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(54) Titlee ELECTROMAGNETIC OPPOSING FIELD ACTUATORS

(57) Abstract: Electromagnetic actuators capable of generating a symmetric-
al bidirectional force are disclosed. The electromagnetic actuators include a
housing made of a ferromagnetic material and a shaft made of a magnetically
inert material movable along an axis within the housing. In one type of actu-
ator, captive permanent magnets are arranged on opposite interior end walls
of the housing and an electromagnetic coil ismounted on acentral portion of
the shaft. The electromagnetic coil is capable of generating a force when en-
ergized that causes linear displacement of the shaft in either direction aong
its axis depending on the direction of current through the electromagnetic
coil. In another type of actuator, captive electromagnetic coils are arranged
on opposing inner end walls of the housing, and a permanent magnet is
mounted on a central portion of the shaft. The electromagnetic coils are cap-
able of generating a force when energized that causes linear displacement of
the shaft in either direction along its axis depending on adirection of current
through the electromagnetic cails.
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Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2004/093718 Al (TAKEUCH TOSH E [JP] ET 1-23, 41
AL) 20 May 2004 (2004-05-20)
paragraphs [0047] - [0049] , [0054]
[0055], [0057] - [0059], [0061], [0064]
A US 2011/248804 Al (WGNANSKI WLADYSLAW 1-23, 41
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paragraphs [0039] - [0042], [0045] -
[0047]
A US 4 439 700 A (MENZEL KLAUS [DE] ET AL) 1-23, 41
27 March 1984 (1984-03-27)
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A US 2012/007448 Al (GOSVENER KENDALL C 1-23, 41
[US]) 12 January 2012 (2012-01-12)
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cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle ortheory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family
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Date of mailing of the international search report
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Box No. 1l Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. II:]I Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. |:| As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3 [ As only some of the required additional search fees were timely paid by the applicant, this international search report covers
'—' only those claims for which fees were paid, specifically claims Nos. :

4. |;_| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-23, 41

Remark on Protest [ Tthe additional search fees were accompanied by the applicant's protest and, where applicable, the
'—' payment of a protest fee.

| |The additional search fees were accompanied by the applicant's protest but the applicable protest
'—' fee was not paid within the time limit specified in the invitation.

_I _INo protest accompanied the payment of additional search fees.
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Thi s Internati onal Searchi ng Authori ty found multiple (groups of)
inventi ons in thi s internati onal applicati on, as fol |ows:

1. claims: 1-23, 41

An el ectromagneti ¢ actuator capable of generati ng a
symmetri cal bidirecti onal force comprising:

a housi ng compri sing a ferromagneti ¢ materi al , wherei n the
housing has a first end wall, a second end wall opposite the
first end wall, and a side wall interconnecti ng the first
and second end wal 1s;

a first capti ve permanent magnet arranged on the first end
wal | and having an inward faci ng pol e;

a second capti ve permanent magnet arranged on the second end
wal | and having an inward faci ng pol e arranged to repel the
inward faci ng pole of the first permanent magnet causi ng the
first and second permanent magnets to have opposing magneti c
fields;

a shaft comprising a magnetical ly inert materi al, wherein
the shaft is movable along a |ongitudi nal axi s extendi ng
between the first and second end walls, and comprises a
central porti on interposed between the first and second
permanent magnets; and

an el ectromagneti ¢ coi | arranged on the central porti on of
the shaft,

wherei n the el ectromagneti ¢ coil is capable of generati ng a
force when energi zed that causes linear displacement of the
shaft in either directi on along the longitudi nal axi s
depending on a directi on of current through the

el ectromagneti ¢ coi | .

2. claims: 24-40, 42

An el ectromagneti ¢ actuator capable of generati ng a
symmetri cal bidirecti onal force comprising:

a housi ng compri sing a ferromagneti ¢ materi al , wherei n the
housing has a first end wall, a second end wall opposite the
first end wall, and a side wall interconnecti ng the first
and second end wal 1s;

a first capti ve electromagneti ¢ coi |l arranged on the first
end wal 1;

a second capti ve el ectromagneti ¢ coi |l arranged on the second
end wall, wherein the first and second el ectromagneti ¢ coils
have opposi ng el ectromagneti ¢ fields when energi zed;

a shaft comprising a magnetical ly inert materi al, wherein
the shaft is movable along a |ongitudi nal axi s extendi ng
between the first and second end walls, and comprises a
central porti on interposed between the first and second

el ectromagneti ¢ coil s; and

a permanent magnet arranged on the central porti on of the
shaft,

wherei n the first and second el ectromagneti ¢ coils are
capabl e of generati ng a force when energi zed that causes a
linear displacement of the shaft in either directi on along
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the longitudi nal
through the first

axi s depending on a directi on of current
and second el ectromagneti ¢ coils.




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/040091
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2004093718 Al 20- 05- 2004 CN 1501414 A 02- 06- 2004
DE 10347452 Al 24-06- 2004
FR 2847380 Al 21-05- 2004
JP 3723174 B2 07-12- 2005
JP 2004165075 A 10- 06- 2004
KR 20040042812 A 20- 05- 2004
W 1229881 B 21-03- 2005
us 2004093718 Al 20- 05- 2004

US 2011248804 Al 13-10- 2011 EP 2359376 Al 24-08-2011
GB 2466102 A 16- 06- 2010
JP 2012511823 A 24-05- 2012
us 2011248804 Al 13-10- 2011
WO 2010067110 Al 17-06- 2010

US 4439700 A 27-03-1984 EP 0060969 Al 29-09- 1982
JP H03761 B2 08-01- 1991
JP S57169214 A 18-10- 1982
us 4439700 A 27-03- 1984

US 2012007448 Al 12-01-2012 NONE

US 5535853 A 16-07- 1996 NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	abstract
	wo-search-report

