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IMPELLER
BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates generally to impellers for use in pumping systems,
compressors and the like and, in particular, to a precision milled impeller having a cover

member, a hub member and multiple blades extending therebetween.

Description of quated Art

[0002] Impellers can be used in many different applications. For example, impellers could
be used in connection with a blower, a compressor, a centrifugal pump or compressor,
generators, water pumps, transmission mechanisms, refrigerant compressors, etc. While the
design of the impeller in most applications is generally similar, there are many internal and
external factors that should be considered when precisely designing and manufacturing an
mmpeller for any of the different applications, such as for a centrifugal compressor which
requires increased integrity of the critical flow path during operation. In addition, in such an
application, the blades or vanes must have sufficient rigidity and minimal stress and other

failure points.

[0003] Generally, impellers come in one-piece, two-piece or three-piece designs. For
example, as seen in U.S. Patent No. 6,146,094 to Obana et al., an impeller according to the
prior art is illustrated. As best seen in Fig. 1 of the Obana patent, the impeller includes a
front plate 101 and bla&es 103. The front plate 101 and the blades 103 are formed as a
monolithic structure from a single piece of material. The front plate 101 includes a suction
opening 801, and a separate back plate 102 is attached to the strﬁcture opposite the front Efate
1oi and blades 103. Accordingly, the blades 103 are sandwiched between the front plateﬁ 101
and the back plate 102. The blades 103 of the Obana patent are curved in what is commélnly

referred to as a three-axis structure or arrangement.
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[0004] The front plate 101, the back plate 102 and the blades 103 define multiple air
outlets 802, such that when the impeller is rotated, air is sucked through the suction opening
801 into the impeller, and is discharged through the air outlets 802 toward, in this case, an
electric motor, in order to cool the motor. In one enibodiment, the front plate 101 and the
blades 103 are formed in a monolithic structure by an injection molding process, and the back
plate 102 is bonded to the blades 103 along the entire length of the blades by brazing.
Specifically, an inner surface of the back plate 102 is coated with a brazing metal layer 201,
and the front plate 101, which is integral with the blades 103, are held against the back plate

102 and heat is applied such that the back plate 102 bonds to the blades 103 by brazing.

[0005] Another impeller design is described in Patent Application Publication No.
US 2003/0133801 to Orocio et al. As with the impeller of the Obana patent, the impeller of
the Orocio reference is also integrally formed and molded in a single operation. The impeller
of the Orocio reference is designed for use in connection with a centrifugal pump, where
rotation of the impeller causes liquid supplied to the inlet or center area of the impeller to be

radially accelerated and dispensed from the periphery of the impeller.

[0006] The impeller of the Orocio reference includes a shroud 36 with an annular inlet ring
38 centrally formed with the shroud 36. Mounted on the inside surface of the shroud 36 are
multiple vanes 42, which are, as discussed above, of a three-axis design and structure. A
cover 46 is placed about the hub 44 and is welded or otherwise secured to the vanes 42.
Liquid is passed through passage 29 of the inlet conduit 30 and deposited within eye 48 of the
pump impeller 34. By rotating the pump impeller 34, liquid is drawn from passage 29 into
enclosing chamber 37 and propelled radially outwardly past peripheral edge 35 through vane
openings 33 into discharge passes 31 of the discharge conduit 28. The pump impeller 34 of

the Orocio reference is molded in a one-step molding operation.
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[0007] These prior art impellers have many drawbacks. For example, the impeller of the
Obana patent would be considered a two-piece impeller, where the front plate 101 and the
blades 103 are formed as a monolithic structure, and the back plate 102 subsequently attached
thereto. While the impeller of the Orocio reference discusses creating the shroud, vanes and
" shaft sleeve as a single structure for alignment purposes, as with the impeller of the Obana
patent, the impeller of the Orocio reference is a molded piece. Such molded pieces exhibit
many deficiencies and cannot-be used in various high-end applications where greater
precision is required. In particular, such molded pieces are “sloppy”” and exhibit limited
output when used in high volume applications. In addition, neither of the impellers of the
Obana patent nor the Orocio reference are formed with precision blades or vanes of the five-
axis type, as such blades, which make a 90-degree turn from leading edge to opposing edge,
would not exhibit appropriate stabilization characteristics and could not be manufactured in a

molding process to achieve such characteristics.

[0008] Impellers for high-speed compressor applications, such as multi-stage centrifugal
compressors, are, as discussed above, in the form of two circular disks separated by and
sandwiching radially extending vanes or blades. These vanes define spiral passageways
between the disks that form the impeller, and fluids in the passageways are directed outward
toward the outer periphery of the disks as the disks rotate. 'When forming such impellers for
high volume or high-speed applications, and when forming these impellers from various
metallic or metal-based materials, the fabrication process according to prior art exhibits many

deficiencies.

[0009] According to the prior art, furnace brazing is utilized, where one disk or cover is

provided with integrally-formed vanes extending from the surface, and this disk is

manufactured by a machine by milling the disk and vanes from a single piece of metal. Next,
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the back cover is attached in a brazing process, where a surface of the cover to be attached
includes a material with a melting point below that of the disks and vanes. The impeller is
placed in a furnace, and as the impeller components heat, the brazing material melts and the
disks are forced together. Oftentimes, excess brazing material forms a ridge or other
obstru;:tion in the fluid passageways of the impeller. In addition, the impellers exhibit some
residual internal stresses due to the expansion, braze solidification and subsequent uneven
contraction of the parts. Further, as discussed above, the disruptions of the brazing material
disrupts the characteristics of the impeller in the fluid passage therein. The strength of the

brazed joints is much less than the strength of the material it joins, and therefore fatigue and

fractures occur.

SUMMARY OF THE INVENTION

[0010] It is, therefore, an object of the present invention to provide an impeller and a
method of manufacturing an impeller that overcomes the deficiencies of the prior art. It is
another object of the present invention to provide an impeller and a method of manufacturing
an impeller that provides a precisely-milled impeller, which eliminates “slop” and maximizes
output. It is yet another object of the present invention to provide an impeller and a method
of manufacturing an i;npeller that maintains a set and precise flow path through and around
the blades or vanes of the impeller. It is a still further object of the present invention to
provide an impeller and a method of manufacturing an impeller that eliminates fit issues and
other structural integration problems with prior art impellers. It is a still further object of the
present invention to provide an impeller and a method of manufacturing an impeller that
provides stabilized blades or vanes and minimizes the possibility of fatigue and fracture at

various failure points.

[0011] Accordingly, I have invented an impellef which includes a plurality of

longitudinally extending blades, each having a first edge and a second edge. A cover
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member, which includes an inlet orifice, extends adjacently along at least a portion of the first
edge of each of the plurality of blades. Further, a hub member extends adjacently along only
a portion of a second edge of each of the plurality of blades. The cover member, the plurality
of blades and the hub member are milled from a single, metal-based material of construction

to form an integral, uniform structure.

[0012] I have also invented a kit for an impeller assembly which includes a plurality of
longitudinally-extending blades, ea;:h having a first edge and a second edge. A cover
member having an inlet orifice extends adjacently along at least a portion of the first edge of
each of the plurality of blades. A hub member extends adjacently along only a portion of the
second edge of each of the plurality of blades, and the cover member, the plurality of blades
and the hub member are milled from a single, metal-based material of construction to form an
integral, uniform structure. A hub enclosure ring is provided and configured for attachment
to the hub member, a portion of the second edge of at least one of the plurality of blades, or

any combination thereof.

[0013] I have also invented a method of manufacturing an impeller which includes the
steps of: milling, from a single, metal-based material and as an integral, uniform structure, a
plurality of longitudinally-extending blades, each having a first edge and a second edge, a
cover member having an inlet orifice and extending adjacently along at least a portion of the
first edge of each of the plurality of blades, and a hub member extending adjacently along at
least a portion of the second edge of each of the plurality of blades; and attaching a hub
enclosure ring to the hub member, a portion of at least one of the plurality of blades, or any
combination thereof. This attaching step can include welding, brazing, connecting, joining,

fixing, adhering, or any combination thereof.



WO 2007/078998 PCT/US2006/048824

[0014] These and other features and characteristics of the present invention, as well as the
methods of operation and functions of the related elementé of structures and the combination
of parts and economies of manufacture, will become more apparent upon consideration of the
following description and the appended claims with reference to the accompanying drawings,
all of which form a part of this specification, wherein like reference numerals designate
corresponding parts in the various figures. It is to be expressly understood, however, that the
drawings are for the purpose of illustration and description only and are not intended as a
definition of the limits of the invention. As.used in the specification and the claims, the
singular form of *“a”, “an”, and “tl;e” inc;lude plural referents unless the context clearly
dictates otherwise.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1 is a perspective view of a blade of an impeller according to the present

invention;

[0016] Fig. 2 is a perspective view of a plurality of blades in an arrangement and for use in

connection with an impeller according to the present invention;

[0017] Fig. 3 is a perspective view of a portion of a final machined impeller according to

the present invention with certain parts of the hub portion removed for clarity;

[0018] Fig. 4 is a further perspective view of the impeller of Fig. 3;

[0019] Fig. 5 is a perspective view of an impeller according to the present invention;
[0020] Fig. 6 is a further perspective view of the impeller of Fig. 5;

{0021] Fig. 7 is a perspective view of a hub enclosure ring in an intermediate stage of

manufacturing an impeller according to the present invention;
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[0022] Fig. 8 is a perspective and exploded view of an impeller according to the present

invention in an intermediate stage of manufacture;

[0023] Fig. 9 is a perspective view of an impeller assembly according to the present

invention and prior to a final machining step;

[0024] Fig. 10 is a further perspective view of the impeller of Fig. 9 after the final

machining step; and

[0025] Fig. 11 is an edge view of a further embodiment of a final machined impeller

assembly according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0026] For purposes of the des;:ription hereinafier, the terms “upper”, “lower”, “right”,
“left”, “vertical”, “horizontal”, “top”, “bottom™, “lateral”, “longitudinal” and derivatives
thereof shall relate to the invention as it is oriented in the drawing figures. However, it is to
be understood that the invenmtion may assume various alternative variations and step
sequences, except where expressly specified to the contrary. It is also tc.> be understood that
the specific devices and processes illustrated in the attached drawings, and described in the
following specification, are simply exemplary embodiments of the invention. Hence, specific
dimensions and other physical characteristics related to the embodiments disclosed herein are

not to be considered as limiting.

[0027] The present invention is directed to an impeller 10, an impeller assembly 100 and
methods of manufacturing such an impeller 10 and impeller assembly 100. The impeller 10,
impeller assembly 100 and the various components and subcomponents that comprise these

structures are illustrated in various views and in various intermediate stages of manufacture
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in Figs. 1-11. Further, the impeller 10 and impeller assembly 100 of the present invention
can be used in connection with a variety of applications and within a variety of devices, such
as compressors, pumps and the like. For example, the impeller 10 and impeller assembly 100
of the present invention are particularly useful in connection with a centrifugal compressor,

where flow path integrity and blade rigidity are of the utmost importance.

[0028] The impeller 10 of the present invention includes multiple blades 12. These blades
12 are illustrated in Figs. 1 and 2. As seen in these drawings, each blade 12 is a
longitudinally-extending member having a ‘“cover edge”, hereinafter referred to as a first
edge 14 and a “hub edge”, hereinafter referred to as a second edge 16. As discussed in detail
hereinafter, these blades 12 may ha\'ze a variety of shapes and contours, and may be spaced
about the impeller 10 in a variety of patterns in order to achieve the intended flow paths,
effects and other functions of an impeller. Typically, the blades 12 are arranged in the spaced

and spiral pattermn illustrated in Fig. 2.

[0029] The impeller 10 further includes a cover member 18 having an inlet orifice 20. In
addition, this cover member 18 extends adjacently along at least a portion of the first edge 14
of each blade 12. In one embodiment, the cover member. 18 extends along the entire first
edge 14 of each blade 12 from a leading edge 22 to a trailing edge 24. It is the arrangement
of multiple blades 12 in connection with the remaining components of the impeller 10 that
provides fluid channels 26 between each of the blades 12, with the fluid, e.g., air, water,
liquid, etc., moving through the inlet orifice 20 of the cover member 18 and along each
channel 26 formed between adjacent and spaced blades 12. Accordingly, multiple channels
26 are defined between the adjacent blades 12, where each blade 12 extends.. from a central

portion 28 of an inner surface 30 of the cover member 18 to an outer edge 32 of the cover

|
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member 18. Accordingly, the spiral pattern of channels 26 is defined by the blades 12 on the

inner surface 30 of the cover member 18, as best illustrated in Figs. 3 and 4.

[0030]‘ The impeller 10 also includes a hub member 34. The hub member 34 extends
adjacently along only a portion of the second edge 16 of each of the blades 12. As seen in
Figs. 5 and 6, a surface 36 of the hub member 34 extends aiong a central portion 38 of each
blade 12, and completes the flow path between the blades 12 in operation. As with the cover
member 18, the hub member 34 extends from the leading edge 22 of each blade 12, along the
second edge 16 of the blade 12 and terminates along a portion of each blade 12. With respect
to the construction of the impeller 10, the cover member 18, the blades 12 and the hub
member 34 are milled from a single, metal-based material of construction to form an integral,
uniform structure. Specifically, using a well-known milling process, a single, monolithic,

metal material is used to form the impeller 10 as this integral, uniform structure.

[0031] This integral, uniform structure, in the form of the impeller 10, may be considered a
three-quarter milled design that provides many new and unexpected results, as well as new
and unexpected benefits, in a variety of applications and processes. For example, by milling
the impeller 10 from a single piece of metallic material, the resulting impeller 10 does not
represent a complete one-piece design nor a standard two- or three-piece design, as these
designs are known in the industry. Instead the presently-invented impeller 10, in the form of
the three-quarter milled design, derives the benefits of these prior art structures. With the
blades 12 being integral to the cover member 18 and the inner surface 36 of the hub member
34, the integrity of the critical flow path of the impeller 10 is maintained during welding or
brazing. Further, this design will give additional accessibility for milling a variety of more
intricate and beneficial blade 12 designs and types, which is simply not available in a one-

piece impeller design, due to line-of-sight. Furthermore, the impeller 10 of the present
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invention demonstrates a greater efficiency than an impeller manufactured in a two-piece
structure. Still further, the rigidity of the blades 12 is strengthened, and the leading edge
design of each blade 12 is maintained. Still further, the design of the impeller 10 of the
present invention eliminates weld problems, such as blade burn-through on smaller impellers.
In addition, the present design eliminates milling and welding blind spots and reduces the
failure fracture points along the edges of the blades 12 during high volume, high speed or

other critical applications.

[0032] As discussed above, the cover member 18, blades 12 and hub member 34 are milled
from a metal-based or metallic material of construction. This material of construction can be
a metal, a semi-metal, an alloy, carbon steel, stainless steel, or any combination thereof.
Accordingly, the impeller 10 and the impeller assembly 100 of the present invention are not
manufactured by or attainable through a molding process, such as an injection molding
process. Instead, the design of the present invention is particularly useful in various high-end
applications and for maintaining the appropriate flow characteristics and structural integrity

required in such applications.

{0033] In one embodiment, the cover member 18 is a substantially circular member, and
the inlet orifice 20 is a substantially circular orifice extending through the central portion 28
of the cover member 18. In addition, in this embodiment, the cover member 18 includes an
eye 40. This eye 40 extends from an outer surface 42 of the cover member 18 and surrounds

and defines the inlet orifice 20.

[0034] In a further embodiment, and as best seen in Figs. 3, 5 and 6, the eye 40 of the
cover member 18 includes labyrinth teeth 44. These labyrinth teeth 44 extend around an
outer surface 46 of the eye 40. Further, these labyrinth teeth 44 can be used to creaté a seal

between a rotating impeller 10 and a subsequent component of the assembly. For example,

-10-
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abradable seal materials can be disposed on a diaphram portion of a compressor. The use of
these abradable seal materials of the diaphragm, intersecting with the labyrinth teeth 44
permit tighter clearances due to rotation of the labyrinth teeth 44, which groove into the

sacrificial abradable materials, without damage to the rotor or loss of efficiency.

[0035] As best seen in Figs. 5 and 6, and in one embodime;ﬁ, the hub member 34 includes
a hub member orifice 48 extending through the hub member 34 and defining a bore 50, which
terminates at the inlet orifice 20 of the cover member 18. This bore 50 is considered the
“impeller bore”, and, when used in connectiog with a compressor, this bore 50 is typically
shrunk-fit on the shaft of the rotor of the compressor. As \.with the cover member 18, the hub
member 34 may be a substantially circuiar member, and the hub member orifice is a
substantially circular orifice defining the bore 50 extending through a central portion 52 of
the hub member 34. Further, the hub member 34 also includes a heel 54 extending from an
outer surface 56 of the hub member 34. This heel 54 surrounds and defines the hub member

orifice 48.

[0036] Further, as discussed above, this heel 54 may include labyrinth teeth 58 extending
around an outer surface 60 of the heel 54. Agaiﬁ, these labyrinth teeth 58 can be used to
connect the impeller 10 to various other components of the assembly or otherwise provide
interaction between the impeller 10 and other components or subcomponents. It is this bore
50, which extends from the outer surface 56 of the hub member 34 through a hub member
body 62, together with the labyrinth teeth 44, 58 of the eye 40 of the cover member 18 and
heel 54 of the hub member 34, that provides for the integration and connection of the

impeller 10 as part of a larger assembly, such as a compressor or a pump.

[0037] 'When the cover member 18, blades 12 and hub member 34 are finally formed, the

channels 26 are further defined, as best illustrated in Fig. 5. In particular, the leading edge 22

-11-
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of each blade extends between the inner surface 30 of the cover member 18 (speciﬁcglly at
the eye 40 of the cover member 18) and an outer surface 64 of the bore 50. In operation,

fluid enters the channels 26 in order to effect operation of the impeller 10.

[0038] As discussed above, the three-quarter design of the impeller 10 of the present
inv;:ntion allows for the milling of complex blade 12 designs. As best seen in Figs. 1 and 2,
the blades 12 may have a specified contour and twist along the X-axis, Y-axis and Z-axis
between the leading edge 22 of each blade 12 and the trailing edge 24 of each blade 12.
Accordingly, the blades 12 can obtain the five-axis design as required 1n many advanced
applications. Suqh blade design would not be attainable by forming an impeller as a one-

piece design structure.

[0039] Turning to Figs. 7-11, the impeller assembly 100 of the present invention includes
an additional piece to complete the assembly. In particular, a hub enclosure ring 102 is
provided opposite the cover member 18 of the impeller 10. The hub enclosure ring 102 is
illustrated in Fig. 7 (in a pre-machined state), and comprises a circular member that
cominletes the rear portion (or hub member 34 portion) of the impeller 10. In manufacture,
the hub enclosure ring 102 is placed over the remaining portions of the second edge 16 of
each blade 12 and attached theréto, as shown in an intermediate stage of manufacture in Fig.

8.

[0040] Finally, as shown in Figs. 9-11, the hub enclosure ring 102 is attached to one or
more of the blades 12, and specifically the second edge 16 of the blades 12, to complete the
impeller assembly 100. A variety of techniques can be used to attach the hub enclosure ring
102 to the blades 12, such as welding, brazing, connecting, joining, affixing, adhering, or any
combination thereof. In one preferred embodiment, an inner surface 104 of the hub enclosure

ring 102 is welded or brazed to each of the blades 12, thereby completing the structure of the

Y N
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impeller 10. Since the inner surface 104 does not need to be attached along the entire length
of the second edge 16 of each blade 12, any resulting failure or fracture points, which may
occur through the welding or brazing process, are eliminated in the critical flow path of the
impeller 10. Accordingly, the output of the impeller assembly 100 and impeller 10 is
maximized, the blades 12 are stabilized through the use of the integral structure of the
impeller 10, the critical flow path is maintained and the failure points are minimized. In
addition, the use of the separate hub enclosure ring 102 allows various components to be used
in its place in order to eliminate fit issues with integrating the impeller 10 with the various

equipment designs and additional assemblies.

[0041] In another embodiment, the three-quarter design impeller 10 of the present
invention could be reverse manufactured from a single-piece impeller structure. In particular,
a portion of the cover member of a full impeller could be removed. Thereafter, the hub

enclosure ring 102 could be welded or brazed to the remaining structure.

[0042] Although the invention has been described in detail for the purpose of illustration
based on what is currently considered to be the most practical and preferred embodiments, it
is to be understood that such detail is solely for that purpose and that the invention is not
limited to the disclosed embodiments, but, on the contrary, is intended to cover modifications
and equivﬂent arrangements that are within the spirit and scope of the appended claims. For
example, it is to be understood that the present invention contemplates that, to the extent
possible, one or more features of any embodiment can be combined with one or more features

of any other embodiment.

-13-
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THE INVENTION CLAIMED IS

1. An impeller, comprising:

a plurality of longitudinally extending blades, each having a first edge and a
second edge;

a cover member having an inlet orifice and extending adjacently along at least
a portion of the first edge of each of the plurality of blades; and

a hub member extending adjacently along only a portion of the second edge of
each of the plurality of blades;

wherein the cover member, the plurality of blades and the hub member are
milled from a ‘single, metal-based material of construction to form an integral, uniform

structure.

2. The impeller of claim 1, wherein the material of construction is a metal, a

semi-metal, an alloy, carbon steel, stainless steel or any combination thereof.

3. The impeller of claim 1, further comprising a hub enclosure ring
configured for attachment to the hub member, a portion of the second edge of at least one of

the plurality of blades or any combination thereof.

4. The impeller of claim 1, wherein the cover member is a substantially
circular member, and the inlet orifice is a substantially circular orifice extending through a

central portion of the cover member.

5. The impeller of claim 1, further comprising an eye extending from an

outer surface of the cover member and surrounding the inlet orifice.

-14 -
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6. The impeller of claim 5, wherein the eye further includes a labyrinth teeth

portion extending at least partially around an outer surface of the eye.

7. The impeller of claim 1, wherein the hub member further comprises a hub

member orifice extending therethrough.

8. The impeller of claim 7, wherein the hub member is a substantially
circular member, and the hub member orifice is a substantially circular orifice extending

through a central portion of the hub member.

9. The impeller of claim 7, further comprising a heel extending from an

outer surface of the hub member and surrounding the hub member orifice.

10. The impeller of claim 9, wherein the heel further includes a labyrinth

teeth portion extending at least partially around an outer surface of the heel.

11. The impeller of claim 7, wherein the hub member further comprises a

bore extending from an outer surface of the hub member and through a hub member body.

12. The impeller of claim 11, further comprising a eye extending from an
outer surface of the cover member and surrounding the inlet orifice, wherein each of the
plurality of blades includes a leading edge positioned between an inner surface of the eye

portion and an outer surface of the bore of the hub member.

-15 -
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13. The impeller of claim 1, wherein the hub member is formed with and
extends adjacently along only a central portion of the second edge of each of the plurality of

blades.

14. The impeller of claim 1, wherein each of the plurality of blades twists
along the x-axis, y-axis and z-axis between a leading edge of each blade and a trailing edge of

each blade.

15. The impeller of claim 1, wherein each' of the pl.urality of blades extends
along an inner surface of the cover member from the inlet orifice of the cover member to an
outer edge of the cover member, and each of the plurality of blades are substantially
equidistantly spaced from each other and about and around the inner surface of the cover

member.

16. A kit for an impeller assembly, the kit comprising:

a plurality of longitudinally extending blades, each having a first edge and a
second edge;

a cover member having an inlet orifice and extending adjacently along at least
a portion of the first edge of each of the plurality of blades;

a hub member extending adjacently along only a portion of the second edge of
each of the plurality of blades, wherein the cover member, the plurality of blades and the hub
member are milled from a single, metal-based material of construction to form an integral,
uniform structure; and

a hub enclosure ring configured for attachment to the hub member, a portion

of the second edge of at least one of the plurality of blades or any combination thereof.
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17. The kit of claim 16, wherein the integral, uniform structure, the hub ring
or any combination thereof is manufactured from a metal, a semi-metal, an alloy, carbon

steel, stainless steel or any combination thereof.

18. A method of manufacturing an impeller comprising the steps of:

milling, from a single, metal-based material and as an integral, uniform
structure, a plurality of 10néitudina11y exténding blades, each having a first edge and a second
edge, a cover member having an inlet oriﬁ;:e and extending adjacently along at least a portion
of the first edge of each of the plurality of blades, and a hub member extending adjacently
along at least a portion of the second edge of each of the plurality of blades; and

attaching a hub enclosure ring to the hub member, a portion of at least one of

the plurality of blades or any combination thereof.

19. The method of claim 18, wherein the metal-based material is carbon steel,

stainless steel, an alloy or any combination thereof.

20. The method of claim 18, wherein the attaching step comprises welding,

brazing, connecting, joining, fixing, adhering or any combination thereof.
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