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DEVICES INCLUDING AN ANTI-ROTATION MECHANISM FOR A PISTON
AND A METHOD OF USING THE SAME

TECHNICAL FIELD

18001} The present disclosure relates to pistons,  Specifically, the disclosure

RN

relates to devices for preventing a piston from rotating around an actuation axis when

being opened and closed within a cylinder.

BACKGROUND ART

18662} Pigtons are commonly used in 3 variety of applications, such as ¢ngines,
valves, and pumps, to cither derive or fmpart motion. A piston moves up and down
1 imside a valve, a tube, or other similar cylinder. As a piston moves up and down
mside a cylinder, the piston may tend to rotate around its vertical axis. Rotation may
damage the surface of the piston or the isside of the cylinder, which can result in

neffective operation of, for example, an associate engine, valve, or pump.

SUMMARY

15 {6663 In one embodiment, a device can imclude an outer cylinder having a
cylinder inner wall and a cylinder outer wall and at lcast onc magnet disposed
between the cylinder inner wall and the cylinder outer wall and a piston having 2
piston inner wall and a piston outer wall and at least one magnet disposed between the
piston inner wall and the piston outer wall. The piston can be rotatable within the

20 cyhlinder and shidably movable along a vertical axis respective to the cylinder. The
piston can also be disposed within the cylinder such that the at least one magnet
disposed between the cylinder inner wall and the cylinder outer wall is aligned with
the at least one magnet disposed between the piston inner wall and the piston outer
wall, substantially preventing the piston from rotating about the horizomal axis inside

25 the cylinder, while allowing free movement along the vertical axis.

[B084] In another embodiment, a device can inclade a cylinder and a piston. The

cylinder can bave a cylinder inner wall that extends along an actuation axis. The
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cylinder can include a first magnetic member. The piston can be disposed within the
cylinder such that the piston is bounded by the cylinder inner wall. The piston can
inclade a second magnetic member. The piston can slide along the actuation axis and
the cylinder inner wall. The first magnetic member of the cylinder and the second
magnetic member of the piston can be aligned and can interact to generate a magnetic
force. The magnetic force can mitigate rotation of the piston arcund the actuation
axis.

[B805] In a further embodiment, a device can include a cvlinder, a piston, and &
lead screw drive. The cylinder can form a cylinder toner wall that extends along an
actuation axis. The cylinder can include a first magnetic member. The piston can be
disposed within the cylinder such that the pision s bounded by the cylinder inner
wall. The piston can inclade a second magnetic member. The lead serew drive can
be operably connected to the piston. Rotation of the lead screw drive can generate
ranslation of the piston along the actuation axis and the cylinder inner wall, Rotation
of the iead screw drive can generate a rotational force that urges the piston to rotate
around the actuation axis. The first magnetic member of the eylinder and the second
magnetic member of the piston can be aligned and can interact to generate a magnetic
force. The magnetic force can be greater than the retational force.

16606} I vet another embodiment, a device can include a cylinder, a piston, and a
phurality of magpetic anti-rotation mechanisms. The cylinder can form a eylinder
inner wall that extends along an actuation axis. The piston can be disposed within the
cvlinder such that the piston is bounded by the cylinder inner wall. The piston can
shde along the actuation axis and the cylinder imner wall. The magnetic anti-rotation
mechanisms can be coupled to the cylinder and the piston. Each of the magnetic anti-
rotation mechanisms can inclade a first magnetic member and a sccond magnetic
member that are spaced apart and not in physical contact. The fivst magnetic member
and the second magnetic member can interact to gencrate a magnetic force. The
maguoetic anfi-rotation mechanismos can mitigate rotation of the piston around the

actuation axis.
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{8807} Any of the devices shown and described herein can inchude a magpetic
sensor that detects a magnetic field of the first magnetic member of the cylinder and
the second magnetic member of the pision.

18808] According to any of the devices shown and described herein, the magnetic
force can be attractive. Alternatively or additionally, the amount of force and the
strength of the magnetic anti-rotation mechanisms can be related to the amount of
condrol of needed over the piston.

[6009] According to any of the devices shown and described herein, the magpetic
force can be repulsive.  Alernatively or additionally, the magpetic anti-rotation
mechanisms can allow a particular range of rotation of the piston around the actuation
axis such as, for example, less than or equal to about 30°.

{8616 According to any of the devices shown and described herein, the first
magnetic member of the cylinder and the second magnetic member of the piston can
be spaced apart and not in physical contact.

(8811} According to any of the devices shown and described herein, the cylinder
and the piston can be formed from an electrical insulator, a diclectric material, or a
combination thereof.,

18612} According to any of the devices shown and described herein, the first
magnetic member of the eylinder, the sccond magnetic member of the piston, or both
can include one or more electromagnets. Alternatively or additionally, the one or
more electromagnets can be turned off to allow the piston to move freely.
Alternatively or additionally, the onc or more clectromagnets can be furned on to
allow align the piston to the cylinder.

18013} According to any of the devices shown and described hergin, the first
magnetic member of the cylinder, the second magnetic member of the piston, or both
can mchade one or more permanent magnets. Alternatively or additionally, the one or
more permanent magnets can include a rare earth metal. Alternatively or additionally,
the first magnetic member of the cylinder, the second magnetic member of the piston,
or both can ioclude magnets that are in a stacked configuration.  Aliernatively or
additionally, cach of the magnets is separated by a spacer.  Alternatively or

additionally, the spacer can include an electrical insulator, a dielectric material, or a
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combination thercof. Alternatively or additionally, cach of the magnets can be a
rectangle-shaped magnet. Alternatively or additionally, each of the magnets can be a
cylindrical-shaped magnet. Alternatively or additionally, the magnets can be oriented
vertically. Alternatively or additionally, the magnets can be oriented horizontally.
{8614} According to any of the devices shown and described herein, the first
magnetic member of the cylinder can be positioned within the cylinder between the
cvlinder juner wall and a cylinder cuter wall,

[B8015] According to any of the devices shown and described herein, the second
magnetic member of the piston can be positioned within the piston between a piston
nner wall and a piston cuter wall.

18816] According to any of the devices shown and described herein, the magnetic

anti-rotation mechamisms can be distributed evenly around the cylinder and the piston.

BRIEF BESCRIPTION OF THE DRAWINGS

{8617} in the accompanying drawings, structures are illustrated that, together with
the detailed description provided below, describe exemplary embodiments of the
claimed invention. Like elements are identified with the same reference numerals. It
should be anderstood that elements shown as a single component may be replaced
with mubtiple components, and clements shown as mubtiple componenis may be
replaced with a single compouvent. The drawings are not to scale and the proportion
of certain clements may be exaggerated for the purpose of iHlustration.

[B018] Figure 1 schematically depicts a perspective view of a device having a
cylinder and a piston according to one or more embodiments shown and described
herein;

{88191 Figure 2 schematically depicts a cross-sectional view of device of Figure 1
according o one or more embodiments shown and described herein;

18020} Figure 3 schematically depicts a perspective view of a piston for use in the
device of Figure 1 according to one or more embodiments shown and described

herein;
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{8021} Figure 4a schematically depicts a perspective view of one embediment of
a piston and cylinder for vse in the device of Figure 1 according to one or more
embodiments shown and described herein;

9622 Figure 4b schematically depicts a cross-section side view of the piston and
cylinder of Figure 4a according to onc or more embodiments shown and described
herein;

18023} Figure 4c schematically depicts the piston and cylinder of Figure 4a
according to one or more embodiments shown and described herein;

{6824} Figure Sa, b, and ¢ schematically depict alternative embodiments of
magnets for use in the piston and cylinder of Figure 4a according to one or more
embodiments shown and described herein;

8625} Figure 6a schematically depicts a perspective view of one embodiment of
a piston and cylinder for use in the device of Figure 1 according to one or more
embodimenis shown and described herein;

18026} Figure 6b schematically depicts a cross-section side view of the piston and
cylinder of Figure 6a according to one or more embodiments shown and described
herein;

18027} Figure 6¢ schomatically depicts the piston and cylinder of Figure 6a
according to one or more embodiments shown and described herein;

{8028} Figure 64 schematically depicts a cross-sectional side view of the piston
and cylinder of Figure 6a according to onc or more embodiments shown and
described herein;

{8029] Figure 7a schematically depicts a top view of an cmbodiment of a
magnetic anti-rotation mechanism according {0 one or more embodiments shown and
described herein;

186381 Figure 7b schematically depicts a cross-sectional side view of the magnetic
anti-rotation mechanism of Figure 7a according to one or more embodiments shown
and described herein;

18031} Figure 8a schematically depicts 2 top view of a magoetic ardi-rotation

mechanism according to one or more embodiments shown and described herein;

PCT/US2015/033660
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[8032] Figure 8b schematically depicts a cross-sectional side view of the magnetic
anti-rotation mechanism of Figore 8a according to one or more embodiments shown
and described herein;

18033} Figime 9 schematically depicts a top view of a magnetic anti-rotation
mechanism according to one or more embodiments shown and described hevein;
Figiwe 10 schematically depicts a perspective view of an encoder for use in the device
of Figure 1 according to one or more embodiments shown and described herein; and
[8034] Figures 11A and 11B schematically depicts a device having magnetic anti-
rotation mechanism for rotational contrel according to one or more embodiments

shown and described herein.

{8035} Certain terminelogy will be used in the foregoing description for
convenience in reference only and should not be construed as Himiting. For example,
the terms ““vertical” “vertically,” “op,” “down,” “horizontal” and horizontally™
designate directions in the drawings to which reference is made, and the torms “inner”
and “outer” referring, respectively, to directions toward and away from the center of
the referenced element.

18636} Referring collectively to Figures 1 and 2, a device 10 can comprise a
cvlinder 12 and a piston 4. The cylinder 12 and the piston 14 can be formed from
any non-ferrous material, ie., any material that does not substantially reduce the
magnitude of magnetic fields such as, for example, a non-ferrous alloy, an electrical
msulator, a diclectric material, or a combination thercof, As is described in greater
detail herein, the magnetic fields can be utilized to provide a desived alignment or
motion of the piston 14 with respect to the cylinder 12, The cylinder 12 can be
configured to bound or at least partially constrain the motion of the piston 14, when
the piston 14 is at least partially disposed within the cylinder 12, Accordingly, in
some embodiments, the cyhinder 12 and the piston 14 can have correspondingly
shaped circular cross-sections. For example, in the embodiment depicted in Figure 2,
both the cylinder 12 and the pision 14 can form a generally circular shape along their

respective outer peripheries. Specifically, the cylhinder 12 can be a chamber that s
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bored within 2 body to form a cylinder inner wall S4. Tn some embodiments, the
cylinder inner wall 54 of the cylinder 12 can be a substantially tobular body that
extends along an actuation axis 100, It is noted that, while the actuation axis 100 is
depicted in Figure 2 as being oriented substantially vertically, the actuation axis 100
can be aligned m any desired orientation such as, for example, vertically, horizontally,
or combinations thereofl

18037} In one embodinent, the piston 14 can be disposed within the cylinder 12
and configured to shde vertically along the actoation axis 100. Accordingly, the
cylinder 12 can be configured for reciprocating motion throughout a stroke 102 of the
piston 14 while being bounded by the cylinder inner wall 54 of the cylinder 12. Thus,
when force is oxerted on the piston 14, the piston 14 can be urged to slide up and
down with respect to the cylinder inner wall 36 of cylinder 12 and along the actuation
axis 104

{8038} In some embodimenis, the force that urges the piston 14 along the
actuation axis 100 can comprise a rotational component, i.e., the force can vrge the
pistonn 14 to rotate around the actation axis 100, Accordingly, m embodiments
having a substantially circular shaped cylinder 12 and piston 14, the cylinder inner
wall 54 may not constrain rotational motion of the piston 14. That is, since the piston
14 1s configured to shide with respect to the cylinder imner wall 54, the cylinder inner
wall §4 may permit the piston 14 to rotate with respect to the actuation axis 100 and
the cyhnder 12.

18039} Referring still to Figures 1 and 2, the device 10 can be configured as a
bottom loading valve for use in an electrically actuated fuel tank management system.
1t is noted that embodiments of the device 18 are described as being configured as a
hottoma loading valve for clarity. It is furthermore noted that embodimends of the
cylinder 12 and the piston 14 can be utilized with any apparanis such as, for example,
bottom loading valves, hydrant couplers, in-ling valves, bypass valves, or any other
device having a cylindrical body that moves with respect to a housing. In some
cmbodiments, the device 10 can comprise a valve body 22 that 15 configured to
sclectively provide access to a fuel tank (not shown) for fucling and defueling. In use,

the valve body 22 of the device 10 may generally be disposed outside of the fuel tank.

PCT/US2015/033660
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Specifically, the valve body 22 can comprise a fivst end 28 and a second end 30, The
first end 28 can be configured to provide a removable connection to a fuel Hne with a
nozzie adaptor (not shown), The device 10 can be connected to the fuel tank such that
the second end 30 of the valve body 22 is mounted to an outside surface of the fucl
tank.

18648 The cylinder 12 can be mounted within the fuel tank. For example, the
cylinder 12 can comprise a fivst end 32 and a second ond 34, The first cnd 32 of the
cylinder 12 can be mounted to an inside surface of the fuel tank such that the device
10 is partially disposed within the tank and partially disposed outside the tank, with a
corresponding fluid passageway 104 there through. Accordingly, the device 10 can
be sclectively sealed by covering orifices located between support pillars 78 of the
cylinder 12 and opened by the motion of the piston 14 within the cylinder 12 to
selectively provide access to the fuel tank through the orifices. 1t should be noted that
the cylinder 12 and the valve body 22 may be separable parts or may be formed as a
stngle piece.

{8041} Referring again to Figure 2, the device 10 can comprise a motor 36
configured to actuate the piston 14, ie., the piston 14 can be urged into motion by the
motor 36, The motor 36 can be disposed within a motor housing 24 coupled to the
valve body 22. The motor 36 can be any device suitable to provide a controlled or
measured amount of force soch as, for exarmple, 8 stepper motor.  Accordingly, the
device 10 can be configured to actuate the piston 14 with the motor 36 as a
cedforward system. In some embodiments, device 10 can be configured to transform
rotational force provided by the motor 36 into a Hnear force for actuating the piston
14 throughout the stroke 102. For example, the device 10 can comprise a drive shaft
38 or rod that cxtends through the valve body 22, The drive shaft 38 can be
connected at a first end 106 to the motor 36 and connected at a second end 108 to a

lead screw drive 40, In one embodiment, a high efficiency lead screw drive 40 may

[B842] According to the cmbodimenis described herein, the device 10 can
comprise a valve cap 26 for bounding the cylinder 12. Specifically, the valve cap 26

can be connected to the device 10 at a second end 34 of the cylinder 12, Accordingly,
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the valve cap 26 can also demarcate the stroke 102 of piston 14, Additionally, the
valve cap 26 can be configured to align the lead screw drive 40 with the actuation axis
100. Specifically, the lead scrow drive 40 can be connected to the valve cap 26 such
that an upper end 76 of the lead screw drive 40 is contined within an opening 42 in 2
surface of the valve cap 26 that demarcates the cyhinder 14, Accordingly, rotation of
the drive shaft 38 and the lead screw drive 40 can be provided around or with respect
te the actuation axis 100,

[B043] The lead screw drive 40 can be operably comnected to the piston 14 such
that rotation of the lead screw drive 40 generates a translation of the piston 14, That
is, rotation of the lead screw drive 40 can cause the piston 14 o transiate along the
length of the lead screw drive 40 and the actuation axis 100, In some embodimenis, a
lead screw nut 44 can be disposed about the outer surface of the lead screw drive 40
to form a threaded engagement. Additionally, the lead serew nut 44 can be engaged
with the piston 14 such that rotation of the iead screw nut 44 with respect to the piston
14 1s substantially prevended. Furthermore, the device 10 can conprise a spring 48
configured to bias the piston 14 in a preferved direction along the actuation axis 100
Specifically, the spring 48 can be helical and can gxert pressure against the piston 14
when the piston 14 1s in an open position, which is depicted in Figure 2. Accordingly,
the spring 48 can bias the piston 14 to a closed position, which is depicted in Figure 1.
{8044} Referring collectively to Figures 2 and 3, the piston 14 can comprise a
crown 110 that is configured to interact with a fhuid, ¢.g., a compressible or non-
compressibie fluid. The piston 14 can also comprise a skirt 112 that extonds away
from the crown 110. The skirt 112 of the piston 14 can be 4 body that is demarcated
by a piston inner wall 50 and 2 piston outer wall 32, As is noted above, the pision 114
can be substauntially cylindrically shaped. Accordingly, cach of the piston inner wall
53 and the piston outer wall 32 can be correspondingly shaped. In some
embodiments, the piston 14 can be configured as a low drag piston that rapidly
equalizes the pressure differentials on opposing sides of the crown 110, Specifically,
the crown 110 can comprise a plorality of spokes 114 that demarcate fluid paths

formed through the crown 110, Thus, when the spring 48 is disposed between the
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spokes 114 of the piston 14 and the valve cap 26, the spring 48 can actuate the piston
4.

[8845] In operation, when the motor 36 is electronically activated, the drive shaft
38 and lead screw drive 40 can be rotated.  Accordingly, the motor 36 can urge the
piston 14 along the actuation axis 100 and compress the spring 38 to store energy. As
the piston 14 is moved along the actuation axis 10, the piston 14 can transition from a
closed position (as depicted in Figure 1), to an open position {as depicted 1o Figure 2.
When the piston 14 is in the open position, fuel may flow through the device 10,
[3846] When power to the motor 36 is discontinued, the piston 14 can move back
to the closed position as the lead screw drive 40 rotates in the opposite direction due
to the force exerted against the piston 14 by the spring 48 to sutomatically close the
valve 10. Thus, the piston 14 can reciprocate using the stored encrgy of the spring 33.
Moreover, since the piston 14 is configured for low drag. The amoont of spring 48
force needed to move the piston 14 can be low compared to a piston 14 not configured
for low drag. Additionally, the piston 14 can be configired to self-close, which can
act as a failsate to prevent flow of fuel in the event that power 1o the motor 36 1s lost.
18847) Referring again to Figure 2, in some embodiments, the lead screw nut 44
can be fixed within an orifice 46 n the piston 14. Accordingly, as is noted above,
rotation of the lead screw drive 40 can cause the lead screw nut 44 and the piston 14
to translate along the actustion axis 160, Since the piston 14 is configured to shide
within the cyiinder 12, at lcast a portion of the rotational motion of the lead screw
drive 40 can be transformed inte undesired votation of the piston 14 with respect to
the cylinder 12, Thus, in some embodiments, the device 10 can comprise an anti-
rotation mechanism 16 configured to subsiantially prevent rotational movement of the
piston 14 relative fo the cylinder 2. In some cmbodiments, the anti-rotation
mechanism 16 can comprise a rod that 1 fixed with respect to the cylinder 12 and
placed in contact with the piston 14, Specifically, the anti-rotation mechanism 16 can
be connecied to the valve cap 26 and extend within the stroke 102 of the piston 14 and
condact one of the spokes 114 of the piston 14,

[B8043] Referring collectively to Figures 4a, 4b, and 4c¢, the cmbodiments

described herein can alternatively or additionally comprise a magnetic anti-rotation
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mechanism 116 configored to substantially prevent rotational movement of the piston
14 relative to the cylinder 12. It should be appreciated that, while the magnetic anti-
rotation mechanism 116 is described herein with respect to a particular dovice 10, the
magnetic anti-rotation mechamsm 116 can be utilized with any apparatus such as, for
example, bottom loading valves, hydrant couplers, in-line valves, bypass valves, or
any other device having a cyhindrical body that moves with respect to 8 hoosing. R is
furthermore noted that, while the cobodiments depicted in Figures 4a-4¢ comprise a
single magnetic anti-rotation mechanism 116, embodiments of the present disclosure
can be provided with a phwality of magnetic anti-rotation mechanisms 116, For
example, in some cmbodiments the magnetic anti-rotation mechanisms 116 can be
distributed evenly around the cylinder 12 and piston 14 such that cach magnetic anti-
rotation mechanisms 116 is offsct by a substantially equal angular increment or arc
length,  Accordingly, imbalance of the piston 14 can be mitigated. Moreover,
distributing the magnetic anti-rotation mechanisms 116 can balance off axis forces on
the piston 14,
[8049] The magnetic anti-rotation mechanism 116 can comprise a first magnetic
member 18 and a second magnetic member 20 that arc arranged with respect to one
another 1o generate a magnetic force. For example, the first magnetic momber 18 can
be coupled to the cylinder 12 such that the first magnetic member 18 remains
substantially stationary with respect to the cylinder 12 when subjocted to the force
generated by the first magnetic member 18 and the second magnetic member 20
Likewise, the second magnetic member 20 can be coupled to the piston 14 such that
the second magoetic member 20 remains substantially stationary with respect to the
piston 14 when subiccted to the force generated by the first magnetic member 18 and
the second magnetic member 20.
18050} It 1s noted that the force generated by the fivst magnetic member 18 and the
second magnetic member 20 1s generally a magnetic force. As is explained in greater
ctail herein, the magnetic force can be atiractive, ie., the force wrges the first
magnetic member 18 and the second maguoetic member 20 together. Alternatively or
additionally, the magnetic force can be repulsive, ie., the force wges the first

magnetic member 18 and the second magnetic member 20 apart.  In some
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embodiments, the magnetic force can alternate between attractive and repulsive
depending upon the relative position of the cylinder 12 and the piston 14,

8051} The force gencrated by the magnetic anti-rotation mechanism 116 can be
configured to prevent rotation of the piston 12 around the vertical axis 100 during
normal operation of the piston 12, In some embodiments, the magnetic anti-rotation
mechanism 116 can constrain the piston 14 with respect to the cylinder 12 withowut
requiting physical countact between the piston 14 and the cylinder 12, the first
magnetic member 18 and the second magnetic member 20, or both, For example, the
first magnetic member 18 and the second magnetic member 20 can be aligned and
spaced apait to substantially provent the piston 14 from rotating within the cylinder
12. Accordingly, the piston 14 and the cylinder 12 can be kept in a desired aligoment,
while the first magnetic member 18 and the second magnetic member 20 interact to
generate the force.

{8052} It is noted that the relative sirength of the force generated by the first
magnetic member 18 and the second magnetic momber 20 can be dependent upon the
size, shape, orientation, and field strength of the magnets used to form the first
magnetic member 14 and the second magoetic member 20, In addition, the shape,
material, and size of the piston 14 and the cylinder 12 can impact the strength of the
force. Generally, the first magnetic member 18 and the second magnetic member 20
should be tuned to the rotational forces that generate the undesired rotation of the
piston 14 with respect to the cylinder 12, For example, the first magnctic member 18
and the sccond roagnetic member 20 should be tuned such that the amount of force
needed to alter the alignment promoted by the magoetic anti-rotation mechanism 116
is greater than the rotational forces, e.g., the rotational forces generated by the motor
36 at the lead scrow drive 40 can cause the fead screw nut 44, Accordingly, it should
be understood that any size, shape or strength magnet, suitable to prevent a piston 14
from rotating with respect to the cylinder 12 may be used.  Suitable shapes for
maguets imchide, but are not Hmited to, cylindrical, round, oval, square, or
rectangular,

[B053] In one embodiment, the first magnetic member 18 can be disposed within

the walls of the cylinder 12, For example, the first magnetic member 18 can be
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positioned within the cylinder 12 between the cyhinder fnner wall 54 and the cylinder
guter wall $6. Alternatively or additionally, the second magnetic member 20 can be
disposed within the walls of the piston 14, Specifically, the sccond magnetic member
20 can be positioned within the piston 14 between the piston tmer wall 52 and the
piston outer wall 54, Accordingly, the cylinder 12 can be formed around the first
magnetic member 18 and the piston 14 can be formed around the second magnetic
member 20, o other embodiments, the first magnetic member 18 may be disposed
within the cylinder 12, after the cylinder 12 s formed, and the second magnetic
member 20 may be disposed within the piston 14, after the piston 14 is formed. For
example, a channel can be bored within the cach component to receive one of the first
magnetic member 18 and the second maguetic member 20, which can be secured
within the channel. Alternatively or additionally, the first magnetic member 18 may
be disposed on the eyhinder inner wall 54, the cylinder outer wall 56, or both, or flush
against the cylinder fnner wall 54, the cylinder outer wall 536, or both. Alternatively or
additionally, the second magnetic member 20 may be disposed on the piston inner
wall 50, the piston outer wall 52, or both, or flush against the piston inner wall 50, the
piston outer wall 52, or both.

16654] Referring still to Figures 4a, 4b and 4c, cach of the first magnetic member
18 and the second magnetic member 20 can comprise one or more magnets that
generate magnetic fields. In some embodiments, the magnets can be permanent
maguoets, 1o, an object formed from ferromagnetic material that has an interpal
structure that has been magnetized such that the forromagnetic material generates a
magnetic field for a period of use. Suitable ferromaguetic material includes iron,
nickel, cobaklt, alloys of rare carth metals, or the like. As shown in Figures 4c¢, 6¢, 64,
Ra, and 9, the magnetic ficlds described herein can be oriented according to polarity,
1.e., a north pole N and a south pole S, It is noted that, while the magnetic fields are
described herein with respect to magnetic poles, the embodiments described herein
are not so limited. Accordingly, the embodiments described herein can be formed by
aligning the magnetic fields fo generate attractive or repulsive forces according to
atomic currents or the ke, In further embodiments, the one or more magnets can

comprise clectromagnets,
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RS Referring collectively to Figures Sa, 5b, and S¢, the first magnetic member
18 can comprise one or more magnet that is cylindrical in shape. In some
embodiments, the cylindrical shape can be of varying heights. For cxample, as
depicted i Figure 5a, the fust magnetic momber 18 can comprise a cyhindrical-
shaped magnet 118 that is shorter in height than the height of the piston 14
Alternatively, as depicted in Figure Sb, the first magnetic member 18 can comprise 2
cylindrical-shaped magnet 120 that is approximately equal to the height of the piston
14, o yet another example, as depicted in Figure 3¢, the fivst magnetic member 18
can comprise mukbiple cylindrical-shaped magnets 118, Each of the cylindrical-
shaped magaeis 11¥ can be shorter in height than the height of the pision 14, In some
embodiments, the cylindrical-shaped magnets 118 can be stacked upon each otherin a
vertical orientation, 1.¢., the flat faces of the cylindrical-shaped magnets 118 can face
one another. The use of stack configurations can redace the unit cost of the magnets.
8056} Alternatively or additionally, cach the cylindrical-shaped magnets 118 in
the stack can be separated by a spacer 58, In some crubodiments, the spacer 58 can be
formed from an electrical insulator, 8 diclectric material, or a2 combination thereof.
The usc of spacers 58 can cause the magnetic force (o vary in a manner that is indexed
to the spacers 38, Accordingly, the spacers 58 can be utilized to index the motion of
the piston 14 (Figures § - 4¢). It is noted that, while Figures Sa, 5b, and 5S¢ are
described with respect to the first magnetic member 18, the second magnetic member
20 can also comprise onc or more magnet that is cylindrical in shape, as described
above with respect to the first magnetic member 18,

{B057] Referring again to Figures 4b and 4c, each of the first magnetic member 18
and the sccond magnetic member 20 can be clongate and extend along the actuation
axis 100. In some embodiments, the onc or more magoets of the first magnetic
member 18 can extend along the actuation axis 100 for a majority of the height of the
cylinder 12. Additionally, the one or more magnets of the second magnetic member
20 can extend along the aciuation axis 100 for a majority of the height of the piston
14. Accordingly, the first maguoetic member 18 and the second maguetic member 20
can generate atiractive or repulsive forces as the piston 14 moves to various positions

along the actuation axis 100.
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[BBS]] For example, the sccond magnetic member 20 of the piston 14 can be
aligned with the first magnetic member 18 of the cylinder 12 such that the north pole
N of the second magoetic member 20 of the piston 14 faces the south pole S of the
first magnetic member 18 of the cylinder 12, Thus, the second magnetic mermber 20
and the first magnetic member 18 can generate an attractive force, 1.e., the piston 14
can be wrged towards the cylinder 12 by the attractive force. It should be anderstood,
however, that the sccond magnetic member 20 in the piston 14 and the first maguoetic
member 18 in the cylinder 12 can be positioned in any way suitable to prevent the
piston 14 from rotating inside cylinder 12, For example, i some embodiments the
south pole S of the second magnetic member 20 of the piston 14 can face the north
pole N of the first magnetic member 18 of the cylinder 12,

18059} The attractive force can be operable to mitigate rotation of the piston 14
with respect to the cylinder 12, Specifically, the force generated by the magaetic anti-
rotation mechanism 116 can be relatively high when the piston 14 with respect to the
cvlinder 12 are aligned. Additionally, the force gencrated by the magnetic anti-
rotation mechanism 116 can be configured to wrge the piston 14 and the cylinder 12
wnto alignment, i.c., the magaetic anti-rotation mechanism 116 can provide residual
magnetic force as the piston 14 and the cylinder 12 arc moved out of aligoment that
realigns the piston 14 and the eylinder 12, Thus, any rotational forces would need to
overcome the force generated by the magnetic anti-rotation mechanism 116 to rotate
the piston 14 out of alignment with vespect to the cylinder 12,

18060} Referring now to Figures 6a — 6d, in some embodiments, cach of the first
magnetic member 18 and the second magnetic member 20 of the magnetic anti-
rotation mechanism 116 can comprise one or more rectangle-shaped magnet 122, As
used herein, the phrase “rectangle-shaped” can mean an object baving a substantially
rectangular cross sectional shape. In one embodiment, the first magnetic member {8
can comprise a rectangle-shaped magnet 122 disposed between the cylinder inmer wall
54 and the cylinder outer wall 56, Additionally, the second magnetic member 20 can
comprise a rectangle-shaped magnet 122 disposed between the piston inner wall 50
and the piston outer wall 32, Each rectangle-shaped magnet 122 of the first magnetic

member 18 and the second magnetic member 20 can be aligned to in any way suitable
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to prevent the piston 14 from rotating inside cylinder 12, as described above with
reference to the cylinder-shaped magnets. For example, the south pole S of the
rectangle-shaped magnet 122 of the first magnetic member 14 can face the north pole
N of the roctangle-shaped magnet 122 of the second magnetic member 20, or vice
versa.  Additionally, it is noted that cach of the first magnetic member 18 and the
second magnetic member 20 of the magnetic anti-rotation mechanism 116 can
comprise maultiple rectangle-shaped magnets 122 stacked in a menner analogous 1o
the stacked configuration of cylindrical-shaped magnets 118 depicted in Figure 5¢.
[B061] In yet another embodiment, depicted in Figures 7a and 7b, one of the first
magnetic member 18 and the second magnetic member 20 can comprise a stacked
configuration of cylindrical-shaped magnets 11% provided in a horizontal orientation.
For example, the second magnetic member 20 can comprise multiple cylindrical-
shaped magnets 118 stacked in 2 horizontal orientation, 1.¢., the curved face of each of
the cvlindrical-shaped magnets 118 can face at least one other curved face of the
cylindrical-shaped maguoets 118, The stack of cylindrical-shaped magnets 118 of the
second magnetic member 20 can be disposed between the piston nner wall 50 and
piston outer wall 52, The first magnetic member 18 can comprise multiple
cylindrical-shaped magoets 118 stacked in a vertical orientation.  The stack of
cylindrical-shaped magnets 118 of the first magnetic member 18 can be disposed
between the piston inmer wall 50 and piston outer wall 52, Accordingly, the eylinder
12 and the piston 14 can be aligned such that the curved faces of the cylindrical-
shaped magnets 118 of the first magnetic member 18 face flat faces of the cylindrical-
shaped magnets 118 of the second magnetic member 20. Optionally, each of the
cylindrical-shaped magnets 118 of the stack of the first magnetic member 18, the
second magoetic member 20, or both can be separated using a spacer 58 (Figure 5¢).
Additionally, it is noted that polarity of the cylindrical-shaped magnets 118 of the first
magnetic member 18 and the second magnetic member 20 can be arranged to generate
an attractive force, as described hereinabove.

8062} In another embodiment, as depicted in Figures %a and 8b, the first
magnetic member 18 and the sccond magnetic member 20 can comprise a stacked

configuration of cylhindrical-shaped magnets 118 provided in a horizontal orientation.
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Specifically, the stack of cyhindrical-shaped magnets 118 of the first magnetic
member 18 can be disposed between the cylinder inner wall 54 and the eyhinder outer
wall 56, The stack of cylindrical-shaped magneis 118 of the sccond magnetic
member 20 can be disposed between the piston inner wall 50 and piston outer wall 52.
Accordingly, the cylinder 12 and the piston 14 can be aligned such that flat faces of
the cylindrical-shaped magnets 118 of the first magnetic member 18 face flat faces of
the cylindrical-shaped magnets 118 of the second magnetic member 20, The polarity
of the eylindrical-shaped magnets [ 1R of the fivst magnetic member 18 and the second
magnetic member 20 can be arranged to generate an attractive force. For example,
the south pole S of the cylindrical-shaped magnets 118 of the first magnetic member
18 can face the north pole N of the cylindrical-shaped magoets 118 of the second
magnetic member 20, or vice versa.

{8063} Referring now to Figore 9, embodiments of the magnetic anti-rotation
mechantsm 116 can be configured to align the cylinder 12 and the piston 14 utilizing
repulsive force. Specifically, the first magnetic member 18 and the second magnetic
member 20 can cooperate to generate a repulsive force that is configured to align the
cylinder 12 and the pision 14, Accordingly, the polarity of the first magnetic member
18 can be arranged to face the same pole of the second maguetic member 20 to
generate the repulsive force. For example, the north pole N of the first magnetic
member 18 can be arranged to face the north pole N of the second magnetic member
20. 1t is noted that, while the maguaetic anti-rotation mechanism 116 is depicted in
Figure 9 as wtilizing the north pole N to generate the repuisive force, in some
embodiments the south pole S of the first magnetic member I8 can be arranged to
face the south pole S of the sccond magnetic member 20 to generate the repulsive
force.

8864} In some embodiments, the first magnetic member 18 can comprise a first
magnetic guide 124 that is offset from a second magnetic guide 126, In one
cembodiment, cach of the first magnetic guide 124 and the second magnetic guide 126
can comprise a stacked configuration of cylindrical-shaped magnets 118 provided in
the horizontal orientation. The first magnetic guide 124 can be disposed within the

cylinder 14 between the cyhinder imner wall 54 and the cylinder outer wall 56.
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Additionally, the second magnetic guide 126 can be disposed within the cylinder 14
between the cylinder imner wall 54 and the cylinder outer wall 56, The first magnetic
guide 124 can be separated from the sccond maguetic guide 126 to define an open
region 128, ic., a region without magnets, there between. The second magnetic
member 20 can comprise stack of cylindrical-shaped magnets 1IR provided in the
horizontal orientation. The second magnetic member 20 can be disposed between the
piston inner wall 50 and piston outer wall 52, The piston 14 can be aligned with the
cylinder 12 such that the second maguetic member 20 is aligned with the open region
128, 1.¢., between the first magnetic guide 124 and the second magnetic guide 126.
Thus, the piston 14 can be aligned with the cylinder 12 such that the repulsive force
generated by the first magnetic member 18 and the sccond magnetic member 20 s
relatively low. Rotation of the piston 14 with respect to the cylinder 12 can increase
the magnitide of the repulsive force as the sccond magnetic member 20 is
imcreasingly aligned with the first magnetic guide 124 or the second magnetic guide
126 of the first magnetic member 18, Accordingly, the first magnetic guide 124 and
the second magnetic guide 126 can operate to constrain rotation of the piston 14 and
maintain aligament with the open region 128, In further embodiments, the open
region 128 can be set to permit a desired amowd of rofation between the first
magnetic guide 124 and the second magnetic guide 126 of the first magnetic member
18. In some embodiments, the rotation of the piston 14 with respect to the eylinder 12
can be set to a range of rotation less than or equal to about 40° such as, for cxample, a
range of rotation less than or equal to about 30° in one embodiment.

[B065] It is noted that, while the first magnetic member 8 is depicted in Figure 9
as comprising the first magnetic guide 124 and the second magnetic guide 126, in
some embodiments the second magnetic member 20 can comprise one or more
magnetic guides.  Accordingly, the first magnetic member {8 can be provided as a
single stack of magnets, and the second magnetic member 20 can comprise multiple
stacks of magnets. It is furthermore noted that, while the first magnetic member 1¥
and the second magoetic member 20 are depicted in Figure © as being formed from

cyhindrical-shaped magnets 118 provided in the horizontal orientation, the first
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magnetic member 18 and the sccond magnetic member 20 can be provided i any
configuration suitable to provide repalsive force.

{8066} Referring collectively to Figures 2, 4a and 10, the device 10 can comprise
an gncoder 60 for sensing motion of the motor 36, In some embodiments, the encoder
60 can be connected to the top of the motor 36, Specifically, the encoder 60 can
comprise a sensor 62 such as, for example, an optical reflective sensor or the hke. 1t
is noted that the term "sensor,” as used herein, can mean a device that measures a
physical quantity and converts it into a signal, which is corrclated to the measured
value of the physical quantity. Furthermore, the term "signal” can mean a waveform
(e.g., clectrical, optical, magnetic, or electromagnetic), such as BC, AC, sinusoidal-
wave, triangular-wave, square-wave, and the like, capable of traveling through 2
medivm.

18667} The sensor 62 can be mounted to the top of the motor 36 and can face
upward slong the drive shaft 38, The encoder 60 can comprise a circular disk 64
having through holes 68 indexed to indicate motion of the motor 36, For example, the
circular disk 64 can be attached to the drive shaft 38 and positioned approximately
one millimeter above the sensor 62. The disk 64 can rotate with the motor 36, which
can cause the through hoeles 68 to rotate with respect to the sensor 62, The sensor 62
can be operable to detect the through holes 68 and generate signals indicative of the
rotational speed of the drive shaft 38, The signals can be utilized to determine the
position of the piston 14 along the actuastion axis 1. The sensor 62 can
accommodate a large range of rotation speeds, which can be utilized te control the
motor 36 to achieve various opening Himes.

{8868} Alterpatively or additionally, the position of the piston 14 can be detected
divectly. In some embodiments, the device 10 can comprise a magnetic sensor 130
configured to detect the magnetic field of the magnetic anti-rotation mechanism 116.
The magnetic sensor 130 can be any device configured to generate a signal that is
indicative of a magnetic field such as, for example, a ball effect sensor. Accordingly,
the magnetic ficld of the magnetic anti-rotation mechanism 116 can be correlated with
the position of the piston 14 with respect to the cylinder 12, Specifically, the

magnetic ficld of the magnetic anti-rotation mechanism 116 can be dependent apon
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the amount of overlap 132 of the first magnetic member 18 and the second magnetic
member 20. Thus, as the overlap 132 changes due to motion of the piston 14, the
magnetic sensor 130 can detect a corresponding change in the magnetic field of the
magnetic anti-rotation mechanism 116, in some embodiments, the magnetic sensor
130 can be mounted to or within the cylinder 12. For example, the magunetic sensor
130 can be mounted within a support pillar 78 of the piston 12, Alternatively or
additionally, the maguetic sensor 130 can be mounted in any position suitable to
detect the magnetic field of the magnetic anti-rotation mechanism 116 such as, but not
limited to, substantially perpendicular to the field lnes of the magnetic field.

18869] Referring collectively to Figures 11A and 11B, cmbodimenis of the
magnetic aunti-retation mechanism 116 can be contfigured for rotational control of the
piston 14 as the piston 14 moves along the actuation axis 100, Specitically, the first
magnetic member 18 and the second magnetic member 20 can be aligned with one
another along a magnetic alignment angle 0. In some embodiments, the first maguetic
member 18 can be relatively large compared to the sccond magnetic moember 26. For
example, the first magnetic member 18 can be formed from a relatively large magnet
or a stacked configuration of magnets. Alternatively or additionally, the second
magnetic member 20 can be relatively large compared to the first magnetic member
18. The magnetic force of the magnetic anti-rotation mechanism 116 can be
atiractive such that the magnetic force arges the piston 14 into rotational motion with
respect the to the cylinder 12 as the piston moves along the actuation axis 100. The
rotation of the pision 14 can theretore be tuned to a desired amount of rotation 8.
Accordingly, the piston {4 can be rotated to various settings, which can be utilized in
valves having ports positioned at different angular locations along the cylinder 12.
The rotation of the piston 14 with respect to the cylinder 12 can be sct to any desived
amount of rotation 6 by adjusting to the magpetic alignment angle o In some
embodiments, the magnetic alignment angle o is substantially acote such as, for
cxample, between about 10° and about 80° in one embodiment, or between about 20°
and 60° in another embodiment.

[B870] To the extent that the term “inchudes” or “including” is used in the

specification or the claims, it is inlended to be inclusive in a manner similar to the
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term “comprising” as that term is interpreted when employed as a transitional word in
a clatm. Furthermore, to the extent that the torm “or” is employed {e.g., A or B) it is
ntended to mean “A or B or both.” When the applicants intend to indicate “only A or
B but not both” then the term “only A or B but not both” will be employed. Thus, use
of the term “or” herein is the inclusive, and not the exclusive use. See, Bryvan A,
Garner, A Dictionary of Modern Legal Usage 624 (2d. Ed. 1995). Also, to the extent
that the termes “in” or “into™ are used in the specification or the claims, i s intended
to additionally mean “on” or “onto.” Additionally, to the extent that the terms “on” or
“onto” are used in the specification or the claims, 1t is intended to additionally mean
“in,” “into,” or “near.” Furthermore, to the extent the term “connect” is used in the
specification or claims, it is intended to mean not oouly “divectly counected to,” but

also “indirectly comnected to” such as connected through another component or

components.
{8071} It is noted that the terms "substantially” and "about” may be utilized hercin

to represent the imhorent degree of uncertainty that may be ativibuted to any
quantitative comparison, value, measurement, or other representation.  These terms
arc also utilized herein {o represent the degree by which a guantitative representation
may vary from a stated reference without resulting in a change in the basic function of
the subject matter at issue.

186721 While the present disclosure has been illustrated by the description of
embodiments thereof, and while the embodimenis have been described in
considerable detail, it is not the itendion of the applicants to restrict or in any way
Lt the scope of the appended claims to such detail.  Additional advantages and
modifications will readily appear to those skilled in the art. Thevefore, the disclosure,
1 its broader aspects, 15 not lmited to the specific details, the representative apparatis
and method, and illustrative examples shown and described. Accordingly, departures
may be made from soch details withouwt departing from the spirit or scope of the

applicant’s geoneral inventive concept.
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CLAIMS
What 1s claimed is:

1. A device comprising:

a cylinder forming a cylinder inner wall that extends along an actuation axis,

o

wherein the cylinder comprises a first magnetic member;
a piston disposed within the cylinder such that the piston is bounded by the
cylinder inner wall, wherein the piston comprises a second magnetic member;
wherein the piston slides along the actuation axis and the cylinder inner wall;
and
16 wherein the first magnetic member of the cyhinder and the second magnetic
member of the piston are aligned and interact to generate a magnetic force, and
wherein the magnetic force mitigates rotation of the piston around the actuation axis.
2. The device of clatm 1, further comprising a magnetic scnsor that detects a
magnetic field of the first magnetic member of the cylinder and the second magnetic

member of the piston,

[N

The device of claim 1, wherein the magnetic foree is attractive.

4, The device of claim 1, wherein the magnetic force is repulsive.

[

The device of claim |, wherein the first magnetic member of the eylinder and
the sccond magnetic member of the piston are spaced apart and not in physical
20 contact.
6. The device of claim 1, wherein the cylinder and the piston are formed from a
non-ferrous material.
7. The device of claim 1, wherein the first magnetic member of the cylinder, the

second magnetic member of the piston, or both comprise one or more permanent

s
Y

magneis,

8. The device of claim 7, wherein the one or more permanent magnets comprises
a varc carth metal,

8. The device of claim 1, wherein the first magnetic member of the cylinder and the
second magnetic member of the piston are aligned with one another along a magnetic

30 alignment angle o, and wherein the 2 magnctic alignment angle o is acute.
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10, The device of claim 1, wherein the first magnetic member of the cylinder, the

0

o

second magnetic member of the piston, or both comprise magnets that are in a stacked

configuration.
11, The device of claim 10, wherein cach of the magnets is separated by a spacer.
12, The device of claim 11, wherein the spacer comprises an clectrical insulator, a

dielectric material, or a combination thereof.

13, The device of claim 10, wherein cach of the magnets is a rectangle-shaped
magnet or a cylindrical-shaped magnet.

14. The device of claim 13, wherein the magnets are oriented vertically.

i
]

(o]

The device of claim 13, wherein the magnets are oriented horizontally,

o

A device comprising:
a cylinder forming 8 cylinder imner wall that extends along an actuation axis,
wherein the cylinder comprises a first magnetic member;

a piston disposed within the cylinder such that the piston is bounded by the
cylinder foner wall, wherein the piston comprises a second magnetic member; and

a lead screw drive operably comnected to the piston, wherein rotation of the
lead screw drive gencrates a transiation of the piston along the actuation axis and the
cylinder inner wall and a rotational force that urges the piston to rotate around the
actuation axis, and

wherein the first magnpetic member of the cylinder and the second magnetic
member of the piston are aligned and interact to generate a magnetic force, and
wherein the magnetic force is greater than the rotational force.
17. The device of claim 16, wherein the first magnetic member of the cylinder is
positioned within the cylinder between the cylinder inner wall and a cylinder outer
wall,
18. The device of claim 16, wherein the second magnetic member of the piston is
positioned within the piston between a piston inner wall and a piston outer wall.
18, A device comprising:

a cylinder forming a cylinder inner wall that extends along an actuation axis;
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a piston disposed within the cylinder such that the piston is bounded by the
cylinder inner wall, wherein the piston slides along the actuation axis and the cylinder
inner wall; and

a plurality of magnetic anti-rotation mechanisms that are coupled to the

5 cylinder and the piston,

wherein each of the mageetic anti-rotation mechanisms comprises a first
magunetic memsber and a seccond magnetic member that are spaced apart and not in
physical contact,

and wherein the first magnetic member and the second maguetic member

10 interact to gencrate a magnetic force such that the magnetic anti-rotation mechanisms

mitigate rotation of the piston around the actuation axis.
20, The device of claim 19, wherein the magnetic anti-rotation mechanisms are

distributed evenly around the cylinder and the piston

ot
o
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