electric vehicle” in that it may be powered only by
electrical energy. However, the invention is not limited thereto and may be applied to hybrid
vehicles which may be powered by electrical energy and at least one other energy source,
such as a combustible fuel. Thus, references to “electric vehicles” herein include both pure

electric vehicles and hybrid vehicles having electrical energy as one source of power.

According to a fifth aspect of the invention, there is provided a method of charging a battery
of an electric or a hybrid electric vehicle, the method comprising selectively coupling the
battery to a high power supply or a lower power supply, wherein said coupling the battery to
a lower power supply comprises positioning an inductive power transfer pickup pad
electrically coupled to the battery in close proximity to an inductive power transfer charging
pad.
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Preferably, the step of connecting the battery to the high power supply comprises mating a
plug with a socket, wherein the plug is associated with one of the battery and the high power
supply, and the socket is associated with the other one of the battery and the high power

supply.

More preferably, the pickup pad is coupled to the underside of the vehicle and the charging
pad is provided on the ground, wherein said selectively coupling the battery to the lower
power supply comprises driving the vehicle into a position such that the pickup pad is
positioned above, or operably adjacent to, the charging pad.

Preferably, the charging and pickup pads can be variably distanced from each other. The
charging pad may be raised and lowered from the ground by a raising and lowering means.
Alternatively, the pickup pad may be raised and lowered from the underside of the vehicle by

a raising and lowering means.

Preferably, the method comprises indicating alignment between the charging pad and the

pickup pad.

Preferably, the method comprises indicating when the battery is being charged.

Placement of an IPT pickup pad on the underside of a vehicle is preferred for aesthetic
reasons, because this arrangement provides no physical obstacle to those moving around
the vehicle while it is being charged, and because it is improbable that people or other
foreign objects will be subjected to the induced fields during charging. However, the
invention is not limited to such placement. A pickup pad may be located essentially
anywhere on the vehicle with the charging pad being mounted so that IPT transfer is enabled
when the vehicle is parked in position. For example, a pickup pad may be provided on the
front or rear surface of the vehicle with the charging pad being mounted on a wall in a garage
so that they inductively couple when the vehicle is parked. While not preferred due to the
requirement for user intervention, the invention does not preclude the mounting of the pickup
pad and/or the charging pad on a moveable mounting or armature, whereby, following
parking of a vehicle, a user may move one or both of the pads so that IPT transfer is
enabled. While having the drawback of requiring greater user intervention, such
embodiments do allow for greater tolerances in the parking position of the vehicle.
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According to a sixth aspect, there is provided a system for charging a battery of an electric or
a hybrid electric vehicle, the system comprising an electricity network or subnetwork having
at least one generator; cabling for transferring energy generated by the at least one
generator around the network; |PT coupling means for coupling the network to the battery;
and control means for controlling the power transfer from the at least one generator to the
battery.

Preferably, the network is coupled to a plurality of batteries of a corresponding plurality of

electric or hybrid electric vehicles.

Any energy source may be used by the generator(s) to generate electrical energy. However,
according to preferred embodiments, a renewable energy source is used. Through use of
the control means, it is possible to overcome problems associated with the fluctuable nature
of power generated from renewable sources and enhance the stability of the network by
varying the power supplied to the battery so that the power demand on the network better
matches the available power. These benefits are more marked according to embodiments of
the system in which the network is coupled to a plurality of batteries of a corresponding
plurality of electric or hybrid electric vehicles.

Preferably, the control means is configured to vary the power transfer so as to optimise the
load factor. Thus, a network controller (e.g. a utility company) may vary the power transfer to

batteries connected to their network to better match supply and demand.

According to one embodiment, the batteries in the vehicles are owned by a network
controller which operates the network and are leased to the owners of the vehicles.

The system of the sixth aspect preferably comprises at least one IPT pad according to the
first aspect and/or at least one apparatus for charging according to the third aspect and/or at
least one electric vehicle according to the fourth aspect.

Preferably, the control means is controlled by way of a communications channel.
According to a seventh aspect of the invention, there is provided a method of charging a

battery of an electric or a hybrid electric vehicle, the method comprising the steps of coupling

the battery to an electricity network or subnetwork using inductive power transfer; transferring
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electrical energy to the battery via the network; and varying the power transfer according to

at least one predetermined criteria.

Preferably, the at least one predetermined criteria may comprise one or more of: a time of
day; the level of demand on the network; the level of available supply in the network, which is
particularly relevant where the energy source for the network is fluctuable.

Preferably, the method further comprises the steps of coupling batteries of a plurality of
electric vehicles to the network and selectively transferring power to all or a subset thereof.

Preferably, the method further comprises the steps of. coupling batteries of a plurality of
electric vehicles to the network; and selectively transferring power to all batteries or a subset

thereof.

Preferably, the method comprises the step of varying the electricity mains frequency to
determine the battery load on the network.

According to an eighth aspect of the invention there is provided a system for supplying power
to an electricity network, the system comprising: an electricity network or subnetwork having
at least one generator; a plurality of batteries of a plurality of electric or electric hybrid
vehicles; cabling for transferring energy stored in the plurality of batteries; IPT coupling
means for coupling the batteries to the network; and control means for controlling the power

transfer from the plurality of batteries to the network.

According to a ninth aspect of the invention there is provided a method of supplying power to
an electricity network, the method comprising the steps of: coupling a plurality of batteries of
a plurality of electric or hybrid electric vehicles to the network using inductive power transfer;
transferring electrical energy to the network from the battery; and varying the power transfer

according to at least one predetermined criteria.

According to a tenth aspect of the invention there is provided a system for controlling load
demand in an electricity network, the system comprising: an electricity network having at
least one generator, the frequency of power supplied by the network being allowed to vary; at
least one load connected to the network; and control means to monitor the frequency of
power supplied by the network, the control means increasing or reducing power consumed

by the load dependent on the frequency.
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According to an eleventh aspect of the invention there is provided a method of controlling
load demand on an electricity network, the method comprising: allowing the frequency of
power supplied by the network to vary; monitoring the frequency of power supplied by the
network; and increasing or reducing the power consumed by the load dependent on the
frequency.

Further aspects of the invention, which should be considered in all its novel aspects, will
become apparent to those skilled in the art upon reading the following description which

provides at least one example of a practical application of the invention.
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Brief Description of the Drawings

One or more embodiments of the invention will be described below by way of example only
and without intending to be limiting with reference to the following drawings, in which:

Figure 1 is a perspective view showing a preferred relative positioning of an IPT

charging pad and an electric vehicle during charging;
Figure 2 is a perspective view of a preferred embodiment of an IPT pad;
Figures 3to 5 are alternative perspective views of the embodiment of the IPT pad of

Figure 2, with portions removed in Figures 3 and 5, and portions
shown in ghost outline in Figure 4 so as to show internal detail;

Figure 5A is a view of an alternative embodiment of an IPT pad configuration;

Figure 5B is a plan view of the alternative embodiment of the |IPT pad of Figure
5A;

Figure 6 is a schematic representation of an electric vehicle being charged

according to an embodiment of the invention; and

Figure 7 is a schematic representation of an embodiment of a system according
to the invention.

Detailed Description of Preferred Embodiments

Embodiments of the invention provide for a multi-source electric vehicle that is able to
operate in most situations that may occur in terms of types, length and frequency of trips.
References to “multi-source electric vehicles” are used to refer to electric vehicles embodying
or capable of operating with embodiments of the present invention where the batteries and/or
cells used to power the vehicle may be charged using various electrical power sources.
Embodiments of the invention provide all of the advantages of a plug-in electric vehicle in
that it can be recharged ‘at home’ overnight but, according to preferred embodiments, it does
so without the disadvantage of requiring a cable to be plugged in. More particularly,

according to preferred embodiments, a charging pad is preferably provided on the floor
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where the vehicle is usually parked, such as in the floor of a user’s garage. While the vehicle
is parked, the charging pad transfers energy to the vehicle’'s battery by Inductive Power
Transfer (IPT) via a pickup provided on the underside of the vehicle. With nothing to plug in
there is nothing to remember and the battery will be fully charged dependent only on the time
available.

The charging pad provided on the floor is energised by a power supply and the magnetic
field produced thereby couples power into the pickup attached to the vehicle and charges the
on-board battery. Power transfer rates of up to around 2.2 kW are compatible with
household outputs on most utility networks. The control of this power flow may be achieved
using the technique described in US Patent No. 5,293,308, which is incorporated herein by

reference. Other methods are also within the scope of the invention.

Figure 1 shows a preferred relative positioning of charging pad 20 and vehicle 10 during
charging. The pickup pad (not shown) is preferably of the same shape and configuration of
charging pad 20 and is positioned on the underside of vehicle 10 so that it is substantially
directly above charging pad 20 when vehicle 10 is parked. The magnetic flux produced by
charging pad 20 links the two pads. There is no functional requirement for the pickup pad to
be positioned underneath the vehicle but this is preferred for aesthetic reasons and relative

ease of installation for retrofitted vehicles.

Figures 2 to 5 show alternative perspective views of charging pad 20 according to preferred
embodiments of the invention. More particularly, Figure 2 shows the outer housing of the
pad, Figure 3 shows the pad with a portion of the outer housing cut away to show interior
detail, Figure 4 corresponds to the view of Figure 3 with exterior features shown as see-
through to provide additional detail of the internal arrangement of the components, and
Figure 5 shows the pad with the top cover removed. Note that the pickup pad is of the same
configuration as charging pad 20 and description of charging pad 20 also applies to the
pickup pad, except that charging pad 20 is coupled to an electrical supply (e.g. the mains
electricity supply) and the pickup pad is attached to a load (i.e., the vehicle battery to be
charged).

Pads 20 are preferably placed an object formed from a material which substantially limits the
passage of magnetic flux, such as a metallic backplate 21 (which is formed from aluminium in
a preferred embodiment) with 8 ferrite bars 22 displaced at 45 degrees with respect to each
other. Bars 22 are held in position by rubbery moulding 23. A coil of litz wire 27 (see Figure
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5) is linked by the magnetic flux passing through ferrite bars 22. Preferably, the coil of litz
wire 27 is located on ferrite bars 22 in region 24 of pad 20 so that the coils wind round the
generally circular body of the pad approximately half way along the lengths of bars 22.
Aluminium strip 25 is coupled or formed integral to backplate 21 to assist in controlling the
pattern of the flux generated. Cover 28 is coupled to the top of the main circular body of the
pad. Cover 28 is formed from a material, such as PVC, or preferably a non-toxic plastic,
which does not obstruct the passage of flux therethrough. The particular configuration
shown enables the pads to be relatively slim-line which is particularly important for the pickup
pad when retrofitted to existing vehicles so as to maintain ground clearance.

More particularly, backplate 21 and strip 25 are appropriately coupled to work together to
direct flux generated by the charging pad through cover 28 in a generally perpendicular
direction to backplate 21, thereby providing for improved coupling between a charging pad
and a pickup pad since there is less leakage caused by the splay of flux in directions
generally parallel to backplate 21. Backplate 21 and strip 25 are electrically connected in one

embodiment of the invention.

Mechanical or shock insulating pads 26, preferably formed from foam or rubber, are provided
to prevent bars 22 from coming into contact with other components of pad 20. Bars 22 are
brittle and thermally sensitive, thus pads 26 are ideally also thermally conductive to keep the
bars 22 cool. Mechanical insulating pads 26 also limit the transfer of mechanical stresses to
bars 22 caused by knocks or impacts on pad 20 and also due to vibrations such as those

generated when pad 20 is mounted on a vehicle.

Using pads configured as shown in the drawings, with a diameter of 400 mm and a thickness
of 22 mm, power transfer at rates of up to 2 kW is readily achievable for lateral
misalignments of up to +/- 50 mm and vertical separations of 25 mm to 75 mm. Power
transfer with even larger tolerances is possible but this requires larger pads, increasing the
cost. Where a charging pad is provided on a floor to couple with a pickup pad on the
underside of a vehicle, these tolerances translate into tolerances for the parking position of
the vehicle. Relatively simple methods may be used to assist a driver in parking in the
correct position. For example, a ball on a string may be suspended from the ceiling and
aligned with a spot on the windscreen when the vehicle is in the correct position.
Alternatively, a charging indicator may be provided in the vehicle that lights up when the
battery is charging and hence the vehicle is in the correct position. Other alternatives will be
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readily apparent to one of skill in the art and all such alternatives are within the scope of the

present invention.

According to preferred embodiments involving a transfer rate of up to around 2 kW, bars 22
preferably have a height of 10 mm, width of 30 mm and length of 120 mm, and coil 27
preferably comprises litz wire having 0.2 mm diameter individually insulated wires with 120
strands at 3.77 mm?or more. Strip 25 preferably has a thickness of around 4 mm and cover
28 preferably has a thickness of approximately 5 mm. It should be noted that the invention is
not limited to these particular values and the skilled person will be aware that other values

may be selected depending on the desired operational characteristics.

According to embodiments of the invention, the power pad on the floor under the vehicle
takes the place of a ‘track’ in a more conventional IPT system and the power pad attached to
and under the vehicle is the pickup coil. Using the technique described in the above
mentioned New Zealand Patent Application No. 545664, this arrangement of coils allows
power to be passed from the floor power pad to the vehicle power pad at high efficiency such
that the battery on the vehicle may be charged overnight.

Embodiments of the IPT system make opportunity charging of an electric vehicle possible,
not only for a single vehicle in the home, but also, for example, for a fleet of delivery vehicles
and the like to allow continuous operation on a 24 x 7 basis given that the work schedule
includes relatively long times where the vehicle can be parked over the floor mounted power
pad. However, the typical charging rate of 2kW does not overcome the limited range
problem of electric vehicles, where the total energy demand exceeds the available stored
energy.

To address this problem, a high power, plug-in charger may be connected to the vehicle
using a separate high power plug to provide rapid charging of the battery. Not all battery
types are capable of accepting powers of the magnitude envisaged but lithium batteries are
increasingly capable of doing this.

As noted above, the power pad intervention-free charger is a home-based IPT charging
system providing a charging power of about 2 kW to stay within the ratings of conventional
household wiring. A typical battery in an electric vehicle may store 50 kWH of energy or 170
AH (Ampere-Hours) at 300V so that the nominal charging rate is 0.04C (where C stands for
the capacity of the battery in AH). This is a conservative and safe estimate. With a single 12
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hour charge, 24 kWH of energy may be transferred and if the vehicle operates with an
average power demand of 10 kW, it will have a range of about 2 hours of driving or
approximately 160 km per day. With a longer charging time this range can be doubled by
having the vehicle fully charged. On the other hand, embodiments of the high power battery
charger may provide power at a rate of 10kW - 500 kW for 6 minutes corresponding to a
charging rate of 10C. Thus in 6 minutes, the battery is fully charged and the vehicle is set for
another 300 km before it needs to be charged again. Note that an electric power flow of 500
kW is high but is still low compared with the energy flow rate when pumping petrol or diesel
fuel into a tank.

This rapid charging will need to be carefully supervised, as needed for pumping petrol, and is
not suitable for home applications for a number of reasons. Few houses have access to a
500 kW utility network and at this power level the source of supply would be at a higher
voltage than the normal distribution network. There is also a degree of hazard involved so
that a commercially rated facility is required. In contrast, the IPT system is safe and easy to
use, making it suitable for installation in the home or other places a car may be parked, such

as in public car parks.

The combination of these technologies provides a vehicle with excellent characteristics. On
a daily basis it is ideal for short trips, commuting and shopping, allowing relatively low cost
travelling for typically 160 km/day with minimal maintenance and no queuing for fuel. It may

be used for longer trips requiring refuelling about every 300 km.

Figures 5A and 5B show an alternative embodiment of the charging pad configuration 20
according to the present invention. In Figures 5A and 5B the pad 20 is an oval shape in plan.
Oval power pads can be constructed by extending the circular power pads and adding
identical rectangular sections in the middle. The construction of both power pads is again
preferably identical. In Figure 5B it is shown that the coil 27 is lengthened and a subset of
additional ferrite or ferromagnetic bars 22A are added with similar spacing to that of the

subset of bars equivalent to those of the circular power pad described above.

The advantage of this oval-shaped arrangement is that the tolerance of the pad to lateral
movement (in the x direction shown in Figure 5A) is improved over the circular pad. This is
advantageous as it is relatively difficult to adjust the position of a vehicle in the x direction,
corresponding to a side to side movement for the vehicle. The tolerance of the pads to pick-

up movement in the y direction, corresponding to the forward and reverse directions of a
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vehicle when positioned over the pad, is less that that for the circular pad. However, this is
less critical when parking a vehicle since it is comparatively much easier to make
adjustments in this direction so as to be optimally positioned over the pad in the y direction.

The ability to control the spacing between the charging pad and the pickup pad attached to
the vehicle is also advantageous. This can be achieved using a variety of methods. For
example, the charging pad on the floor may include means for raising and lowering it from
the floor such as a jack. The jack may be hand or electrically powered. Alternatively, the
pickup pad on the underside of the vehicle may include means for increasing or decreasing
its distance from the underside of the vehicle. Again, this may be a jack or other known

mechanisms.

One of the primary advantages of the system described herein is one of safety. An inductive
charger means there is no plug connection between the charger and the vehicle, unlike in
alternative electric vehicle charging systems. If a user accidentally drives the vehicle away
whilst still connected in a plugged system, the apparatus may be damaged and a hazardous
situation may arise through broken current-carrying equipment. In contrast, using an IPT
system with no requirement to first safely disengage any plugs, the vehicle would be able to
drive safely away, without fear of damage to the equipment or risk of electricity hazard.
Furthermore, in the event of flood, the IPT system can function very safely without the
obvious dangers of alternative plugged systems.

Figure 6 is a schematic drawing of battery 51 of electric vehicle 10 being charged by high
power electrical supply 52 via cable 53. During opportunity charging, battery 51 is supplied
with electricity from pickup 20 via wiring 54. High power electrical supply 52 may comprise a
high power generator or alternatively merely provides an interface or conduit between a high
power electricity network and cable 53. Cable 53 is provided with a plug (not shown) which
mates with a socket (not shown) provided in vehicle 10. Wiring between the socket and
battery 51 transfers electricity to battery 51. Preferably, the plug is provided with a safety
housing to prevent access to the electrical contacts. The socket may be provided at any
point on vehicle 10 with wiring provided between the socket and battery 51. Thus, the

invention is not limited to the position of the socket shown in Figure 6.

Figure 7 is a schematic representation of a system, generally marked 60, according to an
embodiment of the invention. Generator 61 provides high power electricity to facility 63

which includes high power electrical supplies 52 of Figure 6. Two high power electrical
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supplies 52 are shown. However, as would be apparent to one skilled in the art, the
invention is not limited thereto and facility 63 may include one or any number of supplies 52,
limited only by the available space and the capacity of generator 61. High power cabling 62
acts as a conduit for the transfer of high power electricity to facility 63 and also to transformer
64 which reduces the supply to that of a lower power, such as that conventionally found in
homes. Lower power cabling 65 then transfers lower power electricity to charging pads 20,
preferably provided in the floor of a user’'s garage. Whilst single generator 61 is shown,
system 60 may include a plurality of generators and may include separate generators for the

high power supply and the lower power supply.

An important aspect of electric vehicles is their capital cost. They are typically more
expensive than conventional motor cars due to the high cost of the battery. However,
according to embodiments of the invention, the battery and the vehicle may be owned by
different parties. More particularly, according to one embodiment of a system and method
according to the invention, the battery may be owned by a utility company and leased to an
owner of a vehicle. According to such embodiments, users of electric vehicles are clearly
provided with the benefit of having a reduced capital outlay at the time of purchasing a
vehicle. However, benefits may also be realised by utility companies and not only through
charges levied for supplying the electricity. In particular, through appropriate control of
power supplied to the IPT charging pads, utility companies may level their electric load,
particularly overnight when a large number of batteries for electric vehicles may be charging.

With some modification to the electronics system it is also possible to transfer power in
reverse from the battery to the utility. In this way at times of peak power in the utility, power
may be taken from the vehicle battery and used to supply the peak. With a greater number of
vehicles this reverse power may be very large and may avoid power shortages. The total
energy may be small as the time that the reverse power flow occurs will likely be short.

There are significant financial advantages to a utility company being able to have a load
factor of 1 and this source-side control of a demand-side load would allow this ideal to be

approached, if not reached.

A communications channel may be provided between the controller of the network (typically,
the utility company) and the vehicles under charge so as to enable monitoring of the charging
of these vehicles. A simple cell-phone channel may be used for this purpose. As the

available power varies the network controller may vary the battery charging demand to match
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it. This would allow the utility company to operate near their maximum power with safety as
the electric vehicle load can be varied so quickly. This is similar to but more sophisticated
than a ripple control system commonly used to control hot water heating. The essential
differences are that partial loads are possible, and the loads can be varied more quickly and

precisely.

The ability to manipulate the demand makes it more readily possible to integrate highly
fluctuable ‘renewable’ sources of energy into power networks. The manipulation may
alternatively be made by allowing the frequency of the network or grid to vary in response to
variations in the fluctuable source. Thus, in strong gusts of wind over a whole wind farm the
power surge may be such that the mains frequency increases by a small fraction of 1 Hz.
These variations in frequency are measured by the power supply to the IPT charging pad
and used to control the power pad or track current. In principle, the power transferred is
made proportional to the pad current so that by varying the pad current the charging load can
be matched to the available power. The variation can take place in as short a period as one

cycle of the mains power.

For a large number of battery chargers, say 100,000, the pad current could be programmed
so that, for example, at 49.5 Hz the pad current is zero, and at a frequency 1Hz higher the
pad current is the full rated current. If all the chargers were at full demand the charging load
would vary from 100,000 x 2 kW = 200 MW at a frequency of 50.5 Hz to zero at a frequency
of 49.5 Hz. The 49.5 Hz set-point can of course also be varied so that full power occurs at
whatever frequency is required. For example, if the set point was 49 Hz then full power
would be taken at 50Hz or higher. In this manner, high surges in power caused by strong
gusts of wind over large wind farms can be compensated for.

On the other hand, in the integration of wind power into a power network, there are also
commonly periods where the wind completely ‘dies’. In practice, these periods must be
covered by having a separate spinning generator of the same power capacity, on standby.
Thus, if a 200 MW wind farm is to be used then 200MW of spinning reserve must be
connected to the grid, and under ideal circumstances it provides no real power at all. This
protection is very expensive and in many cases makes wind power uneconomic. According
to the present invention, this precaution is not required. If the wind ‘dies’ then all the battery
charging load drops as soon as the mains frequency reaches the given set point (e.g. 49.5 or
50 Hz). As the vehicles charge they will individually disengage themselves as soon as their

batteries are fully charged so that the actual load is indeterminate and is not simply the total
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number of vehicles connected. The load could be determined using a communication
channel with each vehicle as discussed above but this would take time and a simpler option
is available. If the set point was at 49.5 Hz then all of the connected vehicles that are still
charging would be at 50% power if the frequency was 50 Hz. If the set point was then
changed to 49.6 Hz then the charging vehicles would drop to 40% of their rated power and
the change in power, over the whole country, would be 10% of the connected (total) power
sink. In this particular example the actual power being taken could be increased by 6 times
this change, or reduced by 4 times. In essence, the controllable battery charging load has
been precisely determined.

In these circumstances a very high percentage of wind power and/or other fluctuable energy
sources can now be included into the generation mix without standby generators knowing
how much power is available if the wind dies, and how much spare sink capacity is available
if there is a surge. This is a significant advantage over most wind farm integration schemes
and will allow the percentage of wind power to be increased above the presently used 6%
commonly in, for example, Ireland and Germany, with zero or minimal standby generators
necessary. Other schemes for achieving this flexibility use huge batteries locally at the wind
farm to store surplus power but it is more efficient if the energy is transferred directly to its
destination, namely the batteries in the vehicles, since this requires only one battery charging
operation. Batteries at wind farms are therefore significantly less efficient if the ultimate use

of the energy is in electric vehicles.

The financial justifications of the invention are interesting. If a typical battery cost $10,000 it
might be leased to the car owner for $40/week plus electricity charges of 12c/kWH charged
on the basis of what has been used. A user doing 300 km per week might use 45 kWH at a
cost of $5.40 plus the battery lease fee of $40 for a total cost of $45.40 or 15 ¢/ km. Some
form of road-user charge would also likely be involved or again added to the cost of the
electricity. This cost/km is perhaps high but is for very moderate usage and if the distance

travelled is doubled the cost/km is significantly reduced at $50.80 for 600 km or 8.5 c/km.

Electricity generated from renewable sources other than wind power (e.g. solar, tidal etc) is
also applicable to embodiments of the invention. All of these are not particularly stable and
like wind may vary considerably over relatively short time scales. For example, measured
rates of change for wind power in New Zealand have been as high as 200 MW in 5 minutes
from a wind farm with a nominal rating of 200MW. Thus the integration of such highly

fluctuable sources into an electricity network is a huge advantage. With the source-side
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control as outlined the charging load varies at a rate sufficient to match the fluctuable power
on almost a cycle by cycle basis using small changes in the frequency of supply, allowing the
use of energy that would otherwise simply be wasted. This energy would be generated at a

considerably lower cost than electricity from more conventional sources.

The invention thus allows off-peak power to be used effectively and safely for electric vehicle
charging. It also allows energy generated from renewable sources to be conveniently put to
use to charge electric vehicles. Furthermore, the invention allows load demand to be
controlled.

Unless the context clearly requires otherwise, throughout the specification, the words
“comprise”, “comprising”, and the like, are to be construed in an inclusive sense as opposed

to an exclusive or exhaustive sense, that is to say, in the sense of “including, but not limited

to".

It should be noted that various changes and modifications to the presently preferred
embodiments described herein will be apparent to those skilled in the art. Such changes and
modifications may be made without departing from the spirit and scope of the invention and
without diminishing its attendant advantages. It is therefore intended that such changes and

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

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

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184
Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

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

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

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

NOT GRANTED

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

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit hitp:/www.SelectUSA gov or call
+1-202-482-6800.
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- PTO/AIA/14 (03-13)
Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number

1172/69068-Div 2

- --
&? —fc¢ation Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Multi Power Sourced Electric Vehicle

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

0 Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may notbe filed electronically.)

Inventor Information:

[ Remove

Inventor 1
Legal Name
Prefi{ Given Name Middle Name Family Name § Suffix
John Talbot BOYS §
Residence Information (Select One) (O US Residency () Non US Residency () Active US Military Service
R
City [ Auckland Country of Residence ' NZ
Mailing Address of Inventor:
Address 1 41A Dominion Street
Address 2
City Takapuna | State/Province |
Postal Code 1309 | Countryi N2
Inventor 2 [w
Legal Name
Prefi{ Given Name Middle Name Family Name g Suffix
Grant Anthony covic %
Residence Information (Select One) () US Residency (® Non US Residency (0 Active US Military Service

City | Auckland |Country of Residence | 1 NZ

Mailing Address of Inventor:

Address 1 28 Haverstock Road

Address 2
City ] Sandringham | State/Province
Postal Code | 1004 | Countryi | N2

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

Correspondence Information:

EFS Web 2.2.8
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PTO/AIA/14 (03-13)

Approvedfor use through 01/31/2014. OMB 0651-0032

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

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

. . Attorney Docket Number | 1172/69068-Div 2
Application Data Sheet 37 CFR 1.76 '

Application Number

Title of Invention Multi Power Sourced Electric Vehicle

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

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

Customer Number 14443

Email Address rich@richardjaworski.com | [ AddEmail |  [Remove Email

Application Information:

Title of the Invention Multi Power Sourced Electric Vehicle

Attorney Docket Numbern 1172/69068-Div 2 Small Entity Status Claimed [ ]
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 5 Suggested Figure for Publication (if any) ‘

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

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

35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires
publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

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

Please Select One: (® Customer Number | (O Us Patent Practitioner | (O Limited Recognition (37 CFR 11.9)
Customer Number 14443

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, or 365(c) or indicate
National Stage entry from a PCT application, Providing this information in the application data sheet constitutes the
specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

Prior Application Status| Pending [Remove |
Application Number Continuity Type " Prior Application Number FiIinngYYY-MM-DD)
Division of " 12/451436 2010-01-13
Prior Application Status ' [Remove;
EFSWeb2.2.8 D
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PTO/AIA/14 (03-13)
Approved for use through 01/31/2014. OMB 0651-0032

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

L Attorney Docket Number | 1172/69068-Div 2
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Multi Power Sourced Electric Vehicle

] Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)
12/451436 a 371 of internationa! BT T e 12 B03 2008-05.00

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

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)' the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and (2). Under the PDX program, epplicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

| Remove |
Application Number Countryi | Filing Date (YYYY-MM-DD) Access Code (if applicable)
] T s A e i
| Remove |
Application Number Countryi Filing Date (YYYY-MM-DD) Access Code (if applicable)
555128 NZ 2007-08-10
|_Remave |
Application Number Countryi Filing Date (YYYY-MM-DD) Access Code (if applicable)
556646 NZ 2007-07-20
Additional Foreign Priority Data may be generated within this form by selecting the
Add button.

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

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

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16,2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

EFSWeb2.2.8
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PTO/AIA/14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 1172/69068-Div 2

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Multi Power Sourced Electric Vehicle

Authorization to Permit Access:

X] Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPO),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

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

Applicant Information:

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

Applicant 1

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

identified in this section. I—]
Clear i

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

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

It applicant is the legal representative, indicate the authority 1o Tile the patent-application, the inventor is:

Name of the Deceased or Legally Incapacitated Inventor :

If the Applicant is an Organization check here. ]
Prefix Given Name Middle Name Family Name Suffix
EFS Web 2.2.8
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PTO/AIA/14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 1172/69068-Div 2

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Multi Power Sourced Electric Vehicle

Mailing Address Information For Applicant:

Address 1

Address 2

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

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

Assignee Information including Non-Applicant Assignee Information:

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

Assignee 1

Complete this section if assignee information, including non-applicant assignee information, is desired to be included on the patent
application publication . An assignee-applicant identified in the "Applicant Information" section will appear on the patent application
publication as an applicant. For an assignee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee is an Organization check here. X

Organization Name Auckland Uniservices Limited

Mailing Address Information For Non-Applicant Assignee:

Address 1 Level 10, Symonds Street
Address 2
TCity “["Auckland “State/Province
Country! l NZ Postal Code 1010
Phone Number Fax Number

Email Address

<2 = F .
 Signature “ﬂwMW | Date (YYYY-MM-DD)‘ESF';‘-;;?’%’}__/?
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Momentum Dynamics Corporation
Exhibit 1002
Page 768



PTO/AIA/14 (03-13)

Approved for use through 01/31/2014. OMB 0651-0032

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

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

Attorney Docket Number | 1172/69068-Div 2

Application Data Sheet 37 CFR 1.76 —
Application Number

Title of Invention | Multi Power Sourced Electric Vehicle

First Name | Richard Last Name | Jaworski Registration Number | 33515

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

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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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 the Freedom of Information Act requires disclosure of these records.

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

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

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

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

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

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

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

8. Arecord 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 inspections or an issued
patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.
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UNITED STATES PATENT AND TRADEMARK QFFICE

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

P.0. Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

[ APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR lATTORNEY DOCKET NO. | CONFIRMATION NO.
14/120,197 05/05/2014 John Talbot Boys 1172/69068-Div. 2 4659
14443 7590 07312017
. i EXAMINER
The Law Office of Richard F. Jaworski, PC |
273 Walt Whitman Road NGUYEN, TUYENT
Suite 327
Huntington Station, N'Y 11746-4149 [ ART UNIT | paperNUMBER
2837
| MAIL DATE | DELIVERY MODE
07/31/2017 PAPER

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

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

PTOL-90A (Rcv. 04/07)
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Application No. Applicant(s)
L 14120197 John Tolbot Boys
Response to Rule 312 Communication - -
Examiner Art Unit

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

1. X The amendment filed on 24 July 2017 under 37 CFR 1.312 has been considered, and has been:
a) X entered.

b) (J entered as directed to matters of form not affecting the scope of the invention.

c) (J disapproved because the amendment was filed after the payment of the issue fee.
Any amendment filed after the date the issue fee is paid must be accompanied by a petition under 37 CFR 1.313(c)(1) and

the required fee to withdraw the application from issue.
d) (0 disapproved. See explanation below.

e) [J entered in part. See explanation below.

/ Timothy Caldwell /

Timothy Caldwell
Publishing Division

Office of Data Management

S Mt et g OV
o atentantratdemarkOftce:

PTOL-271 (Rev. 04-01) Reponse to Rule 312 Communication Part of Paper No.
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/f;“f";j;‘:-, UNITED STATES PATENT AND TRADEMARK OFFIGE
i —a : UNITED STATES DEPARTMENT OF COMMERCE
Vo

gy 20 e e et ek Offoe
R%E-f;ﬁ %Eaasuni%g;i@m 22313-1450
APPLICATION NUMBER 1 FILING OR 371(C) DATE I FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE
14/120,197 05/05/2014 John Talbot Boys 1172/69068-Div. 2

CONFIRMATION NO. 4659

14443 IMPROPER CFR REQUEST

The Law Office of Richard F. Jaworski, PC

273 Walt Whitman Road IR

Suite 327 000000093134190

Huntington Station, NY 11746-4149
Date Mailed: 08/02/2017

RESPONSE TO REQUEST FOR CORRECTED FILING RECEIPT

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

In response to your request for a corrected Filing Receipt, the Office is unable to comply with your request
because:

« The priority or continuity claim has not been entered because it was not filed during the required time period.
Applicant may wish to consider filing a petition to accept an unintentionally delayed claim for priority. See 37

CFR 1.55 0or 1.78.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/hsarwari/
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Receipt date: 12/27/201¢ 14120197 - GAU: 2837

Sheet 1 of 2

. . ial No.
U.S. Department of Commerce tty. Docket _No. erial No
Patent and Trademark Office licant
J 1
INFORMATION DISCLOSURE CITATION Filing Date sroup
BY APPLICANT P.’ay 5, 2014 2837
(Use several sheets if necessary)

U.S. PATENT DOCUMENTS

! ] Filing Date
lExamner Document Number IDate Name Class Subclass i £ Appropriate

=r== a8 o]0 i3 |2 |8 |gan. 24, 1989 Bolger et al.

AB

AC

AD

AF

AG

AH

AT

AJ

AL

t?_har\SC(S) aPP eéo
TS cocument, AP

NN,
ozl N

FOREIGN PATENT DOCUMENTS

b/25/2017
'[Document Number Date Country Class | Subclass Translation
/moT N/ Yes No
AQTZ0ro/T00T B 6147 6[Jan. 18, 2007/ WI1PO
R O8I ST o5 T2 719 0Z7Z008 Japan X
Jmomowr s
AST201 0213 71 6| 59 Y 14, 2002 Japan X
LI TS —=s=5—
ATT20108 0TI 37 972 |April 14, 2005 Japan %

OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
AU

AXP

AV
rava
ase
F 29

I A AL S L A
XAMINER :  ATE CONSIDERED ’ ’

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP
609: Draw line through citation if not in conformance and not considered. Include copy of this
form with next communication to applicant.
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Receipt date: 05/05/2014

14120197 - GAU: 2837

Sheet 1 of 4

Form PTO-1449

U.S. Department of Commerce
Patent and Trademark Office

Serial No.
NYA

|Atty. Docket No.
1172/69068-Div 2

IApplicant
ohn Talbot BOYS et al.

INFORMATION DISCLOSURE CITATION Filing Date Group
BY APPLICANT erewith 2832
(Use several sheets if necessary) |
U.S. PATENT DOCUMENTS i
Examine [Document Number Ipate N. Clas -Eubclass [iling Date
Initialr ame ass if Appropriate
N an |5 |4 |6 |9 |0 [3 [6 Nov. 21, 1995 [Eto
. aB (4 |8 |7 |3 [6 |7 |7 [Oct. 10, 1989 ([Sakamoto et
/TN al.
™ ac|6 |5 |0 |1 |3 |6 |4 [DPec. 31, 2002 [Hui et al.
TN aD |6 0 |6 4 [9 |5 [June 14, 2005 |Cheng et al.
|I /TNP/ =[5 |5 |2 [8 L [T |7 [fume 18, 1996 [Boys et al. | | | I
l TN/ |AE‘ 5|7 |1 |0 |5 0 |2 |Jan. 20, 1998 (Poumey I | | 1
TN/ |Ac, 518 |2 |1 |6 3 |8 |Oct. 13, 1998 [Boys et al. I | | |
TN/ |AH |6 FQ |3 i4 |1 6 |7 JAug. 23, 2005 |Jang et al. I | | |
| =] ] | |
| EENEEE | | |
AK
AL
AM
AN
RO
Clhangc(s) applibd\p
tofdocument,
et FOREIGN PATENT DOCUMENTS
BA'D
55,2017 [Document Number Date Country Class | Subclass Translation
Yes No
TN/ AQ|JP|06| - [27|73| 5| 8|0ct. 4, 1994 Japan Abst
TN ar |JP[20|02] -|23]|15|45/Aug. 16, 2002 Japan Abst
TN/ AS|JP| 8 - [23(83| 2| 6 |Sept. 17, 1996 Japan Abst
. | ATlJP| T2|00|7- 50|54|80| 03%/2007 Japan I |
OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.)
AU
TN/ Llotice of Reasons for Rejection in corresponding Japanese application p2010-507347
|(Original and English Translation)
ad
|
|
[EXaMINER TE CONSIDERED —
{Tuyan Nguyen/ 07/25/2016
*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEPI
609: Draw line through citation if not in conformance and not considered. Include copy of this
form with next communication to applicant. -

ALL REFERENCE

5 CONSIDERED

XCEPT WHERE LINED THROUGH. /TN/
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Receipt date: 05/16/201

n

0

Cliesl 1 oL 3

[Atty. Docket No. erial No.
U.S. Department of Comme:r:ce |1172/69068—Div 2 |S 14/120,197
Patent and Trademark Office plicant
ohn Talbot BOYS et al.
INFORMATION DISCLOSURE CITATION TTing Date Group
BY APPLICANT y 5, 2014
(Use several sheets if necessary)
U.S. PATENT DOCUMENTS |
Fxaminer Document Number IDate Name Class Subclass Ei‘;lingrgaigate
Initial Appropri
™ ap |2010300(5 R [6417 Mar. 20, 2003 [Yoshida et al.
! i Il
Cha WgCKS)f.a iediag B 5 9 [4 1 |8 |Apr——TC-—=bi— [NOr et al. .
t"d““mé';‘ﬂ? 200902 785 9 |2 Nov. 2009 himizu et aCJ).‘/ S
n TN/ c : ’
pa eI K P
B/L"K”ZTN/ ADlB 0 P 0O [8 |8 |8 [Oct. 2011 Fandya et al.
AE
=11 | f
AF
AG
AH T
AI 1
AJ
AK ="
AL
‘ AM
1
AN
|AO
| | AP
| FOREIGN PATENY UUCUMENTS
Document Number Date Country Class | Subclass Translation
Yes No
| TN/ |AQ EP(12({0 (5|3 |4 |0 May 15, 2002 EP | S
I [l
| TN/ |AR 11{5/|03 |5]9|9 Mar. 26, 1999 Japan Yes L
AS (11 5/2]8|1|0|SEPT. 17, 1999 Japa
| pan Yes |
1 AT |10(1 |8 |93 |69 |July 21, 1998 Japan
| N | | Juty P Yes |
f OTHER DOCUMENTS (Including Author, Title, Date, Pertinent Pages, Etc.) |
H AU
AV
AW
| AX
EXAMINER TATE CONSIDERED

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

form with next communication to applicant.

Include copy of this
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWWw.uspto.gov

I APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/120,197 09/19/2017 9767955 1172/69068-Div. 2 4659
14443 7590 03/30/2017

The Law Office of Richard F. Jaworski, PC
273 Walt Whitman Road

Suite 327

Huntington Station, NY 11746-4149

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 493 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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

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

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

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

John Talbot Boys, Auckland, NEW ZEALAND;
Grant Anthony Covic, Auckland, NEW ZEALAND;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in

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

IR103 (Rev. 10/09)
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505337528 02/20/2019

PATENT ASSIGNMENT COVER SHEET

Electronic Version vi.1 EPAS ID: PAT5384309
Stylesheet Version v1.2
SUBMISSION TYPE: NEW ASSIGNMENT
NATURE OF CONVEYANCE: LICENSE

CONVEYING PARTY DATA

Name Execution Date

QUALCOMM INCORPORATED 02/01/2019

RECEIVING PARTY DATA

Name: WITRICITY CORPORATION

Street Address: 57 WATER STREET

City: WATERTOWN

State/Country: MASSACHUSETTS

Postal Code: 02472

PROPERTY NUMBERS Total: 69

Property Type Number

Patent Number: 10079510

Application Number: 14386206

Patent Number: 9899145

Patent Number: 6621183

Patent Number: 6705441

Patent Number: 7969269

Application Number: 13930505

Application Number: 14529939

Application Number: 12998031

Patent Number: 8749334

Patent Number: 9466419

Patent Number: 9767955

Patent Number: 10106046

Application Number: 16138653

Application Number: 13261001

Application Number: 13389210

Application Number: 15324736

Patent Number: 9077194

Application Number: 13261259

Application Number: 14948702
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Property Type Number
Application Number: 13698851
Application Number: 13131155
Patent Number: 8923015
Patent Number: 9461480
Application Number: 15281591
Patent Number: 9653207
Application Number: 15449243
Application Number: 13389090
Patent Number: 9369058
Patent Number: 9912250
Application Numbetr: 15902978
Application Number: 13992757
Patent Number: 9666358
Application Number: 15497819
Patent Number: 9620281
Application Number: 15483838
Patent Number: 9966797
Application Number: 15973105
Application Number: 14233261
Application Number: 14240191
Patent Number: 9283858
Patent Number: 9071061
Application Number: 14700770
Application Number: 13814415
Patent Number: 9406436
Application Number: 14365873
Application Number: 14379068
Application Number: 14376401
Application Number: 14424390
Patent Number: 9660702
Application Number: 15487267
Patent Number: 9747792
Application Number: 15676323
Patent Number: 10056784
Application Number: 16117261
Application Number: 14424384
Application Number: 15021440
Application Number: 15510686
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Property Type Number
Application Number: 14410817
Application Number: 14780102
Application Number: 15500314
Application Number: 15324699
Application Number: 15120385
Patent Number: 7279850
Patent Number: 8953340
Application Number: 15746120
Application Number: 15750451
Application Number: 16077219
Application Number: 11575449

CORRESPONDENCE DATA

Fax Number: (617)523-1231

Correspondence will be sent to the e-mail address first; if that is unsuccessful, it will be sent
using a fax number, if provided; if that is unsuccessful, it will be sent via US Mail.

Phone:

Email:

Correspondent Name:
Address Line 1:
Address Line 2:
Address Line 4:

6175701000
sallirampersad@goodwinlaw.com
GOODWIN PROCTER LLP

100 NORTHERN AVENUE

JOEL E. LEHRER

BOSTON, MASSACHUSETTS 02210

ATTORNEY DOCKET NUMBER:

123279-186271

NAME OF SUBMITTER:

SHALEENA ALLI-RAMPERSAD/PARALEGAL

SIGNATURE:

/Shaleena Alli-Rampersad/

DATE SIGNED:

02/20/2019

This document serves as an Oath/Declaration (37 CFR 1.63).

Total Attachments: 45

source=Auckland License Agreement#page1 .tif
source=Auckland License Agreement#page?2.tif
source=Auckland License Agreement#page3.tif
source=Auckland License Agreement#page4.tif
source=Auckland License Agreement#page5.if
source=Auckland License Agreement#page6.tif
source=Auckland License Agreement#page?.tif
source=Auckland License Agreement#page8.tif
source=Auckland License Agreement#page9.tif
source=Auckland License Agreement#page10.tif
source=Auckland License Agreement#page11.tif
source=Auckland License Agreement#page12.tif
source=Auckland License Agreement#page13.tif
source=Auckland License Agreement#page14.tif
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source=Auckland License Agreement#page15.tif
source=Auckland License Agreement#page16.tif
source=Auckland License Agreement#page17.tif
source=Auckland License Agreement#page18.tif
source=Auckland License Agreement#page19.tif
source=Auckland License Agreement#page?20.tif
source=Auckland License Agreement#page?21.tif
source=Auckland License Agreement#page?22.tif
source=Auckland License Agreement#page?23.tif
source=Auckland License Agreement#page?24.tif
source=Auckland License Agreement#page?25.tif
source=Auckland License Agreement#page?26.tif
source=Auckland License Agreement#page?27.tif
source=Auckland License Agreement#page?28.tif
source=Auckland License Agreement#page?29.tif
source=Auckland License Agreement#page30.tif
source=Auckland License Agreement#page31.tif
source=Auckland License Agreement#page32.tif
source=Auckland License Agreement#page33.tif
source=Auckland License Agreement#page34.tif
source=Auckland License Agreement#page35.tif
source=Auckland License Agreement#page36.tif
source=Auckland License Agreement#page37.tif
source=Auckland License Agreement#page38.tif
source=Auckland License Agreement#page39.tif
source=Auckland License Agreement#page40.tif
source=Auckland License Agreement#page41 .tif
source=Auckland License Agreement#page42.tif
source=Auckland License Agreement#page43.tif
source=Auckland License Agreement#page44.tif
source=Auckland License Agreement#page45.tif
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EXECUTION VERSION

ASSIGNMENT

This ASSIGNMENT (the “Assignment”), dated effective as of & February 2019 (the
“Effective Date”), is made by WiTricity Corporation, a Delaware corporation (the “Assignee”), and
QUALCOMM Incorporated, a Delaware corporation (the “Assignor™).

RECITALS

WHEREAS, Assignor, Assignee and QUALCOMM Technologies, Inc., a Delaware
corporation, are parties to that certain Asset Purchase Agreement, dated & February, 2019 (the
“Asset Purchase Agreement”), pursuant to which Assignor assigned to Assignee, and Assignee
assumed from Assignor, for the consideration, and upon the terms and conditions, set forth in the

Asset Purchase Agreement, certain contracts of Assignor, including the Assigned Contract (as
defined below).

WHEREAS, capitalized terms used herein but not otherwise defined shall have the
meanings given to such terms in the Asset Purchase Agreement.

NOW, THEREFORE, pursuant to the Asset Purchase Agreement, and in consideration

of these premises, and for good and valuable consideration, the receipt and adequacy of which is
hereby acknowledged, it is agreed that:

1. Subject to the terms of the Asset Purchase Agreement, Assignor hereby grants,
sells, conveys, transfers, sets over, delivers, and assigns unto Assignee, its successors and
assigns, the contract listed on Schedule A, including without limitation all of Assignor’s legal
and equitable rights, privileges, interest and duties in and to such contract, and Assignor’s rights

and licenses in and to any proprietary rights under such contract (the “Assigned Contract”) and
Assignee hereby accepts such assignment.

2. Assignor hereby covenants that from time to time after the delivery of this
instrument, at Assignee’s reasonable request and without further consideration, Assignor will
execute and deliver any further documents and take any further actions as reasonably may be
required to convey, transfer to and vest in Assignee, and to put Assignee in possession of, any of
the Assigned Contract transferred hereby.

3. Assignor hereby requests the United States Patent and Trademark Oftice
Commissioner for Patents and any other applicable governmental entity or registrar (including

any applicable foreign or international office or registrar), to record Assignee as the assignee and
owner of the Assigned Contract.

4. Nothing contained in this Assignment shall be decmed to modify, supersede,
enlarge or affect the rights of any person under the Asset Purchase Agreement. If any provision

of this Assignment is inconsistent or conflicts with the Asset Purchase Agreement, the Asset
Purchase Agreement shall control.

5. All of the covenants, terms and conditions set forth herein shall be binding upon
and shall inure to the benefit of the parties hereto and their respective successors and assigns.

WEST\285155913.2
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EXECUTION VERSION

6. No modification, waiver or termination of this Assignment shall be binding unless
executed in writing by the party to be bound thereby. No waiver of any of the provisions of this
Assignment shall be deemed or shall constitute a waiver of any other provision hereof, nor shall
such waiver constitute a continuing waiver unless otherwise expressly provided.

7. This Assignment is governed by, and all disputes arising under or in connection
with this Assignment shall be resolved in accordance with, the laws of the State of Delaware,
United States (to the exclusion of its conflict of laws rules).

8. This Assignment may be executed and delivered (including by facsimile or
electronic transmission) in two or more counterparts, and by the different parties hereto in
separate counterparts, each of which when executed and delivered shall be deemed to be an
original but all of which taken together shall constitute one and the same agreement.

(REMAINDER OF PAGE INTENTIONALLY LEFT BLANK)

WEST\285155913.2
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EXECUTION VERSION

IN WITNESS WHEREOF, the parties have executed this Assignment on the date first
above written.

QUALCOMM INCORPORATED
Hy

e
Tuile: L

ACKNOWLEDGMENT

A notary public or other ofticer completing this certificate verifies only the identity of the individual
who signed the document to which this certificate is attached, and not the truthfulness, accuracy, or
validity of that document.

State of California

County of San Diego )

On _& February 2019, before me, Angela R. Gonzales, Notary Public,

personally appeared _K{) rhvisogt RO , who
proved to me on the basis T satisfactory evidence to be the person(s) whose name(s) is/are subscribed to
the within instrument and acknowledged to me that he/she/they executed the same in his/her/their
authorized capacity(ies), and that by his/her/their signature(s) on the instrument the person(s), or the
entity upon behalf of which the person(s) acted, executed the instrument.

1 certify under PENALTY OF PERJURY under the laws of the State of California that the foregoing
paragraph is true and correct.

WITNESS my hand and official seal.

FMETLLA GORRAEE
Coeypimisg 8 71445095
Bt ofy Palohy; - O piPoion
y S PR Gigyngy
By Comm. Easires My 23, 770K

Signature LAA NS\ YA |

Momentum Dynamics Corporation
Exhibit 1002
Page 784



WiTricity Corporation

By: hm\al (e }
Name: Donald R. Peck
Title: Chief Financial Officer

[SIGNATURE PAGE TO ASSIGNMENT]
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EXECUTION VERSION

SCHEDULE A TO ASSIGNMENT

1. The Amended and Restated License Agreement, dated October 14, 2011, by and between
Auckland UniServices Limited and Qualcomm Incorporated as the successor in interest to Halo
Inductive Power Technologies Limited, as amended by that certain letter agreement dated
July 31, 2012, by and between Auckland UniServices Limited and Qualcomm Incorporated, as
amended by that certain Second Amendment, dated October 14, 2011, as amended by that
certain Third Amendment, dated October 14, 2011, as amended by that certain Fourth
Amendment, dated May 1, 2017.

WEST\285155913.2
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AMENDED AND RESTAYED
LICENSE AGREEMENT

THIS AMENDED AND RESTATED LICENSE AGREEMENT (ihis *Agreament”) Is executed by the
Licensor (as defined below) and the Licensee (as defined below) on this fday of (:tObey” .
2011 (the “Execution Date). This Agreement shall, however, have retroaclive effect to May 10, 2070 .
since thls Agreement shall superseds and replace in its entirety the Original Exclusive License X
Agraement (as defined below) and Original Joint License Agreement (as defined helow) from thelr .
Inception.

PARTIES

1. AUCKLAND UNISERVICES LIMITED, a company Incorporated and registered in New Zealand
with company number 373821 (the "Licansor"), and

2. HALO INDUCTIVE POWER TECHNOLOGIES LIMITED, a company Incorparated and registered
in Guernsey, Channel Islands, with company number 561762 (the “Licensee”).

Lo

B il

N a

NOW, THEREFORE, for good and valuabls cansideration, the receipt and legal sufficlency of whigh is
hereby acknowledged, the Licensor and the Licensee hereby amend and restate the Original Exclusive
License Agreement and Original Joint License Agreement In their entirely and from thelr inception, as
follows:

WEST\224111408.18

o e i wene e

Momentum Dynamics Corporation
Exhibit 1002
Page 788




AGREEMENT
1. DEFINITIONS AND INTERPRETATION
Deofinitions

1.1 Inthis Agreement, oxcapt as lhe context otharwiss requires;

WEST\224111408, 18

B e e L T e T L T ]

Momentum Dynamics Corporation
Exhibit 1002
Page 789

=

%

-



“Dynaniic Demand Control* means technoiagy to adjust toad elemenis on a power receiver or
transmilter based on the monitoring of the fraquency of the fransmisslon or recelpt of power, and
passlbly other power control parameters, In order ta permit indlvidual, intermittent power loads to
swilch on or off at optimal momentss in order to balance an overall power system load generation,
thereby reducing power mismatches.

WEST\224111408.38
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"Exc!usi\m intellecu @l Propariy Rigm" means all Intellectiial P(operiy nghts4 mcludmg,
withaut limitation, any patent rights and Know-How righis, claiming, protecting o relating to any of

the following: ' i
! |

Z4+  theinventions claimed in [he patents and patent apphcatlons fisted on Schedule 1, f |
including, without limitation, any patents or patent applications desiving priority |

therefroth; I

(b)  any improvements to the same;

(¢}  anytechnology included in this Agreemant by the Licensee through the exerclse of
Its rights under the New Co-operation:Agreement 1o include such technology within
the exclusive licente granted In this Agraement; or

(d)  suchothér technology refevantto the Field, including, but not limited to, téchnology ;
relating to IP-DT -and Dynamic Demand Gontrol, which were solely owned or
controlled by the Licensor on May 18, 2010; which for the avoldanice of doubl
excludes under this glause (d) tha patent fights cavered by the Licensor's IPT
patent families 31, 32, 39, 40, 41 and 42 (as disclosed by the Licensor to the
représentatives of Qualcomm immediately prior {o the Execution Date).

“Exclusive Licensed Product® means ahy prodiicl e manulacture, use, sale; Impoitalion,
axporiation or disposal of which would, but for the licenise granted heretinder, Infringe ahy of the
Exclusive lnlelleclual Propeny nghts

[ P

e L am e

WEST\224111408:18
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Riald” ieans products which enable a Road Vehicle o initiate, capture, control, Stansmit andiot-
recelve BNBrGy orpowearon 4 wireless basis bymeans of magnaﬂc and/or resgnant induclion..

"lmproVements" means any lmprnvements modiﬂcaucns addmons or developments of or to
any of the claims made in a patent or patent application, permnlted tobe inclitdad in thal patent or
patant:application.

“Iritellectuat Property Rights" means any and alf rights o and interests in, or protecting, any
and alf inciustrial and inteliectual property of any kirid, whether bt nol in & materlal form, including
butriot limited to:

() copyrights (axcluding those In academic arlicles), trade mark rights, design rights;
all rights relating to confidential informatlon.and Inventiens, patent applicationis and
patents {or eqlilvalent in any jurisdiction), together with any right to epply for

5.
WEST\224111408.18
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registration of any such intellectual property rights anywhera in the world, any right
to clalm priority under international conventlan for 2any such applications and all
tights conferred by such industral or Intellactual property when registered or
granted; and

(b} -all ¢ights to and in any processes, formglae, designs, repors, drawings,
specilicalions, software, bme prints, Know-How, expeﬂences charadteristics,
lnventlons discove:

“P-DT* méans iductive power distribution techinolagy.

“IPT* meahs inductive power techndlogy,

ans g8, prle i rmabon o data wmch Is mot’ genera]ly
n, inchiding, wllhout Tnltat ménufacturing, formulation and sclentific research
on, whether or-not capable of precise separale descrlphun

WESN2241 140818
***¥Page 7 redacted
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:
£
!
é
i
"Neiw Co-operation Agreement’ means tiat certaln Amended and Restated Co-operation
Agreetiient antdred into batwaen the Licensor and the Licensee on the Executlon Date. .
]
i
!
H

& :
WESTI224111408,18 :
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“Road Vehlicle" means any vehicle having ona-or:more wheéls, which 1s designed:

(8)  foruse ona public or private road;

(b)  to bedriven or controlled by 3 human driver; and

()  takanspart people or goods.
Notwithstanding anythinig above, the term “Road Vehicle” does hot Inchide any vehicle primamy
designed for materials handiing use In ports; surface mining and indergrotind minng sltes ‘and

airports and any. forkiift, automalic guidsd vehicle, fall guided vehicle, golf cart-mobility sgoofér of
simiiar vehiole nol designed for use on sither.4 public ar prlvata road.

S UL 1
***Page 11 redacted
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2. LICENSE

Licensa Grant

2,1 Subjecttothe ferms and condltions of dlause 9.7-of this Agreement, the Livensor hereby grantsto
the Licénsee, and the Licensge hereby dciepts:

(8) an exclusive {except as describad In clause 2.2 and subjett to clause 9.68), non-
transferable (except as permitled in clause 14.10), worldwide license under{f'e Exclusive
Intellsstial Property Righits to use all of the Exclusive Intellectual Property Rights in the
Fiold, and to make, Have made, use, sell, offer for sale, inport, expoft and otherwlse
dtspoae ol Exclisive Llcensed Products in the Field. These rights include, withoul
limitation, the right to use; feproduce, display, perfori, modify, create improvements,
enhancements, and derivative works of, and distribite direclly or indirectly throiigh

muliple Uers, all works of authorship and techiiology ferming part of the Exclusive

Intellectual Property Rights for use in the Fl&ld, Including without Jimltation creafing

Improvenients. The Licensee-shall have the right to grantsublicenses with respect to all

or any postion of the rights granted In this clause 2.1(a), whethet directty or indirectly

through mumple tiers,

22

12,

WESN224111408.18
*%*Pages 13-43 redacted
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Assignivent

11,10 N

WEST\224111408.18
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Without limiting the foregoing, the Licensee shall also have the right to assign this Agreement,
without .obtaining the prior written consent of the Licensor, to Qualcomm or a Qualcomm-
designated direct or indirect subsidiary of Qualcomm,

A5
WEST\224 114408.18

*¥*¥%*Pages 46-47 redacted
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THIRD AMENDMENT

THIS THIRD AMENDMENT is made to the Second Amendment that was made to the
Amended and Restated License Agreement dated October 14, 2011, as amended by that
certain letter agreement dated July 31, 2012, between Auckland UniServices Limited, a
companyincorporated and registered in New Zealand with company number 373821 and
having its place of business at Level 10,70 Symonds Street, Auckland Central, Auckland,
New Zealand (“UniServices”), and QUALCOMM Incorporated, a Delaware corporation
having its place of business at 5775 Morehouse Drive, San Diego, CA 92121
(“Qualcomm”) (collectively, the “Agreement”), and is entered into effective as of
October 14, 2011,  UniServices and Qualcomm may be referred to individually as a
“Party” and collectively as the “Parties” in this Third Amendment.

THIRD AMENDMENT:
NOW, THEREFORE, the Parties hereby agree as follows:

1. Headings: Definitions. Section headings used in this Third Amendment are
inserted for the purpose of convenience only and are not intended to affect the meaning
or interpretation of any provision of this Third Ameridment. For the purpose of the
construction and interpretation of this Third Amendment, the word “including” (and
variations thereof such as “include” and “includes”) will not be deemed to be z term of
limitation, but rather will be deemed to be followed by the words “without limitation,”
and the words “herein,” “hereof,” and “hereunder” will refer to this Third Amendment
as a whole. Unless otherwise specified herein, capitalized terms used in this Third
Amendment given to such terms in the Agreement.

2. Schedules 1, 2 and 5. Schedule 1 to the Agreement is supersedizd and replaced in
its entirety by Schedule 1 that is attached to this Third Amendment. Schedule 2 to the
Agreement is superseded and replaced in its entirety by Schedule 2 that is attached to
this Third Amendment. Schedule 5 to the Agreement is superseded and replaced in its
entirety by Schedule 5 that is attached to this Third Amendment.

3. No Other Amendment. Except as expressly set forth in this Third Amendment,
the Agreement shall remain in full force and effect without any modification. The terms
and conditions of this Third Amendment and the Agreement supersedes all prior and
contemporaneous cral or written understandings between the Parties with respect to
their subject matter, and constitute the entire agreement of the Parties with respect to

1
Qualcomm Proprietary and Confidential
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such subject matter. The terms and conditions of this Thitd Amendment and the
Agreement shall not be modified or amended, except by a writing signed by (i) an
authorized representative of UniServices and (ii) the then-current President oxr Corporate
Setretary of Qualcomm (or his or her authorized designee).

IN WITNESS WHEREQF, the Parties have, through their duly authorized
representatives, caused this Third Amendment to be entered into effective as of the Third
Amendment Date. This Third Amendment may be signed in counterparts.

Auckland UniServices Limited QUALCOMM Incorporated ;
A f N
Feissf ot s wadeli s
By !‘s.wfé{,‘ f?‘_F{f‘w j'({; »;{/éf'{ '[H
Printed MName- PR f/ef!?f_%-ﬁ,eh Printid Wane: _/r’rﬁ;{j.{.ﬁ f;!'fl,thwn_/
: i o W e e i S 'y - .
Title: Ly vid Missingn L Title: ___{1; ;e s Cogrely 4
i d ar i a2
[rate; < f‘r—}f Lk Datt‘:.,..._&'_"’{) ;;;' ffj ’»f?_"_ o
2

Qualcomm Proprietary and Confidential

Momentum Dynamics Corporation
Exhibit 1002
Page 801




Schedule 1

Patent Families Exclusively Licensed

Inductive Power Distributions System - Inventors: Boys and Green

[ TPT04 | 121457WO0 PCT —2/5/1992 | PCT/GB1892/000220 ' Expired
PTO04 | 123457NZP1 | NZ t3/26/1991 | 237572 Expired
[TPT 04 | "121457NzP3 Nz" * | 9/30/1391 240018 Fxplred
PT0% | 121457NZP2 | ™02 9/19/1991 [ 239862" oexpired
| PPT04 |"T2T457NZ NZ 1/23/1992 | 237572 237572~ 7 [ Expired K
|PT 04 | T2T457NZ Nz 7/i/1991 | 238815 I . “Abandoned T
"1PT04 | 121457AU AU 2/5/1992 ~ | 1992012373 658605 Expired
TPT04 | 121457CA CA 2/5/1992 2106784 2106784 Expired
T o4 | Ti14siER T [ EP 2/5/1992  92904583.9 577611 | Expired -
PT04 | T21457FR R 2/5/1992 © 92904583.9 577611 [ Expied ]
“TPT04 } 121457DE ~ | DE” "2/5/1993" " 69227242.9 | 577611 - Explred
PT04 F 12145768 " | GB 2/5/1992 , 92904583.9 57711 ! Expired
“IPT04 [ " {Z1457NC NLC 27/5/1992 | 92904583.9 577611 "~ Expired -
WPTO3 T12asAT | T 2/5/1992 [ 929045839 [ 5776l T T Expired
PTO04 [ i214575E SE 27571992 T[920045835 T |'s7ieal " 77 T [Texpired ]
IPTO4 | THAS7ES T &S 2/5/1992 7| 929045839 577611 | Expired " i
| \PT04 [T121457EPD2 EP(Dv2) | 2/5/1992 | 011308393 T 7| T T Abandoned
“IPTO4 | 12I457EPDI  § EP 2/5/1992 | 972023246 818368 Revoked/Invalidated
TS T2A357F _'TP T 2/5/1992 | 1992-504164 2667054 | Expired '
IPTO4 [ 121457JpD1 : JP(Div) © | 4/14/1995 | 1995-889076 3304677 Expired
FTO047| 1214571PD2 J|)P(mvz) 3/15/2002 | 2002-071125 3729787 77 T |Expired” T T
1PT04| TZ1457/PD3 E TP(DIv3) | 8/10/2005 | 2005-231427 3776115 Expired
IPTO4 [12T457KR  EKR | 2/5/1992 | 10-1993-0702898 180047 Expired ’
IPTO04 [ 121457MX MX 3/13/1992 | 9201100 182161 Expired
PTO4 [ 12145705 | US " |1/30/1992 | 07/827,887 5293308 Granted
IPT04 | 121457TW ™w 2/7/1992 | 081100829 201828 Expired

Resonaiit Power Supplies - Inventors:

Boys and Greéen

TPTO5 | 121458NZPT | NZ T8/12/1991 | 239366 Expired
TPTOS — TZT45BNZPT[WZ 8/2371991 | 239533 239533 Expired
PT0S5 T 12T458NZ NZ 8/3/1992 739366 239366 Expired T
PTOS ] 121458 us 4 8/5/1992 07/926,051 5450305 Expired
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IPTO5 | 121458AU AU 8/7/1992 1992023966 656803 Abandoned
IPTOS | 121458)P P 8/7/1992 1993-504165 3178837 Abandoned
IPTOS | 121458KR KR 8/7/1992 10-1994-0700424 10-0163412 Abandoned
IPTOS | 121458TW T™W 8/7/1992 94-700424 81106363 Abandoned
IPTOS | 121458WO0 PCT 8/7/1992 PCT/GB1992/001463 Expired

Supply of Power to Primary Conductors (G2/G3) — Inventors: Boys and Green

Control of Series Resonant nductive Pick-ups ~ Inventors: Boys and Stielau

IPT09 | 121460NZP1 | NZ 12/5/1997 1 329340 : Expired

IPTo9 | 121460NzPz [Nz T |'3/18/1998 [ 329991 Expired

iPTos 1121260 T Iz 12/7/1998 | 'soassz 504853 Lapsed

Ws"é 121460 NZ 12/4/2001 | 515941 T ‘Abandoned .
IPTO9 3 121460W0 PCT 12/4/1998 [ PCT/NZ1988/00179 | ~  Veeplred ]
TPTO9 121460DE DE | 12/4/19%8 | 698418107 1050094 | Abandoned

IPTO9 ; 121460 us 12/4/1998 | 09/555,796 6621183 { Granted

"iPT09 | 121460EP EP '] 12/4/1998 | 98962726.0 1050094 =~~~ { Abandoned )
IPT09 | 121460AU0  [AU Ti2/4/1998 {17898/99 - 7 {pbandoned )
PT0s | 121460TW [ TW 'V 12/a/1998 | 87120180 125932 | Abandoned

TPT09 | 121460KR KR~ 12/4/1998 | 10-2000-7006157 “['Abandoned ™™ "~
PTO9 | 1214600P P 12/4/1998 § 2000-524850 T Abandoned ’

| Abandoned

PTI0 | 121461NZPL [Wz 9/9/1999 337716
PTI0 !'321461PCT | PCT 9/9/2000 PCT/NZz2000/000175 T Expired
IPTI0 | 121461AU AU 9/6/2000 7462070 772748 Abandoned
“IpT10 | 121461 — [ 05T [ 87672000 T 10/670,620 16705481 [ Granted "
"IPT10 | 1214610P P 9/6/2000 2001-522645 4456789 Granted T
IPT10 | 121461NZ NZ 9/6/2000 337716 337716 Abandoned
"PTI0 ' 121461CA CA 9/6/2000 | 2383644 2383644 Abandoned
PT10” | 1214616~ T EP 9/6/2000 00963170.6 1219000 i Granted
iPTi0 | 121461DF j DE 9/9/2000 60045515.7 1219000 1 Granted —
TIPTI0 | 121463FR° I FR 9/9/2000 009631706 1219000 Granted T
TPTI0 { 12146168 f 6B~ | 9/9/2000  { Gog63i70.6 © ] 1219000 ° _'l_eﬁft'ea"
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G s
I R DV S SR AT
IPT23 | 121462NZ1 INI C eiziI00G Fapiras
[TPT23 | 121462W06 i PCT | 5/2/2007 ~ | PCTY/NZZ007/000097 T T T Expired B
1
IPT23 | 121462 i Us | 5/2/2007 12/226,956 [ 7969269 Re-issue Filed-(see 1
| | : - - PT81) -
| 723 | 12146781 us | 672872013 12/930,505 Pending :
"1PT23 | 121462R1D1 us | 10/31/2014  14/529,939 T pending T T
IPT23 | 121462Nz2 ! Nz ©5/2/2007 73546955 T 7 *| 546955 Granted __
IPT23 | 121462EP "EP T 5/2/2007 07793941.1 Pending
IPT23 | 121462CN _CN i1/2/2008 | 200780020724.0 7i.200780020724.0 ' Granted

Inductively Coupled AC Power Transfe# — Inventors: Boys and Green

IPT27 | 121463NzP1 | NZ 4/17/2009 | 576320 Expired :
IPT27 | 121462NZ , NZ 9/11/2008 | 571222 571222 Granted :
IPT27 | 121463EP “EP 9/11/2009 | 09813290.5 Pending a
IPT27 | 121463JP JP 9/11/3009 | 2011-526828 " "~ | s756754 ~ 7| 'Granted T T s
T1PT27 | 121463KR T KR~ [ B/I172009 ; 10-2011-7008327 T 7 [Pending :
PT27 | 121463CN : CN “["9/11/2009 ‘5200980143019.9 Z0200980143019.9 | Granted " a
“IPT27 | 122463 US GNT 2005 1T137998,031 T T[T T Pending |
1PT27 7| 12i463W0 ~ "TTF PCT 871172009 PCT/NZ2009/000191 ) 7" Expired ‘

Multi Power Sourced Electric Vehicle — Inventors: Boys and Covic

IPT28 | 121464NZP1 | 5/10/2007 | 555128 >
IPT28 | 121464NZ NZ 5/29/2008 555128 555128 Granted

TPT28 7] 121464NzZP2 T TITNZ 7/2072007 ~ 556646 N N S
PT2 121464 "us 5/9/2008 J| 12/451,436 ‘87493347 7| Granted

PT28 | 171464NZD1L NZ{DIv] | 8/26/2009 ., 579313 579313 Granted ~ e
1PT28 | 121464AU AT " " Ty 5]972008 2008251143 2008251143 ' Granted

PT28 | 121464CN CN 5/9/2008 | 200880023317.X 1142755 Granted
T8 T T20464W0 T T PCT [ 579720087 f'ﬁ:?/ﬂﬁcﬁé]@bﬁ'“ Expired
T 121463R  * |RR— ["579/2008 . 10°2003-7025202 Pending

P18 1ZI464E7 EP 57972008 ;"0876695219 Pending
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I B s

IPT28 | 121464NZD1D1 | NZ " 3/1/2011 591463 Abandoned

PT28 | 121464CA CA " 5/9/2008 2687060 Pending

IPT28 | 1214641 P | 5/9/2008 | 2010-507347 Pending

1PT28 | 121464IN IN 5/9/2008 7552/DELNP/2009 Pending

IPT28 | 121464AUDL AU(DIv) | 2/28/2012 | 2012201155 Pending

IPT28 | 121464CNDI CN(DIv) | 1/14/2013 | 201310012148.2 Pending

IPT28 | 121464CNDIDT ‘| CN(DIv) | 5/9/2015 | 2015101644481 Pending |
IPT28 | 121464KRD1 KR(DIY) | 12/23/2013 | 10-2013-7034223 Pending |
| PT2s 121464KRD2 KR(Div) | 3/25/2015 | 10-2015-7007587 Pending |
| P28 | 12t4Gant US(Div) | 3/14/2014 | 13/999,663 Pending :
[ PT28 | 12146402 Us(Dv) | 5/5/2014 14/120,197 Pending
TIPT28 | 1214641PD1 JPOIV) | 2/9/2015 2015-023233 Pending

Inductive Power Transfer Apparatus - Inventors: Boys and Huang

R L R

CETain | diiadanie i U zfs/2a0 STEEIT T Expired
IPT20A | 121494NZ NZ 5/5/2010 574677/556137 Abandoned
IPT208 | 121494W0 PCT 2/5/2010 PCT/NZ2010/000017 Expired
PT29A | 121494EP & 2/5/2010 10738795.3 Pending
PT29A | 121494 Us 2/5/2010 13/138,299 9,283,858 Granted

Inductive Power Transfer Apparatus - Inventors: Boys, Co

vic, Hugang and Budhia

; oo | e ark
T21494NZP1 NZ 574677 e xpired
PT296° | 121497NZP1 ~ | Nz 4/8/2009 1576137 - | Expired ]
IPTZ98 | 121497NzD1 NZ{DV) ; 5/31/2010 585802 Abandoned
IPT298 | 121497NZDID1 | NZ(DW) | 11/30/2011 596792 Abandoned
IPT298 | 121497NZDIDL | NZ 5/5/2010 | 611167 T 7 [Abandotied |
1
1PT298 ‘2211497wd' s 2/5/2Gi0° 7| PCT/NZ2010/000018 | " " IExpired B
PT298 | 121497CN }ﬁ 12/5/3010 201080012646.7 71201080012846.7 | Granted
IPT298 | 121457CND1 CN[Div) | 9/25/2015 201810621373.5 1 ™ Pending |
“IPT298 | 121497CA CA 2/5/2010 2751595 T 77 7 "I'pending
“iPT298 | 121497IN N /52010 T "6327/DELNP/2011 “|'Pending”
PT298 7| 12149758~ TP T |2/572010 '2011-549109 ) | Pending
\PT298 | 1214971PD1 | IP(Div) | 776/2015 | 2015-135622 ~~ =TT T Pending” T
IPT298 | 121497EP EP “2/5/2010 [10738796.1 T IPending T ]
“ipT298 | 121457KR" KR 2/5/2010 10-3012-7020758 "~ " © 1 #crding
6
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PT29B * 121497

Ius

2/5/2010

' 13/138,298

9,071,061

! Granted

IPT298 | 141497C1

us

4/30/2015

| 14/700,770

Pending

Inductive Power Transfer Apparatus and Electrical Autocycle Charger, Including the Inductive Power Transfer Apparatus -
Inventors: Boys and Covic

1PT34 | 121465NZP1 | NZ | 5/12/2009 | 576909 Expired

IPT34 | 121465NZD1 NZ(Div) | 11/14/2011 | 596393 Abandoned

1PT34 | 121465N2 Nz 5/12/2010 | 576909 Abandoned,

‘IPT34 | 121465W0 PCT 5/12/2010 | PCT/NZ2010/000088 ) T | Expired T T T T
IPT34 | 1214650p  1JP 1 5/13/2010 | 2012-510770 - ©" " TPending

IPT34 | 121465/PD1 | JP " 11/13/2005 ; 2015-223470 o~ 1 Pending |
P34 | 12146500 oN 5/12/2010 TEOM%FG.Z"' - pending T
TPT34 | 121465 Us 5/12/2010 | 13/261,001 B Pending B
IPT34 | 121465ep [ EP  5/12/2010 | 107751513 B [Pending = T T

Vehicular Roadway Inductive Power Transfer Systems —lnventors: Boys and Covic

Power Control in IPT Roadway- Inventors: Boys/Covic

IPT35 1 121466P us + 8/7/2009 61/273,701 Expired

IPT35 j 121466WO PCT |r 8/6/2010 | PCT/NZ2010/000159 Expired

IPT35 | 121466W02 PCT 7/38/2015 PCT/NZ2015/050088 Expired

IPT35 :'1'214660\1___51?:. ) a/e/zﬁo_ 201080042396.6 2010_80042396.6 Grantef : :
IPT35 | 121466 Us i 8/6/2010 13/389,210 Pending 1
Tas | 1omaeEn [ T 8/6/2010 { 1935/DELNP/2012 | TT T 7T T[ Pending :
TPT35 | 1214666P | EP 8/6/2010 ~ F 10806690.3 Pending ;
“PT35 ] 121466KR | KR 8/6/2010 10-2013-7006120 Pending

IPT3s ' 1214661P P 8/6/2010 2012-523582 T pending b
PT35S | 121466JPD1 JP(Div) | 8/6/2010 = | 2034-12113" . [ Pending

CPT35 | 121466NZP1 | N2 : 7/9/2014 1627280~ " - ) Expired

IPT36 | 121467WO PCT 9/9/2010 PCT/NZ22010/000181 Expired

IPT36 | 121467JP ip 9/9/2010 2012-528772 Pending

IPT36 | 121467P1 us 9/9/2009 61/276,204 Expired

IPT36 | 121467 us 8/9/2010 13/395,173 9,077,194 Granted
7
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[TFT'as [ 121467EP

rr I 9/9/2010 l

1.0815680.3

Pending -

Series AC Cornitraoller —Inventors: Boys, Covic and Wu

IPT37 | 121463Nz2P1 | N2 10/12/2009 | 580388 ! : Expired
IPT37 | 121463WO0 PCT 10/12/2010 | PCT/NZ2010/000203 ! " Expired
“TPT37 | 121469NZ Nz " |'10/1972010 ~{ 580388 - 530988 Granted
IPT37 121469 " T [ 08 "10/12 /2010 |"i3/261,259 Pending
'|PT37'?'1§'1&69C’1_?U_5 T'WEZUIS_Wiﬁz' T pending |

Multiphase Inductive Power Transfer System — Inventors: Boys, Covic, Budhiaand Kissin

i ] Applieation b ting
121470NZP. NZ 5/19/2010 f 585483 | Expired
121470NZP2 | NZ 8/25/2010 | 587567 Expired
[ 121470Nz 1 NZ~ 6/3/200T [ 585483 585483 Granted
"121470WO_!W' 571972011 PCT/N22611/000079 |~ ° o Expired -
“iPT43 | 121470 SRV 5/19/2011° T 13/698,851 Pending i
121470CN CN 5/19/2011 201180035293.1 - """ | Pending N
33 iigioee | ep "§Jig/201i | 117838087 Pending -
12147006 © 7T |TIP° 5/i97201T ["511125/2013 ~ ~ B Pending = " T
1337| 121470MY My 5/19/2011 "|"Pi2012700954" Pending ]

Bi-Directional Inductive Power Transfer —inventor: Madawala

573391

“TPT45 | 12147INZPL 117267200 Expired

PT45 | 12147INZP2 NZ 97372009 579498 Expired

TPTAS [ 12147IWO T | PCT—'_li.'/ﬂzslzoos PCT/NZ2009/000259 ' Expired -

IPT45 | 121471 TUSTT T 11/26/2009 | i3/131,155 [ Pending =~ |
PT45 | 12147INZ Nz 12/21/2009 | 5733417 579747, " Granted

TIPT45 [ 12147iNZD1 " | Nz(Divf | T/03/2010 | 582580 ° | 582580 “ | Granted -

Primary Side Power Transfer for Inductive Power Transfer — Inventor: Miadawaia

Tag G el TR [ bl ]

R T TR c I T L me w K

IPT46 121472METL | M2 9/1/200% 579499 Expired

IPT46 traranier e T TogEgnoe | 579498 T T T ERplred T T
8
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IPT46 121472NZ Nz 11/26/2008 | 573241 573241 Granted
IPT46 121472W0 | pPCT 11/26/2009 | PCT/NZz2009/000263 Expired
IPT46 121472 us 11/26/2009 | 13/131,153 8,923,015 Granted
1PT46 121472C1 us 12/25/2014 | 14/584,320 —|Pending

inductive Power Transfer System —Inventors: Madawala and Thrimawithana

IPT47 | 121473NZP1 NZ 6/30/2010 586526 I Expired A
1PT47 | 121473WO PCT 6/30/2011 PCT/NZ2011/000124 Expired X
PT47 | 121473 us 6/30/2011 13/807,436 Pending
IPT47 | 121473NZ NZ 7/28/2011 586526 586526 Granted

Inductive Power transfer Apparatus ~ Inventors: Boys, Covic and Budtiia

PT49 | 121498N2ZP1 TNz 8/5/2010 587222 ] Expired

P |131as8wo”  {ect "8f5/2011 PCT/NZ2011/000153 Explred”

PT49” | 121498 ~° “fuUs 8/5/2011 13/814,415 Pending -
TP 121488Nz ¢ Nz 8/19/2011 sg7322"— T\~ Abandoned

"PT4g |"171a8eNzD1 - NZ(DW) [ 2/2072013 [ G076 ©m 0 7™ Kbandoned —
TPTA8 T T21a98NZ0101 ' NZ(Div) 6/12/2014 626194 — | Abdndohed

Inductive Power Transfer System —inventors: Covicand Kissin

IPT50 | 121474WO0 PCT 8/6/2010 PCT/NZ2010/000160 Expired
PT50 | 121474 UsS 8/6/2010 1373%9,090 - Pending
TPT50 | 12idrace ° |TEF | 87672010~ | 1080669LL -l Pending
IPT50 | 121474KR KR 8/6/2010 10-2012-7006123 Pending
IPTSO™ ["121474IN ~ 1IN ‘| 876/2010 1947/DELNP/2012" Pending
PTS0 § 121474CN —[CN | '8/6/2010 2010800424009 | Pending -
1PT50 " | 1214745 - P T [8/6/2010 "207.2-523583 T i Pending
TPTS0 | 121474JPD1 | JPivi [ 10/2272015 | 2015208300~~~ T ~ 77 :!‘Pending
1

Inductive Power Transfer Control {IPT pick-up controller) — Inventors: Covic, Boys and Huang

Flivy Hota -=|,-.n.p;.|rcbtjqn [TTERARNN - {%’.’fEB&T'_&i’?’J{iS"'?""{ TR
TPT5T ] T21487NzP1 | NZ ; Hli-;jlfig'ilg." | £:5: )y A R TeRpred T Tt
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IPTS1 | 121487NZ NZ | 8/18/2011 587357 587357 i Granted |

IPT51 | 121487W0 | PCT 8/12/2011 | PCT/NZ2011/000155 | Expired ! :
: PTS1 | 121487IN IN 8/12/2011 | 2106/DELNP/2013 | Pending : ;
| IPTSL | 121487kR KR 8/12/2011 | 10-2013-7005935 | Pending h
P IPTS1 | 121487US us 8/12/2011 13/816,630 9,369,058 | Granted z
IPT51 | 121487D1 us 5/9/2016 15/150,385 : Pending h
IPT51 | 121487EP EP 8/12/2011 | 11816674.3 Pending
IPT5L | 121487CN CN 8/12/2011 | 201180049292.2 Pending :
IPTS1 | 121487JP P 8/12/2011 | 2013-524812 | pending -
.
Inductive Power Transfer Apparatus with AC and DC Output - Inventors: Covic, Boys and Robertson )
O A T S A L LN T R ET T R :
BLA0MELD | S89RES i Explres .
123.488W0 PCT 12/9/2011 | PCT/NZ2011/000256 Expired ,

121488US us 12/9/2011 | 13/992,757 Pencling

121488NZ NZ 12/12/2011 | 589865 589865 Granted

S

Inductive

Power Transfer Pick-up Circuits — Inventors: Covlc and Robertson

“PTS3 | 121489NzP1 | NZ 9/3/2010 1 587780 lE)‘(pire‘d g
IPTS3 | 121489W0 PCT 9/5/2011 PCT/NZ2011/000181. Expired :
IPTS3 | 121489IN IN 9/5/2011 2869/DELNP/2013 i " 7' Pending” ~ .

IPT53 | 121489EP P~ 179/5/2011 ~ [ 11872189.4 B Pending -

IPT53 | 121489)P ;P ! 9/5/2011 2013-527033 Pending

[ v A N 9/5/20i1 | 13/82,0477 T Pending~ T
PT53 © 121489CN [ o " §/5/2011 ~ ~| 201180051750.6 Pending i
IPT53 | 121489NZ" ‘Nz T 1idjsjaona 7| BR77&0 527780 T Granted :
PTS3 | 121489KR KR | 9/5/2011 10-2013-7008491 i Pending :

Inductive Power Recelver Apparatus (Bipolar Recelver Pad) — Inventors: Covicand Budhia

588937

121490NZP1 | NZ |.'11/1/2o10 [ Expired
IPT54 | 121490W0 PCT 8/5/2011 PCT/NZ2011/000154 Expired
TIPTs4 | 121490KR KR 8/5/20i1 | 1020137005726 | pending ~~ T
IPT54 | 121490JP BT 8f5/2011 | 2013-5240660 |l- 5941046 Granted
" IPTS4 | 121.490EP | 22 I"g75/7011 11814854.3 R pending —
10
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IPT54 | 121490IN IN 8/5/2011 1921/DELNP/2013 Pending
IPT54 | 121490US us 8/5/2011 13/814,542 Pending
|_IPT54 121490CN CN 8/5/2011 201180048057.3 Pending

Load Control for Bi-Directlonal Inductive Power Transfer Systems — Inventors: Madawala, Thrimawithana

- ;| BB SRS T v iy s
1PT55 | 146623NZP1 | NZ 7 6/27/2011 | 593764 Lepircd
PI55 | 146623W0 PCT 6/27/2012 | PCT/NZ2012/000107 Expired
iPTS5 | 146623 Us V6/22/2012 | 14127,882 Pending
PTS5 | 146623k~ - KA [ 6/27/2012 1 10-2014-7001555 | Pending
"iPTS5 | 1466230P T 6/27/2012 2014-518471 Pending
L:ZTT‘W"TE " 272012 112804818.8_ - - Pending B
55 ] 146623CN ] TN 6/2772012 f 201280030503.2 ‘Pending
[TPTH5 " 146623NZ ' NZ 17/0/2612 = 1593764 " "7 T T|593764 T | 'Granted T 7T
! 1

Interoperabllity of Magnetic Structures for Inductive Pawer Transfer Systems — Inventors: Covic

IPTS7 | 12149INZP1 ] NZ m?/s/zo\;l 593977 | Explred

PT57 12149ENZP2 NZ 12/23/2011 |597367 ! Expired

PT57 . 121491WO : PCT 77972012 |,Pcr/szo1z/ooo12'1''‘i TErpired— —— 7
P57 1214910P [P 79 2017 _‘Ims_' 1| Pending '
\PT57 | 121491EP EP 77972012 - 12820784.2 ! Pending

TPT57 1712149108 us [7/3/2012 % 147135138 - ‘ : Pending

TPT57 '121491CN [TCNTT T | 7/8/2012 "'|‘2_'o‘1280037549,7 : Pending

PT57 | 121491KR KR~ [ 7/9/2012"" 10-2014-7003472 " e pending ]
- IPT57 | 12149iNzD1” [ Nz(Div) [ 3/31/2014 623168~ Abandoned "
PT57 | 12149INz [NZ™ 7 7 10/8/2012  [593977 T | TTTUUTU T Y Abandofied T T

Double Conductor Single Phase Inductive Power Transfer Tracks — Inventors: Covic and Raabe

IPT5.8 121492NZP1 NZ 771972011 [594158 Expired

PT58 | 121492W0 PCT 7/19/2012 | PCT/NZ2012/000127 Expired

PT58 '+ 12149205 US 7/19/2012 t 14/233,261 Pending

'PTSBI 121492CN CN 7/19/2012 E201280038877.9 Pending ;

PTS8 : 121492EP EP 771972012 12819897.5 Pending ;

PT58 T121492)p P T30 ] 2013521588 Pending .
11
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IPT58 | 121492KR KR 7/19/2012 10-2014-7004312 Pending
IPT58"| 121492NZ NZ 10/19/2012 594158 Abandoned
IPT58 | 121492NZD1 | NZ(Div) | 3/31/2014 623197 Abandoned

IPT Magnetic Shielding - Inventors: Covic and Boys

121493NZP1 7777011 555056 Expired i
IPT59  121493W0 PCT 9/7/2012 PCT/NZ2012/000160 Expired
P15 | 121493KR KR 97772012 io-2014-7007332 | Pending o
"IPT59 | 121493ep EP 9/7/2012 12829832.0 . Pending =~~~
IPT59 [ 121493CN N | 97773617 - T Pending
PT59 | 121493IN° "~ \IN 7§ 9/7/2012 1434/DELNP/2014 | Pending - _'!
I IPTS9 | 121493JP 1P 5/7720i2 [ 2014-579639 - IPending ™ j
PFSS '| 12143305~ TTUS 97772012 14/240,191 — Pending _

Magnetic Field Shaping for Inductive Power Transfer — Inventors: Covic and Boys

ABE )
| 10/28/2011 1 596080 Expire

PTe0 | T3P | WE T5/16/2011 | 597168 Expired
TFT60 | 123493NZF3 | NZ 9/6/2012 1602304 Expired
IPT60 | 123493W0 | PCT 11072972012 | PCT/NZ2012/000198 Expired

| |
P60 | 123893% | KR {97201 | 10-2004-7014470 | | Pending

I |
PTE0 | 1239305 | Us 1072972012 | 14/354,705 Allowed

1
PTE0 [N | 1072572017 | 4062 DELNP/2014 Pending
P60 13453 | 1072572017 | 128438542 : ~Pending

J 1

PT60 | 123493 | P 10/29/2012 | 2014-538747 E | Pendhg
TPT60 | 123495CN | N 10/25/2012 | 2012800648143 | Pending
PT60 | 123493NZ NZ 1/75/2013 | 606189 i 7 Abandoned
IPTE0 | T23493/0L | W) [ Bi/2014 628198 |' y Abandoned

Inductive Power Transfer System and Method — Inventors: Govic and Boys

4
IPT61 | 123494NZP1 ' NZ 12/16/2011 597174 Expired 1
IPT61 | 123494W0 PCT 12/1872012 PCT/1B2012/002730 Expired 1
IPT6I | 123494KR KR 12/18/2012 10-2014-7019724 Pending |
IPT61 | 123494JP JP 12/18/2012 2014-546664 Pending 1
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IPT61 | 123494Us Us 12/18/2012 | 14/365,873 Pending
PT61 | 123494EP EP 12/18/2017 | 12858565.0 Pending
IPT61 | 123494GB GB 12/18/2012 | 1412616.3 Pending
IPT61 | 123494CN N 12/18/2012 | 21280069521.1 Pending
1PT61 | 123494NZ NZ 3/15/2013 608273 608273 Granted

Magnetic Structure Interoperability for IPT Systems — Inventors: Covlc and Boys

dain s roe BebEE 5 L E
e CE . o

AP S S e S S - vrv
TFTEZ © LIIASBENFREY NZ

Ry e 3
t Cognated with IPT57 |

i

Multiple Coil Flux Pad ~ Inventors: Covic and Boys

P63 | 123496N2P1 598253

| 2/16/2012 Expired
156z 1 123786W0 ! "2/157/2013 | PCT/NZ2013/000016 Expired
H 1
PT63 | 123496KR | KR 2/15/2013 | 10-2034-7025625 | | Pending
IPT63 | 1234961P I | 3715/2013 | 2014-557594 1Pendlng -
IPT63 | 123496IN . IN 2/15/2013 | 7034/DELNP/2014 Pending
IPT63 | 123496CN CN " |"27i5/2013 201380019993.0 Pending ) -
PT63 | 123496US Us 2/15/2013 | 14/379,068 [ Pending
IPT63 | 123496EP | EP 2/15/2013 | 137493003 l | Pending
PT63 | 123496NZ I NZ 4/19/2013_ | 609482 | 609482 | Granted

VAR Control for IPT System — Invehtors: Covic and Boys

i ! T

T23497NZP1 537987 Expired
IPT64 | 123497WO0 PCT 27172013 PCT/NZ2013/000009 - Expired
IPT64 | 123497EP EP “| 2/1/2013 7 " 17138135496 : Pending
IPT64" | 12349705 | US "2/1/2013 14/376,401 ; T [Pending” ”
TIPTe4 " [T1IBAGTEN" T 7| N T 7| T27I72013 2013800178455 _ T T [MPending |
1PTed | 1234576 "T P77 7| 2/1/2013 2014-555521 Pending T
IPT64 | 123497KR KR 2]i/2013 [ 10-2014-7024432° """ "7 Pending
1PT64 | 123497N2 ‘Nz T " |'4/16/306i3 | 609519 " | -Abandoned -
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Flux Coupling Device and Magnetic.Structures Therefor— Inventors: Covic and Budhia

TPT65 | IS09I/NZPT | NZ 7972017 601154 1 Expired
PT65 | I509Z7WO [ PCT | 7/9/20153 PCT/NZ2013/000120 Expired 5
PT65 | 1509271P 1P 77972013 2015-521574 ' 7| Pending f
PT65 | 150927CN ~ ' N~ 17/9/2013 ° | 2013800467168 i - pending
[PT65 | 150927 ~ 77 ['US™ " °[ 7/9/2013 '] 147410817 ' " 77| Pending ] >
[TPTE5 T 150%27KR | KR "~ | 779/2b13 ; 1o-2015-7003352 "|" - Pending ;
BTes [ 1500278 [ EPTT T9/8/2018 T | 'iasiedsiE T 77 pending 1 '
PT65 | T50927NZ "~ Tz 7/31/5013 "7 [ 613512 ‘L""_‘ T EABandnnéd—__ )

Design Consideratlons for Variable Coupling Lumped Coll Systems— Inventors: Chang-Yu and Covic

] JS{W};;{ : P _af};j;if.{,;; - P
LT o e+ RS T o

PT66 | 131023NZP1 | NZ 8/31/2012 602184 | Cepired
[TPT66 | 131923NZP2 | NZ 5714]2012 602543 Expired
[[TPT66 | 131923W0 PCT 9/2/2013 ;~PCT[N22013/000154 Expired ,
TPTe6 1 13192aNz T INZT | 11/29/2013" [®18318  |° '~ |Abandoned )
IPT66 | 13192§RR_‘i KR " '] 9/272013 T T [ 10-2015-70083G2 T pending "~ T .
PT6e6 T 131923EF T |' EF°°  |9/2/2003° © 7| di38335286 — | T 77 |Pending = T ;
TPTEE’ | 131923Us  TJUS | 9/2/2013 T ' 14/424330 T TTOTTT T | Pending |
TPTE6 | 131923p | T [ 9j2/2013 T [26i5%529721 |7 7T | Pendng i
1PT66 1319'23C(\1_—"|_C'N_" '9/2/2013 T 201380055662.2 © T 777 [Pendmng T

‘inductive Power Transfer Control Using Energy Injection

TPT67 | TAG628NIPT | 12 |10/1/zo12' ] 602767 Expired

PT67 | 146628NZP2 § NZ 1 16/9/2012 602903 Explred i

TPTE7 [ 146678WO PCT ~[10/1/2013 PCT/NZ2013/000184 | T Expired

TPT67 ["136628Nz ~ TNZ T0/1/2013 | 616162 - } ~7 7| Abandoned ’

IPT67 7| T4B628CN | CN "110/1/2003°~ " [ 201380051407.0, - Pending

IPT67 | 146628EF | €P 10/1/2013 ~° 138435532 T T ||Pendl_ng T

IPT67 | 146628% TIp [1071/2013 | 2015-535601 - "pending T

“IPT67 7 146628KR | KR ° 107172013~ ~|10-2051-7007591 [ T 77 ) 1'Pending

IPT67 -| 146628~ (U~ | soya/sony T TapmTme e b T Pendlng .

IPT67" [126628IN ™ "TIN" ~ "['10/1/2013  T|'2545/DELNP/3015 |7 " [ Pending ’ )
14
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Wiring Harness and Wireless Power Transfer System—Inventors: Keefing; Beaver, van Boheemen, Kissin, Covic and Boys

[ G T T R
[ P68 112082201 002 | Eieisad T T | Expired

PT68 | 120822W0 | PCT 3/20/2013 PCT/NZ2013/000045 Expired
PT68 | 1208226p | EP 3/20/2013 | 13764869.7 — Pending
IPT68 | 120822 us 3/20/2013 | 14/386,206 - | Pending ]
PT6E8 r 120827kR KR "V'3/20/2013 10-204-7029391 T rending T T
PT68 1208’22'EN_T"'I' 3/20/2013 201380024923.4 pending” "

PT68 | 1208220p° [P il 3/20/2013 2015-501611 ' T 77| Pending

Winding Arrangements in Wireless Power Transfer Systems— Inventors: Keeling, van Bolieemen, Kissin, Beaver, Boys Covic,

etal,
120823P1 ! Us "3/20/2012 61/613,420 Expired
120823W0 | PCT 3/20/2013 PCT/NZ2013/000046 Expired
120823 Us 3/20/2013 14/386,311 Pending
mzm'"“'i KR 3/20/2013 | 10-2014-7029392 ) | Pending " T
120823CN 1 CN 3/20/2013 = 7| 201380024920.0 — =~ 1 Pending
T 120823E0 EP 3/20/2013 13763812.8 Pending
120823p P E'a"/ﬁ'/'z’ma' 2015-501612 — """ "Pending

Electromagnetic Field Confinement— Inventors: Covic and Boys

1PT70 I 150928NzP1 | NZ ' 3/27/2013 608759 I |_Expired

IPT70 } 150928NzP2 | Nz~ 7/10/2013 613099 i Expired

IPT70 | 150928NZ NZ 3/31/2014 623218 [ “Abandoned )
(1PT70 | 150928W0 PCT 3/27/2014 PCT/NZ20147000054 |_ Expired”

IPT70 - 150928EP Ep 3/27/2014 14774618.4 ! Pending

IPT70 | 150928KR KR 3/27/2014 10-2015:7030134 ‘Pending T
IPT0 ;150928 us 37272014 = | 14/780,i62 ) Pending

TTPT70 7 150928 | IN "3/77/2014 [ 9057/DELNP/201T T T T° 7" Pending

CIPT70  150928CN TN | 37272004 T | 2014800285973 | "Pending

IPT70 | 1509281P P 3/27/2014" = | 201605431 | ~ " Pending
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An Output Current Doubler for a Parallel Tuned IPT Pickup - Inventors: Keeling and Boys

g e % o s

!_IPT72 [ 120821NzP1 | N2 12/20/2013 619303 1 Expired 2
FIPT72 | 120821NZP2 | NZ 8/19/2014 628991 Expired

PT72 | 120821w0  PCT ! 12/19/2014 PCT/NZ2014/050025 Expired

IPT72 | 120821 [ us 7°6/20/2016 15/106,642 i Pending

IPT72 | 120821CN i CN | Unknown | Pending

IPT72 | 120821EP | EP 12/19/2014 Unknown 14871146.8 Pending
. IPT72 | 120821IN . IN 12/19/2014 Unknown Pending |
I IPT72 F 120821JP P 12/19/2014 Unknown 2016-541639 | Pending |.

A Polyphase Inductive Power Transfer System with Individual Control of Phases— Inventors: Madawala and Thrimawithana

o
IPT73 | 147303NzPL | NZ | 8/28/2012 | 602095 ' T expived _
TpT73 | 147303Nz  |'Nz | 872972013 "m_a_m B I Abandoned
P73 5 147303W0 |, PCT 8/2872013 ! PCT/NZ2013/000151 | | Expired §
IPT73 ' 147303 us 8/28/2013 i 14/424,384 ! , Pending
1PT73 f 147303KR KR i 8/28/2013 10-2015-7008158 i.Pending
IPT73 1 147303 P |8/28/2013 2015-529720 | + Pending
| IPT73 I 147303CN [ | 8/28/2013 201380053814.5 | | Pending
.|f:1;73 ; 147303EPM” EP j.8/28/20}.3 13832921.4 o JMMM .l.Per.lding

Resonant Frequency Compensation-~ Inventors: Thrimawithana and Madawala

IPT76 | 150997NZP1 NZ I 8/11/2014 628544 z Expired
IPT76 | 150997WO PCT l 8/11/2015 PCT/NZ2015/050105 Pending

Vehicle or Moving Object Déetection- Ifiventors: Boys

! 14662 "|'603566 : f-
PT77 [ 146626NZ NZ 11/12/2013 617614 Abandoned
P77 IAge26W0 [ PeT  '[11/12/2013 | PCT/Nz2013/000202 |” T epired T T T
TPT77 | 146626CN" T |TCN T TT[11/12/20137 2013800585380 v Pending )
P77 " 146628EP EP 77| "11/12/201% “i%g5a136.2 T ] T T [ pending T T )
WPT77 |"146626KRT | KR | 11/12/2003 [ 10-2015-7015221 T Pending
pT77 1466361 i3 1i712/7013 B018- B G e e PR i e
T rn St espe
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| 1PT77 | 146626 | us | 11/12/2013 | 14/441,682 i- Pending I

Resonant Power Supply with Self Tunlng— Inventors: Boys and Covic

| 1PT78 | 1.4.74'28NZF'1 | Nz | 9/£222013 E 615464 | Explred

IPT78 | 147428WO0 PCT | 9/10/2014 PCT/NZ2014/000196 Expired
[ P778 | 147428IN N " 4/11/2016 201617012657 T TrpendngTTT ’
178 | 147438~ [ US — | 5/15/2014 15/021,440 7 ‘——L Pending ! {
"IP‘I‘TB_L14742'8'CN ™ ;5/15/201'4“_"1'2'014%6059590.3 I 7 "7 | Pending - -
IPT78" | 1474288P T EP I} 4/13/2016 I"'147W o U periding

IPT?8 : 147428JP | P 5/15/2014 " 2016-541933 : Pending

PT78 | mﬁ'_l’ KR~ """\ "5/15/2014 10-2016-7009583 Tty pending |

A Multilevel Converter—Inventors: Rahnamaee, Madawala, Thrimawithana

152419NZPT EJ':.:!J:IEUJ-"I 621394 ; | E;p:;'ed}
IPT79 [ T52419W0  [PCT | 3/23j7015 |PCT/N2201S/050016 | o | bondig

‘Inductive Power Transfer Apparatus— Inventors: Covic and Boys

150398NZP NZ 7/8/2014 627210 Expired

] T .. - P O .

] IPT80 ] 150998W0 1' pCT ‘i 77812015 g PCT/NZ2015/050087 | Pending p
i : ;

:

Pick-Up Apparatus for inductive Power Transfer Systems— Inventors: Covicand Boys <

TPT8T | TZT462RT TUS | 57772007 [ 37930505 T Pending (Re-Issue, see IPT23]
W
IPT81 [ 121462R1D1 |IE Us | 10/31/2014 14/529,939 ' Pending (Re-issue, see IPT23)
Magnetic Flux Coupling Structures-with Controlled Flux Cancellation-Inventors: Tejeda, Covic, Gawith, Boys and Pearce

.
g § 3y BaiteE . ¥
PT82 | 150716N2P1 | NZ 9/11/2014 631149 Explreé ' s
TPT82 | 150715NZP2 NZ 371672015 706024 Expired :
PT82 | 250715N2P3 NZ 47172015 706620 Expired :
PT82 | 150715WO PCT 971072015 PCT/NZ2015/050139 Pending
17
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Vertically Stacked Colls for Magnetic Flux. Coupling Structures— Inventors: Boys and Couic

[ 1PT83 { 157084NZPT o2 92055 f 70664 : E T T L

i 1

Multi-Source IPT System for Dynamic EV Charging — Inventors: Dujeepa, Udaya

T

VR i g ;

PT84 161482W0  { PCT | merasmn §PCT/N22016/050116 P
: soreniene o A . il

Hybrid IPT System — fnventors: Madavirala, Thrimawithana, Zhao

I 8/6/2015 g 710795 i Pending

Resonant.Power Transfer — lnventors: -Covic.and Boys

i Pending

{ T ': Pending
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Schedule 2

Patent Families Non-exclusively Licensed

Decoupling Circuits — Inventors: Boys and Covic

Expired

|PT1§T] 154381INZP1 | NZ | 47972003 | 525219 i

IPT16 ; 15438INZ i NZ 4/5/2004 ;525219 | 525219 Abandoned

IPT16 | 15438INZD1 | NzZ(ow) | 4/s/2004 | 532156 532156 Abandoned

P16 | 154381wo | PCT | 4/s/2004 | pcT/NzZ00a/o00066 | “expred T
“ipT16 | 154381 us 10/11/2005 | 11/246,166 7.279,850 [ Granted -

Single phase power supply for inductively coupled power transfer systems —ihventor: Boys

[Isasesnzel | NZ | 2/28/2006 Expired

P22 | 154385NZ NZ 2728]2007 | 545664 545664 Granted
1PT22 | 154385€EP B 2/28/2007 | 07715993.7 T TTttTT™ pending T ]
| 1pT22 | 154385Ww0 T PCT | 272872007 | PCT/NZZ007/000041 Exgired” T T T ]
B735 7| 1543850 ] P 8/27/2008 * 2008557236 | sydunEd Granted "~

TPT22 154385 i US "§/27/2()—()8i_1'272"2'24',534 o 8953340 Granted
IPT22 I 154385CN f N ' 10/7/2008 : 2007800126135 | ZL200780012613.5 | Granted - 7]
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Schedule 5
Covenanted Solely Owned Patents .

Pick-Up Apparatus for Inductive Power Transfer Systems — Inveritors: Boys, Covic and Elliot

lcetlo
T21462NZP1 | NZ | 5/2/2006 546955

121462W0 pPCT 57272007 PCT/NZZ007/000097 | | Expired
121462 US 5/2/2007 12/226,956 7969269 Re-Issue Flled- (see
IPT81) |
TPT23 | 121462R1  US 6/28/2013 } 13/930,505 Pending
PT25 | 121462RIDT | US 10/31/2014 | 14/529,939 Pending
PT23 121462NZ [~z [ 57272007 546955 546955 Granted
| PT23 | 121462EP EP 572/2007 077939411 Pending
IPT23 | 121462cN ~  |CN 11/272008 | 200780020724G " | ZU200780020724.0 | Granted” " B

Inductive Power Transfer Apparatus - Inventors: Boys and Huang

5| ARRIGatAn Y St ;@ ¢ hiieiE o % -

; i Glip e i g sl REnier g gy e b !

{PT29A 121494NZP1 NZ +2/5/2009 574677 Frpired
IPT29A 121494W0 PCT 2/5/2010 PCT/NZ2010/000017 Explred

IPT29A 121494EP EP 2/5/2010 10738795.3 Pending .
IPT29A 121494 Us. 2/5/2010 13/138,299 9,283,858 Granted

inductive Power Transfer Apparatus - Inventars: Boys, Covic, Hugang and Budhia

PT298 | 121494 NZ 7/5/260 574677 | : “— T Expired

PT298 . 121497NZP1 NZ 378/2008 | 576137 : Expired

PT298  1Z1497NZDT [NZON] [ 573172000 | SE5e02 Abandoned .
PT298 ~ T21497NZ0I0T | NZ[0W] | 1173072011 F 596792 i j Abandaned

PT236 | 121457NZDI0I0T | NZ TS/S72010 61167 ] T Abandoned

PT298 * 121497WO PCT 2/5/2010 - PCT/NZ2010/000018 | Expired

PT256 | 121497CN N 2/5/2010 i 201080012846.7 I ZL201080012846.7 | Granted )
PT798 | 121497CNDT ON(DIv] | 9/25/2015 | 2015106213735 | [ Pending !
IPT298 | 121497CA A 27572010 | 2751595 | Pending }
7298 | 121457 I 2/5/2010 | 6327/DELNP/201 ! Pending :
PT298 7 1214971 7 3/5/2000 | 2011-549109 T Pending

PT298 | 1214573PD1 P{O) | 7/6/2015 | 2015-135622 | Pending

PT298 | TZ1497EF 53 77572000 | 107387961 | TPendig

20

Qualcomm Proprietary and Confidential

Momentum Dynamics Corporation
Exhibit 1002
Page 819




Inductively Powered Mobile Sensor System — Inventors: Budgett, Hu and Malpas

HETF I _—|

Bi-Directional Inductive Power Transfer —Inventor: Madawala

Primary Side Power Transfer for Inductive Power Transfer—Inventor: Madawala

121472NZP1

Expired

Load Control for Bi-Directional inductive Power Transfer Systems — Inventors: Madawala, Yhrimawithana

Qualcorun Proprietary and Confidential

[ TR

IPT29B | 121497KR KR 2/5/2010 10-2011-7020758 Pending i
IPT298 | 121497 us 2/5/2016 13/138,298 9,071,061 Granted
IPT29B | 141497C1 uUs 4/30/2015 14/700,770 Pending :

L o VnAEL N M Ll Ml

PT 42 Nz 9/16/2004 | 535390 535390 Granted

IPT 42 AU 1 9/16/2005 | 2005285545 2005283545 | Granted :
PT 42 GB 9/16/2005 0706623.6 2433656 Granted

IPT 42 us 8/21/2007 | 11/575,449 Granted

IPT 42 wo 9/16/2005 | PCT/N22005/000245 Expired

EEE e s F :

L i e W = .

1PT45 | 12147INZP1 | NZ J 11/26/2008 | 573241 Expired :

PT45 | 121471NzP2 | NZ 179/3/2009 579498 Expired

“IPT45 | 121471W0 pcT  111/26/2005 | PcT/Nz2009/000288 | Expired :

IPT45 | 121471 Us iiiy26/2009 | 13/131,155 Pending i i

IPT45 | 12147INZ NZ 12/21/2009 | 573241 . 573241 Granted :
PT45 | 121471NZD1 | NZ(DIv) !?63:/2010 582580 ' 'i'sazm'o T Granted

""o/372005 T 579999
746 | 121472W0 PCT T1/26/2009 | FCT/NZ2009/000263 Expired :
WTa6 | 121472 Us 11/26/2009 | 13/131,153 8923015 Granted :
PT46 | 121472C1 U5 12/29/2014 | 14/584,320 Pending :

i :
IPTS5 | 146623NZP1 | NZ | 6/27/2011 | 598764 . Expired :
PT55 | 146623W0 PCT 672772012 | PCT/NZ2012/000107 | Expired ;
IPTS5 | 146623 Us 6/22/2012 ; 14127882 Pending :
IPT55 | 146623KR KR 6/27/2012 | 10-2014-7001559 Pending 3
IPTS5 | 146623JP P 6/27/2012 i, 2014518471 Pending
“PT55 | 146623EP EP 6/27/2012 , 12804818.8 ! Pending )
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IPT55 | 146623CN CN 6/27/2012 201280030503.2 | | Pending I

; IPTSS | 146623NZ NZ 7/9/2012 593764 | 593764 | Granted |
Initeroperability of Magnetic Structures for Inductive Power Transfer Systems ~ Inventors: Covic .
PT57 | 12149182P1 | N2 7/8/2011 593977 ' | Expired :
" IPT57 EI 12149INZP2 | N2 Ir 12/23/2011 | 597367 |' Expired :
iPT57 | 121491W0 PCT ‘]7/9/2012 PCT/NZ2012/000121 || ’ Expired i '
PTS57 | 1214910P P 7/9/2012 2014-518475 Pending
iPTs7 [ 121491EP EP 7/372012 12820784.2 ' : pending |
1PT57 | 1214910S us “[7/9/20i2 f1a/131138 0 T | 7T i Pending
| ipPT57 | 121491CN CN 7/9/2012" | 201280037549.7 T Ipending T |
WPT57 1 121491KR [ KRR T [ 7/9/2012° T | 10-2014-7003472 pending |
'ﬁ7_i'_12i4_9fw_251 NZ(Div) | 3/31/2014 | 623198 - : B [ Absndoned T T T .
! Wi'_lz’lzi'siTz" "INz T ) 10/8/20127 [ 593977 i Abandoned T :

Magnetic Structure Interoperability for IPT Systems — Inventors: Covic and Boys

1234l95NZl NZ | 9/i6/2011 ] 595251

Multiple Coll Flux Pad —Inventors: Covic and Boys

e &
1PT63 | T23496NZP1 [Nz S7i6/2015 | 598253 Expired
IPT63 | 123496WO0 | PCT 2/15/2013 | PCT/Nz2013/000016 Expired i
[ 1PT63 | '123496KR KR 2/15/2013 | 10-2014-7025625 Pending
-W"rﬁéb,é_elé T 2/15/2018 | 2014-557594 ' . Pending :
IPT63 | 123496IN | IN 2/15/2013 [ 7034/DELNP/2014 — 1 70 7 Pending :
P63 123496CN CN [ 2/15/3013 | 201306133530 Pending - ;
PT63 : 123496US us | 2/15/2013  E 14/379,068 ’ Pending '_ ;
PT63 | 123496EP | EP | 2/15/2013 | 137493003 . Pending :
IPT63 | 123496NZ Nz | 4/19/2013 | 609482 iELE7 Granted T T

VAR Control for IPT System — Inventors: Covic and Boys

[ PT6a

I NZ 2/2/2012 l 5559:87 | | Expired
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IPT64 123497WO0 PCT 2/1/2013 PCT/NZ2013/000009 Expired
IPT64 | 123497EP EP 2/1/2013 13813549.6 Pending
IPT64 | 123497US us 2/1/2013 14/376,401 [ Pending
IPT64 ! 123497CN CN 2/1/2013 201380017845.5 Pending
IPT64 _: 123497JP Jp 2/1/2013 2014-555521 Pending
IPT64 | 123497KR KR 2/1/2013 10-2014-7024432 Pending
IPT64 | 123497NZ NZ 4/16/2013 609519 Abandoned

Design Considerations for Variable Coupling Lumped Coil Systems— Inventors: Chang-¥u-and Covic

7766

Nz

131923NZP1 1 5/31/2012' | 602184 Expired !
IPT66 | 131923NZP2 [ NZ 'W [ 602543 T Expired
IPT66 | 131923W0 TR 9/2/2013 PCT/NZ2013/000154 ‘Expired
" IPT66 | 131923NZ NZ 11/29/2013 618318 ] Abandoned
[PTes T 308 [’ | 9272015 [ To-2015-7008302 ) Pending
TTPTe6 | T31025¢p EP |'9/2/2013 [ 138335286 Pending
[ 10786 | 13d93305™ |us  [oa/m3 | 147874390 ! ? pending
(PT66 | 13T973Ip ”» 9/2/2013 2015-529721 k pending 7]
IPT66 | 131923CN CN 9/2/2013 207380055662.2 Pending

Wiring Harness and Wireless Power Transfer System~— Inventors: Keeling, Beaver, van Boheemen, Kissin, Covlc and Boys

m:«;/20/2012 61/613,420 Expired
PT68 | 120822W0 PCT 3/20/2013 I PCT/NZ2013/000045 Expired
[PT68 | 120822EU | €P | 3/20/2013 "~ | 13764869.7 |'Pending  ~
[TPT68 ™" 120822 05 3/20/2013 14/386,206 Pending
PT68 | 120822KR KR 373072013 10-2014-7029391 T Pending
IPTE8 " ["120822CN ~ "["eN 3/20/2013 | 201380024923.4 |7 T T 7 “[Pending T
[PT68 | 1208221P 1P 3/2072013 2015-501611 " Pending

Winding Arrangementsin Wireless Power Transfer Systems—Inventors: Keeling, van Boheemen, Kissin, Beaver, Boys Covic,
etal.

: ated
[TPT69 | 120823l U3 372072012 | 61/613,414 [ Expired
1PTBYT [120823W0 |'BCT | 3/20/30137 ~ | PCT/NZ2013/000046 ‘-Expired T/
PT69 | 120823 I3 372072013 14/386,311 _ Pending
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[ ]

IPT69 | 120823KR KR 3/20/2013 10-2014-7029392 i Pending ]
IPT69 | 120823CN CN 3/20/2013 201380024920.0 Pending
IPT6S | 120823EU EP 3/20/2013 13763812.8, Pending
IPT69 | 120823/P p 3/20/2013 2015-501612 Pending
Vehicle or Moving Object Detection- Inventors: Bays
{777 | 146626NzP1 03566 T £xpired
IPT77 | 146626NZ NZ 11/12/2013 617614 ; Abandoned :
. IPT77 | 146626W0 | PCT | 11/12/2013 j PCT/NZ2013/000202 Expired |
IPT77 | 146626CN | CN | 11/12/2013 201380058928.9 Pending l :
IPT77 ' 146626EP EP 11/12/2013 13854136.2 "7 Pending : !
IPT77 _.14'6626KR KR 11/12/2013 10-2015-7015221 Pending |
IPT77  146626JP 1P 11/12/2013 2015541736 Pending ] :
PT77 - 146626 us i 11/12/2013 14/441,682 | | Pending i i

Pick-Up Apparatus for Inductive Power Transfer Systems— Inventors: Covic and Boys; IPT 23 Re-Issue Applications

H 3 E HO T — .
Sl GianL . L LEi=Lhe ST L WA TR
R T R TS SR W
B L e
Tendlap [Aa-lase, 2o IPT23)

i

131930,505
jERLN 3T Pending {Re-issue, see IPT23)

IPT81 | 121462R1 s l /303007
P8I | 1214620101 | US | 10/31/2014

Magnetic Flux Coupling Structuies with Controlled Flux Cancellation— Inventors: Tejeda, Covic, Gawith, Boys and Pearce

IPT82 | 150715NZP1 | NZ " "Te31149 Expired |

IPT82 | 150715NZP2 NZ 3/16/2015 | 706024 ~ Expired - i

PT82 | 150716NZP3 | NZ 4/1]2015 706620 Pending |

IPT82 | 150715WO0 PCT 9/10/2015 PCT/NZ2015/050139 Pending |
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FOURTH AMENDMENT

THIS FOURTH AMENDMENT is made to the Amended and Restated License
Agreement dated October 14, 2011, as amended by that certain letter agreement last
signed on July 31, 2012, by the Second Amendment effective October 14, 2011 and by the
Third Amendment effective October 14, 2011 (collectively, the “Agreement”) between
Auckland UniServices Limited, a company incorporated and registered in New Zealand
with company number 373821 (“UniServices”) and QUALCOMM Incorporated, a
Delaware corporation (“Qualcomm”), and is entered into effective as of May 1, 2017 (the
“Fourth Amendment Date”). UniServices and Qualcomm may be referred to
individually as a “Party” and collectively as the “Parties” in this Fourth Amendment.

FOURTH AMENDMENT:
NOW, THEREFORE, the Parties hereby agree as follows:

1. Headings; Definitions. Headings tised in this Fourth Amendment are inserted
far the purpose of convenience only and are not intended to affect the meaning or
interpretation of any provision of this Fourth Amendment. PFor the purpose of the
construction and interpretation of this Fourth Amendment, the word “including” (and
variations thereof such as “include” and “includes”) will not be deemed to be a term of
limitation, but rather will be deemed to be followed by the words “without limitation,”
and the words “herein,” “hereof,” and “hereunder” will refer to this Fourth Amendment
as a whole. Unless otherwise specified herein, capitalized tetms uised in this Fourth
Amendment given to such terms in the Agreement.

2. Clause 1.1 Definitions.
a.  The definition of “Road Vehicle” in the Agreement is deleted and replaced by
the following
“Road Vehicle” means any vehicle, scooter, motorcycle, bicycle, tricycle,
Segway, wheelchair, or other similar apparatus or machine (whether
controlled directly or indirectly through remote or autonomous means (and
with or without human input)) having one or more wheels that is designed
primarily: (i) for use on a public or private road, trail, pathway, driveway,
pavement, race ttack and its surrounding areas (e.g., race pit, entrance and exit
area to race track), garage surface, or parking lot (whether located indoors or
outdoors); and (ii) to transport, or provide any service to oz for, any person (ox
persons) or goods.
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No Other Amendment. Except as expressly set forth in this Fourth Amendment,

the Agreement shall remain in full force and effect without any modificationi. The
terms and conditions of thig Fourth Amendment and the Agreement supersedes all
prior and contemporaneous oral or written understandings between the Parties
with respect to their subject matter, and constitute the entire agteement of the
Parties with respect to such subject matter. The terms and conditions of this Fourth
Amendment and the Agreement shall not be modified or amended, except by a
writing signed by the authorized representatives of both UniServices and
Qualcomm,.
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IN WITNESS WHEREOF, the Parties have, through their duly authorized
representatives, caused this Fourth Amendment to be entered into effective as of the
Fourth Amendment Date. This Foutth Amendment may be signed in counterpazts.

Auckland UniServices Limited CUALCOMM Incorporated
By: ‘Wﬁﬁmﬁ%/;

~f _ -
Printed Name; W.H-H. CHAR (45 Turimbed Bame _ JohnHan_ . ) _
Title; | am M/ M AN A ﬁé W% . Title: Sr Vice President & General Manager

Date: ﬂm% zﬁlz Tate: ﬁ/gﬁfjﬁf'":? _—
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