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High-performance discontinuous fiber composites §HDFC) are considered to
have high potential in the mass-production primary-structural member applications. However, the
application of HDFC is limited by its complicated fabricating processes, which induce complex
internal geometry due to the high fiber flowability and restrict the mechanical performances and
computer aided engineering (CAE) capability.

This research conducted a comprehensive study of HDFC fabrication conditions and mechanical
performances, providing feasible and efficient methodologies for adequate and precise evaluation of
the internal geometries and mechanical properties of HDFC after the fabricating processes. The
relationship between fabricatin% processes, internal geometries, and mechanical properties of HDFC
was revealed in detail for the first time, which also provides solutions for the comprehensive
characterization of HDFC on both the aspect of material research and the view of industrial
application.
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The demands for lighter, design-flexible, hyper-performance advanced materials currently become an
urgent issue because transportation, robots, and other new services have developed dramatically fast and
the traditional materials exposed the shortage under the growing requests for performances and lightweight
requirements. The weight reduction of industrial major-structure components (e.g. automotive framework)
can be 1/2 to 1/3 by applying the carbon fiber reinforced polymers (CFRP) with over 50% fiber volume
contained. However, wrinkles are easily generated in the curved section when the continuous fiber
composites are molded, considered the Achilles' heel for applications. The novel fiber composites, high-
performance discontinuous fiber composites (HDFC) show great potential in both complex shapes
fabricating and high mechanical performance. However, the fetal problems of HDFC — a variation of
mechanical properties, difficulty fabricating condition control, and lack of accurate modeling methods on
mechanical properties, still stay unsolved. These limitations restricted the current HDFC only to luxury-

level applications.

2. WIZEDOHK
In this research, the overall objective will be maximizing the potential of HDFC as a lighter, design-

flexible, hyper-performance advanced material for wide-range applications not only in the field of
transportation but also in robots and other budding industries. To achieve this target, the project on HDFC
was carried out both on the aspect of material studies and the view of industrial application developments.
Moreover, the comprehensive study of fabrication conditions and mechanical performances of HDFC was

realized to satisfy the diverse requirements for different applications.

3. WD Tk

The research was carried out in three main steps aiming at satisfactory elucidation of the evaluation of
HDFC on the fabrication conditions, the internal geometries, the mechanical properties, and their
relationships.

The first step aims at the characterization of the compressive fabricating processes. The effect of
fabricating processes was studied in detail on HDFC analytically and experimentally.

The second step was focusing on internal geometry visualization and quantification. A novel X-ray
micro-CT methodology was specially developed for the multi-scale internal geometry evaluation of HDFC
in this research. The structural features at fiber-, layer- and macro-level were evaluated in detail.

The last step integrates the results from the first and second steps. The quantified internal geometry

properties collected from the X-ray micro-CT studies were imported into the mechanical models.

4. WFFERR

(1) This research conducted the mechanical test on HDFC with different fabricating conditions and
different loading conditions[1]. The effect of fabrication processes on mechanical properties was

discussed in detail [2].



(2) The internal geometry of HDFC was observed with the novel X-ray micro-CT methodology, and
the quantification and visualization of the internal geometries were conducted from different
aspects to provide detailed information on the internal morphology and the influence of fabrication
processes [3].

(3) The mechanical modeling based on the Mori-Tanaka mean-field homogenization model and the
equivalent laminate de-homogenization model to evaluate the overall mechanical properties of
HDFC with the consideration of fabricating conditions is established. Taking the internal geometry
into consideration helps the model show high accuracy in simulating the mechanical properties
with different fabricating conditions [4].

(4) Combine the research of fabricating conditions, internal geometry, and mechanical modeling, the
comprehensive study of HDFC to predict the mechanical properties with an overall consideration
is carried out [5, 6].

Consequently, this research tried to establish the connections between the fabrication conditions, the

internal geometries, and the mechanical properties and finally to provide feasible solutions for
comprehensive characterization of HDFC on both the aspects of material research and the view of industrial

application to maximize the potential of HDFC.
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