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Abstract

Singh, Vinay. M.A.Sc. University of Ottawa, August 2018. Design and shape op-

timization of unmanned, semi-rigid airship for rapid descent using hybrid genetic

algorithm . Supervised by Dr. E. Lanteigne, Ph.D..

Airships provide an eco-friendly and cost-effective means to suit sustained airborne op-

erations. Smaller autonomous airships are highly susceptible to adverse atmospheric

conditions owing to their under-actuated, underpowered and bulky size relative to

other types of unmanned aerial vehicles (UAVs). To mitigate these limitations, care-

ful considerations of the size and shape must be made at the design stage. This

research presents a methodology for obtaining an optimized shape of a semi-rigid

airship. Rapid descent of the LTA ship is achieved by means of a moving gondola

attached to a rigid keel mounted under the helium envelope from the bow to the

mid-section of the hull. The study entails the application of a robust hybrid genetic

algorithm (HGA) for the multi-disciplinary design and optimization of an airship ca-

pable of rapid descent, with lower drag and optimum surface area. A comprehensive

sensitivity analysis was also performed on the basis of algorithmic parameters and at-

mospheric conditions. With the help of HGA, a semi-rigid airship capable of carrying

a payload of 0.25 kg to 1.0 kg and capable of pitching at right angles is conceptually

designed. The algorithm is also tested on commercially available vehicles to validate

the results. In multi-objective optimization problems (MOOPs), the significance of

different objectives is dependent on the user.

Keywords: genetic algorithm, hill climbing, optimization, Pareto optimality, rapid

descent, semi-rigid airship
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Chapter 1

Introduction

An airship or dirigible is a type of aircraft that uses lighter-than-air gas to gain lift and

it navigates through the air under its power [1]. Typically classi�ed into rigid, semi-

rigid and non-rigid airship, the focus of the present work is the second type. There

are four basic components of a miniature semi-rigid airship, which also happens to

be subject of discussion- hull, tail unit (optional), gondola and keel.

1.1 Motivation

Airships use lighter than air gases like hydrogen or helium to gain buoyancy necessary

for lift. Invented by the French engineer Henri Gi�ard in the year 1852 [2], airships

have seen signi�cant changes in the design since their inception. With the techno-

logical advances in heavier-than-air aircraft as well as accidents owing to �ammable

hydrogen, came a sharp decline in the development and use of airships. However,

in the past decade or so, there has been renewed research interest in these aircrafts.

Hydrogen is replaced by safer and almost equally light helium. On account of which,

airships o�er longer endurance �ights at speeds as high as 100 km/h [3]. Airships

are tailored for applications such as: payload delivery, prolonged aerial surveillance,

photography, advertizing and so on [4]. Owing to their safe, user-friendly and cost-

e�ective qualities, airships have leverage over heavier-than-air vehicles like rotary wing

aircraft or any ground vehicle. Airships are most commonly classi�ed on the basis

of structural con�guration: rigid airships, semi-rigid airships and non-rigid airships

[5]. Rigid airships (e.g. Hindenburg) are made up of solid shell framework with one

or more gas cells [6]. These maintain their shape by virtue of their framework and

not from the pressure of the lifting gas. Semi-rigid airships have a partial rigid frame

mounted inside or outside to subside the total load carried by the airship. Com-

mon examples include Zeppelin NT, Norge, Italia and so on. Non-rigid airships or

1
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