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Abstract

Fiber-reinforced composite has gradually replaced the traditional
material, such as metallic material, to be used in aircraft structure, interior
and nacelle due to its excellent mechanical properties and light-weight.
Nowadays, the percentage of fiber-reinforced composite used in airliner
has over 50%. In other words, fiber-reinforced composite has become the
main material for manufacturing modern aircraft parts. In the aerospace
industry, autoclave forming process is commonly adopted for the
manufacture of composite parts. This process can stably produce high
quality and complex shape parts. Although autoclave forming process can
reach the standard of aerospace, it spends a lot of time for trial and error
to search for a steady way to produce parts. Therefore, in this thesis
efforts were endeavored to reduce the lead time and save the production
cost for the autoclave forming process with the use of the finite element
analysis.

This thesis first establishes the finite element model which can
simulate both the air flow and the heat transfer presented in the autoclave
forming process. The air flow speeds at different locations around the
circumference of the autoclave inlet were measured and used as the initial
air flow speeds for the simulation model. A measured temperature at the
autoclave inlet was also used as an input data. The finite element
simulations were then performed for a simplified model in which the
composite layers were not considered. The heating efficiency is
represented by the temperature evolution of the die surface at various

locations during the heating process and a fast heating rate was
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anticipated. The temperature evolution of the die surface at various
locations obtained from the finite element simulations and measured from
the actual autoclave forming process was compared. The comparison
reveals that the heating paths resulted from the simulation results and the
measured data agree with each other in trend and the quantitative
difference is within an acceptable range. It confirms that established finite
element model with the specified initial and boundary conditions is
capable of predicting the heat transfer during the autoclave process.

In addition, this thesis also builds an equivalent material model for
the composite in order to decrease the computation time that strongly
depends on the complex geometry and the various thicknesses of the
composite layers. The equivalent material model considers the composite
layers having an equal thickness with the honey-cone structure built in.
The equivalent thermal properties such as the thermal conductivity,
specific heat and density were also determined by experiments performed
and the theoretical derivations . With the equivalent material properties of
the composite layers applied to the simulation model aforementioned,
the temperature evolution of the die surface at various locations obtained
from the finite element simulations differs from that measured from the

actual autoclave forming process only within a range of 10%.

Keywords: CFD, autoclave forming process, fiber-reinforced composite,

epoxy curing, finite element analysis.
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Autoclave specifications
Autoclave designation (32013993)
Dimension 3660 mm(D) 9144mm(L)
Manufacture Olmar
Pressure(psi) 150
Temp.(°F) 600
T/C 60
Vacuum Source 60
Type Electrical
Certified Temperature Range | 240/375°F +10/-5°F at 100psi
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Thermal Interface Material (TIM) Tester Schematic Drawing
According to ASTM D 5470-06 Standard
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