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Application of Direct Pressure to Resin in Curing
of Epoxy and Addition Type Polyimides

RATIONALE

ARP1927 has been reaffirmed to comply with the SAE Five-Year Review policy.

1. SCOPE:

1.1 This recommended practice describes the materials, related equipment, and
particular processing techniques utilized in process science curing of
composite hardware where pressure is imparted specifically to the resin of
curing composites. Included as Appendix "A" to this ARP is a discussion of
the particular techniques developed for a processing science philosophy
which has consistently produced void and porosity-free, large area, thick
composite structures.

1.2 An understanding of the processing philosophy presented in Appendix "A" is
important because the approaches and techniques used in processing composite
hardware presented in this ARP are unique compared to normal industry
practice.

2. EQUIPMENT:

2.1 The following equipment items are considered necessary for the correct
application of the techniques recommended in this ARP.

2.1.1 Autoclave with not less than 75 psi (517 kPa) pressure and 175°C (347°F)
temperature capacity, with vacuum attachment sources. ’

2.1.2 Vacuum pump with the capability of providing 25 inches (635 mm) of vacuum
or greater.

2.1.3 Nitrogen source with pressure regulation capability in the 50 to 200 psi
(345 to 1379 kPa) range with +5 psi (34.5 kPa) accuracy.

2.1.4 Miscellaneous standard laboratory or composite fabrication equipment
including such items as pressure, vacuum, and temperature recording
devices; breather/bleeder, separator film, nylon bagging, and bag sealing
compound and composite layup or fabrication aids.
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3. TECHNICAL REQUIREMENTS:

3.1 Process Techniques: Two different process techniques are defined; the first
is internal vacuum bag pressure curing and the second is bagless curing of

net resin prepreg systems.

3.1.1 Internal Vacuum Bag Pressure Curing:

3.1.1.1

3.1

4.

.

The prepreg composite stack is layed up on top of appropriate mold
release tooling; steel, aluminum, ceramic, composite tooling, etc, are
all acceptable tool surfaces.

Provide a porous polytetrafiuoroethylene (PTFE), or equivalent,
separator film over the surface of the composite structure.

An appropriate number of plies of fiberglass, foam, mochburg paper, etc,
bleeder breather material, relative to the number of prepreg plies, are
placed over the separator fiim to provide a path for entrapped air to
escape, for volatile evolution, and for resin flow to occur for proper
Taminate or structure compaction.

Extend the breather/bleeder material beyond the composite structure
periphery to provide for a vacuum/pressure path to the vacuum port or
ports. One or more vacuum ports are required based upon the size of
structure being cured.

Place the vacuum bag over the bleeder/breather material and affix the
bag to the tool surface with a bag sealing compound.

Ensure that vacuum attachment ports are properly located over the
vacuum/pressure paths and vacuum check bag to ensure the vacuum decay
rate is less than 5 inches (127 mm) of vacuum in 5 to 10 minutes.

Place the vacuum bagged tool into the autoclave.
Attach the vacuum lTines to the vacuum ports.

The appropriate cure cycle or cure profile, which includes heat-up
rates, vacuum, dwell times at various temperatures, and pressure
application points varies from resin to resin and their respective
manufacturers. Application of the manufacturer's recommended cure cycle
may be utilized for any resin system with the following exceptions:

With vacuum and autoclave pressure used during the initial part of the
cure cycle, then at some point approximately 15 to 45 minutes prior to
the gelation of the resin, apptication of internal vacuum bag pressure
is made. This is accomplished by vacuum under the bag being released
to atmosphere and nitrogen or any other inert gas introduced under the
vacuum bag through the vacuum port,

.2 The pressure of nitrogen introduced under the vacuum bag must always

be 15 to 20 psi (103 to 138 kPa) less than the autoclave pressure.
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3.1.1.7.3 The nitrogen gas or inert gas introduced under the vacuum bag produces
high pressure in the resin which causes collapse of voids and porosity
sites.

3.1.1.7.4 1Internal pressure curing is intended for pressure cures of 50 psi (345
kPa) or higher.

3.1.1.7.4.1 Solvent impregnated materials may require internal bag pressures
higher than 50 psi (345 kPa) to ensure that voids do not form at
elevated temperatures.

3.1.1.7.5 The remainder of the cure can then be accomplished according to the
manufacturer's recommended cure.

3.1.1.7.6 Cool the cured part to 50° to 65°C (122° to 149°F) before removing the
internal nitrogen pressure.

3.1.1.7.6.1 Always remove internal pressure prior to removal of autoclave
pressure.

3.1.1.7.7 Remove the autoclave pressure and unbag the cured part.

3.1.2 Bagless Curing of Net Resin Prepreg Systems:

3.1.2.1 Layup the prepreg composite stack on top of mold release tooling; steel,
aluminum, ceramic, and composite tooling are all acceptable substrates.

3.1.2.2 Provide a porous PTFE separator film, or equivalent, over the laminate
surface.

3.1.2.3 Place one ply of dry fiberglass or foam breather over the separator film.

3.1.2.4 Vacuum bag part by sealing edges of bag to the tool with bag sealing
compound.

3.1.2.5 Place the vacuum bagged part in the autoclave.

3.1.2.6 Pre-compact part by applying full vacuum and an autoclave pressure of 50
to 100 psi (345 to 689 kPa) for 10 to 30 minutes.

3.1.2.7 Remove autoclave pressure and release vacuum from the pre-compacted
composite stack or structure.

3.1.2.8 Open autoclave and remove the vacuum bag, breather/bleeder ply, and the
separator film. This step should be performed as quickly as possible,
within 5 minutes or less.

3.1.2.9 Close autoclave door and apply not less than 50 psi (345 kPa) autoclave
pressure.
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