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TITLE OF INVENTION

SOLENOID HOUSING WITH ELONGATED CENTER POLE

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims priority of Uniled 3States Non-Provisional Patent
Application Serial No. 13/438,408 filed on April 4, 2012, The present application also
claims the benefil under 35 U.S.C. § 119{e) of the Uniled States Provisional Patent
Application Serial No. 61/472,844 filed on April 7, 2011. The conients of the above-
identified Applicalions are relied upon and incorporated herein by reference in their

entirety.

FIELD OF INVENTION

The invention relates to a solenoid housing with an elongated center pole having
a region of differing magnelic properties than the rest of the housing and a method of
making the same.

BACKGROUND OF INVENTION

Solenoids typicaily make use of a high magnetic reluciance region to facilitate
movement of an armalure in response to the application of an electric current. This
region can be referred {0 as an “air gap” because emply space is commonly used as the
high magnetic reluctance region. Such an arrangemeni, however, may lead 1o ceriain

difficulties in both construction and operation of the solencid. Cerlain prior art teachings
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disclose the air gap may be achieved through a two piece construction of the solenoid
with a gap left between the two pieces. kach piece may have a different conformation,
meaning that separate, specialized manufacturing processes could be required for sach
piece. Further, if the two pieces need to be aligned properly to allow for easy
movement of the armalure through each piece and across the air gap, extra calibration
and alignment procedures may be necessary. All of these additional steps generally
increase manufacturing complexity, meaning more time and cost may be necessary to
produce a single solenoid than if said exira calibration and alignment procedures were

eliminated.

There is the fear of decreased manufacturing efficiency and operational lifelimes
associaled with prior art solencids. For example, if a solenocid were produced in a two-
piece arrangement with a certain degree of allowed deviation from the ideal alignment
of the first and second piece, solencids may be produced oulside of this tolerance, and
the time and cost necessary o produce said solenoid would have been wasted.
Further, since a two-part construction like the one described above may be unlikely (o
produce ideal alignments on a consistent basis, the average operation lifetimes of the
solenoids may decrease, shortened by failures at weak points (such as welding seams)
and by general wear and tear (caused by friclional forces of the armature on the
solenoid housing after days, months, or years of repeated rubbing due to misaligned

solenoid componenis).

What is desired, therefore, is 8 method of making a solenoid housing that
eliminates the structural and fabrication complexity of the prior art. H is further desired
that the method of providing a solencid housing be finsly tunable and precise, so that
the product solenoid housing of the method allows for increased spatial efficiency of
components in the product solenoid. Additionally, it is desired to produce a solenoid

housing with an increased operational lifetime over the prior arl.

SUMMARY OF INVENTION
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it is therefore an object of this invention o provide a solencid housing via a cold-
forging method which decreases fabrication complexity while increasing operational
performance of the product. it is a further object of the invention o provide a solenoid
housing with a simplified, integral construction that can nonetheless be used in high-
performance applications. i is yet another object of this invention to provide a solenoid
housing consistent with the above objects which can be consistently made o exacling

specifications o allow for enhanced operation lifetimes.

One embodiment of the instant invention is a solencid housing comprising a
cenier pole having a first diameter, a first region, a second region, and a third region
between said first region and said second region, a center pole recess extending
through at least a portion of the first region, a portion of the second region, and through
all of the third region, wherein said third region of said cenier pole includes a magnetic
property different than a magnetic property of at least said first region or said second
region. In another embaodiment, the solenoid housing of the instant invention further
comprises a raised perimeter having a first diameter around said center pole having a
second diameter, wherein said first diameter is larger than said second diameter. In
other embodiments of the instant invention, the third region comprises Aluminum-
bronze or is perforated. In one embodiment, the instant invention further comprises a
valve having a valve recess, said valve recess being proximate {0 the center pole

recess.

Another embodiment of the instant invention is a method of making a solenoid
housing consistent with the solenocid housing described above, comprising the steps of
providing a cylinder having a first part and a second part, providing a region on the
cylinder between the first part and the second part, differing 8 magnetic property of the
region from at least said first part or said second part, compressing the second part of
the cylinder in a direction toward the first part of cylinder to create a disk having a
perimeter, raising the perimeter of the disk in a direction towards the first part of the
cylinder, and providing a recess in the first part of the cylinder and extending the recess

through the region. In ancther embodiment, the method of making the instant invention
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further comprises the step of reducing a diameter of the first part of the cylinder to be

less than a diameter of the second part of the cylinder.

in a further embodiment, the step of providing a region having a magnetic
property different from at least said first parl or said second part comprises the step of
providing at least one noich between the first part and the second part and filling said at
least one notch with a non-magnetic material. In additional embodiments, the method
of the instant invention further comprises the step of filling the at least one notch with
Aluminum-Bronze and/or providing at least one perforation to the third part of the

cylinder belween the first part and the second part.

in one embaodiment, the method of making a solenoid of the instant invention
further comprises the step of magnetically annealing the solenoid housing, wherein said
step of magnetically annealing the solenoid housing cccurs after the step of raising the
perimeter of the disk in a direction towards the first part of the cylinder. in another
ambodiment, the method further comprises the step of contacting said noich and said
recess. in an additional embodiment, the step of raising the perimeter of the disk in a
direction towards the first part of the cylinder is performed by compressing the second
part of the cylinder towards the firsi part of the cylinder. In yet ancther embodiment, the
method comprises the step of machining a single, continuous bore through the first part
and the second part. In one embodiment, the method comprises the step of providing a
valve having a recess, said recess of the valve being proximate to said recess of the

solenoid housing.

in one embodiment, the method of providing a solenocid housing of the instant
invertion comprises the sleps of providing a cylinder of malleable malerial having a first
part and a second part, providing ai least one notch having a depth, the notch being
between the first part and the second part, filling said at least one nolch with a non-
magnetic material, compressing the second part of the cylinder in a direction toward the
first part of cylinder to create a disk having a perimeter, raising the perimeter of the disk
in a direction towards the first part of the cylinder, extending a recess in the first part of

the cylinder through said first part and said second part, and contacting said at least ong
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notch with said recess. In a further embodiment, the step of reducing a diameter of the
first part of the cylinder {0 be less than a diameler of the second part of the cylinder. In
another embodiment, the method further comprises the step of magnetically annealing
the solenoid housing after the step of raising the perimeter of the disk in a direction
towards the first part of the cylinder. In yet another embodiment of the method of
making the instant invention, the step of filling said at least one notch with non-magnetic
material comprises the step of crealing a region with a reluctance that is higher than
gither the first part or the second part. In an additional embodiment, the method further
comprises the step of providing a valve having a recess, said recess of the valve being

proximate {0 said recess of the solenoid housing.

BRIEF DESCRIPTION OF FIGURES

The features of the invention believed o be novel and the elements characteristic
of the invention are set forth with particularity in the claims. The figures are for
Hlustration purposes only. The invention itself, however, both as to organization and
method of operation, may be understood by reference to the delailed description which
follows taken in conjunction with the accompanying drawings in which the drawings
show typical embodiments of the invention and are not intended {0 be limited of its

sCope.

Figure 1 depicts an embodiment of a solencid housing with an elongated center

pole of the instant invention.

Figure 1A depicts another embaodiment of the solenoid housing with an elongated

cenier pole as shown in Figure 1.

Figure 2 depicts a further embodiment of the solencid housing with an elongated

cenier pole as shown in Figure 1.

Figure 3 depicts a method of making the solenoid housing with an elongated

caenler pole as shown in Figure 1.
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Figure 4 depicts another embodiment of the method in Figure 3, comprising

steps of differing a magnetic property of a region on the solenoid housing.

Figure 5 depicts another embodiment of the method in Figure 4, comprising

steps of filling at least one nolch with Aluminum-Bronze.

Figure & depicts an additional embodiment of the method in Figure 3, comprising

steps of differing a magnetic property of a region on the solencid housing.

Figure 7 depicts an embodiment of the method in Figure 3, comprising steps of

raising the perimeter of the disk in a direction towards the first part of the cylinder.

Figure 8 depicts an embodiment of the method in Figure 3, comprising steps of
providing a recess in the first part of the cylinder and extending the recess through the

region.

Figure 8 depicts an additional embodiment of the method in Figure 3, comprising
steps of providing a recess in the first part of the cylinder and extending the recess

through the region.

Figure 10 depicts yel ancther embodiment of the method in Figure 3, comprising
sieps of differing a magnelic property of a region on the solenoid housing.

Figure 11 depicts pictorially an embodiment of the method of making a solenoid

with an elongated center pole as shown in Figure 3.

DETAILED DESCRIPTION OF DRAWINGS

in describing the various embodiments of the instant invention, reference will be
made herein to Figures 1-11 in which like numerals refer to like features of the

invention.

Figure 1 depicts an embodiment of a solengid housing 1 of the instant invention
for use with a solencid comprising an elongated center pole 1a and an outer casing
110. The elongated center pole 1a is a cylinder of material comprising at least three

separate regions: a first region 180a, a second region 100k, and a third region 1000,
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in one embodiment, the third region 10080 is composed of a material having a higher
retuctancs, or greater opposition to magnetic field flux, than that of either the first region
100a or the second region 100k, In another embodiment, the third region 1000 is
composed of non-magnetic or substantially non-magnetic material. By fashioning the
third region 1008 in this manner, the magnetic field in the third region 1000 will saluraie
faster than the magnetic field in either the first region 1003 or the second region 100b in

rasponse to an electric current applied o the solenoid (not pictured).

in one embodiment, such as thatl portrayed in Figure 1A, the third region is a
notch 1000a and is filled with a non-magnetic material. In a further embodiment, the
notch 1000a is filled with Aluminum-Bronze. The advantage of Aluminum-Bronze is iis
combination of non-magnetic properties and high melling point. In embodiments where
the solenoid housing will undergo a magnetic annealing step, the high melling point
becomes beneficial. In one embodiment, magnetically annealing the solenoid housing
requires that the solenoid housing be healed to temperatures above the Curie
temperature of the material, or above the temperature at which a material becomes
paramagnetic. Temperaiures can reach upwards of approximately 800 degrees Celsius
during these magnetic annealing steps. With a melting point of approximately 1,200
degrees Celsius, Aluminum Bronze allows for fabrication of the notch 18080a before the
magnetic annealing step and eliminates any worry of melting or distorting the notch
1000a during said annealing step. This scheme simplifies the fabrication process, asis

discussed below.

in one embodiment, the elongated center pole 1a comprises a recess 120. The
form of recess 128, including the length, diameter, and shape, are chosen such that an
armature freely slides through said recess and access the first region 108a, the second
region 100b, and the third region 16806, in a further embodiment, the recess is generally
cylindrical in shape. The recess provides a guide through which an armature will be
actuated in response (o an electric current applied to the solenoid. In one embodiment,
glectric current applied to the solenoid produces a magnetic field along the solenoid

housing 1a. The magnetic field in the third region 1000 saturates much quicker than
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that of either the first region 108a or the second region 100b. An armature (not
pictured) disposed in recess 120 will slide through said recess 128 in an attempt io
bridge the third region 1000 and thereby reduce the saturation of the third region 1000.
By controlling the electric current applied 1o the solenoid, therefore, one is able to
control the movement of the armature. In combination with external components, such
as springs, valves, and the like, a user is able o use applied eleciric current to produce

afficient mechanical control over a system.

Figure 2 displays an embodiment of a solenoid housing 1 of the instant invention
in which the solenoid housing is further coupled with a spool and sleeve valve 158
comprising another recess 168, In this embodiment, the recesses 120 and 160 are a
single bore through a first end 138, first region 180a, perforated region 1608b, second
region 100b, second end 1480, and valve 180, ltis through this single bore that an
armature {not pictured) will actuate in response to an applied electrical current. In one
embodiment, the recesseas 120 and 160 are proximate sach other, and are sither
contiguous or non-contiguous. in a further embodiment, the third region approximates
an air gap as may be found in the prior art by providing a perforated region 180808k which
comprises at least one perforation. In one embodiment the at least one perforation is a
series of perforations. In another embodiment, said series of perforations are

distributed throughout the enlire perimeter of the perforated region 1000b.

Figure 3 displays a method 3 of making & solenoid housing consisient with the
instant invention and as described above. The method 3 begins by providing 360 a
eylinder of material having a first part and a second part and providing 318 a region
between said first part and second part. in one embodiment, the material that is
provided is a malleable material, allowing for the solenoid housing 1o be fabricaled
through a series of press forming or cold-forging steps. Cold-forging of the solenoid
housing is vital to providing a highly durable and magnetically efficient product. As a
cold-forged product, the center pole, cuter cup or housing, and any complementary
valve assembly are all integrally fashioned without any additional welding or crimping

steps. In one embodiment, the first part and non-magnetic region are integral as well,
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such as when the non-magnetic region is provided through a series of perforations in

the center pole.

In one embodiment, method 3 further comprises the step of differing 328 a
magnetic property of the region from said first part or said second parl. In a further
embodiment, this is performed by providing 18 a region with a higher reluctance than
aither the first part or the second part. In one embodiment, this is performed by
providing the region with at least one perforation {see 60§ in Figure 6). In ancther
embodiment as portrayed in Figure 4, this is performed by providing 43¢ at least one
notch betweean the first part and the second part and filling 410 said at least one noich
with a non-magnetic material. In a further embodiment, the differing step 328 comprises
filling 580 the al least one notch with Aluminum-Bronze {(see Figure 5). The Aluminum-
Bronze, or any suitable non-magnetic material applied as part of step 418, can be
applied to the notch by any suitable method, such as brazing. In one embodiment, the
notch is provided as a cold-forging step. Cold-forging the notch allows for more precise
control over the shape of the nolch via the various dies used in the process, leading toc a
more reproducible and consistent product. In a further embodiment, the notch is v-

shaped.

The second part of the cylinder is then compressed 320 towards the first part of
the cylinder. Compression step 34Q provides a disk having a perimeter at either the first
or the second part of the cylinder. In one embodiment, method 3 further comprises the
step of reducing 330 the diameter of the first part. The perimeter of the disk is then
raised 350 towards the opposite end of the cylinder. In one embodiment, the byproduct
of raising step 350 is a raised perimeler that is concentric with the first part and the
second part. In ancther embodiment, the raised perimeter is raised (o a height
approximately egual {0 the height of the first part. This arrangement will allow a single
“cap” piece o seal off the solenocid housing at either the first or the second parl. In one
embodiment, said cap piece is provided by crimping the raised perimeter and the cap
piece together. In another embodiment, the cap piece is a washer with a recess

allowing other components {0 access the recesses of the solenoid housing or valve
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assembly. in another embodiment, the raising step 350 is performed by compressing

704 the second part of the cylinder towards the first part of the cylinder {see Figure 7).

In a further embodiment of method 3, the method comprises the siep of providing
378 a recess in the first part of the cylinder and extending the receass through the region.
The recess will provide the path along which the armature will actuate in response o an
applied electric current. In a further embodiment, method 3 comprises the step of
confacting 380 said notch and said recess. By contacting the notch with the recess, the
center pole is provided with a region that approximates an air gap. The magnetic
material of the solenoid housing is effectively stripped away from the nolch, such that
the magnetic field in the solenoid housing only interact with non-magnetic material when
in the nofch. in this way, the notch is essentially functionally indistinguishable from an

air gap while retaining the structural strength and alignment of a continuous center pole.

in one embodiment, the method 3 further comprises the step of magnetically
annealing 360 the sclencid housing. As mentioned above, in one embodiment,
magnetically annealing the solenoid housing requires that the solenoid housing be
heated to temperatures above the Curie temperaiure of the material, as high as
approximately 800 degrees Celsius or more. With a melling point of approxdimately
1,200 degress Celsius, Aluminum Bronze allows for {abrication of the notch before the
magnetic annealing slep and eliminates any worry of melting or distorting the noich
during said annealing step. This scheme simplifies the fabrication process, as is

discussed below.

in a further embodiment, the sitep of providing 370 a recess in the first part of the
cylinder and extending the recess through the region further comprises the step of
machining 800 a single, continuous bore through the first part and the second part (ses
Figure 8). Said machining step 800 provides a cylindrical cavity in the center pole of the
solenoid housing, becoming the path along which the armature will actuale in response
o an applied electric field. By providing a single, continuous bore while simultaneously

contacting the notch and the recess, the center pole of the solenoid housing provides an
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uninterrupted and undisrupted path along which the armature acluates. The notch
becomes, in essence, the wall of the center pole, structurally no different from either the
first part or the second parl. In embodiments where the nolch is cold-forged, the
machining step essentially separates the first pait from the second part for the first time,
as the first part and the second parl arg no longer conliguous, separated by the noich of
non-magnetic material. As the magnetic properties of the first part and the second part
remain the same, only the magnetic properties of the notch differentiate it from the
remainder of the center pole. In the prior art solenocid housings with the two-piece
center pole constructions, improper alignment caused friction between moving
components. In the inslant invention, the notch {with non-magnetic material} and
recess meet at the outer diameter of the recess. There is no need for an alignment step
as machining step 800 already provides from proper alignment of the first part, second
part, and notch. All components of the solenoid housing can therefore be fabricated to
more exacting specifications. Solencid housings are designed, therefore, wherein the
diameter of the armaiure is mere micrometers smalier than the diameter of the recess
through which it will actuale. Such exacting specifications will decrease performance
varigtion across the product solenoids produced by this method, while simulianesously

allowing for longer operation lifetimes.

in a further embodiment, the step of providing 370 a recess in the first part of the
cylinder and extending the recess through the region further comprises the step of
providing 800 a valve having a recess, said recess of the vailve being proximate to the
said recess of the solenoid housing (see Figure 8). In a further embodiment, the first
part, second part, non-magnetic region, and complementary valve are all aligned such
that an armature freely slides between all components via the various recesses. In
another embodiment, the valve recess is also a part of the smooth, continuous bore
provided by machining step 804, in this embodiment, the armature is used to operate,
for example, a spool and sleeve valve for controlling fuid flow. As was described
above, the single continuous bore allows for proper alignment of all solenoid housing

components, including the first part, second part, non-magnetic region, and now the
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spool and sleeve valve. Proper alignment leads (o more precise fitting of components,

meaning decreased performance variation and increased operational longevity.

Figure 11 pictorially displays an embodiment of the method 3 of producing a
solenoid housing of the instant invention, wherein the solencid housing is provided via
cold-forging. In this embodiment, a cylinder of material is provided consistent with
method step 308 and the cylinder is composed of malleable material. Through a cold-
forging step using the proper dies, the cylinder is shaped 1o reduce the diameter of the
first part to be less than the diameter of the second part, consistent with method step
338. A nolch is then cold-forged between the first part and the second part, consistent
with method step 488 and filled with a non-magnetic material in a step consistent with
method step 410, In one embodiment, this non-magnetic material is Aluminum-Bronze.
A recess is then provided consistent with method step 888. As is evident from Figure
11, the recess effectively separales the first part of the cylinder from the second part of
the cylinder and provides a single, smooth, continuous bore through which an armature
will later actuate. A perimeter is then raised, consistent with method step 35¢, which
provides the outer cup or shell of the solenocid housing. In one embodiment, a valve is
further added at sither the first part or the second part, said valve having a recess
proximate o the recess in the solencid housing. In a further embodiment, the valve

recess is part of the single, smooth, continuous bore of the solenoid housing recess.

While the present invention has been particularly described, it is evident that
many alternatives, modifications and variations will be apparent to those skilled in the
art in light of the foregoing description. it is therefore contemplated thai the appended
claims will embrace any such alternatives, modifications, and variations as falling within

the true scope and spirit of the present invention.
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CLAIMS

What is claimed is:

1.

A solenoid housing, comprising:

a center pole having a first diameter, a first region, a second region, and a
third region between said first region and said second region;

a cenler pole recess extending through atl least a portion of the first region,
a portion of the second region, and through all of the third region;

said third region of said center pole includes a magnetic property different

than a magnetic property of at least said first region or said second region.

The solenocid housing of claim 1, further comprising a raised perimeter having

a first diameter around said center pole having a second diameter, wherein

said first diameler is larger than said second diameier.

The solenoid housing of claim 1, wherein the third region comprises

Aluminum-bronze.

The solenoid housing of claim 1, wherein the third region is perforated.

The solenoid housing of claim 1, further comprising a valve having a valve

recess, said valve recess being proximate to the cenler pole recess.

A method of providing a solencid housing comprising the steps of
providing a cylinder having a first part and a second part;

providing a region on the cylinder between the first part and the second

part;

differing a magnstic property of the region from al least said firsi part or

said second part;
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10.

11

-14-

compressing the second part of the cylinder in a direction toward the first

part of cylinder to create a disk having a perimster;

raising the perimeter of the disk in a direction towards the first part of the

cylinder; and

providing & recess in the first part of the cylinder and extending the recess

through the region.

The method of making a solenoid housing of claim 6, further comprising the
step of reducing a diametler of the first part of the cylinder to be less than a
diameter of the second part of the cylinder.

The method of making a solencid housing of claim 6, wherein the step of
providing a region having a magnetic property different from at least said first
part or said second part comprises the step of providing at least one notch
between the first part and the second part and filling said at least one noich

with a non-magnetic material.

The method of making a solenoid housing of claim 8, further comprising the

step of filling the at least one notch with Aluminum-Bronze.

The method of making a solenoid housing of claim 6, wherein the step of
providing a region having a magnetic property different from at least said first
part or said second part comprises the step of providing at least ons
perforation to the third part of the cvlinder between the first part and the

second part.

The method of making a solenoid housing of claim 8, further comprising the
step of magnetically annealing the solenoid housing, wherein said siep of
magnetically annealing the solenoid housing cccurs after the step of raising

the perimeter of the disk in a direction towards the first part of the cylinder.
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12.

13.

14.

16.

-15-

The method of making a solenoid housing of claim §, further comprising the

step of contacling said nolch and said recess.

The method of making a solenoid housing of claim 8, whergin the step of
raising the perimeter of the disk in a direction towards the first part of the
cylinder is parformed by compressing the second part of the cylinder towards
the first part of the cylinder.

The method of making a solenoid housing of claim 8, further comprising the
step of machining a single, continuous bore through the first part and the

second part.

The method of making a solenoid housing of claim 14, further comprising the
step of providing a valve having a recess, said recess of the valve being
proximate (o said recess of the solenoid housing.

A method of providing a solenoid housing comprising the steps of:

providing a cylinder of malleable material having a first part and a second

part;

providing at least one nolch having a depth, the noich being belween the

first part and the second part;
filing said at least one notch with a8 non-magnetic maternial;

comprassing the second part of the cylinder in a direction toward the first

part of cylinder to create a disk having a perimeter;

raising the perimetler of the disk in a direction towards the first part of the

cylinder;
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17.

18.

19

20.

-16-

extending a recess in the first part of the cylinder through said first part

and said second part; and
contacting said at least one notch with said recess.

The method of claim 18, further comprising the step of reducing a diameter of
the first part of the cylinder to be less than a diameler of the second part of
the cylinder.

The method of claim 18, further comprising the step of magnetically annealing
the solenoid housing after the step of raising the perimeter of the disk in a
direction towards the first part of the cylinder.

The method of claim 16, wherein the step of filling said at least one notch with
non-magnetic material comprises the step of creating a region with a

refuctance that is higher than either the first part or the second part.

The method of claim 186, further comprising the step of providing a valve
having a recess, said recess of the valve being proximale {0 said recess of

the solenoid housing.
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