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BLADDER SYSTEM FOR REINFORCING A
PORTION OF A LONGITUDINAL
STRUCTURE

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

The present mnvention relates to a bladder system for rein-
forcing a portion of a structural member. More particularly,
the present invention relates to a bladder system for reinforc-
ing a portion of a structural member having either an open or
closed center portion, wherein the bladder system includes a
flexible barrier member and a reinforcing material.

BACKGROUND OF THE INVENTION

Prior barrier systems used for reinforcing a portion of a
structural member having an open center using a two com-
ponent pumpable product have included a metal or rigid bar-
rier member placed within the open center. In many instances,
the structural nature of the barrier member limited the appli-
cations for which the barrier system could be used. For
instance, the structure and location of the member being
reinforced made 1t difficult to 1nsert a barrier member therein
after the structural member had been incorporated into a
frame system, €.g., an automobile frame. For example, once
an automobile has been completed or partially assembled, the
isertion of a barrier member into the center portion of a
cavity of a structural member 1s often difficult and time con-
suming. Thus, there 1s needed a system and method that will
permit local remforcement of a structure at various stages
throughout the manufacturing or assembly process concern-
ing the member being reinforced.

SUMMARY OF THE INVENTION

The present invention 1s directed to a bladder system for
reinforcing at least a portion of a structural member. The
bladder system includes a flexible barrier member for divid-
ing at least a portion of the structural member 1nto one or more
sections; and a reinforcement material for filling one or more
sections bounded by the flexible barrier member. The rein-
forcement matenal filling one or more sections of the struc-
tural member 1s a material that can be pumped, and the flex-
ible barrier member 1s a polymeric material, that may or may
not have adhesive characteristics.

The flexible barrier membrane 1s a thermosetting polymer
with cure characteristics that may be activated 1n 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.

The mmvention 1s also directed to a method for using the
bladder 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 a flex-
ible barrier member along a portion of the structural member
for dividing the area of the structural member 1nto one or
more sections; and filling one or more of the sections of the
structural member with the remnforcement material.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and 1inventive aspects of the present invention
will become more apparent upon reading the following
detailed description, claims, and drawings, of which the fol-
lowing 1s a brietf description:
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FIG. 1 1s a cross-section showing the bladder system
formed 1n accordance with the teachings of this invention
placed 1n a longitudinal cavity.

FIG. 2 shows a cross-section of another embodiment of a
bladder system formed 1n accordance with the teachings of
this 1nvention.

FIG. 3 1llustrates still another embodiment of a bladder
system formed 1n accordance with the teachings of this inven-
tion.

FIG. 4 1llustrates a fourth embodiment of a bladder system
formed 1n accordance with the teachings of this ivention,
wherein the reinforcement material 1s undergoing curing.

FIG. 5 shows the bladder system of FIG. 4 prior to curing,
the reinforcement matenal.

FIG. 6 illustrates another embodiment of a bladder system
formed 1n accordance with the teachings of this invention.

FIG. 7a shows the flexible barrier member of this invention
coupled to a fill valve.

FIG. 7b shows the flexible barrier member of FIG. 7a after
inflation.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The bladder system of the present invention generally
includes a tlexible barrier member and a reinforcing material
retained by at least a portion of the flexible barrier member. In
general application, the bladder system can be used to rein-
force a portion of a structural member having either an open
or closed center by inserting the flexible barrier member
within the interior or along an exterior surface of the structure
to be reinforced. The flexible barrier member thus divides the
area to be reinforced into 1dentifiable sections. Once the flex-
ible barrier member 1s 1n place, a reinforcement material such
as a polymer-based liquid, solid or semi-solid matenal, 1s
received 1n one or more of the sections bounded by the flex-
ible barrier member, which sections can include the area of
the cavity defined by expanding the flexible member with the
reinforcement material.

In a preferred embodiment, the bladder system can be used
to reinforce a portion of a structural member having a hollow
center. The flexible barrier member 1s 1nserted into the open
center or cavity such that the tlexible barrier member divides
the cavity mto one or more sections, and the reinforcement
material 1s received in one or more of the sections.

FIGS. 1, 2, 3, 4, 6, and 7b show a cross-sectional view of a
bladder system 10 formed in accordance with the teachings of
this 1mvention. The bladder system 10 includes a flexible
barrier member 12 and a reinforcement material 14.

Turing now to the embodiment shown 1n FIG. 2, the tlex-
ible barrier member 12 can be an inflatable, flexible bag-like
structure. One of skill 1n the art will appreciate that the struc-
ture of the flexible bag-like structure resembles that of a
balloon as shown 1in FIGS. 7a, 7b. In the embodiment of FIG.
2, the flexible barrier member 12 includes a hollow center
surrounded by a porous outer membrane. The porous outer
membrane permits the flexible barrier member 12 upon 1nfla-
tion to conform to the shape of the area being reinforced. The
bag-like structure can also include an integral neck portion 32
having an end portion 34 for coupling the flexible bag-like
structure to a fluid pumping system for filling the interior of
the flexible barrier member 12.

The porous membrane of the barrier member 12 can
include perforations 21 located therein to allow adhesive to
bleed through the bag and adhere to adjacent surfaces. Alter-
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natively, the bag may be made of structural adhesive that 1s
flexible, such structure would permit elimination of the per-
forations.

Another embodiment of a bag-like structure for the flexible
barrier member 1s shown in FIG. 1. This embodiment
includes two end members 18a, 18b joined by a center portion
19 which 1s in fluid communication which each end portion.
The center portion includes a neck portion 32 that supports an
end 34 for receiving a fluid under pressure for filling the
center of the flexible barrier member 12.

A third embodiment of the flexible barrier member 12 1s
shown 1n FIG. 3. In this embodiment, the flexible barrier
member 12 includes two end members 18a, 18b joined
together by a center portion 19 1n fliid communication with
cach of the end portions 18a, 18b. One of the end portions 18a
supports a neck 32 and end 34, wherein the end 34 can be
connected to a pumping system for filling the interior of the
flexible barrier member 12 with a fluid under pressure. This
end portion 18a also supports a neck 28 and end 29, wherein
the end 29 can be coupled to a second fluid pumping system.

FIG. 4 shows a fourth embodiment of the flexible barrier
member 12. In this embodiment, the flexible barrier member
12 1s a two-piece movable structure. Each movable portion
18a, 18b 1s supported 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.

FIG. 6 shows still another embodiment of the flexible bar-
rier member 12. In this embodiment, the flexible barrier mem-
ber 12 1s a single sheet of a flexible material. In the embodi-
ment, the flexible barrier member 12 includes two single
flexible sheets spaced a distance apart.

The above described embodiments of the flexible barrier
member 12 merely illustrate the various forms 1in which the
barrier member 12 can be constructed. One of ordinary skaill
in the art will appreciate that many other configurations and
constructions of the barrier member 12 may be used 1n prac-
ticing the invention. For instance, the flexible barrier member
12 could be a reservoir for retaining the reinforcement mate-
rial 14, or the flexible barrier member 12 could be used to
meter/control flow of the reinforcement material 14 past the
boundary of the flexible barrier member 12.

The flexible barrier member 12 can be a polymeric material
such as an elastomer, polyethylene, ethylene-vinyl acetate
copolymer, plasticized polyvinyl chlonide film, polyamide, or
various olfenic copolymer or terpolymer materials. One of
skill 1n the art will appreciate that the bladder system 10 can
be used for a wide variety of applications. Thus, the choice of
material selected for the flexible barrier member 12 wall
depend upon the environmental conditions under which the
flexible barrier member 12 will be used.

In one embodiment, the flexible barrier member 12 can be
used to reinforce a portion of an automobile frame during
initial assembly or in the automobile after market 1n body or
paint shop applications during repair operations. In the afore-
mentioned applications, the tlexible barrier member 12 canbe
exposed to temperatures ranging from approximately 93° C.
(200° F.) to approximately 204° C. (400° F.). In stall another
embodiment, the flexible barrier member 12 can be used in
low temperature operations, including applications at sub-
zero temperatures. Thus, the matenal selected for forming the

flexible barrier member 12 should possess thermal properties
that will permait the flexible barrier member 12 to maintain its
structural integrity at a predetermined temperature or over a
predetermined temperature range.
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One of skill 1in the art will also appreciate that the size and
specific physical dimensions of the flexible barrier member
12 will vary depending on the physical dimensions of the area
to be reinforced.

Turning now to a discussion of the reinforcement material
14, the reinforcement 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 substantially fused member. From
a chemical standpoint, the reinforcement material 14 can be
processed as a liquid prepolymer or a thermoplastic material
betfore curing, and 1n one embodiment, after curing the rein-
forcement material can become thermoset. The preferred
material 1s a polymeric material, with the most preferred
material being a polymeric material that becomes thermoset
alter curing. Matenals that can be used to form the reinforce-
ment material 14 include, but are not limited to, epoxy, poly-
urethane, polyester, and acrylic based materials, which when
compounded with appropriate ingredients may expand and
cure 1n a reliable and predictable manner upon application of
a curing stimulus. One of skill 1n the art will appreciate that
various olfenic materials, elastomers, fluropolymers or other
materials may be used to formulate the reinforcement mate-
rial 14.

The reinforcement material 14 can be cured by reacting
two or more materials that possess chemically reactive func-
tional groups. Reaction can also be achieved by heating the
reinforcement material 14 to a desired temperature, heating,
the reinforcement material 14 over a desired temperature
range or by exposing the reinforcement material 14 to a
predetermined change 1n ambient conditions. For example,
the reinforcement material 14 can be cured by an induction
heating application or by exposure to ambient conditions
resulting in a change 1n atmospheric moisture conditions. In
one embodiment, the reinforcement material 14 can be a
thermally activated compound such that 1t expands upon
exposure to a predetermined temperature.

As the reinforcement material 14 1s cured, typically 1t
expands to {ill the area, or at least a portion of the area, to
which it has been applied. Although this expansion provides
structural benefits, it 1s not necessary. The remnforcement
material 14 1s formulated to permit the material 14 to adhere
to adjacent surfaces. The adhesion and physical properties of
the reinforcement material 14 are similar to that of known
structural foams and other similar compounds known 1n the
art.

As the reinforcement 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 rein-
forcement material 14 1s the temperature at which a chemaical
reaction or expansion, and possibly curing will take place. For
instance, 1 most applications, 1t 1s undesirable for the rein-
forcement material 14 to become reactive unless triggered by
combination of reactive components, application of heat, etc.
As previously discussed, the reinforcement material 14 can
be used 1n an automobile assembly plant or a body shop where
it can be exposed to temperatures typically ranging from
approximately 93° C. (200° F.) to approximately 204° C.
(400° F.).

Upon curing, the strength and stifiness of the reinforce-
ment material 14 are increased and the material 1s no longer
capable of flowing. The strength and stiflness of the cured
material help to increase the structural properties of article
retaining the remnforcement material 14 without significantly
adding to the overall weight of the article. Additionally, 1n the
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cured state, the reinforcement material 14, can have a density
that does not add significantly to the weight of the article

being reinforced.

Typically, the reinforcement material 14 1s applied to an
article to be reinforced at the desired point of reinforcement.
In one embodiment, the reinforcement material 14 1s a system
capable of being pumped. The pumping system can be of a
type that 1s capable of dispensing the specific formulation of
the reinforcement material 14 to 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 1n the art will appreciate that pumping systems of the
type used 1n dispensing paint, adhesive, and thermosetting
polymer products can be used to dispense the reinforcement
material 14. It will also be apparent 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 reinforce-
ment material 14.

USE OF THE BLADDER SYSTEM

The bladder system 10 can be used to reinforce a structural
membrane having either an open or closed center. Where the
bladder system 10 1s used with a structural member having a
closed center, the method for using the bladder system can
include supporting a flexible barrier member along a portion
of the structural member for dividing the area of the structural
member mto one or more sections and filling one or more of
the sections formed by the of the flexible barrier member 12
with a reinforcement material 12.

A similar method can be used 1n employing the bladder
system 10 to reinforce a portion of a structural member hav-
ing a hollow center. For example, the steps for reinforcing a
structure having a hollow center can include 1nserting a tlex-
ible barrier member within the cavity (hollow center) for
dividing the cavity into one or more sections and filling one or
more sections of the cavity with a remnforcement material.

The embodiments shown in FIGS. 1-6 show use of the
bladder system 10 to reinforce a structure having an open
center. Referring to the embodiment of FIG. 1, a structure 16
having a hollow center 26 1s provided. An opening 24 (best
seen 1 FIGS. 5, 6, and 7b) 1s formed 1n a surface of the
structure 16. The flexible barrier member 12 1s inserted nto
the hollow center 26 by collapsing the sidewalls of the flexible
barrier member 12 and forcing the tlexible barrier member 12
through the opening 24 such that the neck portion 32 of the
flexible barrier member 12 projects outwardly from the open-
ing 24 as shown 1n FIGS. 1-2, 4-6, and 7b.

As shown 1 FIGS. 1 and 7(a)-7(b), a fluid valve 25 1s
coupled to the open end 34 of the neck portion 32 of the
flexible barrier member 12, permitting a fluid under pressure
to fill the interior of the tlexible barrier member 12. One of
skill 1n the art will appreciate that the fluid can be a gaseous
mixture such as air. As the fluid fills the center of the flexible
barrier member 12, the flexible barrier member 12 expands
and fills at least a portion of the hollow center 26. This action,
as shown i FIGS. 1-6, causes the area of the structural
member 16 bounded by the flexible barrier member 12 to be
divided into one or more distinct sections.

The reinforcement material 14 can be either pumped or
injected, using known techniques, into one or more of the
distinct sections formed by the flexible barrier member 12. As
shown 1n FIG. 1, a {ill valve 23 can be placed 1n the opening
24 adjacent the neck portion 32 of the flexible barrier member
12. The remnforcement material 14, 1n liquid or pellet form, 1s
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6

pumped into the portion of the hollow center 26 bounded by
the flexible barrier member 12, as shown 1n FIGS. 1 and 3.

Intheembodiment of FIGS. 1 and 3, the ends of the flexible
barrier member 12 form a liquid tight seal with the surfaces
adjacent the area to be reinforced so as to reduce the amount,
i any, of the reinforcement material 14 that may flow past the
edges of the flexible barrier member 12. The center portion of
the flexible barrier member 12 i1s constructed to permit the
reinforcement material 14 to flow downward into the bottom
section formed by the flexible barrier member 12. One of skill
in the art will appreciate that the opening 24 can be sealed
using known techniques.

In another embodiment, the fluid valve 1s connected to the
flexible barrier member 12, and the reinforcement material 14
1s pumped directly 1nto the flexible barrier member 12, caus-
ing 1t to expand as shown 1n FI1G. 2 to fill the hollow center 26.

In still another embodiment, FIG. 3, the flexible barrier
member 12 can have a construction similar to that shown in
FIG. 1, except the tlexible barrier member 1s inserted into the
hollow center 26 of the longitudinal structure 16 from an open
end of the structure 16. The neck portion 32 of the flexible
barrier member 12 extends along the length of the structure 16
and 1s integrally formed as part of an end portion 18a of the
flexible barrier member 12.

The end portion 18a also supports a second neck portion
33, which 1s placed 1n fluid communication with the portion
of the hollow center 26 bounded by the flexible barrier mem-
ber 12. As previously described, a fluid under pressure 1s
pumped 1nto the center of the flexible barrier member 12
through the neck portion 32, causing the tlexible barrier mem-
ber 12 to expand and fill a portion of the hollow center 26.
Once the flexible barrier member 12 has been inflated, the
reinforcement material 14 1s pumped 1nto the selected area to

be reinforced through the second neck portion 28 and valve
stem end 29.

In st1ll another embodiment, FIGS. 4-5, the flexible barrier
member 12 includes at least two movable end portions 18a,
18b supported by arod 20. The flexible barrier member 12 1s
inserted nto the opening 26. The neck portion 32 of the
flexible barrier member 12 1s coupled to a pumping system
and the remnforcement material 14 1n the form of precast
pellets 1s pumped 1nto the tlexible barrier member 12. As the
pellets are cured or caused to become chemically active, the
pellets expand, causing the movable surfaces 18a, 18b of the
flexible barrier member 12 to slide along the rod 20 1n oppo-
site directions. One end portion 18b of the flexible barrier
member 12 moves until 1t abuts a pin head 30 formed at a
distal end of therod 20. The other end portion 18a slides along
the rod 20 until its movement 1s stopped by the nut 22 sup-
ported by the opposite end of the rod 20.

In any of the embodiments discussed above, the flexible
barrier member 12 can be secured 1n position by securing the
neck portion 32 in place by adhesively coupling the neck
portion 32 to the adjacent surface defining the opening 24.
One of skill 1n the art will also appreciate that a portion of the
outer surface of the flexible barrier member 12 can be coated
with an adhesive which will permait the flexible barrier mem-
ber 12 once 1n the desired position to adhere to adjacent
surtaces.

Itwill also be appreciated by one of skill in the art that in the
embodiments where the flexible barrier member 12 1s filled
with the reinforcement material 14, the flexible barrier mem-
ber 12 can contain tiny slits or perforations that permit a small
portion of the reinforcement material 14 to tlow onto the
exterior surface of the tlexible member 12, thus, coating the
exterior surface thereof with a small amount of the reinforce-
ment material 14. During the curing stage, the reinforcement
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material 14 can become bonded to adjacent structures. Fur-
thermore, it 1s possible that the reaction exotherm of the
curing material could cause the barrier member 12 to meltand
thereby either bond to the metal, or displace to permit adhe-
sion of the curing material to the metal.

Preferred embodiments of the present invention have been

disclosed. A person of ordinary skill 1n 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 1invention.

What 1s claimed 1s:

1. A method of reinforcing at least a portion of a structure
of an automobile frame during initial assembly, the method
comprising:

[providing a structure;]

supporting a flexible barrier member along a portion of

[the] ar automobile frame structure during the initial
assembly of the automobile for dividing the area of the
structure into one or more sections; [and}

filling one or more of the sections of the structure with a

thermally activated expandable polymeric reinforce-
ment material, wherein the flexible barrier member
retains the remnforcement material 1n a desired location
[and wherein the reinforcement material substantially
assists 1n increasing the strength and stiffness of the
structure.] of reinforcement within the automobile
frame; and

exposing the reinforcement material to an external heat

source at a temperature ranging from approximately 93°
C. to approximately 204° C. for thermally activating
expansion of the reinforcement material, whervein the
reinforcement material substantially assists in increas-
ing the strength and stiffness of the automobile frame
structure.

2. The method as defined 1n claim 1, wherein the flexible
barrier member 1s a polymeric material.

3. The method as defined 1n claim 1, wherein the flexible
barrier member 1s an inflatable membrane.

4. The method as defined 1n claim 1, wherein the flexible
barrier member 1s fabricated of an adhesive material.

5. The method as defined 1n claim 3, wherein the inflatable
membrane 1s inflated by filling the interior portion thereof
with a reinforcement matenal.

6. The method as defined 1n claim 5, wherein the inflatable
membrane 1s inflated by filling the interior portion thereof
with a pumpable substance.

7. The method as defined in claim 5, wherein the reinforce-
ment material filling the flexible barrier member 1s a heat
activated material.

8. The method as defined in claim 5, wherein the reintforce-
ment material filling the flexible barrier member 1s cured by a
change 1n ambient conditions.

9. The method as defined in claim 5, wherein the reinforce-
ment materal filling the flexible barrier member comprises a
multiplicity of pellets.

10. The method as defined 1n claim 3, wherein the inflatable
membrane 1s inflated by filling the interior portion thereof
with a gas or liquid substance.

11. The method as defined 1n claim 1, wherein the rein-
forcement maternial filling one or more sections of the struc-
ture being reinforced 1s a pumpable material.

12. The method as defined 1n claim 1, wherein the rein-
forcement material filling one or more sections of the struc-
ture being reinforced 1s a polymeric material.

8

13. The method as defined in claim 1, wherein the rein-
forcement material filling one or more sections of the struc-
ture being reinforced 1s a heat activated material.

14. The method as defined in claim 1, wherein the rein-

5 forcement matter 1s a two component substance reactive at
ambient conditions.

15. The method as defined in claim 1, wherein the rein-
forcement material filling one or more sections of the struc-
ture being reinforced 1s cured by a change in ambient condi-
tions.

16. The method as defined in claim 1, wherein the rein-
forcement material filling one or more sections of the struc-
ture being reinforced 1s a multiplicity of pellets.

[17. A method of reinforcing at least a portion of a hollow
cavity, the method comprising:

providing a structure defining a hollow cavity;

inserting a flexible barrier member within the cavity for

dividing the cavity into one or more sections; and
filling one or more sections of the cavity with a reinforce-

ment material wherein the reinforcement material sub-
stantially assists 1n increasing the strength and stiffness
of the structure.]

[18. A bladder system for reinforcing at least a portion of a
structural member, comprising:

a flexible barrier member for dividing at least a portion of

a structure to be reinforced into one or more sections;

and

a reinforcement maternal for filling one or more sections

bounded by the tlexible barrier member, wherein the

sections filled by the remnforcement maternial can be
internal or external of the flexible barrier member and
wherein the reinforcement material substantially assists
in increasing the strength and stiffness of the structure.}

[19. A bladder system, as defined in claim 18, wherein the
structure being reinforced 1s a portion of an automobile
frame.]

[20. The bladder system as defined in claim 18, wherein the
reinforcement material filling one or more sections of the
longitudinal structure is a pumpable material.]

[21. The bladder system as defined in claim 18, wherein the
flexible barrier member is a polymeric material.}

[22. A bladder system for reinforcing at least a portion of a
structure having an open center, comprising;

a flexible barrier member for dividing a cavity 1nto one or

more sections; and

a remnforcement material for filling one or more sections

bounded by the flexible barrier member, wherein the

reinforcement material substantially assists 1n increas-
ing the strength and stiffness of the structure.}

23. The method of claim 1, wherein the flexible barrier
includes perforations to allow a small portion of the rein-
Jorcement material to flow onto an exterior surface of the
flexible barrier.

24. The method of claim 1, wherein the flexible barrier

55 comprises a structural adhesive.
25. The method of claim 1, wherein the flexible barrier has
an integrated neck portion.
26. The method of claim 25, wherein the neck portion has
an end portion for coupling the flexible barrier to a fluid
60 pumping system for filling the intervior of the flexible barrier.
27. The method of claim 1, wherein the flexible barrier has
end portions joined by a center portion.
28. The method of claim 1, wherein the flexible barrier
comprises two opposing movable end portions supported by
65 a rod.
29. The method of claim 1, further comprising securing the
flexible barvier member in position by securing a neck portion
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of the flexible barrier member to an adjacent surface defining
an opening in the frame structure with an adhesive.

30. The method of claim 1, wherein the flexible barrier is
coated with an adhesive material.

31. The method of claim I, wherein the flexible barrier

includes an integrally formed neck as part of an end portion

of the flexible barrier.
32. The method of claim 31, wherein the neck portion

extends divectionally along the length of the frame.

33. The method of claim 1, whevrein, during the filling step,
the thermally activated expandable polymeric reinforcement
material is a liguid, and upon curing becomes a thermoset

material.

34. The method of claim 1, wherein, prior to curing, the
thermally activated expandable polymeric reinforcement
material is a pellet, and upon curing becomes a thermoset
material.

35. The method of claim I, wherein the flexible barrier
member includes two single flexible sheets spaced a distance
apart.

36. A method of reinforcing at least a portion of a hollow
cavity, the method comprising:

inserting a flexible barrier member within a cavity of a

structure for dividing the cavity into one ov more sec-
tions, the flexible member including two movable end
portions supported by a rvod; and

filling one or more sections of the cavity with a pellet

reinforcement material; and

curing the pellet veinforcement material to cause the mov-

able end portions to slide along the vod in opposite

divections, wherein the reinforcement material substan- 3(

tially assists in increasing the strength and stiffness of
the structure.
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37. A method of reinforcing at least a portion of a hollow
cavity, the method comprising:

inserting a flexible barvier member into a cavity of a struc-
ture from an open end of the structure;

inflating the flexible barrier member with a fluid under
pressure;

filling one or more sections of the cavity with a thermally
activated expandable polyvmeric reinforcement mate-
rial: and

activating the thermally activated expandable polymeric
reinforcement material to fill the cavity, wherein the
reinforcement material substantially assists in increas-

ing the strength and stiffness of the structuve wherein:

(i) the filling step includes pumping thermally activated
expandable polymeric reinforcement material into a
neck portion of the flexible member that extends in the
longitudinal direction of the structure; and

(ii) the fluid under pressure is introduced through another
neck portion of the flexible barrier.

38. The method of claim 37, wherein the activating step
includes exposing the reinforcement matevial to a tempera-
ture rvanging from approximately 93° C. to approximately
204° C. for activating expansion of the veinforcement mate-
rial and forming a structural foam, and wherein upon expan-
sion the structural foam reinforcement material substantially
assists in increasing the strength and stiffness of an automo-
bile frame structure.

39. The method claim I, wherein the flexible barrier mem-
ber is formed of a polymeric material.

¥ ¥ # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

