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DEDICATION

A special dedication goes to my co-writer, Llewellyn Hartnick, who came
up with the idea of writing this book. He was also instrumental in lobbying
for the funding of the project. | will be eternally grateful to him.

A project of this magnitude is never a success without the necessary
funding. Llewellyn and | thank Denel SOC (State Owned Company) for
making the necessary funding available for the book. It did not take much
convincing on our part to get Denel SOC on board. We shared our vision
with them and their vision coincided with ours.

This book is launched at a time when the country has just celebrated
twenty years of democracy in our beloved country, South Africa. Denel, as
a state entity within the defence industry, saw fit to publish a book aimed
at demystifying the defence industry. Denel has historically demonstrated
commitment towards funding the education of young people who do well
in the sciences, in preparation for studying further in the areas of critical
skills that are needed for the economic growth of South Africa. These are
the same skills that are required to sustain and grow the defence sector.

While it is difficult to single out individuals, it is however appropriate
to thank Denel’s representative on this book project, Vuyelwa Qinga, the
Executive for Corporate Communication, for co-ordinating this project
so well. Her dedication and commitment contributed immensely to the
completion of this book.

To the ‘Defence Technology Made Easy’ project team, this book would

not have been a success without their input. All good books tell us that there



is wisdom in the multitude of counsellors. There was a lot of wisdom in this
committee. We started off well. When the book was at its final stages we all
criticised the work we had put together. We queried the presentation of the
content. We wondered if the targeted learners would understand the book
and appreciate its content. We wondered if they would actually read it or
just get it and put it on the shelf. We were very frank with ourselves. We had
to look outside of ourselves for answers. We decided to get the manuscript
out there to solicit the opinions of people from different backgrounds, people
who would understand the targeted audience.

To all those within Denel and within the wider defence industry, as well
as the educational sector, who contributed to the content of this book, we are
truly grateful. We may need a separate book to mention each one by name.

We dedicate this book to all the learners of our country who have
aspirations of going into careers previously unknown to most South African
children. It is a fact that not many black Africans operate in this field
internationally. While we expect more learners to join the defence sector
in its myriad of careers and enterprise opportunities, it is our hope that
the reading of this book will help swell the numbers, and that those who
historically were blocked off through legislation from fulfilling meaningful

roles in this ‘mysterious industry will take advantage of their opportunities.
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PREFACE

The reason for this book is to demystify defence technology to South African
learners and hopefully attract them to that environment to contribute to
the economic development of South Africa. It is hoped that the learner’s
interest in military matters will be stimulated and the learner will choose a
career in the defence, aerospace and related sectors.

The concept of the book was brought about by Minah Sindane-Bloem
and Llewellyn Hartnick. Both individuals have a combined experience of
over twenty years in the defence environment. They have a burden to
educate South African learners about issues of defence.

The target group for this book is a Grade 9 learner, but a Grade
7 learner should also be able to read and understand it with ease.
By the time learners commence Grade 10 they need to be able to choose
subjects that are relevant to their career of choice. It is our intention to
persuade them towards choosing mathematics and science so that they
have a chance of participating meaningfully not only in the defence
industry but in all the areas that need critical skills for South Africa’s
knowledge economy to grow.

The language that is used is simple with very little jargon. Where jargon
is used, it is explained. While the book is meant to educate and demystify
the defence environment, it is also meant to instil self confidence in the
young South African learner. It is meant to tell the South African learner
that he [reference to one gender is inclusive of the other throughout the
book] has a place in this world. It is meant to tell the South African learner

that he has the ability and the intellect to contribute in an environment
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which remains a mystery to him. It is meant to tell the South African learner
that he has something to give to the world, and that he does not have to
always wait for the world to give him something.

Through an understanding of defence technology South Africa is waiting

for our young learner to unleash his potential and leave a lasting legacy.
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MESSAGE FROM THE
CHAIRMAN OF DENEL

While our country celebrates twenty years
of democracy, the learners reading this
book should celebrate the opportunities that
our democracy brings into their lives. These
opportunities are not only to be celebrated
but they are fo be taken advantage of for
the benefit of not only the individual learners
but their families, their community and the
broader South African society.

While it is true that as a country we

come from a painful past of segregation,
it is equally true that there are many examples of people who have made
it in life despite this segregation. You have to believe that in spite of your
circumstances, you have the ability to rise above any circumstances and
contribute positively towards the growth of our country.

With this book, Denel is offering you an opportunity to understand what
may initially appear to be a ‘mysterious’ industry. With this book in your
hand, Denel has set out to demystify the defence/military space. The advent
of democracy has made it possible for all children of South Africa to have
an opportunity fo express their abilities. Denel has undertaken to support this
project with you in mind. We are in constant discussions with Government on

how Denel can best maximise its contribution to society. Supporting this book




is one of the ways we are making a sustainable return on our shareholder’s
investment. Denel’s shareholder is the South African Government.

Denel is passionate about skills development, and that is why
the company has made investments in artisan training, internships,
apprenticeships and mathematics and science learner support.

Denel has many capabilities, more particularly in areas of scarce and
critical skills. Many of them are explained in this book. The company also has
various programmes that contribute towards skills development, as well as
various opportunities for the young South African learner. Space technology
is one of the areas that you, as the learner, might be interested in.

| hope that this book will not only be for your simple reading pleasure,
but that it will make you, the learner, aware of the endless number of
opportunities within the defence space. Making the defence space your
career choice would be a wise move for yourself, your community and your

country. Take advantage of this information to craft a better life for yourself.

Martie Janse van Rensburg

Interim Chairman, Denel
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MESSAGE FROM THE GROUP CEO

Globally, the defence industry is an
important  incubator  for  cutting-edge
research, innovation and technology.
In South Africa, Denel, as the country’s
premier provider of defence, security and
aerospace solutions, is at the forefront of
some of these developments.

To adequately and effectively play this
role within the South African context, Denel

goes out fo attract the best and the brightest

talents that emerge from our schooling and
higher education systems. Denel’s involvement starts at an early stage —
through our involvement in youth development programmes and in providing
extra tuition in mathematics, science and technology to young learners.

When they exitthe schooling system, we offer bursaries and scholarships
to deserving students and provide on-going mentoring and parttime work
opportunities within the company. At the completion of their studies some
are employed as qualified engineers, artisans or technicians within the
Denel Group.

The Denel Technical Academy takes in learners from South Africa and
the rest of the continent in the main to serve the requirements of the aviation
industry. Trained in a wide range of technical skills for the maintenance
and repair of both helicopters and fixed-wing aircraft, our graduates play

a significant role in keeping the African airspace safe.
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We are justifiably proud of the contribution that Denel continues to
make within the broader South African society. Many of the research and
development projects initiated for the defence environment have led to
breakthrough solutions in broader society.

It is because of our innovative solutions and high-tech products that we
have been able to contribute meaningfully towards efforts to combat rhino
poaching and the smuggling of ivory, drugs and contraband. It is through
our advanced technological innovation and technology that we make our
contributions to the country’s initiatives to curb cable theft, protect our
country’s borders and conserve our precious natural resources.

As a state-owned company, Denel makes a special contribution towards
achieving national developmental goals through our role as a research
house and a manufacturer of advanced technology products. Denel further
invests millions towards youth development and skills development.

We believe that our existing skills and experience must constantly be
strengthened by the addition of new talents and energy. If you have the
skills, the determination and commitment — Denel should be your employer

of choice.

Riaz Saloojee

Group Chief Executive, Denel




MESSAGE FROM THE
GOVERNMENT OF SOUTH AFRICA

Your career forms an enormous part of your life, and will ultimately help
shape and define you, and your legacy. Getting the foundation right will
help you toward a healthy and happy career. Use the information in this
book to plan the school subjects you will continue with from Grade 10 and
decide on a brighter future for yourself.

In 2010, the South African Government agreed on twelve outcomes
relating to education, skills, health, safety and security, human settlements, and
the environment. Outcome 5 referred to skills for the country, which required
the development of ‘a skilled and capable workforce to support an inclusive
growth path’. One of the outputs for this outcome was the development and
implementation of a standardised framework for cooperation on the provision
of career guidance and information services in the country. The vision
encompassed by this framework is to ensure that all South Africans have
access o quality career information and career services throughout their lives,
so that they are able to make better and more informed career choices that
deliver high levels of employment and help to increase sustainable economic
growth in the country. A book like this one, ‘Defence Technology Made Easy’
is in direct response to that call, and will go a long way towards helping
South Africa in achieving radical socio-economic transformation.

This book will enable each and every young South African to have the
tools they need to push back the triple challenges of poverty, inequality

and unemployment in their own homes and communities. Once the defence




industry is demystified to you, it means that a door has been opened for you
to enter the world of highly specialised skills that were previously only known
to a few, and that is just one key to economic growth and development.
Education is an apex priority for government and our developmental
objectives as a country will be achieved even quicker once young people in
general, but black people primarily, and women secondarily, begin to enter
areas of scarce and critical skills. By so doing, they will be helping redress the
imbalances of the past. Without this book, very few South African learners
would have known of careers as Aircraft Mechanics, Aircraft Avionicians
and in Aircraft Structural Work. Even fewer of you would have even
heard of Electronic or Computer Engineering, Aeronautical Engineering,
Mechatronic Engineering and Systems Engineering.

Nowhere else but within the defence sector would you have heard of
careers in Control Systems, Radio Frequency, Electro-optical engineering,
Optic Engineering, Digital Engineering, Software Engineering, Power
Electronics, Logistics Engineering, Megatronics and Systems Engineering.
It is after reading this book that you can make a better-informed decision
about becoming a Technician in Radar, Optical, Telecommunication and
even Telemetry. The book will further enable you to make a decision to be
a Data Analysis Scientist. This is the world of defence for you, which you
might have thought that it was only about becoming a soldier. No, it is not.
You, the learner holding this book in your hand right now, must begin to
claim your space in historically hidden and exclusive male dominated areas
of expertise so that you can also make a positive contribution to the growth
and development of South Africa. Make sure you read this book, take the
advice contained in it and make better informed choices about your career

— whether you go to a university or a college. South Africa needs you!

Vil






CHAPTER 1
WHAT DEFENCE IS:

The Collins English Dictionary defines the word defence as follows:
Resistance against danger or attack;
In sport — the action of protecting oneself or part of the playing
area against an opponent’s attack;

Defence mechanism — psychoanalysis (an unconscious mental

process designed to reduce anxiety or shame);

Defence mechanism — physiologically (the protective response

of the body against disease).

God the Creator has created the human body ‘wonderfully and
marvellously®. He knew that the human body would at times be under
attack. He therefore created a defence mechanism for the body to fight
off disease. This defence mechanism is
commonly known as the immune system
by the medical fraternity. The immune
system refers to the soldiers of the body
(medical doctors and nurses call it white

blood cells), which fight off any infection

that attacks the body.

BLOOD CELLS ATTACKING VIRUS Some attacks can be felt as headache,
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stomach-ache, coughing, infections, etc. Some of them happen without our
knowledge. The human body is exposed to over sixty viruses at any given
time. When a virus or a germ enters the body, the soldiers of the body
increase in number and surround that virus or that germ. They attack it until
it dies and the body heals.

At our homes we have burglar bars on the windows and the doors to
defend ourselves against possible attack by intruders. Others have palisade
fences around their property to
prevent intruders, who may want
to attack or steal from them, from
entering the property. Police
officers put on bulletproof vests to
protect themselves against attack.
People buy insurance for their
houses, their cars and themselves

as another form of protection

against attack. In the case of a
car, when one is involved in an accident, having insurance means that
at least there will be money to repair the car or buy another one. When
someone who is insured dies, it means that there will be enough money
for the family to conduct a decent funeral and to continue with life with the
financial support from the insurance.

So defence is part and parcel of our daily lives. We eat to attack
hunger. We drink fluids to prevent ourselves from becoming dehydrated,
i.e. we attack thirst. We learn to drive and get drivers’ licences to better

equip ourselves to avoid having accidents and being a danger to society.
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Doctors go to school for seven years to learn how to treat a human body.
There are rules that prevent the doctor from doing certain things in order
to protect humanity.

We use sunscreen to prevent our skins from getting burned, which
means protfection against an attack from the sun. We walk around with
umbrellas on a hot summer’s day to protect ourselves from the sun.
We eat healthily to prevent our bodies from getting unhealthy and catching
disease easily. So defence is part and parcel of our lives.

South Africa has a national defence force. According to Section 200(2)
of the Constitution of the Republic of South Africa, the following is the
primary objective of the South African National Defence Force:

‘To defend and protect the Republic, its territorial integrity and its

people in accordance with the Constitution and the principles of

international law regulating the use of force.’

Just like the body has its defence force, called the immune system,
South Africa has the South African National Defence Force (SANDF)
which is there to protect South Africa. Just like people have insurance
for their cars, South Africa has its insurance called the SANDF. There
are people who never get ill but they have an immune system. When this
person dies, do we say that there was no need for an immune system@ No.
It is very possible that the germs or viruses that attacked that person were
dealt with thoroughly by that person’s immune’s system while he was alive.
The immune system was very good.

There are people who pay for their car insurance for years without
being involved in an accident. Many end up selling that car without

claiming from an insurance company. Should one then say it was not
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necessary to pay for that insurance? No. There are many stories of people
who had insurance for a long time, decided to cancel it, and then a
few weeks after the cancellation they were involved in an accident. They
then found themselves in trouble because they did not have the money
to repair the car. Others cancel household insurance because they are
trying to save some money. Shortly after the cancellation the house could
be broken into, resulting in all the electronic equipment getting stolen —
radios, computers, flat screen television and microwave.

The SANDF is no different from the body’s immune system. It is no
different from an insurance policy. The fact that the body does not get ill
does not mean it does not need an immune system. The fact that one’s car
does not get involved in an accident does not mean that it does not need
insurance. The fact that there is no war does not mean that we do not need
our defence force. Remember also that soldiers are not boxers. They do not
fight with fists. They fight with weapons. Those weapons must be ready to
be used at all times. That is why there is also a need for a defence industry
that is viable, that will be able to support our national defence force with the
necessary equipment. In South Africa, we have a company called Denel,
which is owned by our government. Denel is one of the big companies
within the defence industry. In South Africa there are also other private
companies that also supply our national defence force with equipment.

If it ever happened that another nation wanted to attack South Africa,
it would never write a letter to the President informing him about its
infentions. That country would just attack South Africa without warning.
Just like a thief who comes into one’s home to steal. The thief does not write

an email or send an SMS to the owners of the house informing them of
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the date and time when he is going to break into their house. That is why
when the owners go to sleep, or leave the house, they lock the gates, the
doors, unleash the dog and put the alarm on, because they do not know
when a thief may attack their house.

Even a car owner is not warned about the day or the hour when their car
will be involved in an accident. It just happens. A country as big and beautiful
as South Africa has to be able to defend itself, just as the human body defends
itself, and similar to how car owners protect themselves from the risk of not
being able to pay for the damage to the car once it is in an accident.

The SANDF therefore exists even during times of peace and not
because there is a war. That is why it is called the defence force, and not
the attack force. This means that soldiers do not go around teasing people
and looking for a fight. They defend when attacked. They even go further.
They do not want to be attacked so they have a solid posture. What does
this mean? It means they have a position that discourages a potential
attacker from even thinking of attacking them. Thieves think twice before
attacking a house with a high palisade fence, a high wall, burglar bars on
the doors and windows and a board with the name of a security company
guarding the house.

A wellequipped defence force acts as a detferrent to a country’s
potential attackers. No animal in the jungle attacks an elephant. Why?
lts mere posture fells the other animals that they will be in trouble if they
try to attack it. South Africa’s national defence force works very hard at
equipping itself properly so that it can be ready to defend the country at
any time. lts posture is that it will not attack anybody but when attacked,

it will defend South Africa and her citizens.
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The SANDF has four different services. It has the army, which in the
main operates on the ground, the air force, which is responsible for aircraft
operating in the air, the navy responsible for ships operating in water and
the Military Health Service, which is responsible for the health and well-
being of soldiers.

The SANDF has many career opportunities for highly skilled individuals
within the defence force. It is also always looking for people to join to be
trained as soldiers. The SANDF builds good relations with communities
and often exposes those communities to the military environment. One of
these happens through a programme the SANDF runs where volunteers are
trained for two years through the Military Skills Development Programme.
After the two-year programme, a person may choose to continue as a
permanent professional soldier or be part of the Reserve Force while they
pursue some other career.

Anyone who wants to join the SANDF must be physically fit. Subjects
like mathematics and science are not the only subjects considered for
selection, but they will put one at an advantage. The SANDF needs
skilled people or those who can be trained in many areas of scarce and
critical skills, over and above the ability to handle and use weapons. The
defence force has modern equipment that must be operated by people
who understand how it works and are trained to operate it. South Africa’s
defence force has many opportunities in professional and technical
careers. It is up to you, the learner, to grasp these opportunities. This book

is opening up the world of defence beyond just the military.
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FACT BOX

Did you know that soldiers are the only people who take an
oath to die for their nation? It is a solemn oath in that even when
they die for their nation there is no equal reward given to them.
As a nation, we need fo give our soldiers a lot of respect for this.
Men and women voluntarily join the National Defence Force and

take this oath.

Did you know that in October 2000, the United Nations took a
special resolution (decision), Resolution 1325, on the participation of
women in defence? This resolution clearly indicates that women play
an important role in the prevention and resolution of conflicts, peace
negotiations, peace building,
peacekeeping, humanitarian
response and in poskconflict
reconstruction. It stresses
the importance of the equal
participation of women and full
involvement in all efforts for the
maintenance and promotion

of peace and security.
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Did you also know that South Africa is a signatory to this resolution?
This means that the SANDF abides by this decision. Defence is
clearly not only about attacking, it includes peacekeeping. It has
been proved that the instinctive maternal attributes that women
have, come in handy during peacekeeping missions in the rest of
our continent. So the UN Resolution 1325 sees a crucial role for
women in defence. This resolution moves away from the generally
held belief that defence is only for men. There are women within
the defence force who are pilots; there are paratroopers — they can
jump out of a moving aeroplane using their parachutes. Others

launch rockets that can reach over 20km from the battle. So there is

a place for everybody in the defence force, both men and women.
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HOW THE HUMAN ~
BODY DEFENDS ITSELF
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lllness in the body manifests itself in“‘.‘dif&erent ways to show that there
is war going on inside. For example when onq,iﬁ.;&:'ibk and: goes to o
hospital,a clinic or to a private doctor, there is g’-%rocedure that medical

staff undertake to check for signs that will indicate how serious one'siillness

is. These are called vital signs. They hclud:fhe following: 4

Temperature — a high body temperature indicates that there is
some infection whether bacterial or viral that the body is fighting;
Pulse - this determines the heart rate;

Respiration — to check your breathing because struggling to

breathe might indicate that there is something wrong within

the respiratory system;
Blood pressure — this determines the pressure at which the
heart pumps blood through the body and the pressure at

which the heart receives blood from all parts of the body.

These signs are called vital because they determine signs of life in the body
and the state of one’s health. If one goes to a medical facility feeling ill,
the nurse takes one’s vital signs. If these are found to be normal the doctor

does not worry as much as he would if abnormal signs were detected.

S ——
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It is possible for one to go to the doctor with a headache and then be
admitted to hospital. Why2 Checking the vital signs might tell the doctor
that something else is wrong with the body. One may just be feeling a
headache but the blood pressure might also be very high. This means that
if that high blood pressure is not attended to one might, for example, have
a stroke or something worse.

While South Africans generally feel safe within the country and go
about their daily duties in a normal environment, if there are wars or wars
threatening in neighbouring countries, the safety of South Africans is also
compromised. South Africa might
for example have to accommodate
refugees from conflicts of the
neighbouring countries. The country’s
resources might be overextended
and possibly even become depleted
because all of a sudden our country
has to accommodate an increased
number in the population. Increased
resources would then have to be

invested in places of safety, water,

sanitation and healthcare provision.
One of the very important roles of the SANDF therefore is to participate in
peacekeeping missions around our continent. This is for the benefit of all.

If one’s neighbour is unemployed, but he has children to feed, cannot
afford to take them to school and cannot afford to take them to hospital,

it might not be your problem but it would affect you as the neighbour.
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The stability of our region in Southern Africa, and the entire African
continent, is important for the stability of our country. This means that the
stability of our neighbours is also important for our own stability.

When one feels thirsty, that is a defence mechanism from the body.
The body should not feel thirsty. By the time it feels thirsty, it is reporting to
the owner that something should be done or else it will go into a state of
dehydration. So by feeling thirsty, the body is protecting itself from being
dehydrated. Hunger is also a defence mechanism. The body reports to
its owner that it requires food so that it may function optimally. When the
body has had enough food, the nerves around the stomach area report to
the brain that the stomach is full. Then one has to stop feeding the body.
When that nerve system is not working, or it is not listened to, one can eat
much more than the body needs. Of course that will cause obesity.

Crying is a way of offloading emotions from the body. Many a time in
the townships our parents used to say ‘o fokotsa metsi a ka mo thhogong’.
That means when one cries, one is reducing the high level of water that
is in one’s brain. When people do not cry or do something to release
emotions the body will defend itself. The person might collapse. The body
might go into spasms. The person might have other unexplained ailments
in the body. This is the message that the body gives the owner to relieve
the bottled-up emotions.

When one puts one’s hand on a hot stove, there is almost a knee jerk
reaction to quickly remove the hand from the stove. The whole process
happens in a split second. When one puts the hand on the stove, the
nerves around that hand relay the message to the brain that the hand is

in trouble. The message that comes back from the brain to the hand tells
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the hand to remove itself from the stove. If the nervous system does not
work, as in the case of people with leprosy for instance, the person will not
remove the hand because the message path is not working.

It is possible to have a person with normal looking eyes but they cannot
see. There are many reasons for this. For the purposes of this book, it
could be that the message path (nervous system) from the eye to the brain
and from the brain to the eye is not functioning. This means that the sight
inferpretation centre of the brain is not working. Something could be
blocking that path.

Coughing is another way the body defends itself. The person coughs
because there is something in the lungs that the body must get rid of. Many
of us run to get cough mixtures to suppress the cough. When the body
catches ‘flu or a common cold, it is defending itself. Many a time we walk
around with colds that take a long time to heal because we do not listen
to our bodies.

When a body collapses, often it is defending itself from being
overworked. Many of us overwork our bodies. We do not rest them.
The body then collapses to prevent itself from further overwork or from
a complete shutdown. It then forces the owner of the body to rest it. The
likelihood is that a doctor will tell the patient that he is stressed. Then that
person has to rest.

Some ladies remove their eyebrows and then put a black line where
the eyebrows were because they believe that makes them look beautiful.
What these ladies forget is that the hair of the eyebrows protects the eyes
from sweat. When one sweats these eyebrows trap the sweat so that it

does not get into the eyes. Some ladies extend their eyelashes. What one
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will observe is that once the eyelashes are extended the eye blink rate
increases because the eye is protecting itself from a foreign object that
has been put very close to it. The human eyes are like light to the body.
Without them, one cannot physically see.

Likewise, any country defends itself using different ways. For the

purpose of this book, some of the defence technologies will be explained.
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\w . HOW ANIMALS
R DEFEND THEMSELVES/
MILITARY FORMATIONS

Many animal species &4 some kind Ddlefehce mechanism so that they
can survive in harsh environments. As indicated in the previous chapter,
humoﬁ beings have defence mechanisms that we take for granted.
The porcupine is one of the most vtalneroble animals. When anybody or
any animal approaches it, it extends its spikes as a warning that it will
hurt you if you come closer. When an ordinary lizard is under attack, it
can shed its tail, which will spin wildly. This is a decoy. In military terms a
decoy is something designed to deceive an enemy. The decoy tail of the
lizard makes you forget about chasing the lizard and concentrate on the
wriggling tail. While you are busy looking at the wriggling tail, the lizard
has a good opportunity to run away.

In the military there are missiles that are used in a war situation. These
are weapons that are directed at a target. Usually they are shot from an
aircraft designed for war, called a fighter jet. Most missiles are heat seeking
devices and offen attack an enemy aeroplane. This means that they will

follow the tail of an aircraft because it emits heat. An aeroplane that is

under attack will release what are called decoys so that the missile will
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follow the released heat-emitting decoy and not follow the actual aircraft it
was intended to attack. In that way the aircraft will be safe from the missile.

During a war situation there is always a command and control unit.
It is managed and operated by people who are called commanders.
They give orders to the troops. They can give commands to shoot or to
cease fire. They can give commands to advance or to retreat. What is
important is that there is order and there is control. The troops do not do as
they wish because they might put their lives in danger. To an untrained eye,
one might think combat situations are just about a lot of gun crazy soldiers
shooting at random. However there is always order in that shooting. It is
not just any soldier who gives orders. Soldiers also know to whom they
must listen, and that is their commander.

Military armies are organised in such a way that there are various
formations. There is a particular order that is followed. If one looks at how
the wildebeest, (also gnu in English) wild animals of the antelope family
migrate, one will see something similar to an army formation. They build
up fo a high density before they cross a river. When they are about to cross
a crocodile-infested river, they will not just cross. They have commanders
that must give an order to cross or to wait. These commanders check if the
coast is clear before giving the command to cross. They first have to see
that the area is safe for the wildebeest to cross.

Of course their crossing of the river means a feast for crocodiles. Like
in any war situation, there will always be casualties. The crocodiles will
not be able to attack a massive group of wildebeest. It will normally attack
that wildebeest that is on its own and not part of the group. Once it is

attacked the other wildebeest are unable to help it or come to its rescue.
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When wildebeest are in a formation or in a group, even a lion is unable to
attack them. What the lion does is to make a noise in the hope that one of
the wildebeest will come out of the group and be available for the lion to
attack. There have been reports of enraged herds of wildebeest trampling
hunting lions to death.

The female wildebeest is normally a tame animal. It is weaker than its
male counterpart. However it will fight to the death to protect its young.
Normally male wildebeest are not so loyal in protecting the young because
they will mate with more than one female. This dilutes their loyalty among
a number of offspring. The mother will have one calf that it has to protect.

Also, the calf has to be able

to walk within minutes of
its birth if it has to survive
the lions, cheetahs and
hyenas that always lie in

waiting. Within two days

WILDEBEEST IN' FORMATION
CROSSING A RIVER
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of birth the young calf of the wildebeest can run as fast as its mother.
Nobody knows yet what triggers the migration of the wildebeest but they
migrate to get good grass and fresh water. Countries fight using the military
to protect their interests. However, countries go to war as the last resort
when all other avenues of solving problems have failed. Like the female
wildebeest protecting its offspring, soldiers will fight unto death to protect

the sovereignty of their country. As you read earlier, soldiers are the only

people who take an oath to die for a country that they will never own.
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FACT BOX

Here is something very interesting found in the Reader’s Digest
book entitled Exploring the Secrets of Nature:

‘In spring each year, the wildebeest of Kenya's Masai Mara
Reserve join zebras and gazelles in great mixed herds, some up
to half a million strong, to travel more than 200 km southeast to
Tanzania’s Serengeti Plains, where the females give birth. Along
the route, lions, hyenas and crocodiles prey on the herds and,
each year, about 42 000 wildebeest die during migration.

The Masai Mara has sufficient food all year for the
wildebeest’senergy needs, so why do they make this hazardous
yearly journey? The answer is in Serengeti’s grass. It grows on
soil rich in phosphorous, a mineral vital to the formation of strong
bones in the calves. When they are born, in the middle of the wet
season, the grass is rich and lush, enriching the mothers’ milk and
giving the calves a better start than they would have had on the
Masai Mara. In the dry season, the grass dies and the herds return

to the northern woodlands.’
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CHAPTER 4

THE USE OF RADAR™ .
SYSTEMS IN DEFENCE . -

The Collins English Dictionary defines the word ‘radar’ as follows:

1. A method for detecting the position and velocity of a distant
object. A narrow beam of extremely high-frequency radio
pulses is transmitted and reflected by the object back to the
transmitter. The direction of the reflected beam and the time

between transmission and reception of a pulse determine the

position of the object.

The equipment used in such detection.

The use of Radar systems within a country (territorial surveillance which
includes landward borders, airspace and coastal systems) starts primarily
with territorial protection from unknown threats both natural and unnatural.

Radar observation serves as a forewarning mechanism in terms
of weather patterns, external enemy threats as well as a system that
enable a country to manage its interest i.e. fauna and flora, energy
resources, infrastructure such as Air traffic control towers, railway lines,
telecommunications towers etc.

South Africa has the capability of designing, developing and

manufacturing radar that searches and tracks objects for the SANDF.
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Radar can track in the air, in the
water (sea) and on land. Radar
is also useful in the mining sector
where sensors are used to check
movement and surveillance.
While this technology is used
by human beings, animals have
had it before man discovered
it. Radar technology can be

likened to how bats operate.

According to the Reader’s Digest'
‘bats are the champions of sound navigation. From the echoes of their calls,
they can build up a detailed picture of their surroundings’. Bats hunt at night.
They spot flying insects by what is called echolocation. They send out high
pitched shrieks at regular intervals and listen for echoes that bounce off an
insect’s body. In this way, the bat can pinpoint the position of the insect and
how far away it is. Dolphins use the same system in locating their food.
Some bats have ears as long as their bodies. They use these ears to listen for
the sound of an insect’s wings beating as it prepares for flight, and they swoop
in to kill it. These bats rely on their eyesight to find their way about. They also
use very weak echolocation signals once it gets too dark to see. One would
have observed how a bat comes in flying at high speed fowards a wall and as
it is about fo hit the wall it immediately changes direction. Echolocation allows

them to both navigate and to spot flying insects in total darkness.

1. Exploring the secrets of nature — the amazing world of animals and plants —

published by the Reader’s Digest Association Limited, London - 1994
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The echoes not only reveal the presence of an object, they also tell the bat
its position. Sound always travels at the same speed in air, so the bat can judge
distance by the length of time an echo takes to return. The relative intensity of
the sound in each ear tells the bat the direction. Usually each bat call starts at
a high pitch and falls rapidly, sending out a range of wavelengths. This has
two advantages for the bat. Firstly, the longer wavelengths penetrate further
and scan a wider area and the shorter wavelengths bounce off tiny objects.
Different wavelengths strike an object in different ways and so can give a
more detailed picture. By turning its head to scan from side to side, a bat can
tell not only the position of an insect by echolocation, but also the direction in
which it is flying. It can do this because of the Doppler Effect, a phenomenon
named after Christian Doppler, the Austrian physicist who discovered it.
A Doppler machine is used in hospitals to detect the baby’s heartbeat while it

is in its mother’s womb.

<

DorppLer EFFECT

To understand this better, think of the effect a police car siren has
on a pedestrian’s ear. The siren’s notes seem to be higher as the car
approaches and lower as it speeds away. This is because, although the
notes have not changed pitch, as the car gets closer the sound waves

have less distance to travel, so their frequency per second increases, and
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as the frequency increases so does the pitch. As the car speeds away the
sound waves returning have a longer distance to travel, so their frequency
decreases as does the pitch.

The bat compares the pitch of the echoes from the flying insect with the
pitch of the constant frequency signals it sends out. An echo of a lower
pitch than the signal means that the insect is moving away. An echo of
higher pitch means that the insect is moving closer. In this way, the bat
tracks the insect's flight path.

A frog that cries out at night calling a female frog to mate is in danger
from a bat. lts sound is intercepted by the bat. The bat homes in on the
source of the sound and eats the frog. Crickets also call loudly to find
mates. They are also in danger of being eaten by bats. However crickets
seem to have found the solution. They sing in unison at exactly the right
sonic frequency to ‘jam’ the tuning-in signals used by bats. This confuses
the bats. This ‘jamming’ is also used in defending a country in a war
situation where radio waves from the enemy are “jammed” to intercept
either radio sounds or missiles when attacking.

So while one may look at a radar system and get intimidated, it is

something that one sees daily and possibly interacts with.

FACT BOX

Radar (Radio Detection and Ranging) detects objects at a distance
by bouncing radio waves off them. The delay caused by the echo
measures the distance. The direction of the beam determines the

direction of the reflection. The polarization and frequency of the return
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can sense the type of surface. Navigational radar scans a wide area
two to four times per minute. It uses very short waves that reflect from
earth and stone. It is common on commercial ships and long-distance
commercial aircraft.

General purpose radar generally uses navigational radar frequencies,
but modulates and polarizes the pulse so that the receiver can determine
the type of surface of the reflector. The best general-purpose radar
distinguishes the rain of heavy storms as well as land and vehicles. Some
can superimpose sonar data and map data from a GPS position.

Search radar scans a wide area with pulses of short radio waves.
It usually scans the area two to four times a minute. Sometimes search
radar uses the Doppler Effect to separate moving vehicles from clutter.
Targeting radar uses the same principle as search radar but scans a
much smaller area far more often, usually several times a second or
more. Weather radar resembles search radar, but uses radio waves with
circular polarization and a wavelength to reflect from water droplets.

Some weather radar uses the Doppler Effect fo measure wind speeds.

‘ re! ectea wave

Receiver |

original wave'

distance r
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\ ™ "~ MANNED AIRCRAFT -
HQW-DOES AN AEROPLANE FLY?2

There are two types of aircraft — manned and unmanned. Manned aircraft
are the ones we knowsbest, as they fly over our skies. For the purposes
ok this chapter, only the physics of manned aircraft will be explained.
Chapter 8 will explain about unmanned aircraft.

There are two types of aircraft:dixed-wing aircraft (FWA) and rotary-
wing aircraft (RWA*. The RWA are the helicopters. They have wings that
move, i.e. which rotate, hence the word rotary wings. This chapter explains
a fixed-wing aircraft. There are small aircraft and big aircraft. The difference
between the two is in the power the aircraft possesses. The bigger the
aircraft, the more power it possesses. A small aircraft takes four hours to fly
from Johannesburg to Cape Town and a big one only two hours.

There are four basic forces that act on an aircraft. Firstly, thrust is

a forward force. Secondly,

LIFT g@ drag is a backward force

T (resistance). Thirdly, lift is a

force going upward. Fourthly,

weight is a force going down,

,\Q\%“:\ ~L i.e. gravitational force. When

these forces are in equilibrium
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then the aircraft is straight and
level. The imbalance of forces
is caused by either the plane
accelerating (the thrust force is
more than the drag force) or
decelerating (when the drag

force is more than the thrust

force). It can also happen
when the pilot is ascending
(lift force is higher than the weight force) or when the pilot is descending
(weight force is higher than the lift force). Lift force acts on the centre of
pressure and weight force acts on the centre of gravity.

There are three axes along which the plane acts (axis is singular and
axes is plural; and an axis is an imaginary line about which a body,
such as an aircraft, can rotate). These have to do with the stability of
the aircraft. Firstly, there is the lateral axis (similar to a person standing
with outstretched arms, i.e. wing to wing). Along this axis the aircraft
pitches (this means its nose position goes either up or down). Secondly, the
longitudinal axis (horizontal or from nose to tail or from tail to nose) along
which the aeroplane rolls, i.e. wing tip movement up or down and thirdly,
the vertical axis (top to bottom. It yaws (turns) along the vertical axis, either
left of right. When an aircraft yaws, it does not lose altitude (height).

For the aircraft to fly it needs wings. These wings must be shaped in a
way that will generate lift or speed. The wings are called aerofoils. The plane
cannot fly without a certain amount of wind. Just like a bird cannot fly without

a certain amount of wind. Of course there is always wind in the atmosphere.
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The air has a tendency to move from a high pressure area to a low pressure
area. When the aircraft is in flight (in the air), the air pressure below the wings
is high and moves at a slower speed. The air pressure above the wing is low
and moves at a higher speed because of the top shape of the aerofoil (wing
tip), which is shaped like a curve. When the aircraft flies the wind is split at the
wings from the leading edge (the front part of the wing) to the trailing edge
(the back part of the wing). When this split occurs some air flows on top of
the wing and some air flows at the bottom of the wing. Remember that the air
on the top of the wing moves faster with the resultant reduction in pressure.
The pressure below the wing therefore becomes relatively higher than the
pressure above. This then results in the lift of the aircraft.

Wind moving in the direction opposite to the flight path of the aircraft
is called a head wind. In other words it is the wind hitting the head of the
aircraft. Wind moving in the same direction as the flight path of the air
craft is called a tail wind. In other words it is the wind hitting the tail of the
aircraft. Wind moving in a direction across the flight path of the aircraft
is called a cross wind. In other words it is the wind hitting the body of
the aircraft. Ideally, the aircraft performs better when flown into the wind

(head wind) both at take-off and at landing.
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This is because the pilot has better control of the aircraft. If one moves
a kite into the wind, the kite flies higher and if one runs with the kite in the
same direction as the wind, the kite will not fly. If for example an aircraft
has to land at a speed of 70 knots (129.5 km/h: 1 knot = 1.85 km/h),
and the head wind is 30 knots (55.5 km/h), then the actual landing speed
of the aircraft is 40 (74 km/h) knots. This is a much reduced speed and
more comfortable. If on the other hand the aircraft must land at 70 knots
and the tail wind is 30 knots then the actual landing speed of the aircraft
is 100 (185 km/h) knots. The aircraft might overshoot the runway if there
is not enough runway length.

When the aircraft is airborne it is economical to have a tail wind. This
means that when the aircraft is flying at 70 knots and the tail wind is 30
knots the actual ground speed of the aircraft is 100 knots. The advantage
of this is that the aircraft will reach its destination faster than the scheduled
time. The fuel will also be saved. When the aircraft is flying against a
head wind of 30 knots and it is flying at 70 knots its actual ground speed
is 40 knots. That means the aircraft will take much longer to reach its
destination and it will also consume more fuel.

It makes sense for the aircraft to run at a high speed before take-off.
This helps the aircraft to gain the flying speed faster. If it does not run at a
high speed from the ground, it may not be able to take off. The opposite
occurs when the aircraft has to land. It has to come at an approach speed,
which is lower than the take-off speed, in order to land safely.

Have you ever wondered why aeroplanes do not collide in mid-air as
often as cars do on the ground? Flying remains one of the safest modes

of travel. Aircraft are made with backups. A normal Boeing/Airbus will
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fly using four engines, two on each wing. The plane can still fly when
one of the engines fails.To enable the safe flow of aircraft in the air there
are air traffic controllers. They manage the safe flow of air traffic. Air
traffic service units(ATSUs) are stationed at all airports and most airfields.

Military airports provide their own traffic service units.

AR TraFFIC CONTROL

The company called Air Traffic and Navigation Services (ATNS) is
responsible for the control of air traffic. They are stationed at all airports
around the world. Each aircraft is given a certain level at which it must
fly, e.g. 30 000 feet above sea level. Radar systems help pilots to know if
there are any obstacles ahead. Obstacles may refer to cloud, mountains
or other aircraft. Radar systems also help air traffic controllers to know the
location of aircraft. Aircraft also have sensors, which will alert the pilot
if there are any obijects close to the aircraft. This is just like some of the
modern cars we have which will give a warning signal upon reversing if

the car is close to hitting an obstacle.
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CAREER REQUIREMENTS

For anybody who wants to be a pilot there are certain qualities that
one should have in order to qualify. One must have the correct height,
weight, and be in good health. One’s hearing and sight must be good.

One must be well co-ordinated, and able to do multiple tasks at
the same time. It helps to be able to use arms and legs, as well as an
ability to swim and play football. Mathematics, science, geography
and English should be the subjects of choice at school. It is important
also for one to have self-discipline. A pilot cannot be a maverick
(a person of independent views) as he must be able to work as a
member of a team. A pilot must have a good memory and must have
respect for others. Serenity and calmness are necessary qualities.

The academic qualifications are mathematics and science at Grade
12 level to be able to get into any flying school. There is a chapter
later in the book entitled the A-Z of careers in aviation. This will give

more details on all careers associated with aviation.
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Denel has a division called
Aerostructures.  They  design
the structure (shell/body) of
1 both manned and unmanned
aircraft, test the concept and
manufacture the structure so that

it can interface with all other

Orvx systems of the aircraft. They do
the framework (the bones and skin that form the body) of the aircraft and all
the other parts will then be built into the basic structure/frame.

Denel Aerostructures has a history of designing and manufacturing
military and civilian aircraft, both RWA (helicopters) and FWA (jets).
For military applications, the rotary-winged aircraft vary in their shape,
size and application. These include combat support (fighter) helicopters
such as the Rooivalk, light utility helicopters such as the Agusta 109 LUH
and medium to heavy lift utility helicopters such as the Oryx. The military
fixed-wing aircraft also has various shapes, sizes and applications. These
include combat support (fighter) jets such as the Gripen, transport aircraft;

medium and heavy lift aircraft such as the Airbus A400M. The South

30



CHAPTER 6

African Air Force uses combat and utility aircraft, both helicopters and jets.
Some parts of all of these combat and utility helicopters and jets were built
by Denel. Both the Oryx and the Rooivalk helicopters are proudly South
African aircraft, which were designed and manufactured by Denel. Big
sections of the Gripen fighter jets were also built in Denel Aerostructures
for military aircraft; the current project that Aerostructures is engaged in is
the design and manufacture of major sections of the A400M.

In the same way that military aircraft have different shapes, sizes and
applications, commercial aircraft are the same. Commercial aircraft are
mainly used for the transportation of people (called passengers) and goods
(called cargo or payload) across different distances (also called range).
For the fixed-wing aircraft, the bigger the aircraft, the more passengers
and cargo it can carry and the longer the distance it can fly. The smallest
passenger aircraft (fixed-wing) are usually private or business jets that
carry between 9-15 passengers flying up to 4500 km (equivalent to three
trips from Johannesburg to Cape Town). Thereafter, the sizes increase to
include regional aircraft that carry 20-70 passengers, flying up to 1500
km (from Johannesburg to Nelspruit 3 times). There are also single-aisle
aircraft that carry 70-150 passengers for up to 2000 km. Finally, there are
the twin-aisle aircraft that carry 150-500 passengers and are capable of
flying from one continent to another.

On the commercial side Denel Aerostructures manufactures very
important sections of private jets. The company is planning to manufacture
frameworks for both regional and single-aisle aircraft.

Denel Aerostructures manufactures parts of the manned aircraft at their

Kempton Park campus under their slogan ‘Make them fly’. Situated next to
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them is Denel Aviation
Direction of main rotor travel

\\ which is responsible

gl for the maintenance

tail rotor pushes against

the natural torque of the aircraft under
the slogan ‘Keep them
flying’. Denel Aviation
also has pilots who

\ oiifhy test and operate all
pin against the rotors because of torque

the different aircraft.

N Inaviationthereisa
term ‘aerodynamics’,
which the Collins English Dictionary defines as ‘the study of the dynamics
of gases, especially of the forces acting on a body passing through air’.
That is why it is said that an aircraft is aerodynamically shaped. It is
shaped and structured in such a way that it is able to deal with the forces
acting upon it while in flight. When an aircraft is designed and built the
following must be taken into consideration: the maximum speed of the
aircraft, the maximum altitude (height), and the maximum weight of the
aircraft (including passengers and cargo) and the total number of years
that the aircraft needs to keep flying. On average an aircraft flies at @
speed of 850 km/h at an altitude of 41 000 feet (12 km) above the
ground. It is for this reason that aircraft require complicated concepts,
designs and building processes in order to fly the way they do.
For companies like Denel Aerostructures there are two ways that an aircraft
can be built. Firstly, it can be by way of a “builtto-print” like the Gripen fighter
jets and the Agusta 109 LUH light utility helicopters that the South African Air
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Force is currently using. This means that the manufacturer is given the design
drawings of the aircraft by a company that owns the design of the aircraft.
Such a company is called an original equipment manufacturer (OEM). All that
the builder has to do is to study the designs and decide on the machines and
methods to be used to build the aircraft to an exact match of the design of the
OEM. It is like a builder of a house who gets the plan from the architect to
build the house. The builder needs to have the training and skills to be able to
interpret the drawings of the architect’s design.

Secondly, an aircraft can be manufactured by way of “designed-to
build” meaning that the designers and the manufacturers of the aircraft are
the same service provider. With the A400M Denel manufactures critical
parts of the body and send them over to the Airbus plant in Europe. Like
completing a jigsaw puzzle, Airbus integrates (joins) the parts that were
designed and manufactured by Denel into the final body of the aircraft.

The plant where this integration (joining of parts) occurs is called
the final assembly line (FAL). Together with seven other companies from
seven different countries, Denel is a design and manufacturing partner
of this high technology, modern heavy lift aircraft. The learner should
be aware of how global our economy is. One aircraft can be built by
different countries. Besides the eight different design partners, many
other companies across all continents make smaller parts for the A400M.
Different to these many other companies, Denel Aerostructures, together
with the seven other design partners, manufactures very large, complex
and flight<critical parts. If these parts fail to work while the aircraft is flying,
then the aircraft will fall from the skies orfail to land safely.

Denel Aerostructures specialises in the design and manufacture of parts
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that enable the aircraft to take advantage of the air flowing around the
aircraft in order to make sure that it lifts into the sky and can be controlled
by the pilot. These parts are referred to as flight control surfaces. In many
instances, these parts are the wings and smaller parts around the wings.
A fixed-wing aircraft has a set of two big wings on either side of the
body (also known as the fuselage). At the back of the fuselage (round
body of the aircraft) the fixed-wing aircraft has another set of two wings.
One wing is horizontal (lying flat) and the other is vertical (standing up).
Combined, these two wings make up the tail of the aircraft and they
are jointly called the empennage; they serve the purpose of keeping the
aircraft stable when it is flying. The vertical wing (stabilizer) has a small
part called the rudder. This rudder is the one the pilot uses to gently turn
the aircraft to either the left or the right just like a fish would use its tail
to turn in water. When he turns the rudder to the left the aircraft gently
turns to the right and when he turns the rudder to the right then the aircraft
gently turns to the left. The big wings on either side of the aircraft fuselage
serve the purpose of lifting the aircraft up or allowing it to drop. These
wings have smaller movable parts called flaps. These parts can move up
or down to allow the pilot to lift the aircraft, to slow it down or to make
the aircraft make sharp turns to the left and the right. When the pilot has
to make a sharp turn to the right he will open only the flaps on the right
wing. The air that is flowing below the wing is then trapped through the
flaps and makes the aircraft slower on the right side so that it can turn to
the right. This is the same when the pilot turns the aircraft to the left. This
is all about managing and manipulating the airflow around the aircraft in

order to control it.
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If any of the wings fail

The spinning of the rotors create LIFT!
or the rudder or even the
flaps fail, the pilot cannot
manipulate the airflow.

Tail Rotor

This means the pilot may

not be able to control or

When the rotors spin the helicopter -

The helicopter moves
forwards and backwards by wants to spin in the opposite direction.
The tail rotor pushes the aircraft sideways

land the aircraft safely. It is g B iR s o onatin,

for this reason that Denel

employs  highly skilled

and bright people in order to make sure that these flight control surfaces
(wings, flaps, empennage, rudder, ailerons, winglets, wingtips efc.) are
designed and manufactured in the best way to make sure that they never
fail while in flight. Another interesting fact about the aircraft’s big wings
is that, not only do they help to control the aircraft, but they also serve as
fuel tanks for the aircraft.

Large aircraft such as the twin—aisle aircraft store about 100 000 litres
(same amount as water in two large household swimming pools) of jet
fuel that is kept in various pockets and compartments of the wings. That
means that these wings must be able to withstand the weight of the fuel
plus the splashing of the fuel inside the wing (called sloshing) when the
aircraft is in flight. Most critical of the wings is their ability to store the fuel
without leaking, otherwise the aircraft would run out of jet fuel while in
flight. The issue of weight is one of three critical aspects that define the
requirements for the design and the functionality of aircraft. These aspects
are: fatigue, environmental elements and the weight of the aircraft alone,

not taking into account the weight of the fuel, passengers and cargo (also
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called payload). For military
aircraft, the payload includes
the weapons that are mounted
onto combat (attack) aircraft.

Firstly, on the issue of

weight it should be noted that

the heavier the aircraft (body
of the aircraft including its
passengers and cargo) the more fuel it burns in flight, meaning that the
lighter the aircraft the less fuel it burns. Jet fuel is very expensive, much
more expensive than motor vehicle fuel. Designers and manufacturers of
aircraft, like Denel, must continuously find ways to build aircraft that weigh
less and less in order to make it cheaper and more economical to fly.
Even with the aircraft weighing less it must be strong enough to fly for
many years. Over the past fifty years, companies like Denel have been
increasing the use of two types of materials that are light but strong.

The framework (the bones and skeleton of the aircraft) is built from
aluminium, the same material that is used to build motor cars, cool-drink
cans and window frames. The aluminium for aircraft is however stronger
and more durable than other aluminium materials. The skin of the aero
structures is predominantly built from composite materials. These are
plastic materials similar to the material used to build car dashboards. They
are called composites because they are composed (made up) by bringing
together a number of other materials and then baked into the shape and
form required by the designer (like mixing flour, milk and sugar to bake

a cake). More than 80% of the structure of the aircraft is made from
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aluminium and composites. New aircraft designed in the past ten years
(and for the future) are made from more composites than aluminium. The
reason is that composites are lighter than aluminium and can be formed
info various complex shapes and have the ability to be stronger in specific
areas compared to aluminium.

Secondly, there are environmental elements that affect the aircraft
when in flight. These factors are temperature, high winds (also called
turbulence), moisture in the air (including rain), heat of the sun and objects
like ice crystals and birds that hit against the aircraft body when in flight.
Chemicals like jet fuel and hydraulic oils are strong and attack parts of the
aircraft whenever there is a leak. Therefore all these aerostructure parts
that are manufactured from aluminium and composites may be strong,
tough and light, but they require special treatment to be able to withstand
all these environmental elements. If not protected, then these parts will
weaken and fail when the aircraft is in flight. Special chemicals like
chromic acid and sulphuric acid are used by Denel to make the aluminium
withstand rust and other chemical attacks.

Thereafter special paints are used to further protect both the aluminium
and composite materials. There are paints that resist fuel and hydraulic oil
attack. Other paints resist the heat from the sun and the jet engines. Other
paints are specially made to resist the cold temperatures of up to minus
58 degrees Celsius when the aircraft is flying at 12 km above the ground,
at 900 km/h. Considering that water freezes at O degrees Celsius and
that the average home chest freezer runs at minus 18 degrees Celsius, it
can be understood how cold the aircraft gets when in flight, meaning the

paint needs to be really strong to protect the skin and frame of the aircraft.




DEFENCE TECHNOLOGY MADE EASY

The last type of special paints are designed to protect aircraft skin and
frames against abrasions and impact by ice, birds and debris that the
aircraft collides with while flying at high speeds and high altitudes. When
all the special protective paints have been applied to the aircraft, the
last type of paint used is decorative paint, which gives the aircraft an
aesthetic look. In military aircraft, such paint will be the green and brown
camouflage paint that gives the aircraft a recognisable standard look plus
allows it to blend into the bush (jungle) environment.

The third aspect that affects the design and functionality of the aircraft
is fatigue. The constant, repeated exposure of the aircraft to high speeds,
heavy loads (passengers, cargo and the body of the aircraft), cold
temperatures, low pressures, vibrations of the body and impact by debris
stresses the body of the aircraft, slowly making it weak over time, which
may lead to failure. This stressing is called fatigue and the weakening of
the structure is referred to as aging.

Considering that an average aircraft flies for thirty years before it is
retired, the amount of fatigue that the aircraft endures must be taken into
account by companies like Denel, when they design and build aircraft, to
ensure that none of the critical parts fail due to fatigue while the aircraft is
in flight. The heavier the body of the aircraft and its cargo and passengers,
the more fatigue it will endure. The more complicated the flight manoeuvres
(moves) that an aircraft makes, especially when heavily loaded and at
high speeds, the more fatigue the body of the aircraft will endure.

These three aspects make it clear how complex and strong aerostructures

need to be in order to perform as designed for as long as is required.




CHAPTER 6

CAREER REQUIREMENTS

In order to work in an environment such as Denel Aerostructures the

following is required.

Disciplines — mathematics and science;

Process engineers — industrial engineers, quality engineers,
special process engineers and project engineers/managers
who define the control of processes to manufacture aircraft;
Design engineers — mechanical engineers who specialise in
aeronautics and then become aeronautical engineers. As an
aeronautical engineer one can specialise as a stress engineer
(analysing fatigue) or a designer specialising in aerodynamics;
Production (building) engineers - manufacturing engineers
who interpret the design and compile the recipes (machines
and steps) to build the aircraft parts;

Process control engineers — chemical engineers, metallurgical
engineers, mechanical engineers and non-destructive testing
engineers. They test samples of aircraft parts to verify the
strength and durability of the parts (fatigue);

Industrial engineers — establish the facilities to build the aircraft;
Artisans and technicians — sheet metal, composites, assembly
aircraft machinists, tool designers, spray painters. They are

the people who build the actual aircraft parts.




CHAPTER 7

RPN HOW AIRCRAFT
‘ ARE KEPT FLYING

* “We keep them flying.”

© Designing and buildingsircraftis only the beginning of the process required
o ‘keep them flying’. To keep an aircraft flying it has to be airworthy just
like motor vehicles have to be roadworthy for them to drive on the road.
So when an aircraft is designed iteis designed to have what is called a
design life. This means that it is designed to fly for a certain period only;
life span measured in hours of utilisation or calendar months. Let's break
this down further: what are the actions required to be undertaken to keep
an aircraft flying?

The company responsible for flying an aircraft has to perform all the
necessary actions to enable an aircraft to take off and land safely without
injuring passengers or people on the ground. The company designing the
aircraft, i.e. the manufacturer has the responsibility to define for those who
will fly the aircraft which parts of the aircraft require maintenance and more
importantly how to perform that maintenance and when the maintenance
is to be undertaken. The manufacturer also has a responsibility to keep a
record of all the work performed according to the design and continually
to monitor the usage of that aircraft. This monitoring is to ensure that all

the parts are behaving in the expected manner. If at any time any item on

T
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board the aircraft does not perform as designed, the manufacturer can
redesign, change the structure and correct the item. If the manufacturer
thinks that this could affect the flying safety, the manufacturer, through the
Safety Authority (the organisation regulating aircraft safety) can issue an
instruction for corrective action.

Normally the manufacturer of a car is not always the one that attends fo the
maintenance of the car. When one’s car needs a service, one does not usually go
to the manufacturer for this. It is so in the world of aviation. The manufacturer of
the aircraft is not necessarily the person who
does its maintenance. However, these two
work together. The people who maintain,
repair and overhaul (MRO) aircraft perform
four tasks: maintenance, preventative work,
scheduled maintenance, and emergency or
unscheduled maintenance. The MRO uses
the techniques and processes developed
by the manufacturer to ensure that all the
mainfenance is performed correctly.

The MRO has technically trained,

qualified and skilled persons working

with the aircraft on a daily basis. The MRO is in a position to tell the
manufacturer how to perform tasks, both maintenance and repair, learnt
or discovered during in-service maintenance activities, which are outside
the scope of the normal documents and books. The MRO has the ability to
change the structure of aircraft provided the authority approves, as well as

recommend and design, either with the manufacturer or alone, structural
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changes or product improvements. Both the MRO and the air operator
(normally the company flying the aircraft) are responsible for testing the
aircraft after maintenance.

We have defined what the manufacturer’s role is and what the MRO's
role is. However these people do not fly the aircraft. It is the aircraft operator
who does the flying of people or goods from one place to another. The
aircraft operator would typically be an organisation like South African
Airways. They fly aircraft under the approval of the authority. This means
they need to have a licence to be able to fly aircraft. The aircraft operator

has to have pilots and

crew who can safely
fly the aircraft from
one point to the next.
This crew should also

be able to handle any
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situation that arises during the flight, most importantly, since the world is
not perfect, emergencies may arise. The aircraft operator provides specific
information to both the manufacturer and the MRO for the general upkeep
of the aircraft and
defects reporting. So the
aircraft  manufacturer,
the aircraft operator
and the MRO form a
triangular link (they are
three, hence triangle)

to make sure that the

aircraft is safe to fly.

In  the aviation
world, safety is non-negotiable. The triangle of the aircraft manufacturer,
the aircraft operator and the MRO is monitored. There is an authority
which regulates this triangle. In South Africa the regulator is the Civil
Aviation Authority of South Africa (CAA). Aircraft flight is complex and all
persons involved have a desire to make it as safe as possible; therefore an
additional independent oversight organisation like the CAA is required.
This body is part of the State. The only interest this body has is flight safety.
This body ensures that all persons working on aircraft are adequately
trained. They also investigate and monitor all aircraft incidents and
accidents and come up with ways of ensuring that the chance of these
incidents or accidents being repeated is minimised.

How are aircraft actually maintained?2 Cars are serviced to keep

them running, to keep them safe and to prevent unexpected breakages.
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When parts  of aircraft
are designed there are
time limits for these parts
measured in flying hours or
calendar months, whichever
comes first. Therefore certain
parts need to be changed or
repaired at a predetermined

time. For example the cam

belt that drives the engine of
a car must be changed when the car clocks a distance of 100 000 km. One
can continue driving the car and not change the belt, but that might affect
the performance of the engine and cost the owner of the car more money
to get a new engine. One can imagine how important it is to maintain an
aircraft that flies in the air and has no chance to stop on the side of the road
to fix a problem.

One takes a car for a service not because it is damaged. The manufacturer
designed it so that when it has done a certain distance, specific maintenance
for that distance must be done. It is no different with aircraft. There is a
predetermined safety margin. The medical profession encourages people to
have a yearly medical check-up, not because they are feeling ill; but just to
ensure that all is well with their bodies. With aircraft maintenance the MRO
does not only change the parts as per the manufacturer’s instruction, but the
MRO will look at all other things. The manufacture will spell out after how
many flying hours the aircraft has to be maintained. They will also spell out

what is called calendar limits. This means that if the designer predetermines
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the shelf life of an aircraft as four years, even If the aircraft operator
buys the aircraft and does not use it for four years, the aircraft will have
reached its calendar limit after four years and the manufacturer cannot
guarantee its safety in the air.

With aircraft maintenance there is scheduled maintenance, unscheduled
checks and emergency checks. A scheduled maintenance will typically be
what is in the maintenance manual directing after how many flying hours
maintenance work should be done. Unscheduled checks are similar to
when one goes to the garage to fill up with petrol. Tyre pressure, oil and
water are also checked. This is done every time an aircraft lands and
before it flies. Emergency checks will be done when an aircraft cannot fly
because of some unexpected technical fault.

If there is a problem with any system during aircraft maintenance
technicians will attend to that problem guided by approved maintenance
manuals and standard operating procedures. If they are unable to resolve
the problem they call in aircraft engineers who will look at the detail design
and improve on the part or maintenance procedure and define how the
part should be fixed. They may even change the maintenance manual and
maintenance bulletin, which may be an improvement for the aircraft. The
manufacturer will report this information to the Civil Aviation Authority (CAA)
and distribute it to all MROs that maintain that type of aircraft to ensure that
they use up-to-date maintenance information and practices.

Aircraft are designed in such a way that if any part does not work,
there must always be an alternative way of making it work. The term
that they use is redundancy — if everything else fails there is always a

mechanical way of doing it, which is a back-up system.
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Maintenance work includes checking things like tyres, landing gear,
wings, engine and gear box. To be a maintenance technician one must
be able to give attention to detail. There will always be two technicians
who will check the same thing to ensure that it is correctly done every
time. One technician will check and when he is done another will check
the same things to make absolutely sure that all is well. After this there will
be another person who does quality control to check what the other two
technicians have checked. Recording of everything that is done on the
aircraft is extremely important. When anything happens with the aircraft,
the MRO or the manufacturer or the aircraft operator has to have a record

of what was done on the aircraft and by whom; it is called traceability.
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CAREER REQUIREMENTS

Minimum requirements to work in this environment as a maintenance
technician are Grade 12 with mathematics and physical science. Post
Grade 12 there are two ways to qualify as a maintenance technician.
One way is to go through a technical academy like Denel where
apprenticeship is done. Once this is complete a trade test is done, and
one can apply to the Civil Aviation Authority for a licence. The licence
is renewable every twenty-four months to ensure that the licence holder
is still current and up to date with maintenance requirements, practices
and competency.

The second way is via a technical university where one can do
mechanical, electronic or electrical engineering. After going through
a technical university, one still has to go through the process of
apprenticeship, trade test and licence application like the first one.

Either way, one can always study further to do more advanced courses.
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The name of these aircraft is self-explanatory. They are called unmanned
aerial vehicles (UAVs).. They move (vehicles) in the air (aerial) and they
have nobody inside them (unmanned). Unmanned Aerial Vehicles (UAVs)
are used when it is tod dangerous for human beings to go on mission or
do a specific job. They are also used when the mission is a dull one, i.e.
boring but necessary. It could be that certain areas must be studied where
the UAV has to fly for hours on end. A normal human being can only
concentrate on flyirlg for a maximum of six hours.

The size of a UAV can be as small as a bird or as big as a Boeing
aircraft. So it can be any size. Boeing UAVs are used for reconnaissance
(the process of obtaining information about the position of an enemy).
It can also be used with dolls which simulate human beings to test how
people can survive when a normal plane with passengers crashes,
i.e. used for experimentation.

Some UAVs are unobservable
by radar (radar system s
addressed in Chapter 4). Most
of the ones we have in South
Africa are for surveillance of

ground based targets. One can
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use them fo get a picture of one’s battle forces. The UAV has a video camera
inside it. These cameras can work both day and night. At night the camera
on the UAV is heat sensitive. It can defect a human being, a vehicle or an
animal. During the day the UAV uses a colour camera. It produces the same
picture quality as the ones produced by our television cameras. Video can
also be in high definition HD
which means the video pictures
are of a very high quality.

A little bit of history on the
" UAVs in South Africa will be
helpful. They were started in
1977 atthe Council for Scientific
and Industrial Research (CSIR)

National Institute for Defence

Research (NIDR). The department is now called Defence, Police, Safety and
Security (DPSS) within CSIR. During that time the then South African Defence
Force was engaged in a war within its borders. Soldiers died. Aircraft were
shot down. In the National Institute for Defence Research there were a few
people who thought that there was a need for UAVs.

Prof Piet Stoker, Mr Charl Veldman, Pet Jonker and Hannes Gouws were
the people who believed in the need to have a UAV. They starfed building a
UAV after their normal working hours. They did this because the NIDR was just
a research institute and not a manufacturing plant. Also, their idea did not have
support because there was no formal request for a UAV from any quarter.

They built the first UAV airframe to prove the concept. That airframe

was flown at the Orient Gliding Club near Krugersdorp for the first time in
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1977 It weighed 90kg and it flew for about a minute and a half. It flew
only about five meters from the ground. Talk about the Wright Brothers
of South Africal It was too heavy to fly. The weight was then reduced to
70kg. They flew it again three months later. Col Jan Pieterse of the anti-
aircraft artillery started supporting the project. This time they flew the UAV
at Leandra in Mpumalanga at an airstrip. This flight, the second one, was
successful. It flew for about ten minutes — doing orbit flying. The UAV flew
at about 200m from the ground. It was done like radio controlled model
flying. A person on the ground controlled the aircraft with a transmitter
sending commands to a radio receiver in the aircraft.

Although successful it crashed accidentally on landing. It was
redesigned and built with composite (glass fibre) material to optimise the
mass, i.e. it had to be both strong and light. Two prototypes were built out
of composite material and these were flown at Gelukspan near Bothaville
in the Free State in 1978 because it was a big open area. The flight test
was successful. At this stage the team thought they had a UAV system. In
1978 NIDR was transformed into a company called Brimstone Projects,
which later became Kentron (a division of Denel). The first CEO was Mr
Clyde Ivy. Clyde pointed out to them that if they had a UAV that flew they
had only about10% of the work done to get to a UAV system. In about
1979 a UAV system was bought from an overseas company and they used

it o learn about everything that was involved in building a UAV system.

In 1983 a new complete UAV system was built consisting of the following:

1. Ground Control Station (GCS) - the pilot (based in the station
and not in the UAV) controls the UAV, the observer controls the
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payload (camera), and the communication technician looks at the
technical aspects of the UAV, checks the communication between
the station and the UAV and checks if all is fine during the flight.
The pilot controls the UAV through an autopilot. In the GCS the
pilot has flight instrumentation that gives him information about
the attitude, airspeed and altitude of the aircraft. The autopilot
will keep the UAV in a safe flying mode while the pilot only
needs fo tell the UAV how fast, how high and how far it must fly.
Other instruments in the MCU (Mobile Control Unit) give the pilot
information on the UAV engine speed and temperatures.

Tracking and Control Unit (TCU) - it is separate from the
ground control station although the two are connected by a
cable. It has transmitters, receivers, directional antenna (dish
antenna that always point towards the aircraft) and Omni
antenna (in all directions). The main purpose of the Tracking
and Control Unit (TCU) is to communicate with the aircraft

using radio waves.
This unit transmits radio waves; incoming radar guided

missiles can lock onto the antenna and destroy the TCU.

To protect the people operating the system this unit stands

separate from the MCU and no-one is in the unit during
operations. The TCU is positioned on the ground to very
accurate known GPS coordinates. By measuring the angle
of the dish antenna and slant range to the aircraft relative to
the known GPS coordinates, the position of the aircraft can

be determined.
The GPS system onboard the aircraft also sends the aircraft
position back to the TCU to help with the navigation of the UAV.
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Field Support Group (FSG) - this is where all spares and
consumables like fuel and oil for the UAV are kept and repairs
to the UAV can be done. It will allow the UAV to operate
independently for a month without any logistical support.

Normally four UAVs go with the system. This allows the crew

to always have a UAV in the air. While the one is flying the

other UAVs are prepared for flight. It is possible to have more

than one UAV in the air at the same time controlled by one
MCU. At the start of the project only black and white cameras
(monochrome cameras)were used as the technology had to

be developed to make colour and thermal imaging cameras.

The first complete system was commissioned and delivered to the SA Air
Force 15 Squadron in 1986. This squadron was based at Potchefstroom
Air Force Base. The Seeker System (UAV) has an 80 litre fuel tank (uses the
same fuel as we use in our cars) and it can stay in the air for ten hours. It
can fly up to 250 km from the ground station. For example one can launch
from Hamanskraal in Pretoria and the UAV will reach Polokwane. The only
reason that it does not fly more than 250 km is that beyond that it goes out
of sight due to the shape of the earth. The curvature of the earth will cut off
the signal. The radio waves travel straight and the earth is curved. So if
there are children who believe that the earth is flat they have a challenge
to increase the distance of flight for the UAVs.

If communication is lost with the ground station, the UAV will
automatically come back to the ground station. It is like a pigeon returning
home. The operators of the system know how far the UAV is from the ground

station by determining how long it takes for a message to be transmitted to

52
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the UAV and back. Remember the bat that is also able to determine how
far its prey is by echolocation as discussed in Chapter 4 about radar. That
will tell the operators how long it will take the UAV to come back. The
antenna, which always looks at the aircraft, by measuring the angle of
the dish antenna and slant range to the aircraft relative to the known GPS
coordinates, the position of the aircraft can be determined.

Today the UAV uses the global positioning system (GPS) to navigate
back and forth. So one would just
dial the GPS co-ordinates and the
UAV will fly there and back because it
is programmed to recognise the GPS
co-ordinates of the ground station.
Various systems onboard the UAV help
to navigate it. One of these systems
is an inertial navigation system that
works with gyros and accelerometers
to determine the position of the UAV.
So in the case of a war the UAV does
not have to rely on GPS to navigate as
the GPS can be cut off.

The content or payload of the
UAV can consist of — firstly, Synthetic
Aperture  Radar (SAR) builds an
electronic picture for the observer to
see what is on the ground. This radar

can see through clouds, meaning it
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can fly above the clouds and still take pictures on the ground. Secondly,
there are electro optical cameras that can take pictures both at night and
during the day. Thirdly, it has a system (Electronic Surveillance Payload)
that will be able to detect whether there is any radar on the ground. It has
a data base of radar, so it can locate the radar and its name.

There is an external pilot who takes off and lands the UAV. However
there is already an automatic take-off and landing system. The external
pilot then acts as a back-up in case the system fails. The UAV can also be
launched into the air with a pneumatic launcher (launcher working with
pressurised air) and recovered with a parachute. Two different types of
parachute are used. One is a round parachute that is normally used to
recover the UAV if there is a failure onboard and the UAV can't fly anymore;
the other parachute is a steerable parachute that can be controlled to land
the UAV in a specific area.

The UAV is mainly used during wartime to get information about enemy
movement or fo determine whether one’s bombs are falling on or near the
enemy. The UAV can measure the fall of shot very accurately and then
calculate the correction that must be made by the canon to hit its target.
During peace operations UAVs are also used to find rhino poachers, to
check who gets in and out of the country over our borders during election
time, monitor illegal activities like abalone poaching off the Cape Coast,
and to detect forest fires (UAV can see someone lighting a fire). At national
parks, using a UAV, one can see the hot area where, for example, an
elephant has left its droppings.

It is possible that the inventors of these UAVs studied the migration

patterns of birds. For example swallows of northern Europe may fly 11000
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km to Africa during winter. Then they return to Europe. There is a proverb
‘one swallow doesn’t make a summer’. It simply means that seeing one
swallow is not a sign that summer is here. One has to see many swallows
to conclude that summer is here. They come to Europe in summer and they
usually migrate in large flocks. The human race does not yet understand
the whole concept of bird migration. The birds use stars and the sun as
their navigational aids. They also have some kind of internal magnetic
compass. In the book entitled Exploring the Secrets of Nature, 1994 by
Reader’s Digest the following is written:
‘A crowd of Manx shearwaters — these birds are famous navigators.
One shearwater was transported across the Atlantic from its nest
burrow on neighbouring Skokholm Island to Boston, Massachusetts,
and then set free. After 12 days the bird had returned to base,
having beaten by 12 hours the letter informing Skokholm of its
release.’ p378
The homing instinct of pigeons is proverbial and has been researched
by man for centuries. Learn to observe nature. Maybe you, as the learner,

might come up with some solution to some of the problems of mankind.
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\™w "~ THE SUBMARINE

The sea occupies about 71% of the surface of the earth. Mankind has
always been fascinated by what is under the sea. The first submarine
recorded in history was designed by a man named David Bushnell
from the United States of America and was dubbed the Bushnell Turtle
because it had to come up to breathe just like a turtle and also because
of itsTook in the water. A submarine is shaped like a bullet in order to
make it hydrodynamic. An aeroploc%e is shaped like a bird because it is

aerodynamic. While we dealt with aircraft flying in chapter 5, here we

deal with a submarine, which can be considered to fly underwater.
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The primary use of the submarines is warfare. In warfare submarines
are used to find surface ships and target them. Submarines are able
to hide themselves under the sea. They have the element of surprising
the enemy because they can hide under the sea. In the early years of
submarine warfare a long pole was fitted on the submarine with an
explosive attached at the end. The long pole was used to ram the ship
with the explosive. This method was not very successful because in some
cases, it would sink the submarine itself.

Other modern uses of submarines are for exploration of the ocean.
They are also used to research the seabed and for recreational purposes
as well. Submarines used for recreation purposes have windows. Naval
submarines are built to take a weapon to sea to sink other ships in order
to stop trade going to one’s enemies. Merchant ships would be targeted
as well as oil tankers — the economy of the enemy can be brought to
a standstill when this happens. Other uses of naval submarines include
surveillance and reconnaissance, mine-laying and clandestine operations.

How does a submarine work? A submarine is fitted with special tanks on the
outside of the pressure hull (the inside of the submarine) which must withstand
the pressures of the sea. On the outside of the hull there are tank spaces that
carry fuel, air or water. The tanks are permanently open at the bottom. They are
called ballast tanks. They are used for two things only: diving and sur