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Attorney Docket No. 210302

RESIN GEL-TIME TEST FIXTURE

STATEMENT OF GOVERNMENT INTEREST
[0001] The invention described herein was made in the
performance of official duties by employees of the U.S.
Department of the Navy and may be manufactured, used, or
licensed by or for the Government of the United States for any

governmental purpose without payment of any royalties thereon.

CROSS REFERENCE TO OTHER PATENT APPLICATIONS

[0002] None.

BACKGROUND OF THE INVENTION
1) FIELD OF THE INVENTION
[0003] The present invention is directed to a test fixture, and
more particularly to a test fixture for holding specimens and
evaluating the gel-times of epoxy-resin materials in a submerged
environment.
2) DESCRIPTION OF THE RELATED ART
[0004] Due to their beneficial properties, including a
comparatively high strength-to-weight ratio, a long operational
life, and low maintenance costs; composite materials are
utilized in numerous devices and equipment as well as used in a

large range of applications. Composite materials have many
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desirable properties but are prone to damage due to impact
events as well as normal operations due to cyclic loading. The
presence of damage which evolves from operation has the
potential to adversely and permanently affect operational
capabilities and shock survivability.

[0005] Additionally, the nucleation and growth of inter-laminar
and trans-laminar cracks due to thermal expansion and
contraction cycles, thermal expansion mismatch of the fiber and
matrix materials, and hygrothermal swelling may reduce in-situ
structural survivability levels necessary to resist underwater
explosion, shock, impact and implosion.

[0006] However, composites are highly susceptible to damaging
cracks or tears within the matrix of the structure; thereby,
leading to a substantive decrease in the material strength.

This is especially true in an undersea environment due to high
pressures at deep ocean depths, shock events, as well as contact
with foreign objects. For composite structures designated as
critical, these damage sites can lead to adverse consequences
and can potentially degrade sensor performance due to forming of
micro-cracks deep within the polymer matrix.

[0007] However, composites are used in components cannot be
easily repaired while submerged. These damage sites are often

difficult and expensive to repair in a submerged environment.
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[0008] The ability to repair such damage while leaving the
composite component in the water can provide significant
reductions in cost and reductions in the time of return to
service. Additionally, with the capability to repair small
damage states while submerged in water; the ability for at-sea
repairs becomes a viable option.

[0009] Many composites have a matrix comprised of a two-part
epoxy/resin system. An important factor when selecting a resin
system for the self-healing system and matrix of the composite
is the gel and cure time of the proposed material in various
environments.

[0010] To ensure that resins used in the repair of composite
structures can appropriately gel and cure in submerged
applications (or undersea environments); such resins must be
tested. Optimally, such testing is performed in the environment
in which the resin is to be applied.

[0011] Previous studies have investigated the effects of
fracture, impact damage, and corrosion on self-healing composite
materials, and its subsequent ability to autonomously itself in
air. Previous studies have also developed methods for
fabricating and evaluating self-healing epoxy/resin composites
in dry applications (air). However, methods for fabricating and
testing self-healing materials in marine environments has not

yet been performed. A test method and fixture has not yet been
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developed to enable evaluation of candidate resin systems for
undersea material repair..

[0012] Therefore, a fixture is required to test the gel and
cure times of different materials in a baseline and underwater
environment. The ability to quickly and reliably test a large
number of resin combinations also ensures optimal material

selection for undersea repair applications.

SUMMARY OF THE INVENTION
[0013] The primary object and general purpose of the present
invention is to provide a test fixture for conducting gel-time
testing of two-part resin systems in submerged environments.
[0014] It is a further objective of the present invention to
provide a test fixture to measure the effectiveness of a two-
part resin system in a submerged environment, while also
conducting the testing in a controlled laboratory setting.
[0015] A test fixture is provided for testing the gel time and
cure times of two-part resin systems for use in submerged
environments. The test fixture includes a support body and a
pair of specimen molds. Each specimen mold holds one part of
the resin system. Each specimen mold and has one open end, and a
bottom guide rail to maintain an alignment with the support
body. The two specimen molds are positioned in the support body,

with their open ends facing each other.
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[0016] These and other objects, features, and advantages of the
present invention will become more readily apparent from the

attached drawings and the detailed description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017] Other objects, features and advantages of the present
invention will become apparent upon reference to the following
description of the preferred embodiments and to the drawings,
wherein corresponding reference characters indicate
corresponding parts throughout the several views of the drawings
and wherein:
[0018] FIG. 1 is a perspective view of a test fixture according
to the present invention;
[0019] FIG. 2 is a cross-section view of the specimen mold; and
[0020] FIG. 3 is a perspective view of a specimen mold
according to the present invention with the mold viewed upside

down to show the guide rail.

DETAILED DESCRIPTION OF THE INVENTION
[0021] The present invention provides a test fixture that can
quantify gel time of a two-part epoxy-resin system in air, fresh
water, and salt water over a wide range of temperatures
corresponding to specific environments. This gel time data can

then be used in the selection of an optimized repair system.
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[0022] The test fixture enables the evaluation of a repair
system that facilitates underwater repair of composite damage
through a resin that cures quickly and effectively underwater.
The identification of a resin through controlled laboratory
testing that is able to perform underwater repairs for minor
damage of composite marine components is a significant benefit,
as it prevents the need to remove and dry damaged components
from the water prior to repair.

[0023] The test fixture includes two components that allow the
constituent materials of a two-part epoxy-resin system to align
and gel in a variety of dry or submerged environments. During
use, the gel-time is recorded and the gel-time data is used to
compare various epoxy-resin systems and thereby inform the
design process for a wetted composite structure.

[0024] Referring now to the drawings, FIG. 1 depicts a test
fixture 100 with a support body 102 and a trough 104 located in
the support body. The concave profile of the trough 104 aligns
with the cylindrical profile of specimen barrels 122, to allow
the specimen barrels to move axially within a support track 108.
[0025] The support track 108 is provided along the bottom
length of the trough 104. The support track 108 is a keyhole
slot for a guide rail 124 of the specimen barrel 122 (See FIG.

2).
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[0026] FIG. 3 depicts a specimen mold 120 with the specimen
barrel 122, a handle 126 and the guide rail 124. The specimen
barrel 122 is a cylinder having a closed first end 128 and an
open second end 130. The L-shaped handle 126 attaches to the
first end 128 by fasteners 132. The guide rail 124 attaches to
the bottom of the specimen barrel 122 by fasteners 136. The
test fixture 100 includes the two specimen molds 120 engaged
with the support body 102 in such a way that maintains alignment
of the resin samples within the two specimen molds.

[0027] In use, a resin sample is placed in the open end 130 of
each of the two specimen barrels 122. The specimen barrels 122
are set in the trough 124 and the guide rail 124 is inserted in
the support track 108. The specimen barrels 122 are slid
axially along the support track 108 toward each other, until the
faces of the two resin samples make contact. The test fixture
100 maintains alignment of the resin samples within the two
specimen barrels 122. The alignment enabled by the test fixture
100 ensure complete contact between the faces of the two resin
samples, which is critical for the success of the gel-time
testing.

[0028] The gel-time testing is initiated by preparing the two-
part (Part A & B) epoxy-resin system per the mixing ratio
provided on a Technical Data Sheet for the testing. Each

specimen barrel 122 is filled with the mixed epoxy-resin,
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creating a base layer. The base layer within each specimen
barrel 122 is then allowed to cure for at least 12 hours.

[0029] The test fixture 120 has been successfully demonstrated
to measure the gel time of the epoxy-resin systems under various
dry and wetted conditions, including fresh and saltwater
environments. The test fixture 100 provides the capability to
evaluate in a controlled environment, the effectiveness of
epoxy-resin systems for underwater repair of composite
structures.

[0030] The foregoing description of the preferred embodiments
of the invention has been presented for purposes of illustration
and description only. It is not intended to be exhaustive nor to
limit the invention to the precise form disclosed; and obviously
many modifications and variations are possible in light of the
above teaching. Such modifications and variations that may be
apparent to a person skilled in the art are intended to be
included within the scope of this invention as defined by the

accompanying claims.
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RESIN GEL-TIME TEST FIXTURE

ABSTRACT OF THE DISCLOSURE

A test fixture is provided with a pair of specimen molds.
Each specimen mold includes a cylindrical specimen barrel with
at least one open end with a guide rail attached to a bottom of
the specimen barrel. The test fixture also includes a support
body having a trough shaped to match the shape of the specimen
barrel. A track is located at the bottom of the trough and
extends the length of the trough. The specimen barrels are
positioned in the support body having an open end of a first
specimen barrel facing the open end of a second specimen barrel.
The guide rail for each specimen barrel is positioned in the

track at the bottom of the trough in the support body.
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