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material, wherein the first and second portions (12, 14) are
adhesively bonded together. Preferably, the intake manifold
assembly (10) is additionally configured with a cylinder
head flange (24), for mounting the same to an automotive
engine component, and a throttle body attachment (22) for
attachment of a throttle body component. The cylinder head
flange (24) and throttle body attachment (22) may be an
integral component of the first or second portions (12, 14) or
attached to the same during or after assembly of the first and
second portions (12, 14). Optionally, an insert (18) is located
between the assembled first and second portion (12, 14) to
create one or more plenums thereby creating one or more air
flow paths (20) through the intake manifold assembly (10).
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IMPROVED ENGINE INTAKE MANIFOLD ASSEMBLY

Claim of Benefit of Filing Date

The present application claims the benefit of the filing date of U.S.
Provisional Application Serial No. 60/486,038, filed July 10, 2003 and U.S.
Application Serial No. To be assigned (Attorney Docket No. 62634A) filed
June 29, 2004, both of which are hereby incorporated by reference for all

purposes.

Technical Field
The present invention relates to adhesively bonded engine component
assemblies and more particularly to adhesively bonded intake manifold

assemblies.

Background of the Invention

Historically, fabrication techniques have invoived the fabrication of
separate metal components and joining the components using fasteners, with
an intermediate disposed gasket. This tends to require many paris ano
therefore is labor intensive.

Plastic engine intake manifold assemblies (such as for automotive
vehicle engines) have been fabricated by near net shape manufaciuring
processes, such as lost core processes. While these tend to result in
desirable near net shape products, the shapes of which may be complex, they
typically are expensive.

In another popular process, two or more plastic intake manifold
componenis are made, each with a planar mating surface. The components
are joined at each of their respective mating surfaces by vibration welding.
Such joining, however, can limit the design flexibility of components. For
example, there is a potential that any warpage of respective componenis or
other surface irregularities will result in undesirable gaps at the mating surface
upon welding. Thus, it is imperative that opposing mating surfaces are planar,
which, in turn, constrains design flexibility.
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U.S. Patent No. 6,267,093 discloses an example of the use of an

“adhesive to bond intake manifold components. The structure shown appears

to require the presence of a particular scarf joint.

U.S. Patent No. 6,543,404 discloses one improved approach to the
manufacture of an intake manifold assembly, pursuant to which components
of an engine intake manifold assembly are joined together with an adhesive
bond. Various of the inventions of thig. patent have made possible a number of
additional improvements to the mahufacture of automotive intake manifold

assembilies.

Summary of the Invention

The present invention illustrates such improvements particularly in the
area of assembling intricately shaped intake manifold assemblies from
components of the same materials, or more preferably from components
having dissimilar materials. Thus, in one preferred aspect the present
invention contemplates a method for making an intake manifold for an
automotive vehicle, comprising the steps of providing a first shell portion of an
intake manifold being made of a first material; and adhesively joining the first
shell portion to a second shell portion of the intake manifold being made of a
second material that is different from the first material, wherein the first shell
portion and the second shell portion combine to form runners for air flow
within the intake manifold. } )

In another preferred aspect, there is contemplated a method for making
an automotive vehicle intake manifold, comprising the steps of providing a first
manifold portion; providing a seconé:i manifold portion; placing a manifold
insert between the first manifold portion and the second manifold portion; and
adhesively joining the first manifold portion to the second manifold portion with
the insert therebetween to define an intake manifold for an automotive
vehicle.

In still another preferred aspect, there is contemplated a method for
making an automotive vehicle intake manifold comprising the sieps of
providing a first portion of an intake manifold for defining an air path, the first

portion being free of at least one of a throttle body connector or a cylinder

PCT/US2004/021174
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head flange; joining the first portion to a throttle body assembly; and joining
the first portion to an engine cylinder head. |

In yet another preferred aspect, there is contemplated the employment
of a particular joint structure, which includes an alignment feature integrally
formed with a first or second manifold portion, and being configured to align
and maintain a gapped relationship between first and second mating surfaces
to form an intake manifold assembly.

Combinations of the above aspects are also contemplated, as are the
articles that are made according to the methods, or which are made by other

methods but incorporate the same resulting structures.

Brief Description of the Drawings

Fig. 1 is a perspective view of an intake manifold assembly in
accordance with the present invention.

Fig. 2 is Han exploded perspective view of Fig. 1.

Fig. 3 is an exploded perspective view of another aspect of the present
invention.

Figs. 4A-4D are sectional views of possible illustrative alignment

features of the present invention.

Detailed Description of the Preferred Embodiment

Referring to Figs. 1-3, there is shown an intake manifold assembly 10
of the present invention including a first portion 12 and a second portion 14.
The first portion 12 and the second portion 14 are joined together, preferably
with an intermediate adhesive 16 to form the intake manifold. In a preferred
embodiment the joining of the first and second manifold portion forms one or
more runners for defining an airflow space.

Either or both of the first or second portions can include one or more
additional coatings, layers or components (e.g., a primer, a plasma coating or
other surface treatment). Other surface treatments such as sanding, scuffing,
corona freatment, laser treatment, flame treatment, combinations thereof or
the like may be performed upon the portions. Optionally, either or both of the
first portion 12 or second portion 14 has structure for facilitating joinder or

location of the portions relative to each other, to an engine head, or to another

PCT/US2004/021174
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engine component. As discussed in U.S. Patent No. 6,543,404 (incorporated
by reference), for example, with reference to FIGS. 2 ahnd 3a-3c¢ of that patent,
various structural features may be incorporated into one or more of the
present portions in order to enhance joinder of the portions to each other. For
example, in addition to any optional mechanical fastener, any suitable
coacting structure for defining a joint may be employed, such as a friction fit,
an interference fit or some other interlock fit, may be used. Examples of
suitable joints include butt joints, lap joints, tongue in groove joints, scarf
joints, combinations thereof, or the like.

As also discussed in U.S. Patent No. 6,543,404 (incorporated by
reference), a suitable snap fit connection may be employed for joining the first
and second portions, for providing a locator, such as an audible locator, or for
otherwise facilitating assembly. Alternatively, or in addition, one or more of
the portions may include a flange having an inner wall surface for increasing
the surface area available for bonding and for engaging the other component.

Turning to the embodiments illustrated in Figs. 1-3, there are shown a
variety of configurations and design alternatives that may be used In
accordance with the present invention. It should be recognized that
combinations of the features shown in one embodiment with features shown
in another embodiment are within the scope of the present invention, even if a
drawing omits illustration of such a feature. For example, a mechanical
attachment (e.g., a fastener, a snap-fit, or combination thereof) may be
employed ih an embodiment, even if not shown. Likewise, a jointtmight be
llustrated as a fongue in groove joint, but other joint types may be employed
or omitted altogether, such as a lap joint, a butt joint, a scarf joint, a
combination thereof or the like. Further, the embodiments of Figs. 1-3 might
employ an alignment feature, such as (without limitation) depicied in one or a
combination of the embodiments Figs. 4A-4D.

In one preferred embodiment, the intake manifold assembly 10
includes the same or different materials in two or more different manifold
portions. For instance, it may include a first manifold portion 12 (e.g., an upper
shell) made of a first material and a second manifold portion 14 (e.g., a lower
shell) made of a second material that is the same or different from the first

material, wherein the first portion and the second portion are joined together

PCT/US2004/021174
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with an adhesive and an optional mechanical attachment. An even more
preferred approach is to also include a manifold insert 18 (which may be the
same or different material relative to either or both of the first or second
materials) within the space defined between the first and second manifola
portions 12, 14 (e.g., the insert option may subdivide such space Into a
plenum configuration have one plenum or more than one plenum). Thus, a
preferred method contemplateé providing a first manifold portion 12 (e.g., a
first runner portion) made of a first material; providing a second manifold
portion 14 (e.g., a second runner portion) made of a second material; placing
a manifold insert 18 between the first manifold portion and the secona
manifold portion; and adhesively joining the first manifold portion 12 to the
second manifold portion 14 with the insert therebetween to define the intake
manifold assembly 10. The manifold insert 18 will preferably matingly engage
one or more of the manifold portions 12, 14. The manifold insert 18 optionally
may also be otherwise mechanically attached, adhesively attached or both
(according to the joining teaching herein) to one or more manifold portions 12,
14.

In yet another embodiment, which may be employed by itself or with
the plural manifold portion embodiment just discussed, a structure of the
intake manifold assembly 10 is employed that includes a portion that defines a
manifold air path for the manifold, but is free of either or both of a throttle body
attachment 22, a cylinder head flange 24 or both. Under this approach, an
assembly is made by providing such manifold portion of an intake manifold for
defining an air path, joining the first manifold portion to a throttle body
assembly, and joining the first manifold portion to the engine cylinder head or
otherwise. The above referenced insert 18 may be employed in this
embodiment also.

Referring again to the Figs 1-3, in one particularly preferred
embodiment, the present invention contemplates an intake manifold assembly
10 comprising an upper first manifold portion 12 of a first material and a lower
second manifold portion 14 of a second material that preferably (though not
necessarily) is different from the first material, which, when combined
together, forms one or more intake manifold paths 20 for directing the flow of

a fluid (e.g., air, an air fuel mixture or otherwise) to the engine. Optionally,

PCT/US2004/021174
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other components may also be integrated with or separately fabricated
therefrom and added to the intake manifold assembly 10 and may be directly
attached to or integrally formed with the manifold assembly or may be
attached using flanges, intermediate attachments or the like. Examples of
such components include one or more throttle body attachments 22, cylinder
head flange 24, EGR valve attachments, cross-over (water) pipe attachment,
housing for active manifold actuators, blow-by valve attachment, attachment
for one or more valve cover, brackets (e.g., hoses, cables or otherwise),
nipples (e.g. HVAC or otherwise), fuel rails, a throttle body, an air cleaner, a
water cross over, an EGR valve, a valve cover, a sensor, combinations
thereof or otherwise. Preferably, the assembly of any of the above
components is facilitated through bondingj and more preferably through
adhesive bonding. In this manner the ability to optimize material selection
(e.g. by the use of dissimilar materials) based upon function and collation in
the intake manifold assembly 10 can be further optimized.

As discussed above, the present invention contemplates the use of
different materials throughout an intake manifold assembly 10, which are
especially designed to withstand the given operating conditions. For example,
given the increased operating temperature that occurs localized to the engine
block or throttle body, the throttle body attachment 22, cylinder head flange
24, another component (as previously discussed) or combinations of them,
may comprise a material that is more resistant to high temperatures, exhibits
thermal stability, meets relatively high stress loading requirements,
combinations thereof or the like. Likewise, materials that are not resistant to
high temperature may be used in other components of the intake manifoid,
such as those that do not encounter such high femperatures.

Referring again to Figs. 1-2, the intake manifold assembly 10 is
configured with the first manifold portion 12, the second manifold portion 14
and the manifold insert 18. In this configuration, the second manifold portion
12 includes an integrated throttle body attachment 22 for mounting a throttle
body component (not shown), and at least one cylinder head flange 24 for
mounting the intake manifold assembly 10 to a cylinder head or other engine
component (also not shown). Other attachments may also be included for

other under-the-hood components, as discussed elsewhere herein. The first

PCT/US2004/021174
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and second manifold portions 12, 14 are configured each with opposing
mating surface 26 and 26’ for joinder thereof. While a generally non-planer
mating surface is shown, it is contemplated that the mating surfaces of the
intake manifold assembly 10 may further include portions that are planar as

well.
The intake manifold assembly 10 is preferably bonded together using

an adhesive 16 capable of withstanding high temperatures without failure.
However, more than one type of adhesive 16 (e.g., a plurality of different
adhesives each at a different location) may be used which correspond to the
localized temperature of the intake manifold assembly 10. For example, the

adhesive used in a portion of the intake manifold assembly may be unique

" from adhesives used elsewhere for the intake manifold assembly 10 in that it

has exceptional thermally resistant properties. The bonding of the first
manifold portion 12 and the second manifold portion 14 results in a joint 28
having exceptional strength. In one embodiment, the strength of the joint 28 Is
optionally greater than, equal to, or less than the tensile strength of the
material used for either of the first and second manifold portion 12, 14.

As previously discussed, the materials used for the first and second
manifold portions 12, 14 are capable of withstanding high temperatures (e.g.,
for resisting thermal degradation, creep, or other deleterious thermal
responses) associated with the operation of an engine. Advantageously, the
materials of the first and second manifold portions 12, 14, may differ to better
correspond to the temperature range that they may be exposed to. For
example, typically cylinder heads and throttle bodies operate at a temperature
far above ambient conditions. As such, it would be advantageous to design
the second manifold portion 14, having the throttle body attachment 22 and
cylinder head flange 24, which is capable of withstanding these higher
temperatures. In contrast, the first manifold portion 12 typically is exposed {o a
lower temperature, because it is only indirectly in contact with the cylinder
head and throttle body, and therefore may not require a material capable of
withstanding high temperatures. As such, in this type of condition, it would be
ideal to use two different materials to form an intake manifold assembly 10
because the first manifold portion 12 may comprise a lower cost material

(e.g., having a lower melting point).

PCT/US2004/021174



10

15

20

25

30

WO 2005/008056

CA 02531652 2006-01-06

In a second example of the present invention, referring to Fig. 3, the
throttle valve attachment 22 and the cylinder head flange 24 are shown as
optionally separate components. In the second example, the throttle valve
attachment 22 and the cylinder head flange 24 may be added to the intake
manifold assembly 10 after or during the assembly of the other components
using any of the mentioned techniques contained herein. As in the first
example, this allows select portions or components of the intake manifold
assembly 10 to comprise a material, which is capable of withstanding higher
or lower temperature as desired. As such, it would be advantageous to use a
material with a high melting point for the throttle body attachment and the
cylinder head flange for the same reasons as previously stated. Likewise, it
would be advantageous to use a lower cost material having a lower meiting
point for the other portions of the intake manifold assembly 10. Furthermore,
as with the first example, one or more types of adhesives may also be used
depending on the temperatures or structural requirements of the joint at a
given region.

In the above examples, referring to both Fig. 2 and 3, the iniake
manifold is further configured with a manifold insert 18 for assisting In, or
completely, defining an airflow path. Preferably, the manifold insert 18 Is
adhered or otherwise secured to a inner portion of the intake manifold
assembly. As such it is foreseeable that the insert is bonded to the first
manifold portion, the second manifold portion or both. However, il is
contemplated that other types or configurations of inserts are used then what
is shown. It is also contemplated that multiple inserts or no inserts are used.

The adhesive 16 preferably is provided over at least a portion of the
surfaces to be joined, and preferably sufficiently about the periphery so that
there are no appreciable gaps that result between the first ana second
manifold portions or components. In one embodiment, a bead of adhesive 16
is placed (e.g., by pumping, by laying a preformed strip, by extruding, by
brushing, by spraying, by swabbing, by combinations thereot or otherwise) on
at least one of the portions and another portion is brought into contact with it.
The assembly is then cured. In another embodiment, the adhesive 16 may be
ore-coated on one or both of the mating surfaces 26 of the respective

manifold portions or components and then they are joined and cured. Any

PCT/US2004/021174
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other suitable joining technique may likewise be employed. Preferably the
amount of adhesive 16 employed is sufficient to achieve the desired
performance characteristics of the assembly. Such amount will vary from
application to application.

In preparation of the present assembly, the adhesive 16 is applied to
one or more of the manifold portions or components by contacting the
adhesive 16 in a suitable art-disclosed fashion, in either a continuous or
intermittent bead or film, such that adhesive is disposed around the periphery
or other portions of the mating surface 26 and the end of the adhesive bead or
film connects with the beginning of the adhesive bead or film. The adhesive
16 can be applied immediately before joining the manifold portions or
components or it can be applied in remote location (in time, location or both)
relative to the location where the components are bonded together, or the
engine.

If an adhesive (e.g., a cure-on-demand adhesive, a air cure adhesive,
a combination thereof or the like) is employed, it is exposed to conditions such
that it will cure and thereby bond the manifold portions or components
together and form a seal between them. Such conditions can be applied prior
to or after bringing components together for joining. It is well within the
average level of skill in the art to determine which operation may be used to
cure the adhesive 16 and when it should be performed. In one embodiment
the operation may be an operation that is inherent in the assembly or
operation of an automotive venhicle.

In any of the embodiment contained herein, and as illustrated in more
particularity in the embodiments of Figs. 4A-4D, optionally a space may be
employed between the first and second manifold portion to form a gapped
relationship. In general, this gapped relationship provides enhanced bonding
capabilities by providing a first and second mating surface having an
interposed continuous layer of adhesive, wherein the adhesive comprises an
optimum thickness fo best meet the strength requirements of the given |
application. Furthermore, the gapped relationship facilitates the bonding of
one or more components to a base structure (e.g., a first or second manifold
portion) by facilitating the prevention of adhesive from overflowing a first

mating joint (e.g., a tongue and groove configuration or otherwise) such that

PCT/US2004/021174
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the applied adhesive will be minimally exposed to other manifold portions,
components or persons handling the intake manifold assembly.

Preferably, the gapped relationship is a predetermined distance
existing between at least a portion of the first mating surface and the second
mating surface. More so, preferably the gapped relationship further exists
throughout the resulting joint created by the combining of the first and second
manifold portions 12, 14. As such, it is contemplated that an adhesive layer
resides in the gap created betwéen the first and second matting surface. It is
also contemplated that a continuous adhesive layer is created between the
first and second manifold portions. It is further contemplated that an adhesive
layer exists between the first and second manifold portions having a
substantially continuous cross-sectional thickness therebetween.

Accordingly, in one preferred embodiment, the present invention further
includes an alignment feature 30 to create the above-mentioned gapped
relationship. In addition to the above advantages, the alignment feature 30 is
configured to align manifold portions or components that may not have
perfectly aligned mating surfaces. For example, the alignment feature 30 may
be used to align a first linear mating surface with a second non-linear mating
surface, wherein an adhesive is located therebetween. As such, the aligning
of these mating surfaces results in a joint having substantially aligned mating
surfaces and an adhesive layer with a substantially uniform cross sectional
thickness.

Preferably, the alignment feature 30 is integrally formed with the first
matting surface 26’, the second matting surface 26 or both. Alternatively, the
alignment feature 30 may be one or more independent spacers located
between the first and second mating surfaces 26, 26'. As such, it is
contemplated that the alignment feature may be adhesively bonded to the first
matting surface 26’, the second matting surface 26 or both.

Referring to Figs. 4A-D, some of the above concepts are exemplified
wherein an intake manifold assembly 10 is configured with a first and second
manifold portion 12, 14 and are bonded together with an adhesive 16. In
these examples, a gapped relationship results from the mating interaction
between the alignment feature 30 and the first or second mating surfaces 26,
26’. Preferably, the adhesive layer between the first and second manifold

10
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portions 12, 14 have a substantially continuous cross-sectional thickness
throughout the mating surfaces 26, 26’, although variable and intermittent
cross-sectional thickness may also be employed. More preferably, a generally
fluid-tight seal is created throughout the resulting joint between the first and
second manifold portions 12, 14.

As illustrated, the alignment feature may include one or more of a
variety of opposing surface configurations (e.g., selected from a recess in a
mating surface, a projection from a mating surface, an undulation,
combinations thereof or otherwise), which may not be completely
complementary so that when brought together they are aligned but spaced.
By way of example, a projection and recess may be employed, each defined
by walls of a different angle to other dimension so a space is obtained when
the surfaces are brought together. Furthermore, the alignment feature
preferably is integrally formed in at least one of the first or second manifold
portioﬁs 12, 14 or mating recesses 26’, 26 thereof. As such, it is contemplated
that the alignment feature 30 may comprise a portion of mating surface and
optionally be affixed to the other of first or second manifold portion 12, 14 with
an adhesive 16. Furthermore, as shown in Fig. 4D, the alignment feature 30
may be located between manifold portions such as the plenum 32 region of
the intake manifold assembly 10.

In more particularity with reference to Figs. 4A-4D, alignment and
spacing functions can be achieved, for example, by including a projection that
is dimensioned so that a portion of it remains exposed when mated with an
opposing recess, e.d., having a projecting alignment feature 30 with a width or
diameter that is larger than the dimension of the opposing recess so that
complete nesting is prevented and spacing between opposing surfaces 26,
26’ of the portions 12 and 14 can be maintained, as in Fig. 4A.

As seen in Fig. 4B, another approach is to provide an alignment feature
30 comprising of an angled projection configured to engage a portion of an
opposing first or second manifold portion 12, 14. As such, the alignment
feature creates an outward force, of an opposition first or second manifold
portion 12, 14 when the same are combined together. However, because of
design considerations and an opposing force created by a mirrored joint of
Fig. 4B attached thereto (not shown), the first manifold portion 12 is statically

11
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position and aligned over second manifold portion 14. As illustrated, this
creates a gapped relationship between the first and second manifold portions
12, 14, wherein an adhesive 16 is interposed between the same.

Alternatively or in conjunction with, the first or second manifold portion
12, 14 may be configured with a projecting lip (not shown) to align the mating
surfaces of the same. For example, a projection lip extending upward from an
end portion of the second manifold portion would essentially trap the first
mating surface between the projecting lip and the angled alignment feature 30
thereby creating a gapped relationship between the first and second manifold
portion 12, 14. Optionally, the first and second mating surfaces 26, 26° may
further consist of surfaces discontinuities 34 to increase the bonding surface
area with the adhesive 16 or assist in the alignment of the same.

In Fig. 4C, another app‘roach is illustrated, in which an alignment
feature 30 (e.g., a projection or otherwise) is configured to abut a wall of the
first manifold portion 12, with the first manifold portion 12 including a
projection having a mating surface 26’ that is offset relative to a wall defined in
the mating surface 26, so as to provide a gap therebetween. As such, an
increased mating surface 26, 26’ is created having a substantially uniformed
adhesive interposed therebetween.

In this example, it is contemplated that the mating surface 26
comprises one or more surface discontinuities 34 configured to receive the
opposing projection (or otherwise) to create the above-mentioned gap.
Furthermore, it is contemplated that one or more additional manifold portions
may be mounted to the discontinuities 34 of mating surface 26 using any of
the techniques disclosed herein. As such, it is contemplated that the wall of
the first manifold portion 12 (or alternate component) may also act as an
alignment feature for another manifold portion.

Therefore, the first manifold portion 12 may be interposed between the
second manifold portion 14 and an additional portion (e.g., third manifold
nortion, or otherwise) (not shown). More advantageously, it is contemplated
that the first manifold portion 12 is replaced by an insert 18, wherein the insert
and an additional manifold portion (albeit an enlarged version of the first
manifold portion 12) is matingly attached to mating surface 26, preferably
through adhesive bonding with one or more surface discontinuities 34. As
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such, an intake manifold assembly 10 may be created having a first manifold
portion 12, a second manifold portion 14, and an interposed insert (being
aligned by alignment feature 30), wherein the first manifold portion 12 and the
interposed insert are adhesively bonded to the second manifold portion 14
with an adhesive having a substantially uniformed cross sectional thickness.

In yet another example, referring to FIG 4D, another alignment feature
30 is illustrated for aligning and creating a spaced relationship between the
first and second mating surfaces 26, 26’. In this example, the alignment
feature 30 is located in the plenum region 32 of the first or second manifold
portion 12, 14 and preferably between runners 20.

It will be appreciated from a re\{iew of Figs. 4A-4D that any of a variety
of modifications to the structures can be made but still be within the present
invention. For example, a gap may be maintained on more than one side of a
projection, so that adhesive is applied to plural sides. A gap may be
maintained in only a single side. A bead projection might be included on one
or more surfaces for spacing, or {to provide a stop for helping to seal the joint
from the escape of excess adhesive. A metal, plastic or ceramic bead (e.g., a
glass bead) may be inserted in the gap. Other variations are also possible.

Furthermore, it will be appreciated that any of the features shown in

Figs. 4A-4D can be combined into a single mating surface. Alternatively, or in

combination, any of the alignment features previously described, or their
equivalents, or otherwise, may be located anywhere proximate to the first and
second mating surfaces 26, 26, including internally or externally located.

The above gapped relationship and alignment features 30 of the
present invention are used in conjunction with any of the combined first and
second mating surfaces 26’, 26. However, it is further contemplated that the
gapped relationship and/or the alignment feature 30 is use in any adhesively
bonded portion of the intake manifold assembly 10 (e.g., between the intake
manifold assembly and the throttle body attachment 22, cylinder head flange
24 or otherwise). :

In a preferred embodiment of the present invention, either or both of
the first or second manifold portions 12, 14 is fabricated from a plastic
material, i.e., a thermoset material, a thermoplastic material, or a mixture

thereof. Among preferred high-performance thermoplastic materials are
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polybutylene terephthalate, polyetherimides, polyphenylene ether/polyamide
resins, polyether sulfone resins, polyether ether ketone resins, liquid crystal
polymers, polyarylsulfone resins, polyamideimide resins, polyphthalimide
resins, nylon 6, 6, nylon 6 other polyamide resins, syndiotactic polystyrene,
and blends thereof. In a particular preferred emebodiment, the material is a
thermoplastic selected from polyamides, polystyrenes, polyolefins,
polycarbonates, or mixtures thereof. More preferably, the material is
optionally glass-filled and is selected from polyamides (e.g., nylon 6 or nylon
6,6), polystyrenes, a blend of polyamides and syndiotactic polystyrenes,
polypropylene, or mixtures thereof. In one preferred embodiment, the material

is a blend of polyamides and syndiotactic polystyrenes, and more preferably a

blend of nylon 6,6 and syndiotactic polystyrene. Among useful thermoset

materials are epoxy resins.

As can be gleaned from the above discussion, any of the materials
identified above may be used for one portion, with a different material used for
another portion. Without limitation, examples of combinations of materials that
may be suitable are those selected from polyamide, polyolefin, polystyrene,
nolysulfone, and blends thereof for use as one component; and those
selected from polyamide, polyolefin, polystyrene, polysulfone, and blends
thereof for use as another component. In a particularly preferred embodiment,
the material for one component is different from the material of at least one
other component.

Any of the materials that are employed in the manifold portion,
components or otherwise of the present invention may optionally employ a
filler or reinforcement material such as, without limitation, a long fiber
reinforcement (e.g., an average length greater than or equal to 2 mm), a short
fiber reinforcement (e.g., less than 2 mm) or a combination thereof (e.g.,
about 10 to 90 parts by weight of a long fiber reinforcement and about 20 {fo
about 10 paxrts by weight of a short fiber reinforcement, such as about 20 to
50 parts by weight of a long fiber reinforcement and about 50 to 20 parts by
weight of short fiber reinforcement. Examples of fiber reinforcement materials
include without limitation, glass fiber, aramid fiber, carbon fiber, combinations
thereof or the like. Other suitable filler materials may be employed, such as

nowders or other particulates of talc, calcium carbonate, mica, silica, other
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suitable ceramics or minerals, combinations thereof or the like. Any suitable
amount may be employed for any filler or reinforcement. For instance, in one
embodiment, one or a plurality of the components is a plastic that includes an
amount of about 10 to about 50 volume percent and more preferably about 35
volume percent of a filler or reinforcement.

The plastics used for preparing the manifold portions or components
typically could also include other ingredients, such as property modifiers (e.g.,
impact modifiers, flame retardants, UV protectants or the like). Preferably, the
material selected exhibits a tensile strength of at least about 50 MPa, more
preferably at least about 78 MPa and possibly up to 175 MPa, 225 MPa or
greater and an elongation of about 1 to about 10 %, and more preferably
about 3 to about 5%. Of course, the materials are not required to exhibit
these properties or capabilities unless otherwise specifically stated.

Of course, one or more of the manifold portions or components might
be a metal (e.g., cast iron, steel, magnesium, aluminum, titanium or the like),
a composite, a ceramic (e.g., a carbide, a nitride, a boronitride, or the like), or
some other material. Plastic manifold portions or components are preferably
injection molded using conventional techniques and processing conditions.
Alternatively, they may be prepared in another suitable manner, such as by
rotational molding, compression molding, thermoforming, blow molding or the
like. Components or manifold portions other than those made of metal may be
prepared using any of a number of art-disclosed techniques, such as, without
limitation, casting, forging, milling, sintering (or other near net shape formation
process), stamping, combinations theréof or the like.

One or more of the manifold or component materials or the adhesive
may be suitably treated (uniformly or locally) as desired to improve corrosion
resistance, oxidation resistance, thermal resistance, or another characteristic
of the final product. For instance, they might be admixed, impregnated or
coated with an organic coating (e.g., a water-based organic coating), an
inorganic coating or combination thereof, or with other suitable additives for
achieving a desired property. Any suitable application technique may be
employed, such as (without limitation) plasma deposition, physical vapor
deposition, chemical vapor deposition, spraying, brushing, dipping, swabbing,

combinations thereof, or the like.
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In some instances, bond strengths might be enhanced by further
contacting the adhesive with a suitable primer, such as without limitation a
water based primer. Other surface treatments may also be used to increase
bond strength such as scuffing or sanding components surfaces or using
other surface treatments discussed herein or elsewhere.

The adhesive 16 of the present invention is a structural adhesive and
more preferably is a curable on demand material. Any adhesive 16 that after
cure can withstand the conditions of use of an engine (e.g., for an automotive

vehicle) can be used. Preferably such adhesive does not decompose or
delaminate at temperatures of up to about 138°C (280 °F), more preferably up
to about 143°C (290 °F), even more preferably up to about 160°C (320°F) and
most preferably up to about 191°C (375 °F).

Furthermore, the adhesive 16 is able to withstand exposure to
hydrocarbon materials, calcium chloride, brake fluid, glycol coolants,
windshield washer solvents and the like, at the above-mentioned
temperatures and the pressures to which the internal combustion engine
reaches internally. In an optional embodiment, the adhesive 16 is able to
bond to other engine components, which may be metallic, ceramic,
composite, plastic, or the like. The adhesive 16 used may be curable via a
variety of known mechanisms including , but not limited to, heat cure, infrared
cure, ultraviolet cure, chemical cure, radio frequency cure, solvent loss, air
cure, moisture cure, combinations thereof or the like.

In another embodiment the adhesive 16, which may be a cure-on-
demand adhesive, requires a separate operation to cause the adhesive 16 10
begin to cure. In one embodiment this is achieved by using an encapsulatea
ingredient, such as a curing agent, which is ruptured during assembly. In
another embodiment this is achieved by removing a protective coating {0
expose the adhesive 16 to ambient conditions. Cure can be initiated by
exposing the adhesive 16 fo heat, an infrared light source, an ultraviolet light
source, a radio frequency signal, a chemical agent, moisture, to a shearing
force, a combination thereof, or otherwise.

While other adhesive families are contemplated as well (e.g.,

urethanes, acrylics, cyanoacrylates, an elastomer, a silicon containing system
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(e.g., silicone or silane), another suitable cross-linkable material, a hot melt
having a melting point greater than the typical operating temperature of the
bonded manifold portions, components, or the like), preferably the adhesive is
a high temperature epoxy resin, a polyimde, a hi-bred polyimide/epoxy resin
adhesive or an epoxy novolac/nitrile rubber adhesive. Preferred adhesives
are the high temperature epoxy resin adhesives. High temperature epoxy
resin adhesive means an adhesive wherein the primary component is an
epoxy resin which when cured can withstand exposure to the temperatures
mentioned above without decomposing or delaminating from the subsirate.

In one embodiment, the adhesive 16 is a mineral filled catalyzed
adhesive that includes one or more regular or modified epoxy components, a
suitable curing agent and a suitable thixotropic agent for maintaining a room
temperature Brookfield viscosity (in uncured state) on the order of about 500
CcpSs.

In another particularly preferred embodiment, the adhesive 16 is a
single or multi-component (e.g. a two component) adhesive, such as an epoxy
adhesive.

In yet another embodiment, the adhesive is a urethane based
adhesive. Alternatively, the adhesive may include a functional component
selected from acrylonitrile butadiene styrene (ABS), polycarbonate (PC), or a
mixture thereof (e.g. PC-ABS). In a further alternative embodiment the
adhesive is a silane adhesive, a silicon adhesive or a mixture thereof. In yet
another embodiment, the adhesive is an acrylic adhesive. The adhesive may
also be epoxy based. It may include polyolefinics, styrenics, acrylics or
mixtures thereof. In yet another embodiment, a preferred adhesive includes
alkyl borane. Examples of suitable adhesives are disclosed In commonly
owned U.S. Patent No. 09/466,321 (filed December 17, 1999) and patent
publication numbers 20020058764 and 20030001410 expressly incorporated
herein by reference for all purposes. Any such adhesive may include suitable
performance modifiers including art disclosed tackifiers, elastomers, impact
modifiers, or the like. |

In one embodiment, a two part, organoborane/amine complex adhesive
or other adhesive is employed for adhesively securing combinations of the

frames, the reinforcement structures or both together. Advantageously, such
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an adhesive can adhere to low surface energy surfaces or subsirates. As
such, the adhesive is prefefably capable of bonding to corresponding surfaces
having a surface energy of less than 45 mJ/m?.

Adhesives, polymerizable compositions and method of used disclosed
in International Patent Application No. PCT/US00/33806, incorporated herein
by reference, are especially preferred for use in the present invention.

It should be recognized that the use of the term adhesive herein is not
intended to foreclose primers or other bonding agents from the scope of the
present invention.

The present invention -offers considerable design flexibility. Though
mating surfaces can be planar, they need not be. In a preferred embodiment,
either or both of the mating surfaces is generally non planar (e.g., contoured,
stepped, corrugated, or the like). The employment of molded plastic
components also enables the formation of intricately shaped structures. In
this regard, the intake manifold can have molded or otherwise fabricated in or
on one of its surfaces one or more components such as brackets, connectors,
cable guides, hose guides, harnesses, clips or the like. Further, conduits,
ports or other like passages can be cored or machined into a molded
component to enable integration of multiple components into the intake
manifold assembly 10.

As will be appreciated by the skilled artisan, among the many
advantages of the present invention are that assemblies can be made that are
substantially free of a sealing gasket, mechanical fasteners or both. However,
the scope of the present invention does not foreclose the use of gaskets or
fasteners. Indeed, it is contemplated that a gasket might be made from (e.g.,
by die cutting a gasket) the adhesive or incorporate as a component thereof
(e.g. as an impregnant or coating), the adhesive of the present invention.
Thus, for certain preferred embodiments, the resulting structure seals much
like a gasket would, but also exhibits the desirable mechanical characteristics
of a structural adhesive.

It is possible that the adhesive 16 and combinations of the present
invention may be employed in a system that further employs a joint that is
formed by vibration welding, though advantageously certain preferred

embodiments are devoid of a vibration weld.

18

PCT/US2004/021174



WO 2005/008056

10

15

20

25

30

CA 02531652 2006-01-06

In another embodiment the intake manifold assembly may include an
integrated acoustic m'anagement system designed to prevent the noise
inherent in the operation of an internal combustion engine from escaping the
engine compartment. In one embodiment the assembly may include an outer
shell and an inner shell adapted such that the inner shall is located within the
outer shell and there is a gap between the two. The gap may simply contain
air which can attenuate certain sound waves thereby reducing the noise that
can be heard outside the engine. Alternatively the gap can be filled with a
sound deadening material such as elastomeric material or foam material. In
another embodiment the valve cover may have bound to its inner surface a
sound attenuating material such as the elastomer or foam.

In another embodiment the assembly of the invention can include a
coating or film on the exterior or interior which functions to improve the barrier
properties of the intake manifold to hydrocarbons. Such a coating of film can
reduce the fugitive hydrocarbon emission from an automotive vehicle. Any
coating or film which prevents the transmission of hydrocarbons through the
assembly may be used. A preferred coating is a carbon-silica based plasma
deposited coating as described in U.S. Patent 5,298,587, U.S. Patent
5.320,875; U.S. Patent 5,433,786 and U.S. Patent 5,494,712 incorporated
herein by reference.

In one embodiment, the assembly of the present invention may be
capable of withstanding a temperature of about 163 °C (about 325 °F) for at
least about 2500, and more preferably about 3000 hours and about 177 °C
(about 350 °F)for at least about 75 and more preferably about 100 hours. The
assembly exhibits little or substantially no detectable degradation in the
presence of automotive vehicle fluids, such as brake fluid, windshield washer
fluid, power steering fluid, engine coolant (standard and lifetime), engine oil
(standard, synthetic and sour), gasoline, diesel fuel, ethanol, methanol, starter
fluids or the like. The assembly also exhibits little or no detectable
degradation due to exposure to environmentally encountered compounds
such as calcium chloride, sodium chloride, exhaust gas (egr type) or the like.
In a particularly preferred embodiment, the resuiting tensile strength of the
adhesive of the joint in the assembly is at least about 4000 psi (28 MPa),
more preferably at least about 6500 psi (45 MPa), and still more preferably at
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least about 9000 psi (62 MPa). Further preferably the strength of the joint is
greater than the strength of at least one, and preferably more than one, of the
individual molded components. Of course, the assembly, the component
thereof and the adhesive are not required to exhibit these properties unless
specifically stated.

The present intake manifold assembly can be employed In combination
with other adhesively bonded engine components, such as an adhesively
bonded valve cover cylinder head assembly, an adhesively bonded water (or
other fluid) conductor, an adhesively bonded oil pan, or otherwise.

Though the present invention has been described in the context of
automotive vehicle engine intake manifolds, the use of the invention is not
intended to be limited thereby. Any motorized object employing an intake
manifold subject to operating conditions milder than or comparable to those
experienced by an automotive vehicle engine may employ the present
technology. |

The present invention also contemplates the employment of a removal
and repair or replacement step that is performed upon the resulting
assemblies of the present invention. Accordingly, it is contemplated that the
teachings of U.S. Provisional Application Serial Nos. 60/390,305 and
60/432,620 (both of which are hereby incorporated by reference) may be
employed. It is also contemplated that the invention herein will include a step
of re-claiming and recycling materials from the assembly in post-consumer
operations.

To the extent not already covered by the description above, the present
invention also contemplates as within its scope the combinations that are
recited in the claims as set forth in the following (i.e., the provisional patent

application claims filed in the provisional application).
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CLAIMS:
What is claimed is: -
1. A method for making an automotive vehicle intake manifold,

comprising the steps of:
providing a first manifold portion made of a first material,
providing a second manifold portion made of a second material; and
adhesively joining the first manifold portion to the second manifold

portion to define an intake manifold for an automotive vehicle.

2. The method of claim 1 further comprising, placing a manifold
insert between the first manifold portion and the second manifold portion;
wherein the first manifold portion is joined to the second manifold

portion with the insert therebetween.

3. The method of claim 1 or 2 wherein the first material and the

second material are different from each other.

4. The method of claim 2 or 3 wherein the manifold insert is formed
of a third material that is different from at least one of the first material and the

second material.

D. The method of any of claim 4 wherein at least one of the first,

second or third materials is a plastic material.

6. The method of any of claim 5 wherein the plastic material is a
thermoplastic material that is formed by a step of thermoforming, injection
molding, blow molding, rotational molding, compression molding, resin
transfer molding, structural reactive injection molding or a combination

thereof.
7. The method of any of claim 4-6, wherein at least one of the first,

second or third materials is selected from a metal, a ceramic, a composiie or

a combination thereof.
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8. The method of any of claims 1-7, wherein the insert is adapted

for defining one or a plurality of plenums within the intake manifold.

9. The method of any of claims 1-8, further comprising an
alignment feature for maintaining a gapped relationship between the first and

second manifold portions.

10. The method of any of claims 9 wherein the gapped relationship
its between a first mating surface of the first portion and a second mating

surface of the second portion.

11. The method of claim 10 wherein the first and second mating

surfaces are generally nonplanar.

12. The method of claim 10 or 11 wherein the first and second

mating surfaces comprises at least one tongue and groove relationship.

13.  The method of claim 10, 11 or 12, wherein the alignment feature

includes a projecting portion of the first or second mating surfaces.

14. The method of claim 10, 11, 12 or 13 wherein the alignment

feature includes a recessed portion of the first or second mating surfaces.

15. The method of any claims 10-14 further comprising a

mechanical attachment for joining the first and second poriions.

16. The method of any of claims 10-14 wherein said joint Is

substantially free of mechanical fasteners.

17. The method of any of claims 10-16, wherein the alignment
feature is configured of a recessed portion having a width or diameter that is
smaller than the dimension of an opposing angled projection thereby
nreventing completed nestling of the first and second mating surface such that
the gapped relationship is formed.
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18. The method of any of claims 10-16 wherein the alignment
feature is configured of a pair of opposing angled projections extending from
the second component thereby preventing the complete nestling of the first

and second mating surfaces such that the gapped relationship is formed.

19. The method of any of claims 10-16 wherein the alignment
feature is configured of a projection extending from the second portion and
located between runners of an intake manifold assembly such that complete
nestling of the first and second mating surfaces are prevented such that the

gapped relationship is formed.

20. The method of any of claims 10-19, wherein the gapped
relationship forms a gap and the gap is filled with a material for improving the

NVH characteristics of the intake manifold.

21. The method of claim 20, wherein the material for improving the

NVH characteristics is an elastomer, a foam or a combination thereof.

22. The method of claim 1, wherein the first material and the second

material are the same.

23. The method of any of claims 1-22, wherein the first and second

manifold portions are additionally joined by welding.

24.  The method of any of claims 1-23 method for making an
automotive vehicle intake manifold comprising the steps of:

joining the first portion or second portion direcily to a throttle body
assembly without a throttle boay attachment; and

joining the first portion or second portion directly to an engine cylinder

head without a cylinder head flange.

25.  The method of claim any of claims 1-23, further comprising:
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joining the first or second portion to an engine cylinder head of the:
automotive vehicle with a cylinder head flange; an

joining the first or second portion to a throttie body assembly with a
throttle body attachment.

26. The method of claim 25 wherein the cylinder head flange or the

throttle body attachment is formed of a third material that is different from both
the first material and the second material.

10 27. The method of claim 25 or 26, further comprising the step of
attaching the intake manifold to a automotive engine, cylinder head or

otherwise through the cylinder head flange using adhesives, fasteners or
both.

15 28. The method of any of claims 1-27, wherein the first or second
portions includes one or more EGR valve attachments, cross-over pipe
attachments, housing | for active manifold actuators, blow-by valve
attachme'nts, valve cover attachments, bracket attachments, attachment

nipples, air filter housing, air ducts, pressure sensors, mass air flow sensors,
20  resonators, fuel rails or a combination thereof.

29. The method of any of claims 25-28, wherein the cylinder head
flange is connected to the first or second portion using an adhesive.

25 30. The method of any of claims 25-29, wherein the throttle body

attachment is connected to the first or second portion using an adhesive.

31. The method of any of the preceding claims wherein the first

portion and the second portion are shells that combine to form runners for air
30 flow within the intake manifold.

32. The method of any of the preceding claims wherein the first or
second or both portions comprise a reinforced fiber.
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33. The method of any of the preceding claims, wherein the first or
second portions includes a resin selected from nylon 6, nylon 6,6,
polypropylene, polyethylene, polybutylene, terephthalate, polyetherimide,
polyphenylene, ether/polyamide, polyethere sulfone, polyethe ether ketone,
polyanylsulfone,  polyamideimide,  polyphthamlimide, polycarbonate,
acrylonitrite butadiene styrene, polyamide, syndiotactic polystyrene, and
blends thereof.

34. The method of any of the preceding claims, wherein the first or
second portions include a resin having a filler or reinforcement selected from

glass, mineral, carbon fiber, graphite, aramide, clay talc, calcium carbonate.
35. The method of claim 34, wherein the filler or reinforcement Is
glass and is selected from a long fiber glass, a short fiber glass or a
combination thereof.
- 36. The method of any of claims 30-35, wherein the adhesive is
selected from urethanes, epoxies, silicones, silanes, polyimides,
organoborates, acrylics, acetates, or combinations thereof.

37. The method of claim 36, wherein the adhesive includes a filler.

38. The method assembly of claim 36, wherein the adhesive Is a

cure on demand adhesive.

39. The method of claim 36, wherein the adhesive is a structural

adhesive.

40. The method of claim 36, further comprising a surface treatment
on the first, second or both portions and in contact with the adhesive.

41. The method of claim 40, further comprising coating at least a

portion of the first or second portions with a plasma coating.
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42. The method of any of the preceding claims, further comprising
the step of separating the first portion from the second portion at the end of

the life of the intake manifold and recycling the material from at least one of
the portions.

43. The method of any of the preceding claims, wherein

overmolding of the first or second portions improves the NVH characteristics
of the intake manifold.
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