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ABSTRACT

Small size airships are traditionally designed and built based on experience
rather than scientific approaches. Hence, its design approach has only been
discussed in a very limited number of literatures. Thus, with these challenges at
hand, a conceptual design study of airship in Malaysia was done to identify and
explore the basic technology of airship design. This study focused on the conceptual
design, determination of basic specifications and preliminary design of small size
non-rigid airship for monitoring missions in Malaysia. The preliminary design
focused on static stability, dynamic stability and development of a virtual simulator.
The mathematical model of the designed airship for dynamic stability was rederived
based on literatures and is then programmed to Graphical User Interface (GUI) with
the aid of Marlab software. The airship was designed to fulfill the design
specification suitable for monitoring with maximum speed of 40 km/h, cruising
speed of 20 km/h, operating altitude of 120 m and able to carry payload of at least of
6 kg. The dimension of 10 m length with maximum diameter of 2.3 m was chosen
with a pair of 0.25 hp engines to accomplish the desired specification. The designed
airship was statically stable with trimmed angle of attack of approximately 0.18
degree. Through mathematical model of airship dynamics, following a detailed
procedure including stability considerations, the airship had been analyzed and found
to be dynamically stable with low control power and the time taken for the
longitudinal response of elevator and vectored thrust to become stable was in the
order of approximately 80 seconds while the lateral response of rudder becomes
stable in approximately 30 seconds. The result of this study concluded that the
designed airship fulfilled the design specification for monitoring mission and the
designed airship was statically and dynamically stable during cruising speed. The
virtual simulator also effectively provides a better understanding of the response of

the designed airship through visualization.
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ABSTRAK

Kapal udara bersaiz kecil secara tradisinya direkabentuk dan dibina menerusi
pengalaman tanpa pendekatan saintifik. Oleh itu, pendekatan rekabentuknya hanya
dibincangkan dalam bilangan literatur yang amat terhad. Walaupun dengan cabaran
besar yang dihadapi, kajian rekabentuk konsep kapal udara di Malaysia ini dilakukan
bagi mengenalpasti dan meneroka teknologi asas merekabentuk kapal udara. Kajian
ini fokus kepada rekabentuk konsep, penentuan spesifikasi asas dan rekabentuk
permulaan kapal udara untuk misi pengawasan di Malaysia. Rekabentuk permulaan
ini pula fokus kepada kestabilan statik, kestabilan dinamik dan pembangunan
penyelaku maya. Model matematik bagi kestabilan dinamik telah diterbitkan semula
berdasarkan literatur dan diprogramkan ke antaramuka grafik (GUT) dengan bantuan
perisian Matlab. Kapal udara direkabentuk bagi memenuhi spesifikasi misi
pengawasan udara dengan halaju maksimum 40 km/h, halaju menjajap 20 km/h,
altitud kendalian 120 m dan mampu membawa beban bayar sekurang-kurangnya
seberat 6 kg. Dimensi panjang 10 m dan diameter maksimum 2.3 m telah dipilih
bersama sepasang enjin berkuasa 0.25 hp bagi mencapai spesifikasi yang
dikehendaki. Kapal udara yang direka bentuk adalah stabil secara statik dengan
sudut serang semasa trim adalah 0.18 darjah. Bagi analisa kestabilan dinamik,
sebuah model matematik dinamik kapal udara dibangunkan. Menerusi model
dinamik ini, yang melalui prosedur yang terperinci termasuk analisa kestabilan,
adalah didapati kapal udara adalah stabil secara dinamik dengan kuasa kawalan yang
rendah dan masa yang diambil untuk sambutan membujur bagi penaik dan tujah
vector menjadi stabil adalah 80 saat manakala bagi sambutan sisi oleh kemudi
menjadi stabil setelah 30 saat. Dapatan kajian ini menyimpulkan kapal udara yang
direkabentuk memenuhi spesifikasi yang dikehendaki untuk pengawasan udara dan
adalah stabil secara statik dan dinamik semasa menjajap. Penyelaku maya yang
dibangunkan juga secara efektif dapat memberikan pemahaman terhadap respon

kapal udara yang lebih baik menerusi visualisasi.
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CHAPTER I

INTRODUCTION

1.1 Overview

An airship is a lighter than air vehicle which produces the significant lift due
to aerostatic effect or buoyancy force. It is basically an aircraft that derives its lift
from a lifting gas usually helium while it is propelled forward by an engine. It
differs from the conventional aircraft in terms of lift producing mechanism. The
potential of the airship can be realized in terms of less fuel consumption, high

endurance, and ability to hover.

A modem airship’s advanced construction and sophisticated control systems
make it extremely safe to operate even in bad weather. They do not rival aeroplanes
and helicopters, but fulfilled entirely different roles, filling in the gaps left by these

more conventional aircraft.

Airships mainly consist of three basic components which are the
envelope/hull, gondola and fins as shown in Figure 1.1. A typical modern airship is
usually equipped with vectored thrust system. Vectored thrust system is used to give
convenience over the control during take-off, landing and hovering. The ideal thrust

vector system would be available through a full 360 degree rotation. Engineering



complexity and cost make this prohibitive, thus a typical vectored thrust moved on a

certain degree range up and down the horizontal thrust line.

Elevators/Fins

Envelope/Hull

Rudders/Fins

Vectored
thrust

Gondola

Figure 1.1: Airship’s basic components

In the recent years, helicopter is the only way and tool used effectively for
aerial surveillance. However, due to its high operational expenses, the usage of
helicopters is limited to some specific moments and circumstances. One of the
alternatives, which fulfill the need of monitoring from the air and with relatively low

cost is by using airships.

For monitoring mission, there are specially designed camera equipments for
use with airships. This equipments are used for monitoring prior to a given events
that vary from auto racing, sports, border patrol, monitoring traffic condition,
flooding areas and fire watching. The camera’s image is transmitted to the ground
by wave signal, where a receiver picks it up and feed it into network. The airships

signal can be put on the air live or taped for replay.

It is not an easy task to fully understand the overall working principles of an
airship, where it involves a high level mechanical, electrical and aeronautical based
knowledge that needed time, experiences and a wide range of intelligence to cover

the entire scientific facts.
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