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HOLLOW ARTICLE OF VARIABLE WALL
STRUCTURE DENSITY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit under 35 U.S.C. 119
(e) to U.S. Provisional Patent Application No. 61/419,142,
filed Dec. 2, 2010, entitled “BLOW MOLDED ARTICLES
AND METHODS OF THEIR PRODUCTION,” which is
incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

[0002] The present disclosure relates to articles and pro-
cesses for the production of hollow bodies from thermoplastic
material and more particularly to hollow bodies comprising
of'a multi-layer structure with a foam layer and a skin layer of
variable relative thickness.

BACKGROUND OF THE INVENTION

[0003] Thereis aneed particularly in the automotive indus-
try to manufacture parts in a cost effective manner that are
generally light-weight in order to reduce fuel consumption in
the operation of motor vehicles. One approach to achieve
light-weighting is by foaming articles.

[0004] Itisknown thata foamed blow molded article can be
manufactured by extruding a plastic containing a blowing
agent to form a parison, inserting the foamed parison in a
mold and then pressurizing the parison to form an article.
[0005] Itis also known that a hollow structure can be made
that is of multiple layers of substantially constant ratio that
may include a foamed layer.

[0006] One limitation of the known processes is that the
ratio of a foamed layer to its outer skin or to an extruded
additional layer is substantially the same throughout the part.
The foam layer introduces a structural deficiency at locations
such as mounting tabs, at bellows or mounting cuffs in rela-
tion to similar entirely solid layered articles. There is a need
for a cost effective method to introduce additional solid mate-
rial at specific locations and to reduce the relative ratio of
foamed material at these locations.

[0007] Another limitation of the known processes is that
foamed plastic cannot be selectively located in areas where it
is desired. There is a need to be able to add an increase in
foamed material where improvements in acoustic or heat
transfer properties are required.

[0008] There is a need for a cost effective method to intro-
duce additional solid material at specific locations and to
reduce the relative ratio of foamed material at these locations.

SUMMARY OF THE INVENTION

[0009] According to an aspect of an embodiment, provided
is a molded thermoplastic article including a hollow body, the
article comprising a first layer, and a foamed second layer, the
first layer and foamed second layer defines a wall structure,
the foamed second layer having a lighter density relative to
the first layer. In the wall structure, the ratio of the first layer
to foamed second layer varies along the length of the article.
[0010] According to another aspect of an embodiment, pro-
vided is a process for preparing a blow molded thermoplastic
article, comprising extruding a parison comprising a first
material and a second material, the first material presented
generally in the form of a first layer, and the second material
presented generally in the form of a second layer. The pro-
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portion of first and second materials relative to each other are
varied along the length of the parison during extrusion. The
parison is loaded into a blow molding mold, and air is injected
into the parison to expand the parison to fill the mold and form
a blow molded article, wherein the molded body has wall
portions comprising the first and second material in varying
proportion. On cooling the blow molded article, it is removed
from the mold.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing and other features and advantages of
the invention will be apparent from the following description
of'the invention as illustrated in the accompanying drawings.
The accompanying drawings, which are incorporated herein
and form a part of the specification, further serve to explain
the principles of the invention and to enable a person skilled
in the pertinent art to make and use the invention. The draw-
ings are not to scale.

[0012] FIG. 1 is a perspective view of an exemplary duct
manufactured in accordance with an embodiment of the
invention.

[0013] FIG. 2 is a longitudinal cross-sectional view of the
duct of FIG. 1.
[0014] FIGS. 3a, 35 and 3¢ are cross-sectional views of the

duct of FIG. 1 through A-A, B-B and C-C, respectively.
[0015] FIG. 4 is a partial cross-sectional view of a wall
structure in which wall thickness additionally varies.

[0016] FIG. 5a is a schematic representation of an exem-
plary molding station for producing a hollow article in accor-
dance with an embodiment of the invention.

[0017] FIG. 556 is an enlarged view of a parison formed in
accordance with an embodiment of the invention.

[0018] FIG. 5¢is a schematic representation of the molding
station of FIG. 54 in the course of blow molding a hollow
article.

[0019] FIG. 5dis a schematic representation of the molding
station of FIG. 54 releasing a formed hollow article.

[0020] FIGS. 6a and 6b are partial cross-sectional views
showing an alternate molding process for forming a hollow
article using overmolding.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE PRESENT INVENTION

[0021] Specific embodiments of the present invention will
now be described with reference to the Figures, wherein like
reference numbers indicate identical or functionally similar
elements. The following detailed description is merely exem-
plary in nature and is not intended to limit the invention or the
application and uses of the invention. A person skilled in the
relevant art will recognize that other configurations and
arrangements can be used without departing from the scope
of'the invention. Although the description and drawings of the
embodiments hereof exemplify the technology with respect
to automotive HVAC or air induction ducts, the invention may
also be applied to hollow articles in general in both automo-
tive and non-automotive applications. Furthermore, there is
no intention to be bound by any expressed or implied theory
presented in the preceding technical field, background, brief
summary or the following detailed description.

[0022] Turning now to FIG. 1, shown is an exemplary
HVAC or air induction duct 10 for a motor vehicle. In this
configuration, duct 10 comprises first and second end sections
12, 14 and an intermediate section 16. At each end section 12,
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14, there is provided an end cuff 18 for attachment of duct 10
to other air-delivery components in the automotive assembly.
Within intermediate section 16, there may be additional fea-
tures, such as mounting tab 20 for fastening duct 10 in posi-
tion, and a bellows 22 to enable flex.

[0023] As detailed in the longitudinal section view of FIG.
2, duct 10 is generally comprised of a first layer 24 and a
second layer 26. As presented, first layer 24 forms the outside
layer, while second layer 26 forms the inside layer. First and
second layers 24, 26 are formed of a thermoplastic material,
and together define the wall structure of duct 10. One of first
and second layers 24, 26 is further formulated or modified in
a manner to achieve a reduced overall material density. For
example, the thermoplastic material may be formulated as a
foamed layer. For the purpose of explanation, the description
herein will identify second layer 26 as the foamed layer, but it
will be appreciated that in some embodiments, the foamed
layer may be first layer 24. Foaming is generally achieved by
using a chemical or physical blowing agent. Chemical blow-
ing agents are mixed into plastic pellets in the form of powder
or pellets and dissolve at higher temperatures. Above a certain
temperature specific for blowing agent dissolution, a gaseous
reaction product, usually N, or CO,, is separated and acts as
ablowing agent. Endothermic blow agents primarily produce
CO,, while exothermic blowing agents generally produce N,,.
Physical blowing agents include hydrocarbons (e.g. isobu-
tane, pentane), fluorocarbons (e.g. chlorofluorocarbons) and
the inert gases (e.g. CO, and N,,).

[0024] Along the length of duct 10, that is from first end 12
to second end 14, and at intermediate points in-between, the
amounts of first and second layers 24, 26 relative to each
other, that is the ratio of first to second layers 24, 26 is varied,
so as to achieve a selected localized physical/performance
characteristic. By varying the ratio of first layer 24 to second
layer 26, and where for example second layer 26 is provided
as a foamed layer, it is possible to produce a range of localized
densities along the length of duct 10. For example, by increas-
ing the ratio of first layer 24 to foamed second layer 26, a
localized increase in wall structure density can be achieved.
Conversely, by decreasing the ratio of first layer 24 to foamed
second layer 26, alocalized decrease in wall structure density
can be achieved.

[0025] The incorporation of a foamed second layer 26 in
duct 10 can decrease the overall weight of the article, while
also providing beneficial sound and thermal insulative
effects. Regions with a decreased ratio of first layer 24 to
foamed second layer 26, however, may be prone to breakage,
particularly at locations where fasteners are used, or where
increased durability in general is required. As such, the ratio
of first layer 24 to foamed second layer 26 can be selectively
varied along the longitudinal length of duct 10 to provide
regions of increased density where additional strength is
required, and regions of decreased density where light-
weighting does not result in any structural disadvantage. For
example, referring again to FIG. 2, at end cuffs 18 where the
duct is attached to adjacent components, the ratio of first layer
24 to foamed second layer 26 is increased, to create a higher
wall structure density. Similar increases in wall structure
density are noted at mounting tab 20 and bellows 22. At
locations where decreased wall structure density can be incor-
porated without risk of weakening/breakage of duct 10, for
example at bend B, decreased ratios of first layer 24 to foamed
second layer 26 may be used.
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[0026] The variance in localized wall structure density is
further illustrated in FIGS. 3a through 3¢, wherein various
cross-sections through duct 10 are provided. FIG. 3a details a
section through an intermediate region (at A-A) where a
decreased ratio of first layer 24 to foamed second layer 26 is
used to lighten the overall structure. Since the primary func-
tion at this location of the duct is for channelling air-flow, a
reduction in overall strength to achieve a lighter density, and
generally to lighten the overall part, is operationally permis-
sible. FIG. 35 details a section in the region of mounting tab
20 (at B-B), where an increased ratio of first layer 24 to
foamed second layer 26 is used. As such, mounting tab 20 is
provided with added strength and durability to cooperate with
suitable fasteners to hold duct 10 in position. FIG. 3¢ details
a section through bellows 22 (at C-C) and once again shows
an increased ratio of first layer 24 to foamed second layer 26
for additional strength and durability.

[0027] In some embodiments, the overall thickness of the
2-layer wall structure may also be varied. For example, refer-
ring now to FIG. 4, shown is a wall structure in which both the
ratio of layers, as well as the quantitative measure (e.g. vol-
ume) of each of the layers is varied along the longitudinal
length, resulting in a varied overall wall thickness. Toward
each end of the section shown, the ratio of first layer 24 to
foamed second layer 26 is low, as the wall structure presents
a larger proportion of the foamed second layer 26. Towards
the central region of the section, the ratio of first layer 24 to
foamed second layer 26 is high, as the amount of foamed
second layer 26 has been decreased, to provide a wall struc-
ture that is predominantly non-foamed first layer 24. In the
central region, although the amount of first layer 24 provided
is increased relative to the end regions, the overall wall thick-
ness is less than that provided at the end regions. Stated
differently, the cumulative quantitative measure of the first
and second layers in the central region is less than the cumu-
lative quantitative measure of the first and second layers at
each end of the section shown.

[0028] Duct 10 may be formed through a blow molding
process. As such, and as shown in FIG. 5a, the process begins
with the manufacture of a parison 30 comprising a first mate-
rial, corresponding to the first layer, and a second material,
corresponding to the second layer. As shown, parison 30 is
prepared using a multi-material co-extrusion process, where
first and second materials are delivered via separate ram accu-
mulators 324/32b to a common die head 34. As the materials
are co-extruded, and as detailed in FIG. 54, first layer 24 and
second layer 26 are formed in parison 30 simultaneously, with
relative volumes defining the first to second layer ratio. As
will be appreciated, other manufacturing processes may be
implemented to achieve a hollow article having a varied ratio
of first to second layers.

[0029] First and second layers 24, 26 are adjacently
aligned, and integrally bonded together. During the extrusion
process, the volume of each of first and second materials can
be varied to achieve the desired ratio of first layer to second
layer in the resulting parison 30. Based on the positioning of
parison 30 in the mold for forming the hollow article, and the
relative location of design features requiring added strength/
durability, specific regions of parison 30 requiring selected
ratios of first to second layers can be determined. For
example, the regions R1 and R2 of parison 30 corresponding
to the location of end cuffs 18 are provided with an increased
ratrio of first layer 24 to foamed second layer 26, so as to
increase the wall structure density, and hence the overall
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strength and durability within these regions. Similar increases
in wall structure density are noted for regions R3 and R4
corresponding to mounting tab 20 and bellows 22, respec-
tively. In some embodiments, parison 30 may be further
modified with varying overall wall thickness so as to address
the stretch ratios subjected upon parison 30 during the blow
mold process. For example, where parison 30 is subjected to
anincreased stretch ratio ata particular region, that region can
be provided with an increased overall wall thickness such that
in the final product, the wall thickness along the product is
generally constant.

[0030] Parison 30 with varying ratios of first layer 24 to
foamed second layer 26 is then positioned or transferred to a
blow mold 36 having a cavity configuration suited to produc-
ing the desired hollow article, such as the automotive duct
exemplified here. In the embodiment shown, blow mold 36
comprises two mold halves 38a/386 that together define a
mold cavity 40 having the desired end product profile. Where
parison 30 is transferred from an extruding station to a blow
mold station, a suitable conveying device [not shown| may be
used. With parison 30 positioned within blow mold 36, mold
halves 38a/385 can be closed as shown in FIG. 5¢, and a blow
molding pressure can be applied through one or more blow
needles/pins (not shown). As such, parison 30 is caused to
bear completely against the contour of mold cavity 40, thus
forming the final hollow article. On completion of the blow
molding step and cooling period, blow mold 36 is opened, and
the resulting hollow article (e.g. duct 10) is removed, as
shown in FIG. 5d, and subjected to post-mold processing, if
necessary, to remove flashing or other waste material. Insome
embodiments, a flashless blow molding process may be used
in which the resulting hollow article is formed in substantially
final form, requiring minimal, if any, post-mold processing.

[0031] In some embodiments, the hollow article, that is
duct 10 as exemplified here may be formed through injection
molding. An injection molded duct may be formed in multiple
component parts that in post-mold processing are bonded
together to form the final part. In forming the component
parts, a multi-layer construction having the varied ratio of first
to second layers may be achieved by performing a series of
injection molding steps, in which first layer 24' is first injec-
tion molded, to achieve the wall structure profile shown in
FIG. 6a, and wherein second layer 26' is subsequently over-
molded on first layer 24', to achieve the wall structure profile
shown in FIG. 65. Manufactured this way, injection of non-
foamed first layer 24' in the first molding step permits for the
establishment of the strengthened regions where the ratio of
first layer 24' to foamed second layer 26' is increased. Where
the ratio of first layer 24' to foamed second layer 26' is
decreased, that is where light-weighting of the article is struc-
turally permissible, second layer 26' is selectively applied in
the overmolding step to achieve the desired final thickness. It
will be appreciated that while first layer 24' is shown as
generally continuous along the length of the article, first layer
24' may be applied at discrete points within the article to form
separated structural features, which can be later overmolded
with second layer 26' to form a fully integrated final article.

[0032] A wide range of ratios of first layer to foamed sec-
ond layer may be implemented in the construction of a hollow
article. While dependent upon the manufacturing technology,
the full range of possible first to second layer ratios of include
0:100 (where no first layer is present) to 100:0 (where no
foamed second layer is present). For example, where co-
extrusion is used, the volume of either of first and second
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layer 24, 26 may be reduced to zero, so as to achieve the upper
and lower ratios detailed above. Where the injection molding
process is used, the overmolding step may require a minimum
amount of second material to be injected, thus resulting in at
least a thin second layer throughout the article. In a specific
example of duct 10, in regions where added strength and
durability are required, a ratio of first layer to foamed second
layer may be 80:20. In regions where density can be reduced
without causing a structural deficiency, a ratio of first layer to
foamed second layer may be 20:80. It will be appreciated that
this range of ratios is merely exemplary, and that the range of
ratios possible in a given implementation will depend on the
desired performance characteristics and the structural specit-
ics of the particular component in question.

[0033] Insomeembodiments, additional layers of material
may be incorporated in the wall structure. For example, where
the materials forming the first and second layers are incom-
patible, a third layer may be incorporated between the first
and second layers to facilitate bonding. As such, the third
layer may function as an adhesive layer. A third layer may
also be incorporated to provide additional barrier, and/or
structural characteristics. While additional layers may be
incorporated between the first and second layers they may
also be positioned to either side of the first and second layers.
[0034] While the technology has been exemplified with
respect to an automotive duct, the technology may find appli-
cation in a range of other automotive and non-automotive
hollow articles. While an increased ratio of first layer to
foamed second layer was described for regions comprising
structural features such as mounting tabs, bellows and end
cuffs, the localized increase in density may be implemented
for a range of other structural features. For example, an
increased ratio of first layer to foamed second layer may be
implemented in regions of an article having stiffening struc-
tures such as ribs, or at weld points in injection molded
articles.

[0035] While the embodiments detailed herein have iden-
tified the second layer as the foamed layer, in some embodi-
ments, the first layer may be configured as the foamed layer.
As such, in embodiments where the second layer is foamed,
the foam layer is generally towards the interior of the hollow
article. Alternatively, in embodiments where the first layer is
the foamed layer, the foam layer is generally towards the
exterior of the hollow article.

[0036] A range of suitable thermoplastic materials may be
used to form duct 10, and hollow articles in general having the
2-layered structure detailed above. Exemplary materials
include, but are not limited to polypropylene, polyethylene,
nylon, polyphenylene ether (PPE), polyphenylene sulfide
(PPS), and combinations thereof. When used in the foamed
layer, formulations comprised of these materials additionally
comprise a physical or chemical blowing agent. While the
first and second materials may be the same thermoplastic,
with one comprising the foaming agent, in some embodi-
ments, the first and second materials may be different ther-
moplastics, or thermoplastic compositions comprising differ-
ent durometers.

[0037] While various embodiments according to the
present invention have been described above, it should be
understood that they have been presented by way of illustra-
tion and example only, and not limitation. It will be apparent
to persons skilled in the relevant art that various changes in
form and detail can be made therein without departing from
the scope of the invention. Thus, the breadth and scope of the
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present invention should not be limited by any of the above-
described exemplary embodiments, but should be defined
only in accordance with the appended claims and their
equivalents. It will also be understood that each feature of
each embodiment discussed herein, and of each reference
cited herein, can be used in combination with the features of
any other combination. All patents and publications discussed
herein are incorporated by reference herein in their entirety.

1. A molded thermoplastic article including a hollow body,
the article comprising,

a first layer;

a foamed second layer;

wherein said article comprises a wall structure incorporat-

ing said first layer and said foamed second layer, said
foamed second layer having a lighter density relative to
said first layer; and

wherein the ratio of said first layer to said foamed second

layer varies along the length of said article.

2. The molded thermoplastic article according to claim 1,
wherein said foamed second layer is foamed using a chemical
or physical blowing agent.

3. The molded thermoplastic article according to claim 1,
wherein said ratio is increased at regions of said article requir-
ing increased wall structural density.

4. The molded thermoplastic article according to claim 1,
wherein said ratio is decreased at regions of said article
requiring decreased wall structural density.

5. The molded thermoplastic article according to claim 1,
wherein along the length of said article, the quantitative mea-
sure of said first layer and said foamed second layer provides
a wall structure of generally constant thickness along the
length of said article.

6. The molded thermoplastic article according to claim 1,
wherein along the length of said article, the quantitative mea-
sure of said first layer and said foamed second layer provides
a wall structure of varying wall structure thickness along the
length of said article.
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7. The molded thermoplastic article according to claim 1,
wherein said first layer is the outside layer, and said foamed
second layer is the inside layer.

8. The molded thermoplastic article according to claim 1,
wherein said first layer is the inside layer, and said foamed
second layer is the outside layer.

9. The molded thermoplastic article according to claim 1,
wherein said article is an automotive HVAC or air induction
duct.

10. The molded thermoplastic article according to claim 9,
wherein said duct has an increased ratio of said first layer to
said foamed second layer in regions of said duct requiring
increased wall structure density.

11. The molded thermoplastic article according to claim
10, wherein said regions requiring increased wall structure
density include at least one of end cuffs, mounting tabs, and
bellows.

12. A process for preparing a blow molded thermoplastic
article, comprising:
extruding a parison comprising a first material and a second
material, said first material presented generally in the
form of a first layer, and said second material presented
generally in the form of a foamed second layer;

varying the proportion of said first and second materials
relative to each other along the length of said parison
during extrusion;

loading the parison into a blow molding mold;

injecting air into the parison to expand the parison to fill the
mold and form a blow molded article, wherein the
molded body has wall portions comprising said first and
second material in varying proportion;

cooling the blow molded article and removing article from
the mold.



