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feature of all LCM processes. The
gaps between mold and preform may
serve as channels of low resistance
(racetracking channels) by resin.
Their presence-or absence-may sig-
nificantly alter the subsequent filling
stage of the process, lowering part
quality or increasing number of
rejected parts. The variability can be
accounted for and various passive-
and active-control schemes were
examined, implemented and tested to
reduce or eliminate this problem.

RESIN INJECTION STAGE

The resin is injected into a closed
mold through a gate or gates. The
location of the gate plays a key role
in governing the flow dynamics of
the resin. The dynamics decide if the

resin will displace all the air and fill
up the empty space in the mold or if
certain regions will remain unfilled
with resin. The unfilled regions are
known as voids or dry spots. They
are undesirable as their existence
results usually in rejection of the
manufactured part. The number and
position of the gates also dictate how
fast the filling process can be com-
pleted which is also important as
reduction in filling time translates
into lower cycle time and better pro-
duction efficiency. As one cannot
visualize the resin flow inside the
closed and non-transparent mold, the
incorrect placement of the gate is
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usually
uncovered by
detection of
voids in the
manufactured
part. Re-
machining to
relocate the
gate can be
expensive in
both money
and time.
Thus, most of
the process
design, most importantly the gate
and vent locations to let the dis-
placed air out, should be accom-
plished before mold construction.
Simulation tools, such as LIMS
(Liquid Injection Molding
Simulation) from University
of Delaware that can predict
the movement of the resin
inside a closed mold can be
used for this purpose.

The crucial data needed for
this simulation is the resin
permeability, which quantifies
the preform's resistance to
flow. This is a second order
tensor, depending on the pre-
form architecture and defor-
mation as stated above. To
establish permeability values,
experiments must be conducted as
the predictions based on analytic
models are still quite inaccurate.
Depending on which permeability
components are needed one must
choose a proper experimental setup.
The number of experiments to be
performed may be high, especially
if preform shearing and compaction
is to be included in the study. To
alleviate this problem, one might
use setup allowing continuous
measurement while changing the
preform compaction (and thus fiber
volume fraction).

CURE AND
DE-MOLDING

After successful fill-
ing, the resin is
allowed to cure,
either at room tem-
perature or by the
means of heating
elements within the
mold. The curing
reaction is exother-
mic and substantial
amount of heat may
be generated during
curing, non-uniformly elevating the
system temperature. The temperature
and degree of cure during the reaction
are very important. Non-uniform tem-
perature field generally results in
residual stress and/or deformation
(warp) of the finished part. Numerical
modeling may be used to determine
in advance whether this is likely to
happen. The issue then may be
addressed by several means, like
stacking sequence of the preform lay-
ers or careful temperature control
during curing stage.
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