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The focus on the contour sensitive part mating boundary conditions development, using software in the
fabric deformation during the hand layup and automation of press-forming process is important in the
development of composite materials. During the real life layup production processes, the fabric
directional changes produced wrinkles and voids in the part produced. This directional changes are not
really feasible as predicted for real life production process by the Drape simulation, where the process
can be stopped and fabric direction changed to avoid the wrinkles. In this study, the fabric was pulled
and adjusted before it was finally cured during the hand layup to conform to the shape of the contour
sensitive part, but during the press forming process the mould closure prevent this pulling. This is not
accounted for in the simulation process of the part. Therefore, there is the need for further research into
the analysis of these mating boundaries conditions in real life with the prospect of automation process.
This changes in boundary conditions as the material been deformed assumes the shape of the mould
constitutes major challenges for the contour sensitive part production processes. This still need further

development for its effective application in the composite material development.
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INTRODUCTION

Simulation of the processes of contour sensitive part
before the commencement of production, is now gaining
fast and advance input into different areas of applications
in the field of manufacturing in today’s market. This is
also required in the area of high volume parts production
and mould manufacturing processes instead of the trial
and error technique.

This software contributes significantly to the advance
technological material development problem associated
with these materials in terms of complex area analysis,
complexities in the geometrical structures and structural
manufacturability. All these and many more are becoming
a major challenge in the industries. Therefore, it is
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inevitable to introduce a digitalization process to observe,
monitor and correct all these shortcomings before parts
are produced.

The drape software tool used for this result was a
freebee using finite element mesh analysis in the
prediction of the fabric behavior. This gave insight into
the problems encounter in the materials production
processes prior to the commencement of manufacturing.
These problems were adjusted and improved upon by
using the insight gained in the software prediction in real
life production processes.

The mating boundary conditions of Drape simulation
application in real life layup, remains a challenge for
researchers in the field of composite materials. This is
largely due to the interrelated effects of assumptions
incorporated into the software program. Although, these
have proved adequate for evaluating physical simulation
analysis process, but are inadequate to guide the whole
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Table 1. Material properties.

Weave Warp count Weft count  Warp yarn

Fill yarn

Weight (g/mz) Thickness (mm) Strength warp

8H satin 377 168 ECG 150 1/2

150 1/2 302 0.22 350

process of real life contour sensitive part development.

Simona et al. (2004), studied the fused panel modelling
using a numerical simulation of drape. In their finding the
end form of product depends on the qualities of the build
material and its construction requirements. Also, their
results of numerical analysis obtained show the
significance of additional development in research area
regarding the computer simulation of the product
behaviour.

Cerda et al. (2003) considered the gravity-induced
draping of a 3D object with a naturally flat, isotropic
elastic sheet. They observed that as the size of the sheet
increases, the appearance of new folded structures
complexity increased, due to the competition between
elasticity and gravity. Also in their analyses of some of
the simpler 3D structures when considering their shape,
response and stability, show that these structures can
easily switch between numbers of meta-stable
configurations. For more complex draperies, scaling laws
were derived for the appearance and disappearance of
new length scales. The results are inconsistent with
observations of drapes and complement large-scale
computations of draping, thereby providing benchmarks
for simulation processes.

Skordos et al. (2006) introduced multi-objective
optimisation into the woven of composite draping using
genetic algorithms. Their finding presents draping
optimisation scheme based on the integration of a
commercial kinematic Drape simulation code and a
genetic algorithm. The kinematic model allows a fast
solution to the drape model which reproduces
successfully the distribution of shear over the component
surface, while the genetic algorithm drives the
optimisation. The efficiency of the methodology was
evaluated based on the results of the scheme applied to
the draping of a composite pilot helmet.

Vanclooster et al. (2008), in their study, presented a
comparison between two different modelling approaches
commonly used in the simulation of draping woven
composite fabric. The first one being a kinematic
mapping approach, while the second the mechanical
model approach, considers elastic constitutive behaviour
of the fabric as the probable realistic approach. Both
approaches are compared with experimental process.
They concluded that the mapping approach severely fails
in predicting the fibre reorientation that occurs during
forming. The main sources of these faulty predictions are
the unrealistic initial conditions and not taking the fabric
draping behaviour into account. In addition, the
mechanical simulation approach gives a fairly good
prediction of the fibre reorientation and seems the most

promising technique in having good draping simulations.

Researchers are also using a variety of methods to
examine the impact of fabric mechanical properties on
drape using drape meters or drape testers operated
principles. In this area, Collier (1991) in his finding,
related fabric drape value to fabric shearing and bending
measurements, while Hu and Chan (1998) related drape
coefficient to bending and shear properties, but found
that mean deviation of friction coefficient and tensile
linearity were also important in the process application.

Chen and Govindaraj (1996) utilized a square rather
than a circular surface for their work on drape and
concluded that, although many fabrics may share the
same drape coefficient, the actual shape of the drape is
unique. They also found drape to be influenced by a
variety of parameters including Young’s modulus in the
warp and weft directions, shear modulus and thickness.
Yang and Matsudaira (1998) demonstrated that fabric
mechanical properties, which include bending rigidity,
shearing rigidity, shearing hysteresis and weight per unit
area influenced the shape of draped fabric, depth of
weaves, and number of nodes greatly influenced the
fabric parameters. It is clear from their work that drape is
a complex characteristic process.

METHODOLOGY

The material properties are shown in Table 1. The procedure was
section into two; Drape simulation process and the experimental
real life layup (hand layup and press forming processes).

Drape simulation

The drape software used in this process is a freebee simulation tool
that gives general overview of the part showing the problem areas
that need improving on before the real life layup. The processes are
as follow:

(1) The input of material properties into the drape software

(2) The selection of colour ranges for the fabric shear deformation
in the tool. This ranges shows good fabric orientation, wrinkle
formation and fabric folding within the range of material properties.
(3) The point of first contact on the mould was then selected
because, this affect the fabric movement on the mould during the
layup process.

(4) The fabric shear direction was then selected (+ 0/90 and 0/45°)
this is in-line with the in-feed of the fabric on the mould and the type
of fabric weave was then selected for the process. The shear
referred to is the shearing movement of the fabric as it is assuming
the shape on the mould.

(5) The simulation was allowed to run and the sequence of Drape
simulation process, the problem area predicted and result are as
shown in Figures 1a, b and c.
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Figure 1a. The simulation process.
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Figure 1b. The simulation prediction showing problem area.
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Figure 1c. Drape simultion process.
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Figure 2. Part sub-surfaces.

The experimental process steps for both the hand layup and press
forming are as follows:

(1) The material was prepared to size following the simulation
prediction

(2) The resin and hardener was applied in the right proportion
required for the process. Note the effect of this was not considered
in this process.

(8) The fabric shear direction was position at 0/90 and 0/45°
following the observation from Drape simulation in Figure 1.

(4) For the real life layup processes, the fabric was restrained on
the mould at 0/90 and 0/45°. The position variation was limited
during press forming due to the fixture of the press tool, but
unlimited for the hand layup processes.

(5) The mould closure for press forming was also in 0/90 and 0/45°
direction in relation to the shear direction specified for the fabric.

The fabric shear
direction

s The point of

first contact

(6) To further support the process findings, the fabric was also
shear to the maximum lock angle of 27° during the layup to observe
the effect on the boundary condition during the process.

The experimental real life layups was then demould and compared
with the simulation result to observe the need for the boundary
condition incorporation into the tool.

RESULTS AND DISCUSSION

The tool predicts accurately and provides effective
solution to the problem of fabric weaves directional
changes, giving proper and better part formation in the
simulation process. The weave directions were changed
in many different ways in drape and different results were
generated. This process prediction was applied to the
fabric in real life layup. It was observed that it is less
difficult to follow the simulation using the hand layup
process but more complicated during press-forming
operations according to the finding of Lin et al. (2007). In
addition, it is of crucial important to understand that fabric
responds differently to boundary condition on the mould,
this is due to changes in the tow architecture during
deformation. This depend on the in-plane tension and
stiffness in the fabric, this is supported by the findings of
(Lim et al., 1999; Boisse et al., 2001; Yu et al,
2005/2006; Hancock et al., 2005) related research into
composite forming simulation process.

In addition for this process, the part surface under
consideration was section into three planes: XY-plane,
XZ-plane,YZ-plane and vice versa for Y and Z plane as
shown in Figure 2. These sub-surface planes are regions
where the mating boundary conditions on part surface
have effects, due to consideration of the complexity of the



Figure 3a-d. Drape process.
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Figure 4a-d. Process of hand layup.

real life layup boundary condition on the surface
prediction, simulation approach are only use in
approximating the fabric composite behaviour according
to Robertson et al. (1981), Long et al. (1994) and Van
West et al. (1997). In the Drape simulation process, the
assumption such as fabric inextensibility which neglect
bending and shear stiffness (Lin et al., 2007), made at
the boundary regions are in contrary to the real life
process.

The observation shows drape program covering the
entire part surface starting from the first point of contact
and working outward in a rectangular motion as shown in

Figures 3a to d. During the process, drape will
simultaneously put squares on all sub-surface 1, 2 and 3.
This is due to the different assumptions incorporated for
boundary conditions in the simulation program process.
But in the hand lay-up and press-form processes, the
operator will not work simultaneously on all surfaces at
once as shown in Figures 4a-d, but will first cover sub-
surface 1, then sub-surface 2, and finally sub-surface 3;
until the layup is completed.

For the press forming process, the mould was closed
as shown in Figure 5, this closure makes it difficult to
observe the movement of the fabric at the mating
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Figure 5. Press forming process.

boundaries. This difference in the operator hand layup
and press-forming processes, results in differences
between the Drape simulation boundary condition
feasibility and applications in real life production process.

In addition, different sub-surfaces can be selected in
drape and these are covered step-by- step during the
process. By combining the photographs of these
individually draped sub-surfaces at the end of the
simulation process, in order to get a digital representation
of the entire surface, is somehow not really feasible
during the layup process due to the processing condition
of the fabric.

Also, the pictorial representation in Figures 6a-c shows
that for the mating boundaries, the sub-surfaces gets to a
point where three sub-surfaces require multiple starting
points. These conditions cannot be assumed in real life
layups and in this work, the fabric was manually pulled to
compensate for this condition before it completely cured,
to conform to the shape of the contour sensitive part at
these regions. This manual pulling has effect on the
fabric during process and therefore, ways to improve
these conditions require developing for material software
application.

This observation still needs further development for
simulation application to be effective in the area of hand
layups and press forming automation process where the
mating boundaries are sometimes impossible to reach

during the forming process. The wrinkles and folding
formations in the contour sensitive part production are
due to these mating boundaries. These effects can be
adjusted using thermoset composite material. However, it
is a complicated issue during the compact thermoplastic
forming process, where the fabrics are difficult to reach or
adjust.

Conclusion

The Drape simulation process gave good fabric weave
and direction orientation, however, its assessment in
evaluating meeting contour sensitive part boundary
conditions, has shortcoming in analyzing the problems
encountered in real life production processes. This is due
to the assumption made during the development of the
tool, which cannot be overlooked in the real life
production processes. For feasible application, the
development of this area in real life and automation
forming process, still needs to be well investigated for
composite materials. This will aid the fast production
process development of material using Drape simulation
tool.

In addition, manual pulling of fabric before it cures
completely is applicable to material with small size.
However, with larger size material, the development of
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simulation application is inevitable in order to protect
the structure and reduce the material stress and strain
deformation in its application.
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