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In this research the results of experimental works and numerical simulation works
pertaining to the crash behavior and crashworthiness characteristic of the upper part
of the composite unmanned aerial vehicle (UAV) fuselage sections that were
subjected to quasi-static transverse compressive loading are presented in detail. The
influence of varying angles of lamina and special cases of laminates is thoroughly
analyzed. The fuselage sections were made of 8 plies of C-glass/epoxy in a [45/-
45/90/0]s layup. Two types of density of C-glass/epoxy, 200 g/m? and 600 g/m?
were used with a total thickness of 0.00224 m and 0.004 m respectively for the 8-
plies. Each ply has a thickness of 0.00028 m for C-glass/epoxy 200 g/m? and 0.0005
m for C-glass/epoxy 600 g/m®. The C-glass/epoxy fuselage section was compressed
using MTS machine of 250 kN loading capacity at very low-strain rate typical for

static testing. The experimental data are correlated with predictions from a finite
ii



element model developed using the ABAQUS/Standard with user subroutine. The
simulation of the composite fuselage sections was carried out, refined several times
and validated with the experimental results. The ABAQUS analysis results for both
the C-glass/epoxy 200 g/m? and C-glass/epoxy 600 g/m? fuselage sections agreed
well with the experimental data. ABAQUS analyses predicted the location of
progressive damage to the sections using three failure theories, Maximum Stress
Failure Theory, Tsai-Hill Failure Theory and Tsai-Wu Failure Theory. Tsai-Hill
Failure Theory is found to have the least error percentage compared to the other two
failure theories used. Finally, the finite element model was then used to study the
influence of varying angles of lamina and special cases of laminates. 15° angle of

lamina and cross-ply laminate is found to have the most energy absorption.
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Hasil-hasil penemuan dari kerja-kerja ujikaji dan simulasi berangka berkenaan
dengan kelakuan hempasan dan sifat-sifat kebolehtahanan-hempasan bagi bahagian
atas seksyen badan pesawat tanpa pemandu akibat daya mampatan disampaikan
dengan terperinci. Pengaruh sudut lamina yang berbeza dan kumpulan lamina yang
tertentu dianalisis dengan teliti. Seksyen badan pesawat dibuat daripada 8 lapisan C-
glass/epoxy mengikut sudut lapisan [45/-45/90/0]s. Dua jenis ketumpatan digunakan
iaitu 200 g/m® and 600 g/m? dan masing-masing mempunyai ketebalan keseluruhan
bagi 8 lapisan, 0.00224 m dan 0.004 m. Setiap lapisan berketebalan 0.00028 m untuk
C-glass/epoxy 200 g/m? dan 0.0005 m untuk C-glass/epoxy 600 g/m?. Seksyen badan
pesawat dikenakan daya mampatan pada kadar terikan yang perlahan tipikal untuk
ujikaji statik menggunakan mesin MTS berkeupayaan 250 kN. Data-data ujikaji

dihubungkaitkan dengan data-data jangkaan dari model unsur terhingga yang
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dibangunkan menggunakan program ABAQUS/Standard. Simulasi seksyen badan
pesawat berkomposit dijalankan, diperhalusi beberapa kali dan disahkan dengan
data-data ujikaji. Data-data analisis program ABAQUS bagi kedua-dua jenis
ketumpatan badan pesawat serupa dengan data-data ujikaji. Analisa program
ABAQUS berjaya meramalkan kedudukan kerosakan-kerosakan ke atas seksyen
badan pesawat menggunakan tiga teori kegagalan, Teori Kegagalan Tegasan
Maksimum, Teori Kegagalan Tsai-Hill dan Teori Kegagalan Tsai-Wu. Teori
Kegagalan Tsai-Hill didapati mendapat peratus kesilapan yang paling rendah
berbanding dengan dua teori kegagalan yang lain. Model unsur terhingga tersebut
digunakan untuk mengkaji pengaruh sudut lamina yang berbeza dan kumpulan
lamina yang tertentu. Sudut lamina 15° dan lapisan lamina bersilang didapati

mempunyai tenaga penyerapan hempasan yang tinggi.
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CHAPTER 1

INTRODUCTION

This chapter describes the research background, problem statement, objectives,
scopes of work of the research and the importance of the study to the engineering
community in general and to unmanned aerial vehicle (UAV) researchers in

particular.

1.1  Research Background

An unmanned aerial vehicle (UAV), which behaves same as an aircraft uses
aerodynamic forces to provide lift. It does not carry a human to operate the vehicle
but can be flied by an onboard computer and/or be piloted remotely. Some 48
countries currently own, some are planning, some are producing and some are
acquiring UAV from foreign sources. In the U.S. alone, over 80 companies,
universities, and government organizations are actively developing one or more of
some 200 UAV designs. The U.S. military currently is operating some 2200 large
and small UAV of over 20 types. Worldwide, there are an estimated 5000 UAV in
use. Japan leads in commercial unmanned aircraft (UA) use, with some 2000
unmanned helicopters and 10,000 licensed operators working in the agricultural

industry (Wong, 2001).



The advantages of having UAVs are many when compared to their manned
counterparts. It is increasingly accepted that UAVs can fly over dangerous area and
cost less to build and to operate. Pilot proficiency flying is eliminated or maintained

on cheap semi-scale UAVs.

In general the purpose of an unmanned aerial vehicle is to carry out various
operations for which the UAV is designed to accomplish such as scientific
reconnaissance role, mapping, military survey, carrying weapons and lunching
weapons, surveillance of borders and coasts, fire detection, search and rescue, etc.
UAVs can generally be categorized as tactical, endurance, vertical takeoff and
landing (VTOL), man portable, or hand-launched, optionally piloted vehicles
(OPVs), micro air vehicles (MAVs), and research (the UAV equivalent of X-planes).

(Rodrigo, 1999)

An article in Aviation Week & Space Technology in Jun 1998 reported that the
range in price for UAVs is from $1000 to $26 million and the manned aircraft range
in price from $20,000 to $500 million. Examples: The latest production version of
the Air Force/Teledyne Ryan RQ-4/Global Hawk costs over $26 million, not
including its payload, the Air Force/General Atomics RQ-1/Predator $3.3 million
with payload, and the Navy/PUI RQ-2/Pioneer just over $900,000 with payload.
Tactical size UAVs are commercially available in the $250,000 range with payload,
the Aerosonde Robotic Aircraft's Atlantic-crossing Aerosonde runs $35,000, and
MLB offers mini (not micro) UAVs for around $1000 per aircraft. The price of an
UAYV system can go up to two or ten times the price of its individual aircraft. The
price of the UAV system includes its ground control station and shelter, launching

2



