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(57) ABSTRACT 

A composite item is fabricated in System that includes a layer 
of preform, Supply of resin, mandrel, and bagging film. The 
layer of preform corresponds to the composite item. The 
supply of resin is sufficient to infuse the preform. The man 
drel includes a preform receiving Zone to receive the layer of 
preform and a resin receiving Zone to receive the Supply of 
resin. The resin receiving Zone is adjacent to the preform 
receiving Zone. The bagging film is operable to generate an 
envelope Surrounding the preform receiving Zone and the 
resin receiving Zone. 
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BULK RESIN INFUSON SYSTEM 
APPARATUS AND METHOD 

FIELD OF THE INVENTION 

0001. The present invention generally relates to a resin 
infusion device. More particularly, the present invention per 
tains to a vacuum assisted resin infusion device. 

BACKGROUND OF THE INVENTION 

0002 Laminated materials such as, for example, compos 
ites are widely utilized to increase structural rigidity in a wide 
variety of products. For example, composites are generally 
utilized by the airplane construction industry to build air 
frames, structural members of airframes, wings, wing spars, 
and the like. In some of the most advanced aircraft, where 
high strength and rigidity and low weight are extremely 
important, composites may account for a significant portion 
of the airframe as well as the external surface or skin. Typi 
cally, these composites are constructed from a plurality of 
layers placed over a form. These layers are often referred to as 
partial or full plies. Each ply may be in the form of unidirec 
tional fiber material, woven fibers in a fabric, braided, or a 
variety of other conformations. Plies of unidirectional fiber 
material are often placed in several direction or Strand orien 
tations such as, 0.90°, +45, and the like. The fibers may be 
made from any of a multitude of natural and/or “man-made” 
materials such as fiberglass, carbon, Kevlar R, and the like. 
0003. In a “dry layup, the plies of reinforcing material are 
placed on a form or mandrel and then Saturated with a resin 
Such as epoxy. If an excess of epoxy is present in the layup, the 
plies may expand in thickness create layers or pockets of 
epoxy that add weight to the layup without adding strength. 
However, if the plies are insufficiently saturated with epoxy, 
internal and/or external Voids or dry areas may occur. Such 
anomalies may result in undesirable material strength prop 
erties and/or surface imperfections. While conventional 
methods and devices have been employed to overcome these 
issues, these conventional solutions have not been fully Suc 
cessful. 
0004. Accordingly, it is desirable to provide a system, 
apparatus and method for infusing resin into a layup that is 
capable of overcoming the disadvantages described herein at 
least to some extent. 

SUMMARY OF THE INVENTION 

0005. The foregoing needs are met, to a great extent, by the 
present invention, wherein in one respecta system, apparatus 
and method is provided that in some embodiments facilitates 
infusing a resin into a layup. 
0006 An embodiment of the present invention relates to a 
mandrel and includes a preform receiving Zone and a resin 
receiving Zone adjacent to the preform receiving Zone. 
0007 Another embodiment of the present invention per 
tains to a device for infusing a layup that includes a mandrel 
and bagging film. The mandrel is operable to receive the 
layup. The mandrel includes a preform receiving Zone and a 
resin receiving Zone adjacent to the preform receiving Zone. 
The bagging film is operable to generate an envelope that is 
sealed from the atmosphere and Surrounds the preform 
receiving Zone and the resin receiving Zone. 
0008. Yet another embodiment of the present invention 
relates to a system for fabricating a composite item. The 
system includes a layer of preform, Supply of resin, mandrel, 
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and bagging film. The layer of preform corresponds to the 
composite item. The supply of resin is sufficient to infuse the 
preform. The mandrel includes a preform receiving Zone to 
receive the layer of preform and a resin receiving Zone to 
receive the Supply of resin. The resin receiving Zone is adja 
cent to the preform receiving Zone. The bagging film is oper 
able to generate an envelope that is sealed from the atmo 
sphere and Surrounds the preform receiving Zone and the resin 
receiving Zone. 
0009. Yet another embodiment of the present invention 
pertains to an apparatus for infusing a liquidus resin into a 
fibrous layer to fabricate an item. The apparatus includes a 
means for positioning a quantity of resin on a mandrel adja 
cent to the fibrous layer. The quantity of resin is sufficient to 
infuse the fibrous layer. The apparatus further includes a 
means for generating an amount of compressive force on the 
resin and a means for reducing the Viscosity of the resin. The 
reduced viscosity resin is infused into the fibrous layer in 
response to the compressive force exceeding a resistance of 
the resin. 

0010 Yet another embodiment of the present invention 
relates to a method of infusing a liquidus resin into a fibrous 
layer to fabricate an item. In this method, a quantity of resin 
is positioned on a mandrel adjacent to the fibrous layer. The 
quantity of resin is sufficient to infuse the fibrous layer. In 
addition, an amount of compressive force is generated on the 
resin and the viscosity of the resin is reduced. The reduced 
Viscosity resin is infused into the fibrous layer in response to 
the compressive force exceeding a resistance of the resin. 
0011. There has thus been outlined, rather broadly, certain 
embodiments of the invention in order that the detailed 
description thereof herein may be better understood, and in 
order that the present contribution to the art may be better 
appreciated. There are, of course, additional embodiments of 
the invention that will be described below and which will 
form the subject matter of the claims appended hereto. 
0012. In this respect, before explaining at least one 
embodiment of the invention in detail, it is to be understood 
that the invention is not limited in its application to the details 
of construction and to the arrangements of the components set 
forth in the following description or illustrated in the draw 
ings. The invention is capable of embodiments in addition to 
those described and of being practiced and carried out in 
various ways. Also, it is to be understood that the phraseology 
and terminology employed herein, as well as the abstract, are 
for the purpose of description and should not be regarded as 
limiting. 
0013 As such, those skilled in the art will appreciate that 
the conception upon which this disclosure is based may 
readily be utilized as a basis for the designing of other struc 
tures, methods and systems for carrying out the several pur 
poses of the present invention. It is important, therefore, that 
the claims be regarded as including Such equivalent construc 
tions insofar as they do not depart from the spirit and scope of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1 is a block diagram of a bulk resin infusion 
system according to an embodiment of the invention. 
0015 FIG. 2 is an exploded view of a bulk resin infusion 
device suitable for use with the bulk resin infusion system 
according to FIG. 1. 
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0016 FIG. 3 is a cross-sectional view of a mandrel suit 
able for use with the bulk resin infusion system according to 
FIG 1. 
0017 FIG. 4 is a top view of the mandrel 18 suitable for 
use with the BRI system 10 according to FIG. 1. 
0018 FIG. 5 is a flowchart illustrating steps that may be 
followed in accordance with an embodiment of the method or 
process. 
0019 FIG. 6 is an example of a graph of fiber volume 
fraction (abscissa) as it affects the change in laminate weight 
(ordinate) according to an embodiment of the invention. 
0020 FIG. 7 is an example of a graph of fiber volume 
fraction (abscissa) as it affects the percent increase or 
decrease of item weight and load carrying weight (ordinate) 
according to an embodiment of the invention. 
0021 FIG. 8 is a detailed view of a resin metering device 
suitable for use with the bulk resin infusion system according 
to FIG.1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0022. The present invention provides a vacuum assisted 
bulk resin infusion (BRI) system, device, and method. In 
Some embodiments, the BRI system includes a form or man 
drel to retain a layup. The layup includes at least one ply of 
preform, parting film, and infusion media. The BRI system 
includes a membrane that is sealed from the atmosphere or 
Substantially gas impermeable membrane that envelopes the 
layup. In response to a pressure differential across the mem 
brane, compressive force is exerted upon the layup. This 
process is typically referred to as “vacuum bagging. How 
ever, increasing ambient pressure outside the envelope may 
also be utilized. The term, “bulk resin infusion' as used 
herein, refers to resin being used to infuse the preform at a 
relatively higher flow rate than convention systems. In an 
embodiment, this higher flow rate may be achieved by dis 
posing the resin adjacent to the preform and within the enve 
lope. This method reduces or eliminates any tubing systems 
utilized to convey the resin from a holding chamber to the 
preform and may be used with relatively higher viscosity 
resins. Certain high viscosity resins exhibit material proper 
ties that may be advantageous in relatively high technology 
applications such as, for example, aerospace, racing, and the 
like. 
0023. In addition, embodiments of the present invention 
are configured to optimize the volume of resin to fiber ratio. 
More particularly, as illustrated in FIGS. 6 and 7, embodi 
ments of the invention are configured to achieve a fiber vol 
ume fraction percent of about 45% to about 65%. 
0024 Advantages of various embodiments of the inven 
tion include: (1) facilitates the use of relatively more viscous 
resin formulations and includes those normally applied to 
resin film infusion processing; and (2) decreases complexity 
of infusion system. 
0025. The invention will now be described with reference 
to the drawing figures, in which like reference numerals refer 
to like parts throughout. As shown in FIG. 1, a vacuum 
assisted bulk resin infusion (BRI) system 10 includes a BRI 
device 12 to infuse a preform 14 with a resin 16. The preform 
14 includes any suitable fibrous or otherwise porous reinforc 
ing media Such as, for example, any of a multitude of natural 
and/or “man-made materials such as fiberglass, carbon, 
Kevlar R, and the like. To infuse the resin 16 into the preform 
14, a pressure differential is generated across an envelope20 
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such that an interior of the envelope 20 is at a relatively lower 
pressure than an exterior of the envelope 20. For example, a 
vacuum generator 22 in fluid connection with the envelope20 
may be configured to remove a portion of air and/or gasses 
from the envelope 20. In this manner ambient air pressure 
may exerta force upon the envelope20. According to various 
embodiments, the resin 16 is a thermoset type resin that is 
cured in response to being Subjected to an elevated tempera 
ture and/or pressure. In this regard, the BRI device 12 may be 
heated 24 by a heater 26. In a particular example, the resin 16 
is Substantially solid or putty-like at room temperature prior 
to being cured. In response to being heated to a predetermined 
temperature and/or for a predetermined time, viscosity of the 
resin 16 is, initially, reduced such that the resin 16 is operable 
to flow into or infuse the preform 14. In response to further 
elevating the temperature and/or an extended curing period, 
the viscosity of the resin 16 is increased and the resin 16 
solidifies due to an essentially irreversible chemical polymer 
ization reaction. 

0026. In another embodiment, the resin 16 may include a 
thermoplastic resin. In general, the Viscosity of thermoplastic 
resins is too high for use in conventional infusion systems. It 
is an advantage of embodiments of the present invention that, 
in some instances, thermoplastic resins are Suitable for use 
with the BRI system 10. More particularly, the BRI system 10 
may be utilized to infuse thermoplastic resins in “C-chan 
nels' or other such relatively long, narrow items. 
0027. In various embodiments, the heater 26 is configured 
to raise the temperature of the resin 16 or otherwise impart 
thermal energy into the resin 16. The heater 26 may include 
any suitable heating device Such as, for example, a heating 
element, electric blanket or other such electric device, infra 
red (IR) heater, oven, autoclave, and the like. In a particular 
example, the heater 26 is an oven having an interior Volume 
sufficiently large to contain the BRI device 12. In another 
example, the heater 26 is an autoclave having a pressure 
chamber with sufficient volume to contain the BRI device 12 
and operable to increase the temperature and/or ambient pres 
sure within the pressure chamber. Following heating, the BRI 
device 12 may be removed 28 from the heater 26 or otherwise 
allowed to cool. 
0028. As a result of the infusion and any curing proce 
dures, a composite item 30 is generated. The composite item 
30 includes any suitable item or part such as, for example, 
“C-channels' and other structural members, wing spars, fuse 
lage frames, panels, and the like. 
0029 FIG. 2 is an exploded, cross-sectional, view of the 
BRI device 12 suitable for use with the BRI system 10. As 
shown in FIG. 2, the BRI device 12 includes the preform 14, 
resin 16 and the mandrel 18. In addition, the BRI device 12 
includes a parting film 32A and 32B, infusion media 34, caul 
plate 36, bagging film 38, Sealant 40, Vacuum port 42, and exit 
breather 44. 

0030 The parting films 32A and 32B include any suitable 
release film or peel ply operable to reduce adhesion of the 
cured item 30 to the various other components of the BRI 
device 12. Generally, suitable parting films include those that 
do not appreciably adhere to the resin 16. In addition, suitable 
parting films facilitate a flow of liquidus resin there across. In 
a particular example, the parting films 32A and 32B are a 
Teflon R coated woven fiberglass layer such as Armalon R. As 
shown in FIG. 2, the parting film 32A is disposed to cover at 
least a portion of the preform 14. In a particular example, the 
parting film 32A is “held back” from an edge of the preform 
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14 that is relatively close to the exit breather 44 to induce the 
resin 16 to flow through the preform 14. Also shown in FIG. 
2, the parting film 32B is disposed to cover at least some 
portion of the exit breather 44 and may extend slightly under 
the preform 14. 
0031. The infusion media 34 facilitates flow of the resin 16 
into the preform 14 from a position relatively to one side of 
the preform. In this regard, the infusion media 34 includes a 
relative coarsely woven or non-woven layer. 
0032. The caul plate 36 is optionally included to facilitate 
modification of Surface characteristics. If present, the caul 
plate 36 may include a relatively stiff or rigid material having 
a lower surface that is drawn toward an upper surface of the 
preform. In this manner, the upper Surface of the preform may 
be modified to essentially correspond to the lower surface of 
the caul plate 36. The caul plate 36 by its rigidity equalizes the 
pressure on the infusion media 34 and the preform preventing 
any localized wrinkling or waves in the infusion media34 and 
preform during infusion. These localized anomalies can 
occur if the pressure within the envelope 20 equilibrates with 
the pressure outside the envelope 20 at a discrete location(s). 
In addition to or as a replacement for the caul plate 36, a rigid 
bar 45, can be placed along the length of the preform 34. 
(Length being the dimension into the page as FIG. 2 is 
drawn.) The bar 45 is located atop the infusion media 34 and 
between the resin 16 and the preform 14. The rigidity of the 
bar 45 meters the flow of the resin 16 into the preform 14 
preventing localized loss of a net compaction pressure on the 
preform 14. As illustrated in FIG. 8, anotherform of metering 
device is to place the bulk resin 16 halfway atop a non-porous 
film 47 and the infusion media 34 and then form the film 47 
around the bulk resin 16 and secure the film 47 using adhesive 
tape 49. 
0033. The bagging film 38 is a membrane that is substan 

tially sealed from the atmosphere or essentially gas imperme 
able membrane to facilitate generating a pressure differential. 
That is, when sealed upon the mandrel 18, the bagging film 38 
forms the envelope20 inclosing the resin 16, preform 14, and 
various other components of the BRI device 12 and, to a 
Sufficiently large extent, prevents air and/or gasses from pass 
ing therethrough. Generally, the bagging film38 includes any 
suitably impermeable membrane, layer, or barrier. Suitable 
materials from which the bagging film may be made include 
plastics, rubbers, resins, and the like. Air and/or other gasses 
drawn from the envelope 20 generates a pressure differential 
that exerts a compressive force upon the contents of the enve 
lope 20. 
0034. The sealant 40 facilitates generating a membrane 
that is substantially sealed from the atmosphere or substan 
tially gas impermeable seal between the bagging film 38 and 
the mandrel 18. In various embodiments, the sealant 40 
includes any Suitable sealing material and/or method. 
Examples of Suitable sealing materials and/or methods 
includes sticky, tacky and other such adhesive tapes or cord 
age, heat sealing, elastomeric Seals, and the like. In other 
embodiments, the sealant 40 is optional and may be omitted. 
For example, the vacuum film 38 may include a reusable, 
self-sealing bag or other such envelope that the BRI device 12 
is placed in. 
0035. The vacuum port 42 facilitates removal of some or 

all of the atmosphere from the BRI device 12. For example, 
the vacuum port 42 may be fluidly attached to the vacuum 
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generator 22. In this manner, air and/or other gasses may be 
drawn from within the BRI device 12 by the vacuum genera 
tor 22. 

0036. The exit breather 44 facilitates removal of the atmo 
sphere from the BRI device 12 by increasing the surface area 
from which gasses are removed via the vacuum port 42. In a 
particular example, the exit breather 44 includes a porous 
ceramic material. 
0037 To reduce any likelihood of resin being drawn into 
the exit breather 44, the preform 14 is held back from a choke 
Zone 46. This choke Zone 46 effectively retards the infusion 
process thereby allowing a near net quantity of the resin 16 to 
fill the preform 14. To facilitate movementofair and/orgasses 
from the preform 14 to the exit breather 44, the parting film 
32B or other such porous release material is placed to extend 
from under the preform 14, at least to Some extent, and across 
the choke Zone 46 to cover most or all of the exit breather 44. 
To facilitate drawing the liquidus resin 16 from the infusion 
media 34 and into the preform 14, the BRI device 12 includes 
a dead Zone 48. By holding the infusion media 34 and the 
parting film 32A back a suitable distance from an edge of the 
preform 14, the flow front of liquidus resin 16 is forced into 
the choke Zone 46 after fully or essentially completely filling 
the preform. In this manner, premature cessation of infusion, 
caused by the movement of the resin 16 into the choke Zone 46 
prior to complete infusion of the preform 14, is substantially 
eliminated. 
0038. To prepare the BRI device 12 for operation, the 
various components of the BRI device 12 are positioned, one 
upon the other in a manner similar to that illustrated in FIG. 2. 
In operation, the BRI device 12 includes the envelope 20 (See 
FIG. 1) that surrounds the preform 14, resin 16, and various 
layers. Gasses are drawn from the envelope 20 via the exit 
breather 44 and a depressurized area is formed within the 
envelope 20. Any ambient pressure present outside of the 
envelope 20 acts to press the bagging film 38 upon the com 
ponents within the envelope20. Resilience and any interstitial 
spaces within the preform 14, infusion media 34 tend to resist 
this compressive force. Upon sufficient reduction in the vis 
cosity of the resin 16 and due to a delta pressure across the 
preform 14, the resin 16 is forced into the infusion media 34, 
across the parting film 32A and into the preform 14. 
0039 FIG. 3 is a cross-sectional view of the mandrel 18 
suitable for use with the BRI system 10 according to FIG. 1. 
The mandrel 18 of FIG. 3 is similar to the mandrel 18 of FIG. 
2, and thus, in the interest of brevity, those items described in 
FIG.2, will not be described again in FIG.3. As shown in FIG. 
3, the mandrel 18 includes the preform Zone 50 that corre 
sponds to the item 30. More particularly, the item 30 is a “C” 
channel and the preform Zone 50 includes a female mold that 
corresponds to the “C” channel profile. In addition, the man 
drel 18 includes the resin Zone 52 that includes a concavity or 
depression to facilitate retaining the resin 16 prior to and/or 
during infusion of the preform 14. 
0040 FIG. 4 is a top view of the mandrel 18 suitable for 
use with the BRI system 10 according to FIG.1. The mandrel 
18 of FIG. 4 is similar to the mandrel 18 of FIGS. 2 and 3, and 
thus, in the interest of brevity, those items described in FIGS. 
2 and 3, will not be described again in FIG. 4. As shown in 
FIG. 3, the mandrel 18 includes the preform Zone 50 that 
corresponds to the item 30. More particularly, preform Zone 
50 is relatively long to facilitate fabrication of the item 30. In 
addition, the resin Zone 52 abutting the preform Zone 50 
includes a similar length to facilitate infusion of the resin 16 
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into the preform 14. Furthermore, the exit breather 44 option 
ally includes a length similar to the preform Zone 50 to facili 
tate a relatively even draw of air and/or gasses from the 
envelope 20 and, thus, a relatively even flow of the resin 16 
across and into the preform 14. 
004.1 FIG. 5 illustrates steps involved in a method 60 of 
infusing the preform 14 with the resin 16 to fabricate the item 
30. Prior to the initiation of the method 60, the item 30 is 
designed and a series of computer readable instructions speci 
fying attributes of the composite product is generated. These 
instructions are utilized to generate the mandrel 18. In addi 
tion, the various components of the BRI system 10 are gath 
ered and prepared for the infusion process. The following 
steps 62 to 88 need not be performed as illustrated herein, but 
rather, may be performed in any suitable order. In this regard, 
it is the relative juxtaposition of components that conveys 
functionality to the BRI system 10, and not the order of 
positioning. 
0042. At step 62, the BRI system 10 is prepared. For 
example, the mandrel 18 may be prepared for the infusion 
process by applying a release coating to any surfaces that may 
come into contact with the resin 16. In addition, vacuum lines 
may be attached to the exit port 42 and vacuum generator 22. 
0043. At step 64, the layup is positioned. In general, posi 
tioning the layup includes positioning the preform 14 and the 
various other layers on or in a designated Surface of the 
mandrel 18. In addition, the resin 16 may be positioned at step 
64 or another step. More particularly, steps 66 to 78 describe 
procedures performed during layup positioning. 
0044. At step 66, the preform 14 is positioned. For 
example, one or more plies or layers of fibrous material are 
placed on the preform Zone. The plies may include fabric, 
unidirectional, and/or non-woven fibrous material. The mate 
rial of the fibers may include glass, carbon, Kevlar.R, poly 
mers, aramid, and/or other Such fibers. In addition, the plies 
may include strips that are, themselves, woven prior to or 
during placement on the mandrel 18. 
0045. At step 68, the parting film 32 is positioned. For 
example, the parting film 32 is disposed upon the preform 14 
and at a least a portion of the exit breather 44. The parting film 
32 may additionally be disposed upon some portion of the 
resin Zone and/or some portion of the mandrel 18 intervening 
between the preform Zone 50 and the resin Zone 52. 
0046. At step 70, the infusion media 34 is positioned. For 
example, the infusion media 34 may be positioned so as to 
cover Some portion of the preform 14. In a particular example, 
the dead Zone 48 is generated by leaving a relatively narrow 
portion of the preform 14 uncovered by the infusion media34. 
In this manner, a flow of the resin 16 across the infusion media 
34 may be directed into the preform 14. The infusion media 
34 may further be disposed upon some portion or abutting the 
resin Zone 52. In this manner, the infusion media 34 may 
facilitate transport of the resin 16 from the resin Zone 52, 
across the preform 14, and towards the exit breather 44. 
0047. At step 72, the resin 16 is positioned. For example, 
the resin 16 is positioned upon the resin Zone 52. It is an 
advantage of various embodiments of the invention that, the 
position of the resin 16 adjacent to the preform 14 facilitates 
the use of a broad range of resins, including those that are too 
Viscous for use in conventional vacuum bagging systems. It is 
another advantage of various embodiments that, by placing 
the resin adjacent to the preform 14, rather than below, above, 
and/or within the preform 14, melting the resin 16 does not 
resultina re-arrangement and/or wrinkling of the preform 14. 
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0048. At step 74, the caul plate 36 is optionally positioned. 
If utilized, the caul plate 36 is disposed relatively above the 
preform 14 and tends to reduce surface irregularities. In other 
instances, the caul plate 36 does not appreciable reduce Sur 
face irregularities, and thus, may be omitted. 
0049. At step 76, the sealant 40 is positioned. For example, 
a sticky, tacky, or adhesive ribbon or cord-like material may 
be disposed about a perimeter of the mandrel 18. 
0050. At step 78, the bagging film 38 is positioned. For 
example, the bagging film 38 may be disposed to extend to or 
beyond the sealant 40. 
0051. At step 80, the seal is generated. For example, suf 
ficient force is placed upon the bagging film 38 to form a seal 
between the bagging film 38 and the sealant 40 and/or 
between the sealant 40 and the sealant Zone 54 of the mandrel 
18. 
0.052 At step 82, the layup is infused. In general, infusion 
occurs in response to the pressure exerted by the bagging film 
38 overcome the resistance of the resin 16 to flowing through 
the various layers of the layup. More particularly, infusion 
occurs in response to the following steps. 
0053 At step 84, a pressure differential is generated. For 
example, Some portion of the air and/or gasses within the 
envelope 20 may be removed and/or the ambient pressure 
outside of the envelope 20 may be increased. More particu 
larly, the vacuum generator 22, in fluid connection with the 
vacuum port 42, may be utilized to remove some portion of 
the air and/or gas within the envelope20. In various embodi 
ments, the exit breather 44 provides a greatly increased Sur 
face area and/or elongated conduit for removal of air and/or 
gasses. In addition, the BRI device 12 is optionally placed in 
a pressure vessel Such as, for example, an autoclave that 
facilitates increasing the ambient pressure. In this regard, the 
heater 26 may include an autoclave to heat the resin 16 and 
provide an increased ambient pressure. 
0054. At step 86, the resin 16 is liquefied. For example, 
sufficient heat is applied to the resin 16 to reduce the viscosity 
of the resin 16. In various embodiments, heat may be applied 
to the resin 16 and/or the BRI device 12 by, for example, 
placing 24 the BRI device 12 in the heater 26, activating a 
heating element, and the like. The heating element, if present, 
may include a resistive heating element disposed within or 
below some portion of the mandrel 18, an infrared heater 
directed at the resin 16 and/or some portion of the mandrel 18, 
or the like. In another embodiment, the resin 16 is sufficiently 
liquidus that heating may be omitted. For example, a liquidus 
resin may be poured into a bowl or trough-shaped resin Zone 
such as the resin Zone 52 illustrated in FIG. 3. 

0055. At step 88, the item 30 is cured. Various resin for 
mulations employ a variety of methods for chemical harden 
ing or polymerization. For example, a group of resins broadly 
classified as thermoresins or thermoset resins are polymer 
ized by heating. In this regard, Sufficient heat and/or pressure 
is applied the infused resin 16 to facilitate a chemical reaction 
or polymerization in the resin 16. In other instances, the resin 
16 may be polymerized by the addition of a hardener or 
catalyst. Once mixed with the catalyst, the resin will poly 
merize given Sufficient time. Thus, in another example, Suf 
ficient time is allowed to transpire to facilitate polymeriza 
tion. 
0056. Following the method 60, the item 30 may be 
removed from the BRI device 12 and parted from the layup. 
Optionally, the item 30 may be finished. Finishing may 
encompass Sanding, polishing, milling, cleaning, or the like. 
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0057 The many features and advantages of the invention 
are apparent from the detailed specification, and thus, it is 
intended by the appended claims to cover all such features 
and advantages of the invention which fall within the true 
spirit and scope of the invention. Further, since numerous 
modifications and variations will readily occur to those 
skilled in the art, it is not desired to limit the invention to the 
exact construction and operation illustrated and described, 
and accordingly, all suitable modifications and equivalents 
may be resorted to, falling within the scope of the invention. 

1. A mandrel comprising: 
a preform receiving Zone; and 
a resin receiving Zone adjacent to the preform receiving 
ZO. 

2. The mandrel according to claim 1, further comprising: 
a sealing Zone to receive a sealant. 
3. The mandrel according to claim 1, further comprising: 
an exit port for fluid connection to a vacuum source. 
4. The mandrel according to claim 3, further comprising: 
a choke Zone to reduce the likelihood of the resin being 

drawn into the exit port. 
5. A device for infusing a layup, comprising: 
a mandrel to receive the layup, the mandrel comprising: 

a preform receiving Zone; and 
a resin receiving Zone adjacent to the preform receiving 

Zone; and 
a bagging film to generate an envelope Surrounding the 

preform receiving Zone and the resin receiving Zone. 
6. The device according to claim 5, further comprising: 
a sealant to seal the bagging film to the mandrel. 
7. The device according to claim 6, further comprising: 
a sealing Zone to receive the sealant. 
8. The device according to claim 5, further comprising: 
an exit port for fluid connection to a vacuum source. 
9. The device according to claim 8, further comprising: 
a choke Zone to reduce the likelihood of the resin being 

forced into the exit port. 
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10. A system for fabricating a composite item, comprising: 
a layer of preform corresponding to the composite item; 
a supply of resin sufficient to infuse the preform: 
a mandrel comprising: 

a preform receiving Zone to receive the layer of preform; 
and 

a resin receiving Zone to receive the Supply of resin, the 
resin receiving Zone being adjacent to the preform 
receiving Zone; and 

a bagging film to generate an envelope Surrounding the 
preform receiving Zone and the resin receiving Zone. 

11. The system according to claim 10, further comprising: 
a sealant to seal the bagging film to the mandrel. 
12. The system according to claim 11, further comprising: 
a sealing Zone to receive the sealant. 
13. The system according to claim 10, further comprising: 
an exit port for fluid connection to a vacuum source. 
14. The system according to claim 13, further comprising: 
a choke Zone to reduce the likelihood of the resin being 

drawn into the exit port. 
15. The system according to claim 10, further comprising: 
a heater to heat the Supply of resin, wherein heating the 

resin initially reduces a viscosity of the Supply of resin 
and wherein further heating increases the Viscosity of 
the Supply of resin. 

16. The system according to claim 15, wherein the heater is 
a OVC. 

17. The system according to claim 15, wherein the heater is 
an autoclave. 

18. The system according to claim 15, wherein the heater is 
an electric device in thermal contact with the mandrel. 

19. The system according to claim 10, further comprising: 
a vacuum generator to generate a pressure differential 

across the bagging film, wherein the pressure differen 
tial provides a compressive force to urge the resin into 
the preform. 

20-25. (canceled) 


