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(54) Title: STRUCTURE FORMING METHOD AND APPARATUS

(57) Abstract: A method of forming a composite structure includes preselecting two liquid inter-reactive resin forming materials
and determining the relative quantities for substantially complete inter-reaction thereof. The resin forming materials are flowed by
gravity along a tortuous common path to effect thorough mixing thereof. The resulting mixture by gravity is delivered downwardly
onto a porous blanket moving along a downwardly inclined path closely adjacent to a rotating cylindrical surface. The blanket is
passed through a pool of the mixture. and between closely adjacent driven roller surfaces. The mixture-treated blanket is placed into
contact with a preselected final surface while migrating part of the resin forming mixture through the blanket substantially uniformly
to form a continuous resin matrix within the blanket. A tight permanent bond is formed between the matrix/blanket and the final

surface. Also, apparatus for forming the composite structure.
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STRUCTURE FORMING METHOD AND APPARATUS

This invention relates to a novel composite structure forming
method and apparatus. The present invention provides a novel
method and apparatus which overcome the shortcomings of previous
expedients. In addition, the method and apparatus provide
features and advantages not found in earlier technology. The
method and apparatus of the i;rxvention can be modified to form a
variety of structures of high quality.
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A novel method of the present invention for forming a
composite structure includes the steps of preselecting two liquid
inter-reactive resin forming materials and a porous bhlanket. The
relative quantities of the resin forming materials are determined
for substantially complete inter-reaction therebetween. The resin
forming materials are placed closely adjacent to one another.

The resin forming materials flow by gravity irto a chamber
and along a tortuous common path through the chamber to effect
thorough mixing thereof. The resulting mixture 1s delivered by
gravity downwardly onto the ‘porous blanket moving along a
downwardly inclined path closely adjacent to a rotating
cylindrical surface closely adijacent to the porous hlanket. A
pool of the mixture is formed on the blanket.

The blanket passes through the pool as it is moving along a
dowﬁwardly inclined path and then between closely adjacent driven
roller surfaces. Part of the resin forming mixture is migrated
through the blanket substantially uniformly to form a continuous
resin matrix within the blanket.

A tight permanent bond is formed between the matrix/blanket
and the final surface. Advantageously, pressure is applied to the
treated blanket to form the permanent bond.

The mixture-treated blanket may be cut into predetermined
lengths and a plurality of the treated blanket len¢gths arranged
successively in a preselected overlapping relationship to form a

continuous structural assembly of considerable leng=h.

Benefits and advantages of the novel method &nd apparatus

of the present invention will be apparent from the following
description.

One form of novel composite

structure forming apparatus of the present invention includes
a supporting portion, a material supplying portion, a mixing
portion, a matrix forming portion, a positioning portion

and a control portion,
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The supporting portion of the composite structure forming
apparatus of the invention includes a pluralitvy of spaced
upstanding frame members. | A plurality of frame
members join the frame members tO0 provide a
frame assembly. The supporting portion includes carriage
means extending downwardly from the frame assemb.y,

Advantageously, the supporting portion includes accessories
such as a handle crank cleaning blades and the like.
The accessories can be mounted on and/or suspended f:rom the frame
assembly,

| The material supplyving portion of the apparatus
includes a plurality of reservoirs operatively connected
with the supporting portion. The resexvoirs which
advantageously are located on the frame assembly arec operatively
assoclated with the supporting portion. The reservioars are
connected independently with mixing portion through conduits
with quick connect fittings,
The mixing portion includes an elongated mixing chamber

with internal baffle sections, The mixing chamber
is mounted on frame assembly,

The matrix forming portion of the apparatus includes
mixture distributing means adjacent an outlet mEf the mixing
chamber, The mixture distributing means as shown in the
drawings includes an elongated plate member disposed in a
dowwardly extending inclined orientation. A horizontlly disposed
rotatable drum member 1s closely spaced adjustably to the
inclined plate member and closely adjacent to the mixing
chamber outlet, At least one cleaning blade extends
outwardly from the drum member.

The positioning portion of the structure forming apparatus
of the invention includes pressure applying means shown as
cooperating rollers disposed closely adjacent to a lower
edge of plate membe:;, The rollers are operatively
connected selectively to the carriage means throuqh a belt or
clupcho

B The structure forming apparatus advantagously includes
removable outer panels selectively hung from the apparatus to
enclose the apparatus during storage. Also, the pianeis help to
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control wind, temperature, other weather conditions, etc. during

operation.
In the formation of a composite structure with the apparatus
of the invention the structure

forming apparatus 1s transferred to a job site and wheeled into
position adjacent to a previously selected starting position.

Operation of the structure forming apparatus is begun by
preselecting two liquid reactive resin forming materials and a
porous blanket, Predetermined quantities of the resin forming
materials 1in separate reservoirs are positioned on frame
assembly and operatively connected to mixing chamber,

The predetermined quantities of the resin formers are gravity
fed through the baffle section of mixing chanber, The
mixture delivered from outlet of the mixing chamber passes
downwardly onto porous blanket advancing along inclined plate

member moving. The mixture is delivered at a rate sufficient
to form a residual pool between the plate memper and drum
member closely thereto.

" As the blanket exits the liquid pool, the blanket passes

between pressure rollers, . Part of the resin forming mixture
migrates through the blanket substantially uniformly to form a
continuous resin matrix within the blanket, A tight permanent
bond between the matrix/blanket and the final surface is created.
To produce high gquality continuous composite structures of
the invention, it is important that all of the steps of the method
be carefully coordinated by control portion, The control
portion of the structure forming apparatus of the invention
1ncludes programmable memory means and actuating means
responsive thereto in combination with coordinatinc means to
control the operation of the various components of apparatus.
Preferably, the coordinating means includes a process controller
that initiates changes in the flows of'materials and speeds of
drives to bring variations therein back to the rates specified in
the programs present in the memory. Advantageocusly, the
control portion may control the lateral position of the blanket
with respect to a preselected path.
This coordination commonly is achieved through  the
transmission of information such as digital pulses Irom monitors
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and/or sensaors at the control components to the process controller,

The operating information is compared with the preselected
programming parameters stored in the memory, 1t differences
are detected, instructions from the controller change the
operation of the components to restore the wvarious operations to
the preselected processing specifications.

The reactive resin forming materials employed to produce
composite structures of the invention are selected to be capable
of inter-reaction to form the particular resin matrix or coating
desired in the final structure. Advantageously, the material
forms a thermosetting resin such as a polyurethane or polyester.

. Should a polyurethane be desired, one reservoir may contain
an 1socyanate and another reservoir may contain a polyol. More
commonly, the reservoirs may contain different partially formed
materials which upon mixing interact to form the desired
polyurethane. Examples of such partially formed matecials include
so~called "A stage" resins and "B stage" resins.

Additional components can be premixed 'with one O0f the resin
formers, e.g. fillers, reinforcements, colors and the like.

A particulate solid additive material may be m.xed with the
liquid reactive resin forming material, prefexably, 1in a
proportion significantly greater than that of the resin forming
material. The additive particles may be any of a widde varlety of
inexpensive materials readily available at a particular job site.
Natﬁral mineral particulate materials such as sand and gravel
normally are available or can be produced simply by rrushing rock
at the site.

Also, materials such as waste or recycled materials which can
be shredded or ground into particles of suitable size can be
utilized. Especially useful are particles formed by shredding or
grinding discarded tires. Since the particles are encapsulated
with resin forming material and not saturated therewith, many
different waste materials may be employed.

Suitable porous blankets include woven, knit, non-woven
structures, etc. The blankets e.g. fabrics, mats, etc. may be
formed 0f continuous or discontinuous fibers, varns, slat ribbons
and similar natural and synthetic fibrous materials. Reinforcing

members such as ropes, cables, etc. extending longitudinally



CA 02475321 2007-01-25

WO 03/066331 PCT/US02/35062

and/or transversely of the blanket centerline may be included if
desired.

+ The above description show that
the present invention provides a novel method and apparatus which
overcome the shortcomings of previous expedients and in addition,
provide features and advantages not found in earlierxr technology.
The method and apparatus can be modified to form a variety of
different structures of high qualitf. |

It will be apparent that various modifications can be made

in the particular method and apparatus described in detail above

within the scope o0of the present

invention. Components and procedures employed can he changed to
meet specific process and structural requirements. .

These and other changes can be made in the method and

apparatus of the invention provided the functioning and operation

thereof are not adversely affected. Therefore, the scope of the
present invention is to be limited only by the following claims.
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.CLAIMS
1. A method of forming a composite structure i1ncluding the

steps of preselecting two liguid inter—reactive resin forming

materials and a porous blanket, determining the relative

quantities of said resin forming materials for substantially

complete i1inter-reaction thereof, placing said resin forming
materials closely adjacent, flowing said resin forming materials
by gravity 1into a chamber and along a tortuous common path
therethrough to effect thorough mixing thereof, delivering the
resulting mixture by gravity downwardly onto said porous blanket
moving along a downwardly inclined path closely adjacent to a

rotating cylindrical surface closely adijacent to said porous

blanket, forming a pool of said mixture, passing said blanket
through said pool and between closely adjacent driven roller
surfaces, advancing said mixture-treated blanket into contact with
a preselected final surface while migrating part ¢f sailid resin
forming mixture through said blanket substantially uniformly to
form a continuous resin matrix within said blanket and forming a

tight permanent bond between said matrix/blanket and said final
surface.

2 . A method of forming a composite structure according to
Claim 1 wherein said ligquid resin forming materials include

partially formed resin materials.

3. A method of forming a composite structure according to
Claim 1 wherein said liquid resin forming materials ceact to form
a thermosetting resin.

4. A method of forming a composite structurre according to

Claim 1 including the step of applying pressure Tto said treated

blanket while it is in contact with said final surface to form a
tight permanent bond therebetween.

5. A method of forming a composite structure according to
Claim 1 including the step of cutting said mixture-tre=ated blanket

into a predetermined length as it is advanced into contact with
sald final surface.
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O . Structure forming apparatus including 4 supporting
portion, a material supplyving portion, a mixing portion, a matrix

forming portion, a positioning portion and a control portion; said

supporting portion including a frame assembly including a

g
o

plurality of spaced upstanding frame members and a plurality of

generally horizontally disposed frame members -~oining said
upstanding frame members, salid supporting portion i1ncluding
carrliage means extending downwardly from said frame assembly; said
material supplying portion including a blanket supp.y 1roll and a
plurality of reservoirs operatively associated with said

supporting portion, said reservoirs being connected ndependently

with said mixing portion through quick connect fittings, said
mixing portion including an elongated mixing chamber with internal
baffle sections, said mixing chamber being mounted on said frame

assembly; sald matrix forming portion including mixture

distributing means extending downwardly from said mixing chamber
and being disposed adjacent an outlet thereof, said mixture
disfributing means including an elongated plate member disposed
1n a downwardly extending inclined orientaion, & horizontally
disposed rotatable drum member closely spaced adjustably to said
inclined plate member and closely adjacent to said mixing chamber
outlet, a cleaning blade extending upwardly from said drum member:
sald positioning portion including pressure applying rollers
disposed closely adjacent to a lower edge of said plate member,
and said rollers being operatively connected selectively to said
carriage means to draw a porous blanket over said plate member and
under said spaced rotatable drum member while saturating said

blanket with a liquid mixture being delivered from said mixing

chamber onto said moving blanket.

7. Structure forming apparatus according to Clalm 6 wherein
salid mixture distributing means includes a second blade closely

adjacent to said drum member remote from said first blade.

8. Structure forming apparatus according to Claim 6 wherein

salid pressure applying rollers include a pair of cooperating
elongated rollers.

9. Structure forming apparatus according to Claim 6 wherein

said supporting portion includes a crank associated with said
pPressure applyving rollers.
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10. Structure forming apparatus according to Claim 6 wherein
said supporting portion includes a handle to {acilitate

maneuvering of said apparatus.
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