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BISTABLE VALVE

Background of the Invention
1. Field of the Invention

The present invention relates to a bistable valve.
2. Statement of the Problem

A valve comprises a valve body containing a valve mechanism. Inlet and outlet
ports communicate between the valve mechanism and the outside world. The valve
mechanism can move in the valve body and can selectively contact and unblock the one
or more valve seats in order to perform the valve function, thereby selecting and de-
selecting ports.

One difficulty in valve design is in producing a reliable bistable valve, wherein
the valve mechanism moves between two valve positions. One type of bistable valve
employs an electromagnet (i.e., solenoid) that actuates the valve mechanism between the
two positions. The valve mechanism should stay in its current position in the absence of
actuation. In addition, the valve mechanism should stay in a current position without
continuous or further application of electrical power. However, the valve mechanism
should be able to be actuated to either position without an excessive power requirement.
Summary of the Invention

A bistable valve is provided according to an embodiment of the invention. The
bistable valve comprises an armature movable to selectively block and unblock at least a
first port. The bistable valve further comprises a biasing device configured to provide a
first biasing force to the armature, with the biasing device biasing the armature toward a
first position blocking the first port. The bistable valve further comprises a plurality of
permanent magnets configured to provide a second biasing force to the armature
substantially opposite to the first biasing force and an electromagnetic coil configured to
generate a third biasing force when energized with a first current polarity. A magnet of
the plurality of permanent magnets is substantially radially magnetized. The third
biasing force is substantially opposite to the first biasing force, wherein the third biasing
force in combination with the second biasing force overcomes the first biasing force and
moves the armature to unblock the first port.

A bistable valve is provided according to an embodiment of the invention. The
bistable valve comprises an armature movable to selectively block and unblock a first
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port and correspondingly unblock and block a third port. The bistable valve further
comprises a biasing device configured to provide a first biasing force to the armature,
with the biasing device biasing the armature toward a first position blocking the first
port. The bistable valve further comprises a plurality of permanent magnets configured
to provide a second biasing force to the armature substantially opposite to the first
biasing force and an electromagnetic coil configured to generate a third biasing force
when energized with a first current polarity. The third biasing force is substantially
opposite to the first biasing force, wherein the third biasing force in combination with
the second biasing force overcomes the first biasing force and moves the armature to
unblock the first port and to block the third port. The bistable valve further comprises a
conduit extending substantially centrally through the electromagnetic coil and
substantially centrally through the plurality of permanent magnets.

A method of actuating an armature of a bistable valve is provided according to an
embodiment of the invention. The method comprises biasing the armature toward a first
position with a first biasing force supplied by a biasing device. The armature blocks at
least a first port in the first position. The method further comprises biasing the armature
toward a second position with a second biasing force supplied by a plurality of
permanent magnets. The second biasing force is substantially opposite to the first
biasing force. A magnet of the plurality of permanent magnets is substantially radially
magnetized. The method further comprises energizing an electromagnetic coil with a
first current polarity that generates a third biasing force. The third biasing force is
substantially opposite to the first biasing force. The third biasing force in combination
with the second biasing force overcomes the first biasing force and moves the armature
to unblock the first port.

Aspects of the Invention

In one embodiment of the bistable valve, the plurality of permanent magnets do
not add a gap in a magnetic circuit of the bistable valve.

In another embodiment of the bistable valve, the bistable valve further comprises
a conduit extending substantially centrally through the electromagnetic coil and
substantially centrally through the plurality of permanent magnets.

In yet another embodiment of the bistable valve, a permanent magnet of the

plurality of permanent magnets is substantially radially magnetized.
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In yet another embodiment of the bistable valve, a permanent magnet of the
plurality of permanent magnets comprises a substantially parallelepiped shape.

In yet another embodiment of the bistable valve, the plurality of permanent
magnets are substantially annularly arranged around a central axis of the bistable valve.
In yet another embodiment of the bistable valve, the electromagnetic coil
comprises a substantially hollow cylinder and the plurality of permanent magnets are

substantially coaxial with the electromagnetic coil.

In yet another embodiment of the bistable valve, the plurality of permanent
magnets and the electromagnetic coil are contained at least partially within a holder.

In yet another embodiment of the bistable valve, the armature is formed of a
substantially ferromagnetic material.

In yet another embodiment of the bistable valve, the armature includes a poppet
seal member.

In yet another embodiment of the bistable valve, the electromagnetic coil is
further configured to be energized by a second current polarity that generates a fourth
biasing force, with the fourth biasing force being substantially opposite to the second
biasing force of the plurality of permanent magnets and substantially in alignment with
the first biasing force of the biasing device, wherein the fourth biasing force in
combination with the first biasing force overcomes the second biasing force and moves
the armature to unblock a third port and to block the first port.

In one embodiment of the method, the plurality of permanent magnets do not add
a gap in a magnetic circuit of the bistable valve.

In another embodiment of the method, the bistable valve further comprises a
conduit extending substantially centrally through the electromagnetic coil and
substantially centrally through the plurality of permanent magnets.

In yet another embodiment of the method, a permanent magnet of the plurality of
permanent magnets comprises a substantially parallelepiped shape.

In yet another embodiment of the method, the plurality of permanent magnets are
substantially annularly arranged around a central axis of the bistable valve.

In yet another embodiment of the method, the electromagnetic coil comprises a
substantially hollow cylinder and the plurality of permanent magnets are substantially

coaxial with the electromagnetic coil.
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In yet another embodiment of the method, the plurality of permanent magnets
and the electromagnetic coil are contained at least partially within a holder.

In yet another embodiment of the method, the armature is formed of a
substantially ferromagnetic material.

In yet another embodiment of the method, the armature includes a poppet seal
member.

In yet another embodiment of the method, the method further comprises
energizing the electromagnetic coil with a second current polarity that generates a fourth
biasing force, with the fourth biasing force being substantially opposite to the second
biasing force of the plurality of permanent magnets and substantially in alignment with
the first biasing force of the biasing device, wherein the fourth biasing force in
combination with the first biasing force overcomes the second biasing force and moves
the armature to unblock a third port and to block the first port.

Description of the Drawings

The same reference number represents the same element on all drawings. It
should be understood that the drawings are not necessarily to scale.

FIG. 1 is a cross-sectional view of a bistable valve according to an embodiment
of the invention.

FIG. 2 shows a magnetization pattern of a plurality of permanent magnets of the
bistable valve according to an embodiment of the invention.

FIG. 3 shows a magnetization pattern of the plurality of permanent magnets of
the bistable valve according to an embodiment of the invention.

FIG. 4 is a flowchart of a method of actuating an armature of a bistable valve
according to an embodiment of the invention.

FIG. 5 shows a magnet sub-assembly of the bistable valve according to an
embodiment of the invention.

FIG. 6 is a cross-sectional view of the bistable valve according to an embodiment
of the invention.

Detailed Description of the Invention

FIGS. 1-6 and the following description depict specific examples to teach those

skilled in the art how to make and use the best mode of the invention. For the purpose

of teaching inventive principles, some conventional aspects have been simplified or
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omitted. Those skilled in the art will appreciate variations from these examples that fall
within the scope of the invention. Those skilled in the art will appreciate that the
features described below can be combined in various ways to form multiple variations
of the invention. As a result, the invention is not limited to the specific examples
described below, but only by the claims and their equivalents.

FIG. 1 is a cross-sectional view of a bistable valve 100 according to an
embodiment of the invention. The bistable valve 100 includes a body 101 including
seals 102a-102c, a conduit 103, a first port 104, a second port 105, a third port 106, an
armature 108 including a poppet seal member 109, a biasing device 112, a plurality of
permanent magnets 114, an electromagnetic coil 116, and an insert 118. The plurality of
permanent magnets 114 and the electromagnetic coil 116 are contained at least partially
within a holder 119 within the body 101. The holder 119 can comprise a plastic bobbin,
for example.

The seals 102a, 102b, and 102¢ demarcate the first port 104 and the second port
105, respectively. Consequently, the bistable valve 100 can be inserted into and can seal
to a receptacle or chamber that includes conduits corresponding to the regions between
the seals 102a, 102b, and 102c.

The body 101 includes a chamber 122 that communicates with the second port
105. The chamber 122 includes an upper valve seat 125a in communication with the
conduit 103, which is further in communication with the first port 104. The chamber
122 further includes a lower valve seat 125b that communicates with the third port 106.
The armature 108 can move in the chamber 122 and can move into sealing contact with
either the upper valve seat 125a or the lower valve seat 125b. Consequently, the
armature 108 can place the second port 105 into communication with either the first port
104 or the third port 106.

The armature 108 can be formed of a ferromagnetic material. Consequently, the
armature 108 can be magnetically moved upward or downward in the chamber 122.

The armature 108 in some embodiments can include the poppet seal member 109. The
poppet seal member 109 can be formed of an at least partially compressible material in
order to seal a valve seat 125 when the valve seat 125 is contacted by the armature 108.
The poppet seal member 109 in some embodiments can seal to the upper valve seat 125a

and the lower valve seat 125b, as shown.
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The biasing device 112 in the embodiment shown is positioned between the
upper region of the armature 108 and the upper surface of the chamber 122. The biasing
device 112 places a first biasing force on the armature 108 that urges the armature 108
toward a first position and into sealing contact with the lower valve seat 125b. In the
figure, the armature 108 is at the first position.

The plurality of permanent magnets 114 are radially spaced about the conduit
103. Any number of permanent magnets 114 can be used, and of any size. Inone
embodiment, the magnets of the plurality of permanent magnets 114 are substantially
radially magnetized (see FIGS. 2-3 and the accompanying discussion). The plurality of
permanent magnets 114 generate a magnetic field that is conducted through at least a
portion of the body 101 and through at least a portion of the armature 108. The magnets
of the plurality of permanent magnets 114 do not add a gap in this magnetic circuit.

The plurality of permanent magnets 114 therefore generate a second biasing
force on the armature 108 that is directed upwardly in the figure and substantially
aligned with a central axis of the bistable valve 100. The second biasing force generated
by the plurality of permanent magnets 114 is substantially opposite to the first biasing
force generated by the biasing device 112. The second biasing force of the plurality of
permanent magnets 114 urges the armature 108 toward a second position and into
sealing contact with the upper valve seat 125a.

The second biasing force in some embodiments is smaller than the first biasing
force when the armature 108 is in contact with the lower valve seat 1254, i.e., as in the
first position. In the first position, the biasing device 112 is not substantially deformed
and generates a first biasing force. In addition, in the first position the plurality of
permanent magnets 114 generate a smaller second biasing force than when the armature
108 is in the second position, closer to the plurality of permanent magnets 114. As a
result, in the first position the first biasing force generated by the biasing device 112 is
larger than the second biasing force generated by the plurality of permanent magnets
114. Consequently, the armature 108 stays in the first position, absent any other forces.

When the armature 108 is in the second position sealing the upper valve seat
125a, the first biasing force is relatively weak and the second biasing force is
comparatively strong. As a result, the plurality of permanent magnets 114 is sufficient

to hold the armature 108 at the second position, absent any other forces.
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Because of the bistable nature of the armature 108, as discussed above, the
electromagnetic coil 116 is included in order to provide actuation of the armature 108. |
The electromagnetic coil 116 generates a magnetic field when energized by an electrical
current. The electromagnetic coil 116 can comprise a substantially hollow cylinder and
can generate a substantially axially symmetric magnetic field. The electromagnetic coil
116 can be actuated using two electrical current polarities to create two opposite
magnetic forces.

When energized by a first electrical current, the electromagnetic coil 116
generates a third biasing force directed upwardly in the figure. The third biasing force is
substantially opposite to the first biasing force of the biasing device 112 and is
substantially aligned with the second biasing force of the plurality of permanent
magnets 114. As a result, when the electromagnetic coil 116 is energized by the first
electrical current, the third biasing force is added to the second biasing force. Together,
these two biasing forces overcome the first biasing force and move the armature 108
away from the lower valve seat 125b, towards the second position and into sealing
contact with the upper valve seat 125a.

When the electromagnetic coil 116 is energized by a second electrical current
that is opposite in polarity to the first electrical current, the electromagnetic coil 116
generates a fourth biasing force. The fourth biasing force is substantially aligned with
the first biasing force and is substantially opposite to the second biasing force. The
fourth biasing force, in combination with the first biasing force, overcomes the second
biasing force and moves the armature 108 away from the second position and back to
the first position into sealing contact with the lower valve seat 125b.

FIG. 2 shows a magnetization pattern of the plurality of permanent magnets 114
of the bistable valve 100 according to an embodiment of the invention. In this figure,
the plurality of permanent magnets 114 are radially inwardly magnetized, wherein the
outer surfaces of the plurality of permanent magnets 114 have greater levels of
magnetization than the inner surfaces. This magnetization pattern can be generated by
placing a magnetic flux source around the exterior of the plurality of permanent magnets
114.

FIG. 3 shows a magnetization pattern of the plurality of permanent magnets 114

of the bistable valve 100 according to an embodiment of the invention. In this figure,
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the plurality of permanent magnets 114 are radially outwardly magnetized, wherein the
inner surfaces of the plurality of permanent magnets 114 have greater levels of
magnetization than the outer surfaces. This magnetization pattern can be generafed by
placing a magnetic flux source within the conduit 103.

FIG. 4 is a flowchart 400 of a method of actuating an armature of a bistable valve
according to an embodiment of the invention. The armature of the bistable valve
therefore is moved between a first position and a second position. In step 401, the
armature is biased toward a first position. The biasing comprises a first biasing force
exerted on the armature by a biasing device. The first position, as discussed above, can
comprise a position wherein the armature is held in contact with a lower valve seat of
two valve seats.

In step 402, the armature is also biased toward the second position, using a
plurality of permanent magnets, as previously discussed. The biasing device and the
plurality of permanent magnets therefore create the first and second biasing forces at the
time of assembly of the bistable valve. The permanent magnets generate a second
biasing force that is substantially opposite to the first biasing force. The second biasing
force exists concurrently with the first biasing force. When the armature is at the first
position, the first biasing force is greater than the second biasing force, as previously
discussed. Conversely, when the armature is at the second position, the second biasing
force is greater than the first biasing force. As a result, the armature is bistable and is
retained at a current position, in the absence of any additional forces on the armature.

In step 403, in operation, an electromagnetic coil is energized with a first
electrical current to generate a third biasing force. The third biasing force is
substantially opposite to the first biasing force. Therefore, the combination of the third
biasing force and the second biasing force overcome the first biasing force generated by
the biasing device. As a result, the energization of the electromagnetic coil by the first
electrical current will result in the armature moving from the first position to the second
position.

It should be noted that because the valve is bistable, the electromagnetic coil
does not need to be continuously energized. Instead, the electromagnetic coil can be

energized only for a time period sufficient to move the armature to the second position.
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In step 404, in operation, the electromagnetic coil is energized with a second
electrical current that is opposite in polarity to the first electrical current. As a result,
the electromagnetic coil generates a fourth biasing force. The fourth biasing force is
substantially aligned with the first biasing force and is therefore substantially opposite to
the second biasing force. The combination of the fourth biasing force and the first
biasing force overcome the second biasing force generated by the plurality of permanent
magnets. Consequently, the armature moves from the second position to the first
position. Because the valve is bistable, the electromagnetic coil needs to be energized
with the second electrical current only for a time period sufficient to move the armature
to the first position.

FIG. 5 shows a magnet sub-assembly 130 of the bistable valve 100 according to
an embodiment of the invention. This figure shows permanent magnets 114 and
corresponding receptacles 134 of the magnet sub-assembly 130. The magnets 114 can
be retained in the receptacles 134 in any manner. The magnets 114 can be retained in
the receptacles 134 through any manner of friction or compressive fit. The magnets 114
can be retained in the receptacles 134 by use of welds, adhesives, or potting materials.
The magnets 114 can be retained in the receptacles 134 by an outer casing or other
portion of the body 101 of the bistable valve 100. The electromagnetic coil 116 and the
plurality of permanent magnets 114 can alternatively be over-molded by the holder 119.
Consequently, the electromagnetic coil 116 and the plurality of permanent magnets 114
are totally isolated from a fluid in the bistable valve. This ensures safe and reliable
valve function.

The plurality of permanent magnets 114 can be magnetized before assembly into
the bistable valve 100. Due to their component nature, individual permanent magnets
114 can first be magnetized and then can be later inserted into receptacles 134 of the
magnet sub-assembly 130. Component magnets will reduce the cost of the bistable
valve 100 and will ease the assembly process. Alternatively, the plurality of permanent
magnets 114 can be magnetized after assembly. An assembly including the
electromagnetic coil 116 and the plurality of permanent magnets 114 can be tested and

inspected as a unit prior to a final valve assembly.
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The magnets 114 in this figure comprise substantially parallelepiped shapes.
However, it should be understood that a magnets 114 can comprise other shapes and
other shapes are within the scope of the description and claims.

In the embodiment shown, the plurality of permanent magnets 114 and the
electromagnetic coil 116 are substantially cylindrical in arrangement. The conduit 103
extends substantially centrally through the plurality of permanent magnets 114 and the
electromagnetic coil 116. The magnet sub-assembly 130 can advantageously be tested
before full assembly of the bistable valve 100.

FIG. 6 is a cross-sectional view of the bistable valve 100 according to an
embodiment of the invention. This figure shows a blind central conduit 103 that does
not connect to the chamber 122. Consequently, the bistable valve 100 comprises a two

position, two port valve.
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What is claimed is:

1. A bistable valve (100), comprising:

an armature (108) movable to selectively block and unblock at least a first port
(104);

a biasing device (112) configured to provide a first biasing force to the armature
(108), with the biasing device (112) biasing the armature (108) toward a
first position blocking the first port (104);

a plurality of permanent magnets (114) configured to provide a second biasing
force to the armature (108) substantially opposite to the first biasing force,
with a magnet of the plurality of permanent magnets (114) being
substantially radially magnetized; and

an electromagnetic coil (116) configured to generate a third biasing force when
energized with a first current polarity, with the third biasing force being
substantially opposite to the first biasing force, wherein the third biasing
force in combination with the second biasing force overcomes the first
biasing force and moves the armature (108) to unblock the first port
(104).

2. The bistable valve (100) of claim 1, wherein the plurality of permanent magnets

(114) do not add a gap in a magnetic circuit of the bistable valve (100).
3. The bistable valve (100) of claim 1, further comprising a conduit (103) extending
substantially centrally through the electromagnetic coil (116) and substantially centrally

through the plurality of permanent magnets (114).

4. The bistable valve (100) of claim 1, with a permanent magnet of the plurality of
permanent magnets (114) comprising a substantially parallelepiped shape.

5. The bistable valve (100) of claim 1, with the plurality of permanent magnets (114)

being substantially annularly arranged around a central axis of the bistable valve (100).
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6. The bistable valve (100) of claim 1, with the electromagnetic coil (116) comprising a
substantially hollow cylinder and with the plurality of permanent magnets (114) being

substantially coaxial with the electromagnetic coil (116).

7. The bistable valve (100) of claim 1, with the plurality of permanent magnets (114)
and the electromagnetic coil (116) being contained at least partially within a holder

(119).

8. The bistable valve (100) of claim 1, with the armature (108) being formed of a

substantially ferromagnetic material.

9. The bistable valve (100) of claim 1, with the armature (108) including a poppet seal
member (109).

10. The bistable valve (100) of claim 1, with the electromagnetic coil (116) being
further configured to be energized by a second current polarity that generates a fourth
biasing force, with the fourth biasing force being substantially opposite to the second
biasing force of the plurality of permanent magnets (114) and substantially in alignment
with the first biasing force of the biasing device (112), wherein the fourth biasing force
in combination with the first biasing force overcomes the second biasing force and
moves the armature (108) to unblock the third port (106) and to block the first port
(104).

11. A bistable valve (100), comprising:

an armature (108) movable to selectively block and unblock a first port (104) and
correspondingly unblock and block a third port (106);

a biasing device (112) configured to provide a first biasing force to the armature
(108), with the biasing device (112) biasing the armature (108) toward a
first position blocking the first port (104);

a plurality of permanent magnets (114) configured to provide a second biasing
force to the armature (108) substantially opposite to the first biasing

force;

12



10

15

20

25

30

WO 2008/028509 PCT/EP2006/008748

an electromagnetic coil (116) configured to generate a third biasing force when
energized with a first current polarity, with the third biasing force being
substantially opposite to the first biasing force, wherein the third biasing
force in combination with the second biasing force overcomes the first
biasing force and moves the armature (108) to unblock the first port (104)
and to block the third port (106); and

a conduit (103) extending substantially centrally through the electromagnetic coil
(116) and substantially centrally through the plurality of permanent
magnets (114).

12. The bistable valve (100) of claim 11, wherein the plurality of permanent magnets

(114) do not add a gap in a magnetic circuit of the bistable valve (100).

13. The bistable valve (100) of claim 11, with a permanent magnet of the plurality of
permanent magnets (114) being substantially radially magnetized.

14. The bistable valve (100) of claim 11, with a permanent magnet of the plurality of
permanent magnets (114) comprising a substantially parallelepiped shape.

15. The bistable valve (100) of claim 11, with the plurality of permanent magnets (114)
being substantially annularly arranged around a central axis of the bistable valve (100).

16. The bistable valve (100) of claim 11, with the electromagnetic coil (116)
comprising a substantially hollow cylinder and with the plurality of permanent magnets

(114) being substantially coaxial with the electromagnetic coil (116).

17. The bistable valve (100) of claim 11, with the plurality of permanent magnets (114)
and the electromagnetic coil (116) being contained at least partially within a holder
(119).

18. The bistable valve (100) of claim 11, with the armature (108) being formed of a

substantially ferromagnetic material.
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19. The bistable valve (100) of claim 11, with the armature (108) including a poppet

seal member (109).

20. The bistable valve (100) of claim 11, with the electromagnetic coil (116) being
further configured to be energized by a second current polarity that generates a fourth
biasing force, with the fourth biasing force being substantially opposite to the second
biasing force of the plurality of permanent magnets (114) and substantiaily in alignment
with the first biasing force of the biasing device (112), wherein the fourth biasing force
in combination with the first biasing force overcomes the second biasing force and
moves the armature (108) to unblock the third port (106) and to block the first port
(104).

21. A method of actuating an armature of a bistable valve, the method comprising:

biasing the armature toward a first position with a first biasing force supplied by
a biasing device, with the armature blocking at least a first port in the first
position;

biasing the armature toward a second position with a second biasing force
supplied by a plurality of permanent magnets, with the second biasing
force being substantially opposite to the first biasing force and with a
magnet of the plurality of permanent magnets being substantially radially
magnetized;

energizing an electromagnetic coil with a first current polarity that generates a
third biasing force, with the third biasing force being substantially
opposite to the first biasing force, wherein the third biasing force in
combination with the second biasing force overcomes the first biasing

force and moves the armature to unblock the first port.

22. The method of claim 21, wherein the plurality of permanent magnets do not add a

gap in a magnetic circuit of the bistable valve.
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23. The method of claim 21, with the bistable valve further comprising a conduit
extending substantially centrally through the electromagnetic coil and substantially

centrally through the plurality of permanent magnets.

24. The method of claim 21, with a permanent magnet of the plurality of permanent

magnets comprising a substantially parallelepiped shape.

25. The method of claim 21, with the plurality of permanent magnets being

substantially annularly arranged around a central axis of the bistable valve.

26. The method of claim 21, with the electromagnetic coil comprising a substantially
hollow cylinder and with the plurality of permanent magnets being substantially coaxial

with the electromagnetic coil.

27. The method of claim 21, with the plurality of permanent magnets and the

electromagnetic coil being contained at least partially within a holder.

28. The method of claim 21, with the armature being formed of a substantially

ferromagnetic material.

29. The method of claim 21, with the armature including a poppet seal member.

30. The method of claim 21, further comprising:
energizing the electromagnetic coil with a second current polarity that generates
a fourth biasing force, with the fourth biasing force being substantially
opposite to the second biasing force of the plurality of permanent magnets
and substantially in alignment with the first biasing force of the biasing
device, wherein the fourth biasing force in combination with the first
biasing force overcomes the second biasing force and moves the armature

to unblock a third port and to block the first port.

15



WO 2008/028509 PCT/EP2006/008748

115
"
1& ‘i‘ 103
7 102a
72 e
o4 —"1 | 102b
47 e 114
// ///
?/(/ \/\/ / 19
% 4
/ / 116
/ | /
é / RN
AN 4
105/-\: / 108
—— 109
122
N\
\ \\J 102¢
152b/ \

106
/ FIG. 1

100



WO 2008/028509

114

215

PCT/EP2006/008748




WO 2008/028509 PCT/EP2006/008748

3/5

401 BIAS POPPET MEMBER
~——] TOWARDAFIRST
POSITION WITHA
BIASING DEVICE

l

2| PPOURDASECOND
POSITION WITH
PERMANENT MAGNETS

l

ENERGIZE
ELECTROMAGNET TO
403~ GENERATEATHIRD

BIASING FORCE TO
OVERCOME THE FIRST
BIASING FORCE

l

ENERGIZE

404 ELECTROMAGNET TO

~—— GENERATEAFOURTH
BIASING FORCE TO
OVERCOI\lllE TP

‘ »

400



00000000000000000000000000000

4/5

FIG. 5



WO 2008/028509 PCT/EP2006/008748

SI5

103
\ // 72N / 102

N
N
NN

SNOOONNNNNN
\%
%

118 - 118
12
105 ’/ ~108
122 — \109
125b —
102

0 FIG. 6



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2006/008748

CLASSIFICATION OF SUBJECT MATTER

TN FI6K31/08  F16K31/06

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F16K

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data, PAJ

Electronic data base consulted during the international search (name of data base and, where practical, search ferms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

figures 2,5

column 4, Tine 35 - column 6,

X GB 2 003 586 A (TECHNOLOGIEFORSCHUNG GMBH) 1~-3,
14 March 1979 (1979-03-14) 8~13,
18-23,
27-30
page 2, line 102 - 1ine 88
figure 1
Y 4~7,
14-17,
24-26
Y US 3 977 436 A (LARNER DONALD ALEXANDER) 4-7,
31 August 1976 (1976-08-31) 14-17,
24-26

Tine 8

Sy

Further documents are listed in the continuation of Box C.

See palent family annex.

* Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance

*E" earlier document but published on or after the international
filing date

*L* document which may throw doubts on priority claim(s) or
which is cited o establish the publication date of another
citation or other special reason (as specified)

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

"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 or theory underlying the
invention

"X"* document of patticular relevance; the claimed invention
cannot be considered novel or cannot be considered to

Relevant to claim No.

e

involve an inventive step when the document is taken alone

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 docu—
ments, such combination being obvious to a person skilled

*P* document published prior to the international filing date but inthe art.
later than the priority date claimed *&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

22 May 2007 30/05/2007

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Awad, Philippe

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2006/008748

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

AL) 23 November 2004 (2004-11-23)
abstract; figures la-2c

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 3 420 492 A (RAY WILLIAM A) 1,2,
7 January 1969 (1969-01-07) 4-10,21,
22,24-30
column 3, 1ine 12 - Yine 61
figures 1-~3
A 11,15,
17-20
A US 4 299 252 A (REINICKE ROBERT H) 1-30
10 November 1981 (1981-11-10)
abstract; figures 1,2
A US 6 820 651 B2 (SEURET CHRISTOPHE [CH] ET 1-30

Fomn POT/ASA/210 anntinuation of second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

US 2003183289 Al

PCT/EP2006/008748
Patent document Publication Patent family Publication
cited in search report date member(s) date
GB 2003586 A 14-03-1979 DE 2739085 Al 08-03-1979
FR 2402142 Al 30-03-1979
usS 3977436 A 31-08-1976  NONE
US 3420492 A 07-01-1969  NONE
US 4299252 A 10-11-1981  NONE
US 6820651 B2 23-11-2004 AT 335152 T 15-08-2006
EP 1350999 Al 08-10-2003

02-10-2003

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




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

