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ABSTRACT

The FAA AGATE (Advanced General Aviation Transportation Experiments) program is
designed to reduce the certification cost for flying parts on small aircraft via the use of pre-
qualified materials. An aim of the program is to provide lower cost standard material forms and
processing techniques (compared to autoclave). Quickstep, a novel out-of-autoclave polymer
composite material processing technology, uses a liquid to transfer heat to the uncured laminate,
enabling precise control of the laminate temperature and a considerable reduction of cure-cycle
times. Plant and tool structural requirements are significantly reduced compared to those of
autoclave or oven processing. This paper describes the Quickstep technique for the processing of
a qualified AGATE aerospace composite material, Toray 2510/T700S PW carbon epoxy
prepreg. Laminate test specimens were manufactured using various Quickstep process cycles for
the determination of glass transition temperature and degree of cure, to establish the proper cure
cycle. Physical and mechanical properties of the specimens have been measured and are
reported. Comparable property data was obtained for the Quickstep and the AGATE-qualified
oven vacuum bag processed composites, with the Quickstep process achieving a significant
reduction in the overall process cycle time.
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1. INTRODUCTION

Qualification of a composite material for aircraft parts has historically been the responsibility of
the airframe manufacturer, a costly and time consuming process that has limited the penetration
of composites into the general aviation market. In 1994, to foster the use of advanced
technologies, including composites in small aircraft construction, the U.S. Federal Aviation
Administration (FAA), NASA, and industry formed the Advanced General Aviation Transport
Experiments (AGATE) consortium. A key component of this program was the development of
and 2001 release of DOT/FAA/AR-00/47, “Material Qualification and Equivalency for Polymer
Matrix Composite Material Systems,” which has come to be known ate the AGATE
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methodology. Under this program, a number of advanced composite prepregs have been
qualified and have entered commercial use (1).

In the AGATE methodology, a material supplier creates a standard line of products and performs
extensive lamina and laminate characterization, according to a matrix of properties and test
methods outlined in the program. Using guidelines from Military Handbook 17 (MIL-HBK-17),
design allowables are defined and become part of a shared database (2). Aircraft manufacturers
then have to complete a significantly reduced set of tests, using only one batch of prepreg
material, to demonstrate substantial equivalency, thereby lowering qualification costs and
shortening the certification time for a new aircraft.

Currently, all of the prepreg systems qualified to the AGATE database are cured using either a
vacuum process in an oven or employing the additional pressure provided by an autoclave. Both
processes heat the part and tooling with heated gas (air or nitrogen), a relatively slow and often
inconsistent method of achieving heat transfer. An Australian company, Quickstep Technologies
Pty Ltd, has developed and introduced a low pressure, out-of-autoclave process for the curing of
composite laminates using liquid heating and cooling (3). The high rate of heat transfer from the
fluids yields shorter cycle times, reduced capital and tooling investment, and lower operational
costs. While the use of AGATE qualified materials reduced certification and materials costs for
the aircraft manufacturer, the need still exists to produce parts in high rate without the high
investment costs typically associated with oven and autoclave methods. For this study, Toray
Composites (America) and Quickstep Technologies conducted a series of experiments to define
the potential advantages of combining the rapid processing offered by Quickstep with Toray’s
2510 AGATE qualified prepreg system.

2. CHARACTERISTICS OF THE CARBON EPOXY PREPREG

The Toray 2510 prepreg resin system was developed to suit the AGATE methodology of
material qualification. Designed to be cured under vacuum in an oven as well as in an autoclave,
the system offers a glass transition temperature (Tg) after hot/wet aging of 128°C (262°F) and a
dry Tg of 146°C (294F), with only a 132°C (270°F) cure temperature. Suitable for aircraft
primary structure applications, the low pressure and temperature characteristics make it ideal for
general aviation parts. The system is available in three prepreg formats, including a 150g/m2

unidirectional tape with 35 percent resin content on T700G-12K fiber, a woven carbon fabric
prepreg described below and used for this investigation, and a 7781-style glass prepreg with 38
percent resin content. All three materials have an FAA approved database and associated design
allowables. Qualification to the AGATE specifications was completed in October 18, 2000for
the following prepreg systems:

a) TCQAL-T-1012 Material Qualification of T700G/#2510, 150 g/m2, Unidirectional Tape
b) TCQAL-T-1013 Material Qualification of T700S/#2510, 190 g/m2, Plain Weave Fabric
c) TCQAL-T-1014 Material Qualification of FGF7781/#2510, 295 g/m2, Fiberglass Woven

Fabric

The prepreg used in the Quickstep investigation is the plain weave fabric based on T700S-12K
fiber. Woven using a specially developed process, the material has a fiber areal weight of
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193g/m2, similar to a 3K style plain weave, but at a significantly reduced cost. The weaving and
prepreg processes yield a very flat prepreg with excellent drape and formability properties, even
on complex parts. The prepreg has a resin content of 42 percent, and is designed to be used in
no-bleed layups.

3. THE QUICKSTEP PROCESS

3.1 Process Overview The Quickstep process utilizes a fluid-heated, balanced-pressure, floating
mold for the curing, partial curing and joining of composite materials. The process works by
rapidly applying heat to an uncured laminate stack that is molded to a rigid (or semi-rigid) tool
floating in a Heat Transfer Fluid (HTF). The mold and laminate stack are separated from the
circulating HTF by a flexible membrane. The temperature and pressure of the HTF behind the
mold and flexible membrane stay the same. The process uses vacuum, combined with optional
vibration, to evacuate air and volatiles from the laminate as well as to compact, heat and cure the
part. The laminate may be thermoset or thermoplastic prepreg or a wet resin/dry fiber
combination. Typically, parts manufactured using this process have equivalent, and in many
instances superior, strength, stiffness, surface finish and appearance when compared to autoclave
cured components.

The laminate stack is assembled on a single-sided tool using conventional lay-up, sealed in a
vacuum bag and then installed in a low-pressure chamber containing a glycol-based HTF. The
tool and laminate are supported between two flexible membranes in the pressure chamber (see
Figure 1).
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Figure 1. Schematic of Quickstep process

Temperature control is maintained by circulating the HTF through the pressure chamber. As
fluids have a heat energy per unit volume capacity much greater than that of a gas, the heat
transfer rate between the HTF and laminate is much higher than that achievable in an oven or
autoclave. This allows rapid heating/cooling rates to be achieved and provides precise control of
the resin viscosity, especially during the early consolidation phase of the cure. The high heat
transfer rate allows a lower viscosity to be obtained in the laminate than that achievable with a
slower autoclave heat-up rate. This is made possible by the laminate reaching consolidation
dwell temperatures with reduced chemical cross-linking having occurred within the matrix. By
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achieving lower viscosities in the laminate, excellent consolidation is obtainable at low applied
pressures, typically vacuum, plus 10 to 30 kPa (1.5 to 4 psi) externally from the fluid. The HTF
also acts as a large thermal sink, removing any excess heat generated in a high-rate exothermic
reaction, thus a constant cure temperature may more easily be maintained, even for thick
laminates.

The HTF is stored in three separate tanks, a hot tank, medium tank and cold tank (See Figure 2).
Heat energy can be efficiently accumulated over many hours and stored in the tanks and used
repeatedly for many cure cycles unlike the consumables (e.g., pressurized nitrogen) in autoclave
curing. The pumping and recycling of the HTF to the curing chambers can take place over
minutes, thus allowing for rapid heat-up and cool-down of the part. With the high level of
available heat-energy the cross-linking takes place rapidly and in a fraction of the time
achievable within an autoclave.

(a) (b)
Figure 2. (a) Quickstep QS5 machine and (b) small curing chamber

3.2 Industrial and Performance Advantages Due to the rapid heating and cooling
characteristics and faster cure times, cycle times for the Quickstep process are notably shorter for
current generation prepreg materials. Savings of over 50 percent have been reported for a
commonly used 175°C curing aerospace prepreg (4, 5). Significant savings are available to
industry from reduced scrap rates for interrupted cure cycles, reduced tooling requirements and
increased flexibility in part manufacture. Since a part may be cured when layup is completed, the
mold can be returned to the layup area sooner than is typical of batch processing, and lean
manufacturing principles, such as “flow processing” can be implemented. One study completed
by a U.K. manufacturer on blocker door production estimated a tooling savings of approximately
82%, due to a combination of reduced tool sets and lower costs of a Quickstep tool compared to
an autoclave or oven tool (4).

As a result of such rapid curing, the properties of the final laminate can be somewhat different
from those produced in traditional processes, and higher glass transition temperatures and
material properties have been demonstrated for some materials. In the same UK study mentioned
above, the test panels demonstrated a glass transition temperature four percent higher then the
autoclave-cured material from the same batch, and mechanical properties equal or better to the


