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1. Introduction

The Vacuum-Assisted Resin Transfer Molding (VARTM) process is an out-of-autoclave fiber-
reinforced polymer (FRP) composite fabrication method, which is advantageous due to its
relatively low cost and eases of use. VARTM is applicable for manufacturing large-scale FRP
composites of military, marine and other commercial uses (1-8). The cost advantages are due to
decrease in labor, material, and equipment expense as compared to other techniques. The most
common variation of the VARTM process was developed by Seemann Composites, Inc.,
(Gulfport, MS) and is called the Seemann Composite Resin Infusion Molding Process
(SCRIMP). Other variations of VARTM include the Controlled Atmospheric Pressure Resin
Infusion (CAPRI) process, and the Vacuum-Assisted process (VAP) (9-11). U.S. Army
Research Laboratory (ARL ) resin-infused composites are typically fabricated using a modified
SCRIMP method with the addition of a redundant second vacuum bag, which is added in order
to ensure processing performance and repeatability. Figures 1 and 2 illustrate the VARTM
process.

Scrap Fiberglass E;:gt;rgkor Vacuum Bag Distribution Media
Vacuum Peel Ply
Connection &
Resin Outlet Resin Inlet
\
Tool Plate

Figure 1. Schematic showing the side view of a composite plate being fabricated by the VARTM process with a
single bag.

VARTM processing of FRP composites has two significant limitations: the first is that the

process requires a high level of accuracy in the mixing of the resin, and second, the process
requires that the resin system be kept free from dust and debris during mixing, infusion, and
curing. In a laboratory or manufacturing environment, these two issues are easily managed.

However, these issues are difficult to control in an in-field environment.

In this study, a solution to the difficulties of in-field VARTM composite processing is addressed
by the development of the Bladder-Bag VARTM (BBVARTM) technique. The fabrication of
FRP composite specimens, and repair of a composite structure, are shown as a proof-of-concept
for the BBVARTM technique.



Figure 2. Image of fiberglass composite being fabricated using VARTM
processing.

2. Experimental

2.1 Composite Laminate Fabrication

Multiple 6 inch square 8-ply panels of 831 g/m? 240 style 5 x 5 plain weave, S-2 fiberglass
(BGF, Greensboro, NC) were infused with the SC-15 epoxy (Applied Poleramic Inc., Benicia,
CA) resin system. The SC-15 was prepared by mixing according to the manufacturers’ standards
and then degassed in a vacuum oven at ~28 in mercury (Hg) for 30 min. The resin was then
transferred into vacuum sealable FoodSaver” storage bags (Sunbeam Products, Inc., Boca Raton,
FL). The bags were then sealed and all air was evacuated from the bag to prevent the
introduction of air into the resin infusion process. The resin was then heat sealed in the
minimum amount of bag possible to prevent having excess resin bag material within the
consolidation vacuum bag. A storage bag and vacuum can be seen in figure 3.

* FoodSaver is a registered trademark of Jarden Direct, Inc.



Figure 3. (Left to right) Vacuum storage bag and vacuum sealer.

The 6 inch square panels were then laid up in the same fashion as a typical double-bagged
VARTM lay-up, with the only exception that the resin inlet tube was replaced with the bladder
bag containing resin. Samples being fabricated can be seen in figure 4a and 4b. The bladder bag
was placed in contact with the distribution media of the part in order to assure resin infiltration of
the dry fabric. The lay-ups are placed under vacuum at ~28 in Hg and checked for leaks.

Upon testing of this system, it was determined that there was a need for a device inside of the
consolidation vacuum bag that would burst the bladder bag of resin. A piece of polycarbonate
was laser cut to create a serrated edge, and placed directly on top of the bladder bag in the lay-up
process. The serrated polycarbonate can then be pressed through the bladder bag to begin resin
infusion. The rupture device can be seen in figure 5a and 5b.



Figure 4. (Left) a and b leak check of BBVARTM lay-ups. (Right) resin in bladder bag before infusion of
the dry fabric.

(a) | ()

Figure 5. (Left) (a) and (b) bladder-bag rupture device after machining and (right) before infusion.

Once under vacuum, infusion is initiated by lightly pressing down on the rupture device.

2.2 Composite Repair

Since resin infusion and part fabrication using BBVARTM were proven achievable, the
technology was tested for use as a composite repair technique. Here, a light-weight structural
composite part was evaluated. The part was originally fabricated out of 240 style 5 x 5 plain



weave prepreg S-2 fiberglass fabric and a honeycomb core cured in an autoclave, much like the
composite parts fielded in vehicle systems. The original part can be seen in figure 6.

The part underwent simulated tool-drop damage, which caused matrix fracture and debonding of
the matrix and fiber. The resulting damage can be seen in figure 7a and b.

Figure 6. Autoclave fabricated composite part with
honeycomb core.

(€)] (b)

Figure 7. (Left) a and b damage from simulated tool drop. (Right) damage locations.



The damaged surface of the composite was removed at the location of the damage with a rotary
grinder. Precision machining could be used for the removal of the damaged surface; however,
the goal was to represent in-field repair, therefore, a tool that would commonly be used in-field
was chosen. The repair location was taper sanded to ensure that each ply of the laminate was
exposed for maximum bonding of the repair material. This technique is commonly called scarf
repair, and it is a common composite repair technique used in the aerospace industry (12-14).
The part is shown in figure 8 after the damaged surface has been removed.

Figure 8. Damaged surface of composite part
removed, honeycomb visible.

The part was then cleaned and prepped for repair using BBVARTM. 831 g/m? 240 style 5 x 5
plain weave S-2 fiberglass is cut to the shape of the damaged area and placed in the void left
from the removal of the damage. Smaller plies are laid closer to the honeycomb, and
successively larger plies are stacked on top in order to accommodate the gradual widening of the
tapered void. The dry repair fabric can be seen in figure 9. Peel ply, distribution media, and a
bladder of resin were then placed over the dry fabric. VVacuum is drawn on the system, the
bladder bag is ruptured, and the repair part is infiltrated with resin. This process is depicted in
figures 10 and 11.



Figure 9. S-2 fiberglass fabric cut and ready to be used for
repair.

Figure 10. BBVARTM lay-up under vacuum, ready for infusion. Bladder bag of resin with
rupture device before infusion is circled in the image.
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Figure 11. BBVARTM lay-up after infusion of resin. The circled section of the image
shows the ruptured bladder bag, which was emptied of resin and infused into
the fiberglass.

After the infusion was completed, and the resin had cured, the bagging and infusion materials
were removed, and the surface is sanded lightly to remove any excess resin. An image of the
resulting repair can be seen in figure 12.

Figure 12. BBVARTM repair completed.



3. Conclusions

It has been shown that BBVARTM can be used for the fabrication and repair of resin-infused
FRP composites for in-field applications. This method is currently being adapted and included
in a repair kit containing all the necessary materials for in-field use called the Composite Resin
Infusion kit (CRIKIit). The kit includes: plies of fabric, a handheld vacuum pump, release ply,
and vacuum bagging materials. CRIKit also includes resin systems for multiple applications.
The resin systems are contained in bladder bags that keep parts A and B separate with a bag-
inside-a-bag, in which the innermost bag contains the curing agent, and the encompassing bag
contains the resin. The inner bag is ruptured by mechanical means, and the resulting
combination is kneaded to ensure proper mixing immediately before the time of use. The
characterization of repair patches and composite laminates fabricated by BBVARTM will
follow. The process will also be evaluated for use in the fabrication of FRP composites with
fiber volume fraction by design. Since this method is fully enclosed, it is theorized that specific
amounts of resin could be infused in order to create composites with a desired amount of resin.
Fiber volume fraction could then be decided by the user, thereby controlling mechanical
properties of the laminate for specific applications.
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