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(54) Title: 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 is mounted on a central 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 along
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 a direction of current
through the electromagnetic coils.
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Thi s Internati onal Searchi ng Authori t y found mul t i pl e (groups of)
i nventi ons i n thi s i nternati onal appl i cati on , as fol l ows :

1. cl aims : 1-23 , 41

An el ectromagneti c actuator capabl e of generati ng a
symmetri cal bi di recti onal force compri si ng:
a housi ng compri si ng a ferromagneti c materi al , wherei n the
housi ng has a f i rst end wal l , a second end wal l opposi t e the
f i rst end wal l , and a si de wal l i nterconnecti ng the f i rst
and second end wal 1s;
a f i rst capti ve permanent magnet arranged on the f i rst end
wal l and havi ng an i nward faci ng pol e ;
a second capti ve permanent magnet arranged on the second end
wal l and havi ng an i nward faci ng pol e arranged t o repel the
i nward faci ng pol e of the f i rst permanent magnet causi ng the
f i rst and second permanent magnets t o have opposi ng magneti c
f i el ds ;
a shaft compri si ng a magneti cal l y i nert materi al , wherei n
the shaft i s movabl e al ong a l ongi tudi nal axi s extendi ng
between the f i rst and second end wal l s , and compri ses a
central porti on i nterposed between the f i rst and second
permanent magnets ; and
an el ectromagneti c coi l arranged on the central porti on of
the shaft,
wherei n the el ectromagneti c coi l i s capabl e of generati ng a
force when energi zed that causes l i near di spl acement of the
shaft i n ei ther di recti on al ong the l ongi tudi nal axi s
dependi ng on a di recti on of current through the
el ectromagneti c coi l .

2 . cl aims : 24-40, 42

An el ectromagneti c actuator capabl e of generati ng a
symmetri cal bi di recti onal force compri si ng:
a housi ng compri si ng a ferromagneti c materi al , wherei n the
housi ng has a f i rst end wal l , a second end wal l opposi t e the
f i rst end wal l , and a si de wal l i nterconnecti ng the f i rst
and second end wal 1s;
a f i rst capti ve el ectromagneti c coi l arranged on the f i rst
end wal 1;
a second capti ve el ectromagneti c coi l arranged on the second
end wal l , wherei n the f i rst and second el ectromagneti c coi l s
have opposi ng el ectromagneti c f i el ds when energi zed;
a shaft compri si ng a magneti cal l y i nert materi al , wherei n
the shaft i s movabl e al ong a l ongi tudi nal axi s extendi ng
between the f i rst and second end wal l s , and compri ses a
central porti on i nterposed between the f i rst and second
el ectromagneti c coi l s ; and
a permanent magnet arranged on the central porti on of the
shaft,
wherei n the f i rst and second el ectromagneti c coi l s are
capabl e of generati ng a force when energi zed that causes a
l i near di spl acement of the shaft i n ei ther di recti on al ong
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the l ongi tudi nal axi s dependi ng on a di recti on of current
through the f i rst and second el ectromagneti c coi l s.
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