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(57) ABSTRACT 
A System and method for reinforcing at least a portion of a 
Structural member, including at least one chamber or com 
partment having an interior portion which Substantially 
conforms to the dimensions and geometry of the Structural 
member being reinforced; and a reinforcement material for 
filling the interior portion of one or more of the compart 
ments or chambers. The reinforcement material filling one or 
more of the compartments or chambers of the present 
invention can be a pumpable polymeric material, an heat 
activated expandable material, or a Self-curing material. The 
compartment or chamber can be a polymeric material, Such 
as nylon, which can be solid, blow-molded, flexible, or 
expandable depending upon the Selected Structural member 
to be reinforced. 

  



Patent Application Publication Nov. 13, 2003 Sheet 1 of 2 US 2003/0209921 A1 

32 14 

NY ZZZ 7 <2-4347-44S44-44-6 

3 N. SO N 
28 

18) 

ZZ 7 / / / / / / / Y 27 A Z Z Z 72 

Fig.2 
  



Patent Application Publication Nov. 13, 2003 Sheet 2 of 2 US 2003/0209921 A1 

Y 77 Z 7-7 ZZ 
-triv, 

- 
ZZY 7 77 2 7 Y 7 7 7 y 

  



US 2003/0209921 A1 

INSERTABLE BARRIER AND CHAMBER SYSTEM 
FOR REINFORCEMENT OF STRUCTURAL 

MEMBERS 

RELATED APPLICATIONS 

0001. The present application is a continuation of com 
monly assigned, co-pending U.S. application Ser. No. 
10/133,898, filed Apr. 26, 2002, the disclosure of which is 
incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to an insertable bar 
rier or chamber System for reinforcing a portion of a 
Structural member. More particularly, the present invention 
relates to a barrier and chamber System for placement or 
insertion within a structural member. The System comprises 
a least one insertable barrier member or chamber Suitable for 
receiving and retaining a Structural reinforcing material 
which may provide Structural reinforcement, noise and 
Vibration damping, Sealing, StreSS-Strain reduction, or other 
desired physical characteristics to the Structural member, as 
well as any combination of the foregoing. 

BACKGROUND OF THE INVENTION 

0.003 Traditional barrier systems found in the prior art 
used for reinforcing a portion of a structural member having 
an open center have included a metal or rigid barrier member 
placed within the open center. In many instances, the Struc 
tural nature of the barrier member limited the applications 
for which the barrier system could be used. For instance, the 
Structure and location of the member being reinforced made 
it difficult to insert a barrier member therein after the 
Structural member had been incorporated into a frame SyS 
tem, Such as automobile frame or rail. For example, once an 
automobile has been completed or partially assembled, the 
insertion of a barrier member into the center portion of a 
cavity of a structural member is often difficult and time 
consuming. Thus, there is needed a System and method that 
will permit local reinforcement of a structure at various 
Stages throughout the manufacturing or assembly proceSS 
concerning the member being reinforced. 
0004. In addition, the prior art further employs a number 
of pumpable products or techniques for the placement of a 
reinforcing material within the Selected Structural member. 
Although this pumpable technology work well and is advan 
tageous in many applications, the use of pumpable products 
in a manufacturing environment often creates additional 
maintenance and clean-up issueS as well as inadvertent and 
unwanted placement or leakage of the pumpable products 
into undesirable areas of the Structural member or the 
Surrounding environment. Further, many structural members 
found in the automotive, aerospace, marine, appliance, and 
furniture industries require the physical presence of tooling 
holes, clips, push-pins, and other mechanical hardware or 
displacements formed within or on the Structural member 
itself. Generally Speaking, these holes, clips, push-pins, and 
other mechanical assemblies are needed for use in later Steps 
of the manufacturing process. When the prior art pumpable 
products are introduced to Such Structural members, acceSS 
to these holes, hardware, or displacements can become 
obstructed or blocked thereby causing disruptions to the 
manufacturing proceSS which may also require the manual 
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removal of unwanted material or deposits. Although prior 
techniques used to prevent Such obstructions or blockages 
include physical masking of the holes, hardware, or dis 
placements with tapes and other materials, the application 
and removal of masking techniques increase the complexity 
and length of the manufacturing process, create the potential 
that masking materials are inadvertently left on the Structural 
member, and give rise to additional maintenance and clean 
up issues in the manufacturing environment. 
0005 The present invention obviates and overcomes the 
drawbacks found in the prior art by providing a barrier and 
bladder System having at least one compartmentalized bar 
rier or chamber that is formed to fit within the contours of 
an inner portion of the chosen Structural member upon 
insertion into the Structural member. The compartmentalized 
barrier or chamber may comprise a plurality of barriers or 
chambers which can be Solid (i.e. a box-like insert), rigid, or 
may be a flexible or inflatable chamber having a variety of 
expansion volumes. The plurality of barriers or chambers of 
the present invention have an inner portion Suitable and are 
Suitable and capable of receiving a variety of materials, 
which may or may not be expandable or heat-activatable, 
that are pumped, placed, extruded, retained, or otherwise 
disposed within the barrier or chamber for structural rein 
forcement, damping, and/or Sealing of the member without 
allowing unwanted Spillage or leakage of the material to 
portions of the Structural member Such as tooling holes and 
other hardware needed in the manufacturing process. 

SUMMARY OF THE INVENTION 

0006 The present invention is directed to a barrier or 
chamber System which can be inserted, placed, or mechani 
cally retained within Selected portions of a structural mem 
ber to effectuate Structural reinforcement, noise and vibra 
tion damping, and/or Sealing without interfering with or 
comprising other portions of the member or the manufac 
turing assembly process. The System includes at least one 
barrier compartment or chamber, having an inner portion, 
which divides at least a portion of the structural member into 
one or more Sections and a material for filling one or more 
barrier compartments or chambers. The barrier compart 
ments or chambers of the present invention may be formed 
of a Solid, rigid, flexible, or expandable material that may or 
may not have adhesive characteristics. For example, the 
barrier compartments or chambers may be formed as a Solid 
Structure, a blow molded part, an extruded part, a die-cut 
part, a “box” like retaining part that is placed within the 
structural member to be reinforced, or a “balloon” like part, 
which can conform and shape to the contours of an inner 
portion of the chosen Structural member. The at least one 
compartment or chamber may comprise a polymeric mate 
rial, Such as nylon, an injection molded polymer, graphite, 
carbon, or a molded metal Such as aluminum, magnesium, or 
titanium as well as an alloy derived from the materials or a 
foam derived from the materials or other metallic foam. 
Other more conventional materials that may comprise one or 
more of the compartments or chambers of the present 
invention include wood, wood composite materials, card 
board, pliable cardboard, thermoplastic materials, and other 
thermosetting materials. It is contemplated that the compart 
ments or chambers could also comprise a flexible or expand 
able membrane that would volumetrically expand like a 
balloon upon the introduction of the expandable material. 
Such a membrane may consist of a thermosetting polymer 
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with cure characteristics that may be activated in a variety of 
ways. For example heat, catalyst, or a combination of two or 
more chemically reactive ingredient may be used to activate 
the polymer. 
0007. In another important aspect of the present inven 
tion, the at least one barrier compartment or chamber will 
include at least one access hole or port for the placement or 
filling of an amount of a material into the inner portion of the 
Selected compartment or chamber. The material may be 
introduced into the compartment or chamber through pum 
pable technology, extrusion technology, or mini-application 
bonding such as that set forth in commonly-owned U.S. Pat. 
No. 5,358,397 which is expressly incorporated by reference 
herein. The at least one barrier compartment or chamber 
may be further characterized as having at least one through 
hole, which may also comprise the access hole, or other 
permeable opening in the compartment or chamber which 
allows targeted overflow, Seepage, or placement of the 
material, which may or may not be expandable and/or 
heat-activatable, to exit the compartment and come into 
contact with an inner portion of the Selected Structural 
member, Such as the automotive frame, rail, or other Struc 
tural member typically utilized in automotive, aerospace, 
marine, appliance, and furniture products. Once the material 
is activated or cured, the material placed within the com 
partment or chamber is uniformally joined or linked with the 
material flowing from the through-hole and in contact with 
the inner portion of the Structural member, thereby enhanc 
ing Structural reinforcement of targeted and designated areas 
of the structural member. 

0008. The material disposed, placed, filled, extruded, or 
pumped into the compartment or chamber disclosed in the 
present invention may be cured at ambient temperatures 
found in a Standard manufacturing environment, may be a 
Self-curing material with or without a resulting exothermic 
reaction, may be capable of chemical activation depending 
upon application parameters, or may capable of expansion 
from 0-2000% when exposed to heat typically encountered 
in an automotive paint operation, Such as e-coat and other 
paint cycles in a vehicle assembly plant. It is contemplated 
that the material disclosed in the present invention adheres 
within the compartment or chamber thereby structurally 
reinforcing and enhancing the Strength and Stiffness of 
compartment or chamber which is in contact with and 
follows the geometry and contours of an inner portion of the 
Selected Structural members, Such as a frame, front rail, door 
pillar, lower hinge, and other portions of vehicles, appli 
ances, and furniture products, to redirect applied loads and 
energy. In one embodiment, the material is heat expandable 
and at least partially fills the compartment or chamber and 
further flows into contact with an inner portion of the 
Structural member through at least one through-hole in the 
exterior of the chamber in contact with the inner portion of 
the rail, frame, or Selected portion of the vehicle by Struc 
turally adhering the rail and the frame to the chamber and the 
expandable material flowing from the through-hole during 
the ecoat bake operation. 

0009. In another embodiment, the material is a melt 
flowable material, which upon the application of heat will 
Spread over a Surface of the compartment or chamber or 
otherwise occupy the volume of the chamber. The selected 
material may also provide a variety of characteristics includ 
ing Structural reinforcement, StreSS-Strain reduction, Vibra 
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tional damping, noise reduction, or any combination thereof. 
However, it is contemplated that the material of the present 
invention need not be either expandable or heat-activatable, 
and may consist of Self-curing material which reacts with or 
without an exothermic State to fill the Selected compartment 
of chamber and reinforce the chosen Structural member. 

0010. In yet another embodiment, the present invention 
further Serves to reduce health, cleanliness, and maintenance 
issues encountered through the use of “wet chemical tech 
nology in either a pre-assembly facility or a vehicle assem 
bly plant Since the material can be extruded, molded, placed, 
or filled, or “mini-application’ bonded directly into the at 
least one barrier compartment or chamber in either a pre 
production Setting, Such as a Stamping facility, or during the 
final assembly operation. The compartment or chamber, and 
the material, can be installed or placed into an inner portion 
of the Selected Structural member prior to the e-coat or paint 
operation processing. Hence, the present invention provides 
flexibility in the manufacturing process Since it can be 
utilized by either the manufacturer/Supplier of the Structural 
member, Such as the frame, rail, pillar, or door assembly, or 
the final vehicle manufacturer with reduced labor, capitol 
expense, maintenance requirements, and floor Space 
demand. Once the material bonds and/or cures within the 
barrier compartments or chambers placed within the inner 
portion of the Structural members, distortion of the Structural 
member may be inhibited or managed during an impact 
event or any other application of impact energy to the 
exterior of the vehicle. 

0.011 The present invention is also directed to a method 
for using the insertable barrier and chamber reinforcement 
System. The method for reinforcing at least a portion of a 
Structural member having either an open or closed center, 
includes the Steps of providing a structure, Supporting at 
least one barrier compartment or chamber along a portion of 
the structural member for dividing the area of the structural 
member into one or more Sections, and filling one or more 
of the barrier compartments or chambers with a material 
through at least one access hole or port through an exterior 
portion of the compartment or chamber. In a further embodi 
ment, the method may provide at least one through-hole 
disposed through the exterior or membrane of the barrier 
compartment or chamber which allows the egreSS of the 
material to exit the compartment or chamber and come into 
contact with inner portions of the Structural member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The features and inventive aspects of the present 
invention will become more apparent upon reading the 
following detailed description, claims, and drawings, of 
which the following is a brief description: 
0013 FIG. 1 is a cross-section showing the chamber 
System formed in accordance with the teachings of this 
invention placed in a longitudinal cavity. 
0014 FIG. 2 illustrates another embodiment of a cham 
ber reinforcement System formed in accordance with the 
teachings of this invention, wherein the Structural material is 
undergoing curing. 
0.015 FIG. 3 shows the chamber system of FIG. 2 prior 
to curing the reinforcement material. 
0016 FIG. 4 illustrates another embodiment of a cham 
ber reinforcement System formed in accordance with the 
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teachings of this invention wherein the chamber is a box-like 
Structure placed directly within the Structural member 
Selected for reinforcement. 

0017 FIG. 5a shows the chamber member of this inven 
tion coupled to a fill valve Suitable for receiving a structural 
material. 

0018 FIG. 5b shows the chamber member of FIG. 5a 
after receiving a structural material. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0019. The compartment or chamber reinforcement sys 
tem of the present invention generally includes at least one 
barrier compartment or chamber and a reinforcing material 
retained by or within at least a portion of the barrier 
compartment or chamber. In general application, the System 
can be used to reinforce a portion of a structural member 
having either an open or closed center (i.e. hollow or 
non-hollow) by inserting a barrier compartment or chamber, 
or a plurality of modular barrier compartments or chambers, 
within the interior or along an inner portion of the Structure 
or structural member to be reinforced. The at least one 
barrier compartment or chamber may be a Solid structure for 
formed placement within the inner portion of a structural 
member or a flexible chamber capable of Volumetric expan 
Sion which will generally come into contact with, and 
conform and shape to the geometry and dimensions of, the 
inner portion of the structural member. Most notably, the 
compartment or chamber can comprise a blow-molded, 
extruded, or flexible/expandable structure which can be 
configured in any shape, design, or thickness corresponding 
to the dimensions of the inner portion of the chosen Struc 
tural member. Once the barrier compartment or chamber is 
in place within the Structural member through physical 
placement, gravity placement, Sealing material, adhesive 
material, mechanically retention means, or otherwise 
attached, affixed, or adhered to the Structural member, a 
material Such as a polymer-based liquid, Solid or Semi-Solid 
material, is received, filled, or disposed into the barrier 
compartment or chamber through an access hole or port 
extending through the exterior portion or membrane of the 
compartment or chamber. 
0020. It is contemplated that the barrier compartment or 
chamber could comprise a nylon or other polymeric material 
as set forth in commonly owned U.S. Pat. No. 6,103,341, 
expressly incorporated by reference herein, as well as injec 
tion molded, extruded, blow-molded, reaction injection 
molded, die cast, or machined chamber comprising materials 
such as nylon, PBI, or PEI. The compartments or chambers 
may also be Selected from materials consisting of extruded 
aluminum, aluminum foam, magnesium, magnesium alloys, 
molded magnesium alloys, titanium, titanium alloys, molded 
titanium alloys, polyurethanes, polyurethane composites, 
low density solid fillers, and formed SMC and BMC and 
may be further utilized with a Sealant or adhesive disposed 
along an exterior portion of the compartment or chamber So 
that the compartment or chamber adheres to the chosen 
Structural member and remain in a designated position. Still 
further, the member adapted for stiffening the structure to be 
reinforced could comprise a Stamped and formed cold-rolled 
Steel, a Stamped and formed high Strength low alloy Steel, a 
roll formed cold rolled steel, or a roll formed high strength 
low alloy steel. 
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0021. In a preferred embodiment, the system of the 
present invention can be used to reinforce a portion of a 
Structural member having a hollow center. Alternatively, the 
present invention can be utilized to reinforce Selected por 
tions of a chosen Structural member which may or may not 
have a hollow center. The barrier compartment or chamber 
is inserted or otherwise attached, affixed, or adhered to the 
open center of the chosen Structural member and the expand 
able material is received in one or more of the chambers to 
effectuate reinforcement of the Structural member. 

0022 FIGS. 1-5 show a cross-sectional view of a com 
partment and chamber System 10 formed in accordance with 
the teachings of this invention. The system 10 includes at 
least one chamber 12 occupying or defining a Volume or 
Space that is inserted, placed, or retained within a structural 
member 16 wherein a reinforcement material 14 is disposed, 
filled, pumped, or placed within the volume of the chamber 
12, either before or after the chamber 12 is placed or inserted 
within the selected portion of the structural member 16 
contemplated to be reinforced. 
0023 Turing now to the embodiment shown in FIG. 1, 
the compartment or chamber 12 can be a Solid Structure, 
Such as a rigid box-like compartment, a blow-molded Struc 
ture having an interior portion with a defined Volume, or a 
flexible chamber having an interior portion which defines a 
Volume or Space that can be formed and shaped to conform 
with the geometric dimensions of an inner portion of the 
Selected structural member 16 Such as that shown in FIG. 4, 
or an inflatable, expandable bag-like chamber as shown in 
FIGS. 5a and 5b. One of skill in the art will appreciate that 
the Structure of the expandable bag-like Structure resembles 
that of a balloon as shown in FIGS. 5a and 5b. In the 
embodiment of FIG. 1, the compartment or chamber 12 
includes a hollow center or portion which occupies a volume 
or space within a portion of the structural member 16 to be 
reinforced. The chamber may have a porous, flexible, Solid, 
or rigid outer membrane or exterior portion. The outer 
membrane or exterior portion permits the compartment or 
chamber 12 to conform to the shape of the area being 
reinforced as defined by the inner portion and dimensions of 
the structural member 16. The chamber 12 may also include 
at least one optional access hole or port 30 for the ingreSS, 
intake, or introduction of a material 14, Such as a structural 
material, pumpable material, a Self-curing material, or an 
expandable material, into an interior portion of the compart 
ment or chamber 12. The system of the present invention 
may further utilize an integral neck portion 32 having an end 
portion 34 for coupling the compartment or chamber 12 to 
an outside fluid pumping System 36 used in the manufac 
turing operation to fill an amount of reinforcement material 
14 into the interior portion of the compartment or chamber 
12. However, it will also be appreciated that the system 10 
of the present invention also discloses at least one chamber 
12 which is pre-filled with a reinforcement material 14, 
which may or may not be expandable or curable, for 
insertion and placement directly within a Selected portion of 
the structural member 16. 

0024. The exterior portion of the compartment or cham 
ber 12 can include at least one optional through-hole or 
perforations 21 located therein to allow the reinforcement 
material 14 to pass, overflow, Seep, or bleed through the 
compartment or chamber 12 and come into contact and 
adhere to adjacent Surfaces, Such as the inner portion of the 
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structural member 16. Alternatively, the exterior portion of 
the chamber 12 may be made of structural adhesive that is 
flexible, Such that the chamber 12 itself would come into 
contact and adhere directly to the inner portion of the 
structural member 16. 

0025 FIG. 2 shows another embodiment of the system 
10. In this embodiment, the chamber 12 is a two-piece 
movable structure. Each movable portion 18a, 18b is Sup 
ported by a rod 20. One end of the rod 20 Supports a pin head 
30 and the opposite end Supports a nut 22 or other similar 
device. 

0026 FIG. 4 shows still another embodiment of the 
chamber 12 of the system 10 of the present invention. In this 
embodiment, the at least one chamber 12 is a box-like 
Structure capable of receiving a reinforcement material 14. 
0027. The above described embodiments of the barrier 
compartment or chamber 12 merely illustrate the various 
forms in which the barrier compartment or chamber 12 can 
be constructed. One of ordinary skill in the art will appre 
ciate that many other configurations and constructions of the 
barrier compartment or chamber 12 may be used in prac 
ticing the invention. For instance, the barrier compartment 
or chamber 12 could be a reservoir for retaining the material 
14 within defined portions of a structural member 16, or the 
compartment or chamber 12 could be used to meter/control 
flow of the material 14 past the boundary of the compart 
ment or chamber 12 to allow the material 14 to come into 
contact and adhere with targeted areas of the inner portion 
of the structural member. 

0028. As set forth herein, the barrier compartment or 
chamber 12 of the present invention can be a polymeric 
material Such as an elastomer, polyethylene, ethylene-Vinyl 
acetate copolymer, plasticized polyvinyl chloride film, 
polyamide, or various olfenic copolymer or terpolymer 
materials. One of skill in the art will appreciate that the 
system 10 can be used for a wide variety of applications for 
a variety of transportation and consumer related products 
that can benefit from structural reinforcement. Thus, the 
choice of material Selected to comprise the barrier compart 
ment or chamber 12 will depend upon the environmental 
conditions under which the barrier compartment or chamber 
12 will be used, including how the chamber will be inserted 
and retained within the chosen structural member 16. 

0029. In a particular embodiment, the barrier compart 
ment or chamber 12 can be used to reinforce a portion of a 
Structural member found in automotive vehicles, Such as an 
automobile frame or rail, during initial assembly of the 
vehicle or in the automobile after market in body or paint 
shop applications during repair operations. In the aforemen 
tioned applications, the barrier compartment or chamber 12 
can be exposed to temperatures ranging from approximately 
93° C. (200°F) to approximately 204°C. (400°F). In still 
another embodiment, the barrier compartment or chamber 
12 can be used in low temperature operations, including 
applications at Subzero temperatures. Thus, the material 
Selected for forming the barrier compartment or chamber 12 
should possess thermal properties that will permit the barrier 
compartment or chamber 12 to maintain its structural integ 
rity at a predetermined temperature or over a predetermined 
temperature range. 

0.030. One of skill in the art will also appreciate that the 
Size and Specific physical dimensions of the barrier com 
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partment or chamber 12 will vary depending on the physical 
dimensions of the area to be reinforced. 

0031 Turning now to a discussion of the material 14 for 
use in the present invention, the material 14 can be any 
material that can be dispensed as a liquid, Solid, or Semi 
Solid material and later reacted or cured to create a Substan 
tially fused member. The material 14 can be processed and 
dispensed into the barrier compartment or chamber 12 as a 
liquid prepolymer or a thermoplastic material before curing, 
and in one embodiment, after curing the material 14 can 
become thermoset. The preferred material is a polymeric 
material, with the most preferred material being a polymeric 
material that becomes thermoset after curing. Materials that 
can be used to form the material 14 include, but are not 
limited to, epoxy, polyurethane, polyester, and acrylic based 
materials, which when compounded with appropriate ingre 
dients may expand and cure in a reliable and predictable 
manner upon application of a curing Stimulus. One of Skill 
in the art will appreciate that various olfenic materials, 
elastomers, fluropolymers or other materials may be used to 
formulate the material 14. 

0032. A number of epoxy-based structural reinforcing 
foams are known in the art and may also be used to produce 
the material 14 of the present invention. A typical Structural 
foam includes a polymeric base material, Such as an epoxy 
resin or ethylene-based polymer which, when compounded 
with appropriate ingredients (typically a blowing agent, a 
curing agent, and perhaps a filler), typically expands and 
cures in a reliable and predictable manner upon the appli 
cation of heat or another activation stimulus. The resulting 
material has a low density and Sufficient Stiffness to impart 
desired rigidity to a Supported article. From a chemical 
Standpoint for a thermally-activated material, the Structural 
foam is usually initially processed as a thermoplastic mate 
rial before curing. After curing, the Structural foam typically 
becomes a thermoset material that is fixed and incapable of 
flowing. 

0033. The material 14 is generally and preferably a 
heat-activated epoxy-based resin having foamable charac 
teristics upon activation through the use of heat typically 
encountered in an e-coat or other automotive paint oven 
operation. AS the material 14 is exposed to heat, it generally 
expands, cross-links, and structurally bonds to adjacent 
Surfaces. An example of a preferred formulation is an 
epoxy-based material that may include polymer modificis 
Such as an ethylene copolymer or terpolymer that is com 
mercially available from L&L Products, Inc. of Romeo, 
Mich., under the designations L-5204, L-5206, L-5207, 
L-5208, L-5209, L-5214, and L-5222. One advantage of the 
preferred Structural foam materials over prior art materials is 
the preferred materials can be processed in Several ways. 
PoSSible processing techniques for the preferred materials 
include injection molding, blow molding, thermoforming, 
direct deposition of pelletized materials, extrusion or extru 
Sion with a mini-applicator extruder. This enables the cre 
ation of part designs that exceed the design flexibility 
capability of most prior art materials. In essence, any 
foamable material that imparts Structural reinforcement 
characteristics may be used in conjunction with the present 
invention. The choice of the material used 14 will be dictated 
by performance requirements and economics of the Specific 
application and requirements and may not necessarily 
include a heat-activated expandable material. Generally 
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Speaking, these automotive vehicle applications may utilize 
technology and processes Such as those disclosed in U.S. 
Pat. Nos. 4,922,596, 4,978,562, 5,124,186, and 5,884,960 
and commonly owned, copending U.S. application Ser. No. 
09/502,686 filed Feb. 11, 2000, Ser. No. 09/524,961 filed 
Mar. 14, 2000, 60/223,667 filed Aug. 7, 2000, 60/225,126 
filed Aug. 14, 2000, Ser. No. 09/676,443 filed Sep. 29, 2000, 
Ser. No. 09/676,335 filed Sep. 29, 2000, Ser. No. 09/676,725 
filed Sep. 29, 2000, and particularly, Ser. No. 09/459,756 
filed Dec. 10, 1999, all of which are expressly incorporated 
by reference. 

0034. Additional foamable or expandable materials that 
could be utilized in the present invention include other 
materials which are Suitable as bonding, energy absorbing, 
or acoustic media and which may be heat activated foams 
which generally activate and expand to fill a desired cavity 
or occupy a desired Space or function when exposed to 
temperatures typically encountered in automotive e-coat 
curing Ovens and other paint operation ovens. Though other 
heat-activated materials are possible, a preferred heat acti 
Vated material is an expandable or flowable polymeric 
formulation, and preferably one that can activate to foam, 
flow, adhere, or otherwise change States when exposed to the 
heating operation of a typical automotive assembly painting 
operation. For example, without limitation, in one embodi 
ment, the polymeric foamable material may comprise an 
ethylene copolymer or terpolymer that may possess an 
alpha-olefin. As a copolymer or terpolymer, the polymer is 
composed of two or three different monomers, i.e., Small 
molecules with high chemical reactivity that are capable of 
linking up with Similar molecules. Examples of particularly 
preferred polymers include ethylene vinyl acetate, EPDM, 
or a mixture thereof. Without limitation, other examples of 
preferred foamable formulations commercially available 
include polymer-based materials available from L&L Prod 
ucts, Inc. of Romeo, Mich., under the designations as 
L-2018, L-2105, L-2100, L-7005, L-7101, L-7102, L-2411, 
L-2420, L-4141, etc. and may comprise either open or 
closed cell polymeric base material. 

0035) Further, it is contemplated that the material 14 of 
the present invention may comprise acoustical damping 
properties which, when activated through the application of 
heat, can also assist in the reduction of vibration and noise 
in the overall automotive chassis, frame, rail, and/or body of 
the vehicle. In this regard, the now reinforced and vibra 
tionally damped frame or front rail will have increased 
StiffneSS which will reduce natural frequencies, that resonate 
through the automotive chassis thereby reducing transmis 
Sion, blocking or absorbing noise through the use of the 
conjunctive acoustic product. By increasing the Stiffness and 
rigidity of the frame or front rail, the amplitude and fre 
quency of the overall noise/vibration that occurs from the 
operation of the vehicle and is transmitted through the 
vehicle can be reduced. 

0.036 Although the use of such impact absorbing mate 
rials and members are directed to structural memberS Such as 
an automotive frame or rail, it is contemplated that the 
present invention can be utilized in other areas of an 
automotive vehicles that are used to ensure ingreSS and 
egreSS capability to the vehicle by both passengers as well as 
cargo, Such as closures, fenders, roof systems, and body-in 
white (BIW) applications which are well known in the art. 
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0037. In addition to the use of an acoustically damping 
material within the barrier compartment or chamber 12, the 
present invention could comprise the use of a combination 
of an acoustically damping material and a structurally rein 
forcing expandable material along different portions or 
Zones of a plurality of chambers 12 disposed within an inner 
portion of a structural member 16 depending upon the 
requirements of the desired application. Use of acoustic 
expandable materials in conjunction with Structural material 
may provide additional Structural improvement but prima 
rily would be incorporated to improve NVH characteristics. 

0038 While several materials for fabricating the material 
14 have been disclosed, the material can be formed of other 
materials provided that the material Selected is heat-acti 
vated or otherwise activated by an ambient condition (e.g. 
conductive materials, welding applications, moisture, pres 
Sure, time or the like) and expands in a predictable and 
reliable manner under appropriate conditions for the Selected 
application. One Such material is the epoxy based resin 
disclosed in U.S. patent application Ser. No. 09/268.810, the 
teachings of which are incorporated herein by reference, 
filed with the United States Patent and Trademark Office on 
Mar. 8, 1999 by the assignee of this application. Some other 
possible materials include, but are not limited to, polyolefin 
materials, copolymers and terpolymers with at least one 
monomer type an alpha-olefin, phenol/formaldehyde mate 
rials, phenoxy materials, polyurethane materials with high 
glass transition temperatures, and mixtures or composites 
that may include even metallic foams Such as an aluminum 
foam composition. See also, U.S. Pat. Nos. 5,766,719, 
5,755,486; 5,575,526; 5,932,680 (incorporated herein by 
reference). In general, the desired characteristics of the 
expandable material 14 include high Stiffness, high Strength, 
high glass transition temperature (typically greater than 70 
degrees Celsius), and good adhesion retention, particularly 
in the presence of corrosive or high humidity environments. 

0039. In applications where a heat activated, thermally 
expanding material is employed, an important consideration 
involved with the selection and formulation of the material 
comprising the Structural foam is the temperature at which 
a material reaction or expansion, and possibly curing, will 
take place. In most applications, it is undesirable for the 
material to activate at room temperature or the ambient 
temperature in a production line environment. More typi 
cally, the Structural foam becomes reactive at higher pro 
cessing temperatures, Such as those encountered in an auto 
mobile assembly plant, when the foam is processed along 
with the automobile components at elevated temperatures. 
While temperatures encountered in an automobile assembly 
body shop ovens may be in the range of 148.89 C. to 
204.44° C. (300 F to 400 F), and paint shop oven temps 
are commonly about 93.33°C. (215 F) or higher. If needed, 
various blowing agent activators can be incorporated into 
the composition to cause expansion at different temperatures 
outside the above ranges. 

0040 Generally, prior art expandable acoustic foams 
have a range of expansion ranging from approximately 100 
to over 1000 percent. The level of expansion of the material 
may be increased to as high as 1500 percent or more, but is 
typically between 0% and 300%. In general, higher expan 
Sion will produce materials with lower Strength and Stiffness 
properties. 
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0041. It is also contemplated that the material 14 could be 
delivered and placed into contact with the barrier compart 
ment or chamber 12 of the present invention through a 
variety of delivery systems which include, but are not 
limited to, pumpable Systems. For example, a mechanical 
Snap fit assembly, extrusion techniques commonly known in 
the art as well as a mini-applicator technique as in accor 
dance with the teachings of commonly owned U.S. Pat. No. 
5,358,397 (“Apparatus For Extruding Flowable Materials”), 
hereby expressly incorporated by reference. In another 
embodiment, the material 14 is provided in an encapsulated 
or partially encapsulated form, which may comprise a pellet, 
which includes an expandable foamable material, encapsu 
lated or partially encapsulated in an adhesive shell, which 
could then be attached or deposited within the chamber 12 
in a desired configuration. An example of one Such System 
is disclosed in commonly owned, co-pending U.S. applica 
tion Ser. No. 09/524,298 (“Expandable Pre-Formed Plug"), 
hereby incorporated by reference. In addition, preformed 
patterns may also be employed Such as those made by 
extruding a sheet (having a flat or contoured Surface) and 
then die cut in accordance with a predetermined configura 
tion. 

0042. Once introduced and placed within the barrier 
compartment or chamber 12, the material 14 found in the 
present invention can be cured by reacting two or more 
materials that possess chemically reactive functional groups. 
AS discussed above, reaction can also be achieved by 
heating the material 14 to a desired temperature, heating the 
material 14 over a desired temperature range or by exposing 
the material 14 to a predetermined change in ambient 
conditions. For example, the material 14 can be cured by an 
induction heating application or by exposure to ambient 
conditions resulting in a change in atmospheric moisture 
conditions. In one embodiment, the material 14 can be a 
thermally activated compound Such that it expands upon 
exposure to a predetermined temperature. 

0043. As the material 14 is cured, typically it expands to 
fill the area, or at least a portion of the area, to which it has 
been applied, in this case the barrier compartment or cham 
berS 12 of the present invention. Although this expansion 
provides Structural benefits, it is not necessary. The material 
14 is formulated to permit the material 14 to adhere to 
adjacent Surfaces. For example, it is contemplated that an 
expandable material 14 will activate to expand and exit the 
at least one perforation or through-hole 30 found in the 
chambers 12 of the present invention to come into contact 
and adhere to the inner portion of the structural member 16. 
The adhesion and physical properties of the expandable 
material 14 are similar to that of known Structural foams and 
other Similar compounds known in the art. 

0044 As the material 14 can be cured or caused to 
become chemically reactive upon exposure to certain envi 
ronment and ambient conditions, an important consideration 
in Selecting and formulating the material comprising the 
material 14 is the temperature at which a chemical reaction 
or expansion, and possibly curing will take place. For 
instance, in most applications, it is undesirable for the 
material 14 to become reactive unless triggered by combi 
nation of reactive components, application of heat, etc. AS 
previously discussed, the expandable material 14 can be 
used in an automobile assembly plant or a body shop where 
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it can be exposed to temperatures typically ranging from 
approximately 93° C. (200 F) to approximately 204 C. 
(400°F). 
0045. Upon curing, the strength and stiffness of the 
material 14 are increased and the material is no longer 
capable of flowing. The Strength and Stiffness of the cured 
material help to increase the Structural properties of article 
retaining the expandable material 14 without significantly 
adding to the overall weight of the article. Additionally, in 
the cured State, the material 14, can have a density that does 
not add Significantly to the weight of the article being 
reinforced. 

0046 Typically, the material 14 is applied to the at least 
one barrier compartment or chamber 12 that has been 
pre-positioned, inserted, or placed to provide reinforcement 
at a desired point of reinforcement. In one embodiment, the 
material 14 is part of a System capable of being pumped into 
the barrier compartment or chamber 12 as shown at FIGS. 
1-3. The pumping System can be of a type that is capable of 
dispensing the Specific formulation of the expandable mate 
rial 14 to the chamber at the site of reinforcement. Pumping 
Systems that can be used to accomplish this task include, but 
are not limited to, two-part Static mix dispensing machines, 
two-part dynamic mixing machines, impingement Systems, 
and pressurized material dispensing vessels. One of Skill in 
the art will appreciate that pumping Systems of the type used 
in dispensing paint, adhesive, and thermosetting polymer 
products can be used to dispense the expandable material 14 
into the at least one barrier compartment or chamber placed 
within the selected structural member. It will also be appar 
ent to one of skill in the art that the type of dispensing 
machine chosen will depend on the nature of the chemical 
reaction required to cure the expandable material 14. 

Use of the Chamber System 

0047 The system 10 of the present invention can be used 
to reinforce a structural member or other Space or portion of 
an automotive or aerospace vehicle having either an open or 
closed center. Where the system 10 is used with a structural 
member 16 having a closed center, the method for using the 
System 10 can include Supporting at least one barrier com 
partment or chamber 12 having a Sealable interior portion 
defining a volume or space along a portion of the Structural 
member 16 for dividing the area of the structural member 
into one or more Sections and filling the interior portion of 
one or more of the chambers 12 with a material 14 through 
at least one access hole or port 30 located on the exterior 
Surface of the chamber 12. 

0048. A similar method can be used in employing the 
system 10 to reinforce a portion of a structural member 16 
having a hollow center. For example, the Steps for reinforc 
ing a structure having a hollow center can include inserting 
at least one barrier compartment or chamber 12 having a 
sealable interior portion within the cavity (hollow center) of 
the structural member 16 for dividing the cavity into one or 
more Sections and filling the interior portion of at least one 
or more of the chambers 12 with an material 14 through at 
least one access hole or port 30 located on the exterior 
Surface of the chamber 12. In addition, the chamber 12 
Selected for reinforcing a structural member 16 having either 
an open or closed center may further include at least one 
perforation or through-hole 21 extending through an exterior 
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portion of the chamber 12 which allows overflow, Seepage, 
or egress of material 14 to extend outwardly from the 
interior portion of the chamber 12 through the through-hole 
21 and into contact with an inner portion of the Structural 
member 16 where it may cure. 
0049. The embodiments shown in FIGS. 1-5 show use of 
the System 10 to reinforce a structure having an open center. 
Referring to the embodiment of FIG. 1, a structure or 
structural member 16 having a hollow center 26 is provided. 
An opening 24 (best seen in FIGS. 3 and 4) is formed in a 
Surface of the structural member 16. The chamber 12 is 
inserted into the hollow center 26 by collapsing the side 
walls of the barrier compartment or chamber 12 and forcing 
the compartment or chamber 12 through the opening 24 Such 
that the neck portion 32 and access hole or port 30 of the at 
least one barrier compartment or chamber 12 projects out 
Wardly from the opening 24. 
0050. As shown in FIG. 1, a fluid pumping system 36 
may be coupled to the open end 34 of the neck portion 32 
of the chamber 12 permitting a fluid under preSSure, Such as 
a reinforcement material 14 to fill the interior portion of the 
chamber 12. As the selected fluid or reinforcement material 
14 fills the interior portion of the chamber 12, the chamber 
12 then expands to occupy a Space in the Structural member 
16 and to fit the contours and geometry of the Structural 
member 16. This action, as shown in FIGS. 5a and 5b, 
causes the area of the structural member 16 bounded by the 
at least one chamber 12 to be divided into one or more 
distinct Sections for targeted Structural reinforcement, noise/ 
Vibrational damping, Sealing, StreSS-Strain reduction, or a 
combination thereof. 

0051. The material 14 can be either pumped or injected, 
using known techniques, into one or more of the interior 
portions of the barrier compartment or chamber 12 through 
the access hole or port 30. A pump system 36 can be placed 
in the opening 24 adjacent the neckportion 32 and the access 
hole 30 to the barrier compartment 12. The material 14, in 
liquid or pellet form, is pumped into the interior portion of 
the compartment or chamber 12, as shown in FIG. 1. 
Alternatively, the material 14 may be placed or disposed 
within the compartment or chamber 12 prior to placement of 
chamber 12 within the structural member 16. 

0052. In the embodiment shown in FIG. 1, the exterior 
portion of the chamber 12 is capable of adhering to, or 
forming a seal with a surface of the structural member 16 to 
be reinforced. At least one perforation or through-hole 21 
may be utilized in the exterior portion of the compartment or 
chamber 12 to allow egress or overflow of material 14 into 
contact with the portions of the structural member 16 itself. 
In this embodiment, the material 14 is pumped directly into 
the chamber 12, causing it to expand and conform to the 
dimensions of the inner portion of the structural member 16 
as shown in FIG. 1. 

0053. In another embodiment shown at FIGS. 2 and 3, 
the chamber 12 can have a construction Similar to that shown 
in FIG. 1, except the chamber 12 is inserted into the hollow 
center 26 of the structural member 16 from an open end of 
the structural member 16. The neck portion 32 of the 
compartment or chamber 12 extends along the length of the 
Structural member 16 and is integrally formed as part of an 
end portion 18a of the compartment or chamber 12. 
0.054 The end portion 18a may also support a second 
neck portion, which is placed in fluid communication with 
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the portion of the hollow center 26 bounded by the com 
partment or chamber 12. AS previously described, a fluid 
under pressure, Such as the material 14, is pumped into the 
interior portion of the compartment or chamber 12 through 
the neck portion 32 and the access hole or port 30, causing 
the compartment or chamber 12 to expand and fill a portion 
of the hollow center 26. Once the compartment or chamber 
12 has been inflated and conforms to the size, shape, and 
dimensions of an inner portion, the reinforcement material 
14 may be cured to structurally reinforce the selected 
member 16. 

0055. In still another embodiment, the material 14 in the 
form of precast pellets is pumped into the barrier compart 
ment 12. AS the pellets are cured or caused to become 
chemically active, the pellets expand, causing the chamber 
to inflate or expand to fit the contours of the Selected portion 
of the structural member 16. 

0056. In any of the embodiments discussed above, it will 
also be appreciated by one of skill in the art that it is possible 
that the reaction exotherm of the material 14 during the 
curing process could cause the barrier compartment or 
chamber 12 to melt and thereby either bond directly to the 
inner surface of the structural member 16 or displace to 
permit adhesion of the material 14 directly to the inner 
portion of the chosen structural member 16. 
0057 Preferred embodiments of the present invention 
have been disclosed. A perSon of ordinary skill in the art 
would realize, however, that certain modifications would 
come within the teachings of this invention. Therefore, the 
following claims should be studied to determine the true 
Scope and content of the invention. 

What is claimed is: 
1. A reinforced portion of an automotive vehicle, com 

prising: 

a) an automotive vehicle structural member having a wall 
Structure that defines a cavity; and 

b) a reinforcement that includes: 
i) a barrier layer that is conformably adhered to the wall 

Structure after thermal activation at a temperature in 
the range of 93.33 C. or higher; and 

ii) a polymeric foam reinforcement material located 
within and adhered to the barrier. 

2. A reinforced portion of an automotive vehicle accord 
ing to claim 1, further comprising mechanical retention 
means to attach the reinforcement to the Structural member. 

3. A reinforced portion of an automotive vehicle accord 
ing to claim 1, wherein the reinforced portion is an auto 
motive frame or rail. 

4. A reinforced portion of an automotive vehicle accord 
ing to claim 1, wherein the Structural member is a portion of 
an automotive pillar. 

5. A reinforced portion of an automotive vehicle accord 
ing to claim 1, wherein the polymeric foam reinforcement 
material a structural foam. 

6. A reinforced portion of an automotive vehicle accord 
ing to claim 1, wherein the polymeric foam reinforcement 
material is an epoxy. 

7. A reinforced portion of an automotive vehicle accord 
ing to claim 1, wherein the polymeric foam reinforcement 
material is a polyurethane. 
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8. A reinforced portion of an automotive vehicle accord 
ing to claim 1, wherein the barrier is an injection molded 
form. 

9. A reinforced portion of an automotive vehicle accord 
ing to claim 1, wherein the barrier is an extruded form. 

10. A reinforced portion of an automotive vehicle accord 
ing to claim 9, wherein the barrier is extruded and die cut in 
accordance with a predetermined configuration. 

11. A reinforced portion of an automotive vehicle accord 
ing to claim 1, wherein the barrier partially encapsulates the 
Structural foam. 

12. A reinforced portion of an automotive vehicle, com 
prising: 

a) an automotive vehicle structural member having a wall 
Structure that defines a cavity; 

b) a reinforcement that includes: 
i) an extruded and die-cut barrier layer that is conform 

ably adhered to the wall structure after thermal 
activation at a temperature in the range of 93.33 C. 
or higher; and 

ii) a polymeric structural foam reinforcement material 
partially encapsulated within and adhered to the 
barrier; and 

c) mechanical retention means to attach the reinforcement 
to the Structural member. 

13. A reinforced portion of an automotive vehicle accord 
ing to claim 12, wherein the barrier layer includes a foam. 
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14. A reinforced portion of an automotive vehicle accord 
ing to claim 12, wherein the barrier layer includes an epoxy. 

15. A reinforced portion of an automotive vehicle accord 
ing to claim 14, wherein the Structural foam reinforcement 
material is an epoxy. 

16. A reinforced portion of an automotive vehicle accord 
ing to claim 14, wherein the Structural foam reinforcement 
material is a polyurethane. 

17. A reinforced portion of an automotive vehicle accord 
ing to claim 12, wherein the barrier layer includes a port. 

18. A method of reinforcing an automotive pillar com 
prising of the following Steps: 

providing an automotive pillar having an interior cavity; 
inserting a foam polyurethane core having an encapsulat 

ing heat activated expandable barrier into a portion of 
an automotive pillar; and 

heating the automotive pillar to a temperature in the range 
of 93.33 C. or higher such that the heat activated 
expandable barrier conforms in shape and adheres to 
the interior cavity of the automotive pillar. 

19. The method of claim 18, further comprising the step 
of using one or more mechanical retainers for placing the 
foam polyurethane core having an encapsulating heat acti 
Vated expandable barrier into the automotive pillar. 

20. The method of claim 18, wherein the heat activated 
expandable barrier is configured with one or more perfora 
tions. 


