
Preface

The editors are pleased to present the book Polymers and Composites Manufacturing
under the book series Advanced Composites. The chosen book title reflects the up-
coming trends in manufacturing of polymers and composite materials for the next
decade. This book is a compilation of different aspects of the same.

One of the most outstanding features of plastics and composites is the ease with
which they can be processed. In some cases, semifinished articles such as sheets or
rods are produced and subsequently fabricated into a shape using conventional meth-
ods such as welding or machining. In the majority of cases, however, the finished arti-
cle, which may be quite complex in shape, is produced in a single operation. There is
a wide range of processing methods, which are currently being used for plastics and
composites. In many cases, the choice of method is based on the shape of the compo-
nent and whether it is thermoplastic, thermosetting, filler or fiber reinforcement and
the cost incurred and most important of all the desired properties, as the properties of
polymer and composites vary drastically with change in processing techniques.

The aim of this book is to provide a forum for researchers and practitioners to
review the recent advances in the area of polymer and composite manufacturing or
processing and identify possible trends for further developments as well as to at-
tract industrial partners interested in application development with a new dimen-
sion. The advancement can be visualized with 6M theory:

1M – Man, that is, advancement in automation, which would enhance the
human–machine interaction.
2M – Method, that is, advancement in existing methods or development of a
new method for ease in manufacturing, better quality, less cost and more
productivity.
3M – Machine, that is, advancement in existing machines or development of a
new machine for ease in manufacturing, better quality, less cost and more
productivity.
4M – Mold, that is, advancement in existing molds and dies or development of
a new mold and dies for ease in manufacturing, better quality, less cost and
more productivity.
5M – Material, that is, advancement in existing materials or development of
new materials for ease in manufacturing, better quality, less cost and more pro-
ductivity. In this case, materials can be plastics, composites or materials for the
mold and dies.
6M – Modeling, that is, advancement in existing software or development of
new software for virtual simulation of the manufacturing process for ease in
manufacturing, better quality, less cost and more productivity.

At present, looking at the wide application an insight about Polymers and Composites
Manufacturing is the key for major discipline, and many researchers and scholars are
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working in these areas. This book provides an insight for all researchers, academi-
cians, postgraduate or senior undergraduate students working in the area. The chap-
ters in the book have been provided by researchers and academicians working in the
field and have gained considerable success in the field.

For the ease of the readers, chapters in the book have been categorized in five
sections, namely, Section I: Composite and Mold Design; Section II: Characterization
and Properties; Section III: Simulation and Experimentation; Section IV: Optimization;
and Section V: Environmental Issues.

Section I contains Chapters 1 and 2, whereas Section II has Chapters 3 and 4,
Section III has Chapters 5–8, Section IV has Chapters 8 and 9 and Section V has
Chapter 10.

Section I starts with Chapter 1 and provides insight about design, optimization and
manufacturing of monocomposite carbon/epoxy leaf spring. A steel leaf spring of
light commercial vehicle is replaced by monocomposite leaf spring for weight opti-
mization as a main objective. The same has been simulated using a simulation soft-
ware and also manufactured by a very well-known technique, that is, hand layup
method with hot molding process. Considerable weight reduction was achieved
with same mechanical properties of the steel counterpart.

Chapter 2 shows the dependence of mold design on the fiber orientation in the case of
injection molding, one of the most important processes to manufacture plastic parts,
especially for complex geometries. In this chapter, parameters affecting the fiber orien-
tation such as the mold design (especially cavity shape and gate position) during the
injection molding were detailed. Then, to predict the fiber orientation during the shap-
ing phase, various software such as REM 3D software and Moldflow insight were pre-
sented to solve the problems related to the injection of composite and finally several
models of the composite mechanical performance prediction have been identified.

Section II initiates with Chapter 3, which discusses about characterization of an un-
saturated polyester resin for liquid composite molding (LCM) processes. The pro-
cess, one of the current evolutionary ones, involves different phenomena such as
resin flow, heat transfer and polymerization reactions simultaneously. Mold filling
and subsequent curing are the significant processing stages required to be modeled
in LCM process simulation. In this process, resin polymerization reaction leads to
phase transformation from viscous liquid to rigid solid with an exothermal effect;
hence, gel time marks the onset of viscous resin liquid to gel stage, which consti-
tutes a crucial parameter for the mold fill time. The required component geometry
needs to be filled before the resin gels. Hence, the models depicting resin cure reac-
tion kinetics and viscosity as a function of temperature and degree of cure consti-
tute the submodels to the main flow, heat and mass transfer models. In this
chapter, general-purpose unsaturated polyester resin was characterized for gelation
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and exotherm behavior, resin cure kinetics, resin cure viscosity for applications in
LCM process simulations.

Chapter 4 presents a review of researches undertaken on oil palm lignocellulose
fiber and polymer composite in last two and half decades. The objectives were to
dilate on the effects of oil palm fiber (OPF), involving empty bunch fiber and oil
palm mesocarp fiber on selected polymer materials, that is, polyethylene (PE), poly-
propylene, polyvinyl chloride, polystyrene, polyurethane, polyester and epoxy. The
chapter mainly considered articles relating physical, mechanical, thermal and elec-
trical characteristics of OPF-polymer blends. It was observed that an OPF-polymer-
based composite material exhibited different characteristics based on five factors,
namely, fiber type (bunch or mesocarp), fiber size, fiber percentage weight or vol-
ume in composite, fiber percentage volume in composite and matrix type. With re-
spect to characterization, the chapter provides an assemblage of knowledge and
information for prospective researchers as a one-stop medium toward studies relat-
ing to OPF-polymer composite formation.

Section III initiates with Chapter 5, which discusses the application of numerical simu-
lations on the biobased adhesive plywood house structure subjected to self-weight and
wind loads. Plywood, particleboards and medium density fiberboards are currently
used in the house construction, furniture, partitions and others employing harmful
formaldehyde as an adhesive material. This chapter deals with a biobased soy meal
adhesive for plywood manufacturing. A comparative study has been made by evaluat-
ing the flexural strength using a three-point bending, of the commercially available
formaldehyde-based glue-laminated plywood. The proposed bio-adhesive has been
characterized using field-emission scanning electron microscopy and X-ray diffraction.
The optimal plywood manufacturing parameters (viz. temperature and pressure) em-
ploying Taguchi’s L9 orthogonal array analysis of variance (ANOVA) was performed to
achieve the maximum modulus of rupture. The chapter also used software such as
ANSYS and STAAD-Pro to establish the efficacy of the proposed adhesive.

Chapter 6 works with isothermal mold filling simulations for developing liquid com-
posite molded parts. The initial part of this chapter aims at evaluating the range of
applicability of ANSYS to perform mold filling simulations. Specialized RTM packages
like PAM-RTM is also used to overcome the shortcomings of the standard available
packages. Mold filling simulations are initially performed on simple objects. The latter
part of the chapter aims at identifying and utilizing appropriate package to perform
mold filling simulations and predict the effective injection strategy for industrially im-
portant objects that are currently being manufactured by hand layup.

Chapter 7, the last chapter of this section, provides numerical, experimental and
simulation study of natural fiber-based composites using injection molding.
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Nowadays, the natural fibers have emerged in the composite materials owing to
their environment-friendly and mechanical properties. However, as reinforcement,
their use in composite material should be well studied, especially during the injec-
tion molding. This chapter deals with the study of effect of injection molding on the
natural fiber-based composites in terms of length distribution, dispersion and ori-
entation of fibers. Moreover, the focus has been on the defects of this process on
the final injected-molding part such as warpage and shrinkage. Finally, the chapter
highlighted that the final properties of the injected-molding composite are attrib-
uted to some parameters, including aspect ratio of the fibers, fiber concentration,
injection parameters, analytical approach for transient response of functionally
graded rectangular plates including the higher order shear deformation effects.

Chapter 8, the starting chapter of Section IV, elaborates optimization of injection
molding process parameters for minimizing volumetric shrinkage and warpage using
Moldflow simulation and Taguchi analysis technique. It has been identified that injec-
tion molding process parameters have an important influence on product quality. In
this chapter, optimal injection molding conditions for minimizing volumetric shrink-
age and warpage for rectangular-shaped tensile specimen were analyzed using the
Taguchi method and ANOVA technique. A model of rectangular-shaped tensile test
specimen was designed and simulated using Moldflow software to imitate the real op-
erating conditions of an injection molding process. These parameters were optimized
using ANOVA technique with respect to the volumetric shrinkage and warpage. The
results clearly indicated that packing pressure and melt temperature are the most sig-
nificant parameters to minimize volumetric shrinkage and warpage.

Chapter 9 performs experimental study on laser transmission welding of thermoplas-
tics. Laser transmission welding is now used in a wide range of application areas, in-
cluding medical devices, automotive components, electrical and electronic devices,
packaging, light and displays, household goods and textile industries. This chapter
presents a brief overview of the process of laser transmission welding of thermoplas-
tics with a focus on parameters that govern the welding process and the principal phe-
nomena that affect the quality of the joint. Experimental investigations and parametric
analyses were carried out to study the effects of parameters on the quality attributes of
the laser transmission welding. Finally, the Taguchi quality loss function was used to
find the optimum level of control parameters to obtain desired quality attributes.

The last chapter of the book, that is, Chapter 10, which is also the only chapter of
Section V, provides an insight about the environmental aspect of polymers and
polymer composites. It has segregated PE, one of the mostly used polymers in both
household and industrial applications. The abundance of its usage has led to un-
warranted consequences on the environment, including its direct and indirect neg-
ative consequences on biological organisms. Although there are various methods to
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deal with the menace, challenges still prevail. This chapter initially dilated on the
structure and properties of PP, which provides its inherent characteristics and sub-
sequently highlights direct and indirect environmental and health costs of plastics
in general and PE usage in particular. With regard to public health effects, diseases
such as infertility; cardiovascular, nervous and reproductive diseases; sexual
immaturation; aggressive behavior; breast cancer; and animal hermaphroditism
arising from the presence of endocrine disruptor compounds such as bisphenol
A and bisphenol S were also identified. Others include insulin resistance and in-
creased waist circumference, which emanates from ingestion of di-(2-ethylhexyl
phthalate). The second objective is to argue that there are opportunities for fur-
ther research into PP with regard to knowledge enhancement toward PE-natural
fiber composite formation and biodegradation as a means of managing the envi-
ronment. Future researchers, practitioners and industrialists could also concen-
trate on empirical simulation research toward actual public health consequences
of PP on humans. It is expected that research in these areas could help save na-
tions billions of dollars through innovations as well as inexpensive techniques,
procedures and processes.

Editors thank God for giving the power to believe in passion and hard work and
to pursue dreams; this book could not have been completed without the mercy of
the Almighty. The editors also thank all the chapter contributors, reviewers, edito-
rial board members, project development editor and the complete team of publisher
Verlag Walter de Gruyter GmbH for their support and availability for work on this
editorial book.

This book would be fruitful if future researchers, students, technocrats and peo-
ple from industrial fraternity use the information provided here to make Mother
Earth a better place to live in for the future generations and also for the socioeco-
nomic development of mankind.

Kaushik Kumar
J. Paulo Davim
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