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Kenaf is widely used in Malaysia. Flax was hybridized with kenaf to improve the
kenaf composites properties. Glass fibre has been chosen to hybrid with
flax/kenaf composites to study their impact damage behaviour. All specimens
were fabricated using hand lay-up technique. Flax/kenaf specimens were used
for physical, mechanical and thermal test. The result shows that the mechanical
properties are improve when the hybrid specimen was used as test specimens.
From the entire test, hybrid composites of flax BL150 fibre and kenaf fibre show
the highest tensile and flexural properties for each test. The thermal properties
will be increased when the hybrid specimen was used as test specimens. From
the results achieved, the best kenaf/flax composites were selected to hybrid with
glass fibre for low velocity impact test. The motivation for this work is to identify
the low velocity impact damage by changes in the type of materials and impact
energy level. Different energy levels used were 15J, 30J, 45J, 60J, 75J and 90J.
The impact energy absorption, penetration behaviour, composites failure and
impact force were discussed. The specimen was attached to acoustic emission
sensor while doing the impact test. The correlation between the impacted
specimens and types of materials was discussed. A general trend was observed
which indicates that as height increase, the energy absorbed also increases.
Impact damage was found to be in the form of fibre cracking, fibre breakage and
matrix cracking. Results from this research can be used as a reference in
designing the structure of aircraft applications and in developing a better
understanding of the test methods used to characterise impact behaviour. The
research later was end up with the result from post impact.
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Kenaf digunakan secara meluas di Malaysia. Flaks telah digabungkan dengan
kenaf untuk meningkatkan keupayaan komposit kenaf. Gentian kaca telah dipilih
untuk digabungkan dengan komposit flaks / kenaf untuk mengkaji kesan
hentaman ke atasnya. Semua spesimen telah dihasilkan dengan menggunakan
teknik hamparan tangan secara helai demi helai. Komposit gabungan flaks dan
kenaf telah digunakan untuk ujian fizikal, mekanikal dan haba. Keputusan
daripada ujian mekanikal menunjukkan peningkatan terhadap keupayaannya
apabila spesimen gabungan telah digunakan sebagai spesimen ujian. Daripada
keseluruhan ujian, komposit gabungan serat flaks BL150 dan serat kenaf
menunjukkan tegangan yang paling tinggi dan sifat-sifat lenturan bagi setiap
ujian. Hasil ujian haba menunjukkan bahawa sifat haba akan meningkat apabila
spesimen gabungan telah digunakan sebagai spesimen ujian. Daripada
keputusan yang telah dicapai, gabungan kenaf / flaks terbaik telah dipilih untuk
digabungkan dengan gentian kaca untuk menjalani ujian halaju rendah. Motivasi
untuk kerja-kerja ini adalah untuk mengenal pasti kerosakan kesan halaju
rendah dengan perubahan jenis bahan dan tahap tenaga hentaman. Tahap
tenaga yang berbeza telah digunakan untuk setiap jenis spesimen iaitu 154, 30J,
454, 60J, 75J dan 90J. Penyerapan tenaga hentaman, tingkah laku
penembusan, kegagalan komposit dan kesan daya telah dibincangkan.
Spesimen juga telah dilekatkan pada sensor pelepasan akustik ketika
melakukan ujian hentaman. Hubungan antara spesimen hentaman dan jenis
bahan yang digunakan untuk ujian dibincangkan. Satu bentuk graf umum
menunjukkan bahawa semakin meningkat ketinggian, tenaga yang diserap juga
semakin bertambah. Kerosakan itu terus meningkat kerana halaju pemberat
bertambah. Kerosakan yang didapati adalah dalam bentuk retakan serat,
kerosakan serat, keretakan matriks dan serat sisipan. Hasil daripada kajian ini
boleh digunakan sebagai rujukan dalam mereka bentuk struktur aplikasi pesawat
dan dalam meningkatkan pemahaman yang lebih baik kepada kaedah ujian
yang digunakan untuk tingkah laku hentaman yang dicirikan. Kajian ini



kemudiannya berakhir dengan hasil ujian yang dijalankan ke atas spesimen
selepas hentaman.
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CHAPTER 1

INTRODUCTION

1.1 Overview

For a several years, natural fibres have become outstanding materials which
offer an alternative replacement for more expensive synthetic materials. The
ability of natural fibres to be hybridised with synthetic fibres will reduce the cost
of production, which will be beneficial for economic growth and the
implementation of green applications. These natural fibres have been cultivated
for many of years, and have now become raw materials for many industries
which include aerospace, marine, automotive industries, and other military
applications within the defence industry. Thus, they play an important role in
developing towards greener industry. Economic and environmental factors
have led to a new trend towards greater utilisation of renewable sources of
composite materials. The challenges faced by developers are to create the
technologies needed to turn this renewable sources revolution into a reality.

In the aerospace industries, most commercial aircraft are now moving towards
the application of hybrid composites. This is because a hybrid composite offers
a low cost material with specific properties to meet the demands of high stress
on power, and safety (Gururaja et. al, 2012). This advanced technology used
glass as its synthetic fibre and carbon as its natural fibre to make reinforced
hybrid composites. However, it is only suitable for usage in low temperatures,
which has limits its application. To operate well in higher temperature situation,
for example in an engine parts, fibre epoxy composites were used to ensure
the best performance in operations. The purpose of carbon fibre hybridised
with synthetic fibre is to reduce the amount of existing Kevlar in certain aircraft
parts and components.

Fibre-reinforced composite materials are generally utilized in airplane, present
day vehicles and lightweight structures. Composite structures have a high
strength to-weight and stiffness to-weight ratio, be that as it may, on the
grounds that they are laminar frameworks with feeble interfaces, they are
vulnerable to impact. This may make imperceptible splits and delaminations
happen in the material, which are frequently hard to foresee and recognize.
The impact damage of composite structures from impact occasions is one of
the most significant parts of conduct that represses more far reaching utilization
of composite materials. Understanding the deformation and damage systems
associated with the impact of composite targets is significant in the powerful
plan of a composite structure. An essential for expanding the utilization of
composite materials is the need to foresee damage from low velocity impacts.



There are a many research studies being conducted to characterize the impact
damage of composite materials. Impact damage can be categorised into a few
velocity ranges which are low, high, ballistics and hypervelocity. A low velocity
impact may be in situation such as dropped maintenance equipment (< 31
m/s), while a high velocity impact may be in situation such as a bird crashed on
an airplane (31 m/s — 240 m/s). Ballistic impacts are condition such as a bullet
fired from a gun at velocity exceeding 240 m/s and lastly orbital debris that
travels in outer-space at speed up to 15,240 m/s are well known as
hypervelocity impact damage situation.

1.2 Problem Statements

Usually, a designer chooses their material based on its cost and performance.
The most efficient decision relies upon the expense of the material, the creation
cost, the existence cycle cost and the material's properties. Weight sparing and
execution normally play a central point in the selection of materials. For
aviation structures, obviously carbon fiber is better than glass fiber from a
presentation/cost angle since unnecessary weight is exorbitant (Gururaja et. al,
2012). The most commonly used composites commonly known as the Polymer
Matrix Composites or Fibre Reinforced Polymers (FRP). This material has
proven to be a highly favourable material for the aerospace applications. At the
point when composites were presented in airplane segments and aviation
ventures, unforeseen impact happened. These may have been because of
impact during flight tasks, for example, runway debris while taking a flight, bird
strike during flight activities and dropping of hand instruments during
maintenance work. For this research, the impact velocity is set to be less than
31 m/s which indicates low velocity testing. For high velocity testing, the impact
velocity is in the range of 31 m/s - 240 m/s.

When composites materials are impacted by high and low-velocity impacts
events, the structural integrity, stiffness and the toughness of the composites
will be reduced, which may cause a catastrophic failure to the structure in
worse case situations. Matrix cracking, fibre fracture, fibre pullout and
delamination are major undetected hidden damages faced by composite
materials after the event of an impact. Therefore, there is important to study the
behaviour under impact damage of composite materials since impacts usually
occur mainly during maintenance and work manufacturing. An essential for
expanding the use of composite materials is the need to anticipate damage
during impact occasions. Numerous scientists have utilized a test way to deal
with assess impact damage to composite materials. A Drop Weight Impact
Tester is used to perform the low velocity impact test.

However, to save the environment, biocomposites had been proposed.
Biocomposites itself is not safe to use in structural application as the
composites can be degradable in a short time as compared to synthetic fibre.
Therefore, the research of hybridisation between synthetic and natural
composites needs to be conducted.



In this research, low velocity impact test has been chosen to conduct a test on
hybrid of Kenaf fibre, flax fibore and GFRP since this material has been used
widely in many applications. Previous researchers have conducted studies on
the comparison between different types of composite. Moreover, the studies of
low velocity on natural and synthetic fibre such as kenaf, flax and GFRP have
not been done before. Therefore, this study needs to be done in order to
analyse and to study the impact behaviour of those natural and synthetic hybrid
composites.

Kenaf fibre is well known in Malaysia and easy to get here. To improve the
properties of the kenaf, flax has been chosen to hybridise with kenaf as flax is
well known that has good properties as biocomposites. Glass fibre has been
chosen as the synthetic material that will hybridise with the flax/kenaf
composites. Glass fibre is less expensive than carbon fibre and Kevlar. Due to
the cost of production nowadays, this material is chosen to test its strength and
its impact behaviour in low velocity impact. The main interest in this research is
to compare the four different type of glass fibre in terms of stiffness, toughness
and impact resistance subjected to changes of impact energy level. Finally, at
the end of this research, conclusions can be drawn about the type of these
materials which are safe to be implemented in inner structural applications as a
replacement for existing materials (such as type S-glass and Kevlar) due to
their high cost, materials availability and not environmental friendly.

1.3 Objectives of Study

The aim of the research is

1. To analyze the physical and mechanical properties of Kenaf/Flax B200
and Kenaf/Flax B150 epoxy hybrid composites.

2. To evaluate the thermal and dynamic mechanical properties of
Kenaf/Flax B200 and Kenaf/Flax B150 epoxy hybrid composites.

3. To determine the low velocity impact properties and acoustic emission
of Kenaf/Flax/Glass Fibre epoxy hybrid composites.

4. To analyse the post-impact properties of Kenaf/Flax/Glass Fibre epoxy
hybrid composites using ultrasonic C-scan and compression after
impact testing.

14 Scope and Limitation of the Study

The scope of this research is limited to the following:
1. The composites were fabricated using woven ply of kenaf, flax and
glass fibre as reinforcement, and epoxy resin as the matrix.
2. The hybrid composites were prepared by conventional hand lay-up
method with the ratio of 40% of fibre and 60% of matrix. Flax and kenaf
fibres were laid up in the weight ratio 30:70, while glass fibre were
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added after that in the weight ratio between the natural fibres is 50:50
for low velocity impact test.

3. This study focussed on the mechanical, thermal and physical

properties of the biocomposites material which is the hybrid of kenaf
and two types of flax fibres.

4. The research is continue deeper to determine the low velocity impact

properties of hybridization between the synthetic fibre (glass fibre) and
natural fibre (kenaf/flax); and the acoustic emission respond from the
impact test.

5. The investigation on the post-impact properties of the impacted

specimens is continued by using ultrasonic C-scan testing and
compression after impact (CAl) testing. This material only limited to C-
Scan observation method as the other non-destructive testing is not
suitable to detect the damage on the specimens.

Thesis organization

This thesis is basically divided into 5 chapters. The first chapter has been
discussed here thoroughly. The outlines of the following chapters are as
follows:

Chapter 1: Background information on natural fibre and synthethic fibre,
the problem statement, the objectives of the research, the scope and
significants of the study and the organization of the thesis are presented.

Chapter 2: A literature review has been carried out in order to study the
previous experimental and research studies on flax, kenaf and glass fibre.
This chapter discussed about the materials and the previous mechanical,
thermal and physical properties finding of kenaf/flax composites. This
chapter also discussed on the low velocity impact properties and acoustic
emission responds on impacted composites studies. Further explanation
and finding of post impact study were discussed. Once the literature
review is done, the appropriate methodology for the current research can
be decided.

Chapter 3: The methodology of this research is discussed in detailed in
this chapter. The first section provides the detailed of the material and
matrix used in this research. The second section explains the preparation
of the specimens, step by step from the fabrication to specimens cutting.
The following section shows in detailed the specimens testing starting
from mechanical test, physical test, thermal test, impact test, acoustic
emission setting, ultrasonic C-scan specimens examination and
compression after impact (CAl) testing.



Chapter 4: All of testing results obtained from the experimental are
presented in this chapter which are results from mechanical test, thermal
test, physical test, low velocity impact test, acoustic emission respond and
the post impact properties of each tested specimens.

Chapter 5: The study is concluded and summarize in Chapter 5. Future
recommendations are also proposed in this chapter.
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Workshop and Seminars

10.

11.

2-Days Workshop On A Guide to Technical Computing With Matlab :
Building Standalone Graphical User Interfaces Software Packages for
Research with the Introduction to Simulink and Academics Publishing,
Main Computer Lab 3, Level 12, Wisma R & D Universiti Malaya,17-18
January 2015 — Participant

Training on Research in Statistics, Al- Farabi Seminar Room 2" Floor,
INSPEM, 26 January 2015 — Participant.

Important of X-Ray Diffraction XRD, Seminar Hall, Faculty of Engineering
UPM, 27 January 2015 — Participant.

Half Day Seminar on Fatigue & Durability Assessment, Main Meeting
Room, Level 4, Admin Building, Faculty of Engineering and Built
Environment UKM, 29 January 2015 —Participant.

Workshop on Dynamic Mechanical Analysis (DMA), Meeting Room
Institute Tropical Forestry and Forest Product (INTROP), 11 March 2015 —
Participant.

Two Days High Impact Journal Writing and Publishing Workshop, Gallery
Room, Faculty of Engineering UPM, 3%-4" June 2015 — Participant.

Global Aerospace Industry Outlook and Insight into Malaysia’s Aerospace
Initiative Talk, Galleria 2, Faculty of Engineering UPM, 2 March 2017 -
Participant.

Composite Technology — Current and Future Trends, Seminar Room
Level 2 Faculty of Engineering UPM, 16 March 2017 — Participant.

Time Management, Auditorium Faculty of Engineering UPM, 22 March
2017 — Participant.

International Workshop on Advanced Composites and Its Manufacturing,
10-13 April 2017 — Participant.

Free LabVIEW — Hands on Training, Computer Laboratory H2.4 Faculty of
Engineering UPM, 7 September 2017.
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