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Editorial

- Prasad Parekar
E-mail: prasad_parekar02@yahoo.co.in

Dear readers 

With great pleasure we are  handing over this  second  
issue of  Volume IVof Journal  on General Engineering.

We all are very choosy  while selecting our  clothes 
and  are particular about  quality, texture and most 
important  color.A process of coloring fibres, yarns, or 
fabrics with either natural or synthetic dyes is called 
dyeing.Our first article - “Technology of Dyeing “  is 
discussing, this art of coloring the clothes. 

Metal oxidation is a chemical process by which an 
ionic chemical reaction occurs at the surface of a 
metal  in the presence of oxygen. You need a  barrier 
between the object and the moisture in the air . Paint 
is a very popular and easy answer to this. We will 
study this paint Technology in our next article.

With evolution in automobile from old conventional 
drives to latest automatic drives,  safety has always 
been a key factor which has never been compromised 
of,  with respect to the end user. Those who are 
willing to buy new vehicles will find our next article 
very informative and useful  -  giving guidelines on 
availability of  modern  safety systems in the vehicles. 

Then we are introducing very innovative and 
interesting topics – Ham Radio and UAV.

First - Amateur Radio (ham radio)  It is a popular 
hobby and service that brings people, electronics 
and communication together. People use ham radio 
to talk across town, around the world, or even into 
space, all without the Internet or cell phones. Is it 
not interesting  ?. Read in the next article on Ham 
Radio communication system, how remote locations 
and areas,  where all modes of communication get 
affected by the disaster are now accessible to the 
government bodies.Thanks these "radio hams" 

Second is UAV technology    .  “Automation” has 
always opened the new doors of possibilities and has 
improved the capabilities of the all kind of machines. 
We are  discussing a very interested technology of  
an Automated but Unmanned Aerial Vehicles ,very 
commonly known as “UAV”. UAV does not contain, 
or need, a qualified pilot on board. UAV can enter 
environments that are dangerous to human life and  
reduces the exposure risk of the aircraft operator. 
Read this  exciting information on these UAVs in our 
last Article  “ UAV –Unmanned Arial Vehicle.

We anxiously await your contribution and feedback 
to make this journal more interesting and meaningful 
to all of us.
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Painting : The Protection of  Steels against 

corrosion

- Prasad Parekar 
E-mail: prasad_parekar02@yahoo.co.in

Synopsis 

We often see rusting of steel components in our 
day –to-day life like Window grills, Compound gates 
etc.Rust is the common name for iron oxide. Metal 
oxidation is a chemical process by which an ionic 
chemical reaction occurs at the surface of a metal  in 
the presence of oxygen. Noble metals are those which 
strongly resist oxidation in their natural state, such 
as platinum or gold. Many corrosion-resistant alloys 
have been invented by manalso , such as stainless 
steels and brass. But normal mild steel is widely used 
in practice . This article we are studying  this oxidation 
phenomenon of steels and their prevention by paint 
technology. 

Corrosion

Oxidation can happen in air or when metal is exposed 
to water or acids. The most common example is the 
corrosion of steel, which is a transformation of the 
iron molecules on the surface of the steel into iron 
oxides, most commonly Fe2O3 and Fe3O4. Oxidation 
is the loss of electrons during a reaction by a molecule, 
atom or ion. It occurs when the oxidation state of a 
molecule, atom or ion is increased.An older meaning 
of oxidation was  oxygenis  added to a compound. 
Means  Iron combines with oxygen to form iron oxide 
or rust. The iron is said to have oxidized into rust or 
simply rusted. Rust is nothing but Iron oxide. 

The most familiar form of rust is the reddish coating 
that forms flakes on iron and steel (Fe2O3), but rust 
also comes in other colors, including yellow, brown, 
orange, and even green! The different colors reflect 
various chemical compositions of rust.Rust typically  
refers to oxides on iron or iron alloys, such as steel. 
Oxidation of other metals has other names. For 
example there   is tarnish on silver and verdigris on 
copper . This process of  oxidationand then leading to 

rusting of metal is called as corrosion. 

Chemical Reaction that forms Rust

Although rust is considered the result of an oxidation 
reaction, it's worth noting that ,not all iron oxides 
are rust. Rust forms when oxygen reacts with iron, 
but simply putting iron and oxygen together isn't 
sufficient. Although about 20% of air consists of 
oxygen, rusting doesn't occur in dry air. It occurs in 
moist air and in water. Rust requires three chemicals 
to form: iron, oxygen, and water.

iron + water + oxygen    →    hydrated iron(III) oxide

This an example of an electrochemical reaction and 
of corrosion. Two distinct electrochemical reactions 
occur:

There is anodic dissolution or oxidation of iron going 
into aqueous (water) solution:

2Fe  →  2Fe2+  +   4e-

Cathodic reduction of oxygen that is dissolved into 
water also occurs:

O2  + 2H2O + 4e- →  4OH-  

The iron ion and the hydroxide ion react to form iron 
hydroxide: 

2Fe2+ + 4OH-  →  2Fe(OH)2

The iron oxide reacts with oxygen to yield red rust, 
Fe2O3.H2O

Because of the electrochemical nature of the reaction, 
dissolved electrolytes in water, aid the reaction. Rust 
occurs more quickly in saltwater than in pure water. 
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Also, keep in mind,  oxygen gas - O2, is not the only 
source of oxygen in air or water. Carbon dioxide - CO2 
also contains oxygen. Carbon dioxide and water react 
to form weak carbonic acid. Carbonic acid is a better 
electrolyte than pure water. As the acid attacks the 
iron, water breaks into hydrogen and oxygen. Free 
oxygen and dissolved iron form iron oxide, releasing 
electrons, which can flow to another part of the 
metal.Once rusting starts, it continues to corrode the 
metal.

Effect of corrosion on properties of steel.

Rust is brittle, fragile, and progressive, so it weakens 
iron and steel. Yes it will bring down the fatigue 
life and the material will not endure at any point. 
Degrading nature of fatigue loading on the materials 
is compounded by the corrosion interaction. 
Synergistic damage - The damage will be more than 
the addition of damages due to corrosion and fatigue 
loading. The formation of intrusion and extrusion 
due to fatigue loading leads to the notches. The 
corrosion media will enter the notches and forms 
oxide with the base metal and it will be passive to 
further corrosion. But the fatigue loading will disturb 
the passive layer and facilitate the media to corrode 
the fresh material. Hence it will drastically decrease 
the fatigue life of the material. And chain continues 
to corrode the metal further and further. 

Preventing Rust

To protect iron and its alloys from rust, the surface 
needs to be separated from air and water. Coatings 
can be applied to iron. 

Apply a layer of paint or oil to form a barrier between 
the object and the moisture in the air. Oil coats the 
surface and excludes oxygen and water from the 
surface. 

Another way is alloying the steels . This is done in 
stainless steels  Stainless steel contains chromium, 
which forms an oxide, much like how iron forms rust. 
The difference is that , the  chromium oxide does not 
flake away, so it forms a protective layer on the steel. 
But alloying  is a costlier affair and so not economical 
at all. 

Hence lot of efforts arebeing taken in developing 
various paint coatings to protect base metal.  It 
also gives better look , finish and distinct identity 
thru colorful decoration. . It improves the life of the 
metal component in use.   Let us see what is paint 
technology and how it was evolved.

History of Paint Technology  

We all are aware of paintings in AjinthaCaves , 
almost 2000 years old.  But samples of the first 
known paintings, were made between 20,000 and 
25,000 years ago, and are surviving e in caves in 
France and Spain. Primitive paintings tended to 
depict humans and animals, and diagrams have also 
been found. Early artists relied on easily available 
natural substances to make paint, such as natural 
earth pigments, charcoal, berry juice, lard, blood, 
and milkweed sap. Later, the ancient Chinese, 
Egyptians, Hebrews, Greeks, and Romans used more 
sophisticated materials to produce paints for limited 
decoration, such as painting walls. Oils were used 
as varnishes, and pigments such as yellow and red 
ochres, chalk, arsenic sulfide yellow, and malachite 
green were mixed with binders such as gum , lime, 
egg albumen, and beeswax. 

Paint was first used as a protective coating by 
the Egyptians and Hebrews, who applied pitches 
and balsams to the exposed wood of their ships. 
During the Middle Ages, some inland wood also 
received protective coatings of paint, but due to the 
scarcity of paint, this practice was generally limited 
to store fronts and signs. Around the same time, 
artists began to boil resin with oil to obtain highly 
miscible (mixable) paints, and artists of the fifteenth 
century were the first to add drying oils to paint, 
thereby hastening evaporation. They also adopted 
a new solvent, linseed oil, which remained the most 
commonly used solvent until synthetics replaced it 
during the twentieth century. 

In Boston around 1700, Thomas Child built the 
earliest American paint mill, a granite trough within 
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which a 1.6 foot (.5 meter) granite ball rolled, 
grinding the pigment. The first paint patent was 
issued for a product that improved whitewash, a 
water-slaked lime often used during the early days 
of the United States. In 1865 D. P. Flinn obtained a 
patent for a water-based paint that also contained 
zinc oxide, potassium hydroxide, resin, milk, and lin-
seed oil. The first commercial paint mills replaced 
Child's granite ball with a buhrstone wheel, but these 
mills continued the practice of grinding only pigment 
(individual customers would then blend it with a 
vehicle or solvent  at home). It wasn't until 1867 that 
manufacturers began mixing the solvent  and the 
pigment for consumers. 

The twentieth century has seen the most changes 
in paint composition and manufacture. Today, 
synthetic pigments and stabilizers are commonly 
used to mass produce uniform batches of paint. New 
synthetic solvents developed from polymers such as 
polyurethane and styrene-butadene emerged during 
the 1940s. Alkyd resins were synthesized, and they 
have dominated production since. Before 1930, 
pigment was ground with stone mills, and these were 
later replaced by steel balls. Today, sand mills and 
high-speed dispersion mixers are used to grind easily 
dispersible pigments. Now- a-days  mass production 
rendered a wide variety of paints universally 
indispensable. Today , variety of  paints are being  
used for interior and exterior house painting, boats, 
automobiles, planes, appliances, furniture, and 
many other places where protection and appeal are 
desired

Paint     
                              
First let us see what is paint

Paint is any liquid, liquefiable, or mastic composition 
which after application to a substrate in a thin layer is 
converted to an opaque solid film.

Paint is used to protect, decorate (such as adding 
color), or add functionality to an object or surface by 
covering it with a pigmented coating. An example of 
protection is to retard corrosion of metal. An example 
of decoration is to add festive trim to a room interior. 
An example of added functionality is to modify light 
reflection or heat radiation of a surface. Another 
example of functionality would be the use of color 
to identify hazards or function of equipment and 
pipelines.

As a verb, painting is the application of paint. Someone 
who paints artistically is usually called a painter or 
artist, while someone who paints commercially is 
often referred to as a painter and decorator, or house 
painter.

Paint can be applied to almost any kind of object. It 
is used, among many other uses, in the production 
of art, in industrial coating, as a driving aid (road 
surface marking), or as a barrier to prevent corrosion 
or water damage. Paint is a semi finished product, or 
intermediate good as the final product is the painted 
article itself.

Paint can also be mixed with glaze to create various 
textures and patterns. This process is referred to 
as faux finish and is quite popular with discerning 
homeowners, architects and interior designers.

Paint Technology 

It is the discipline in which one studies about the 
various ingredients – resin, polymers, pigments etc. 
that are used in making a paint. Paint technology 
involves understanding the chemistry of the 
functions of each ingredient going into the paint and 
the effect on the final property of the paint. In Paint 
Technology, we study about the different kinds of 
paints, their manufacturing, the use of various kinds 
of paints and the techniques used for the application 
of paints.

Paint is a term used to describe a number of 
substances that consist of a pigment suspended in a 
liquid or paste vehicle/solvent  such as oil or water.
Paint is applied with a brush, a roller, or a spray gun,  
in a thin coat to various surfaces such as wood, metal, 
or stone. Although it’s primary purpose is to protect 
the surface to which it is applied, paint also provides 
decoration. 

Paint Technologists

Those who have graduated in this subject field are 
known as paint technologists. They are responsible 
for developing new products as well as enhancing 
and upgrading the qualities of products which have 
already been developed. Paint technologist identifies 
and evaluates the suitability of various paints for 
various applications. Paint Technologist explain to 
the customers about the right usage of paints and 
identify new markets for the products. Their work 
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also involves developing new colors and textures of 
paints, new techniques for the application of paints 
etc. 

Paint Technologist in collaboration with the paint 
supplier determines the appropriate paint systems 
for various surfaces and substrates. His scope covers 
all kinds of architectural or house, automotive and 
aircraft paints as well as industrial high-performance, 
anti-corrosive and marine coatings.

Making if paints

The first step in making paint involves mixing the 
pigment with resin, solvents, and additives to 
form a paste. If the paint is  for industrial use, it is 
usually  then routed into a sand mill, a large cylinder 
that agitates tiny particles of sand or silica to grind 
the pigment particles, making them smaller and 
dispersing them throughout the mixture. In contrast, 
most commercial-use point is processed in a high-
speed dispersion tank, in which a circular, toothed 
blade attached to a rotating shaft agitates the mixture 
and blends the pigment into the solvent.

Raw Materials for making of paint

Components

There are three primary components to a paint:

• Pigments
• Binder, also known as non-volatile vehicle or resin
• Vehicle, also known as volatile vehicle, also called 

solvent

Pigment

Pigments impart such qualities as color and opacity 
(sometimes inappropriately called 'hiding'), and 
influence properties such as gloss, film flow, and 
protective abilities. Pigment can generally be 
categorized into two main types: Prime or hiding 
pigments and Inert or extender pigments.

The main modern white hiding pigment is Titanium 
dioxide. Zinc oxide is a weaker white pigment with 
some important usages. Color hiding pigments fall 
also into two main categories, those being Inorganic, 
mostly duller earth tone colors, and Organic, generally 
brighter but more expensive colors.

Inert pigments break down into natural or synthetic 
types. Natural pigments include various clays, calcium 
carbonate, mica, silicas, and talcs. Synthetics would 
include calcined clays, blanc fix, precipitated calcium 
carbonate, and synthetic silicas.

Hiding pigments, in making paint opaque, also 
protect the substrate from the harmful effects of 
ultraviolet light.

Some pigments are toxic, such as the lead pigments 
that are used in lead paint. Paint manufacturers 
began replacing white lead pigments with the less 
toxic substitute, which can even be used to color 
food. Lead was functionally banned in paint for 
residential use in 1978 by the U.S. Consumer Product 
Safety Commission.

Titanium dioxide was first used in paints in the 19th 
century. The titanium dioxide used in most paints 
today is often coated with silicon or aluminum oxides 
for various reasons such as better exterior durability, 
or better hiding performance (opacity) via better 
efficiency promoted by more optimal spacing within 
the paint film. Opacity is also improved by optimal 
sizing of the titanium dioxide particles.

Binder

The binder, or resin, is the actual film forming 
component of paint. It imparts adhesion, binds the 
pigments together, and strongly influences such 
properties as gloss potential, exterior durability, 
flexibility, and toughness.

Binders include synthetic or natural resins such as 
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acrylics, polyurethanes, polyesters, melamine resins, 
epoxy, or oils.

Binders can be categorized according to drying, or 
curing, mechanism. The four most common are 
simple  -solvent evaporation, oxidative crosslinking, 
catalyzed polymerization, and coalescence.

Note that drying and curing are two different 
processes. Drying generally refers to evaporation 
of vehicle (solvent ), whereas curing refers to 
polymerization of the binder. Depending on chemistry 
and composition, any particular paint may undergo 
either, or both processes. Thus, there are paints that 
dry only, those that dry then cure, and those that do 
not depend on drying for curing.

Paints that dry by simple solvent evaporation contain 
a solid binder dissolved in a solvent; this forms a solid 
film when the solvent evaporates, and the film can 
re-dissolve in the solvent again. Classic nitrocellulose 
lacquers fall into this category, as do non-grain raising 
stains composed of dyes dissolved in solvent.

Paints that cure by oxidative crosslinking are 
generally single package coatings that when applied, 
the exposure to oxygen in the air starts a process that 
crosslinks and polymerizes the binder component. 
Classic alkyd enamels would fall into this category.

Paints that cure by catalyzed polymerization are 
generally two package coatings that polymerize by 
way of a chemical reaction initiated by mixing resin 
and hardener, and which cure by forming a hard 
plastic structure. Depending on composition they 
may need to dry first, by evaporation of solvent. 
Classic two package epoxies or polyurethanes would 
fall into this category.

Latex paints cure by a process called coalescence 
where first the water, and then the trace, or 
coalescing, solvent, evaporate and draw together and 
soften the latex binder particles together and fuse 
them together into irreversibly bound networked 
structures, so that the paint will not redissolve in the 
solvent/water that originally carried it.

Recent environmental requirements restrict the 
use of Volatile Organic Compounds (VOCs), and 
alternative means of curing have been developed, 
particularly for industrial purposes. In UV curing 
paints, the solvent is evaporated first, and hardening 

is then initiated by ultraviolet light. In powder 
coatings there is little or no solvent, and flow and 
cure are produced by heating of the substrate after 
application of the dry powder.

Vehicle, or solvent

The main purpose of the vehicle is to adjust the 
viscosity of the paint. It is volatile and does not 
become part of the paint film. It can also control flow 
and application properties. Its main function is as the 
carrier for the non volatile components.

Water is the main vehicle for water based paints.

Solvent based, sometimes called oil based, paints can 
have various combinations of solvents as the vehicle, 
including aliphatics, aromatics, alcohols, and ketones. 
These include organic solvents such as petroleum 
distillate, alcohols, ketones, esters, glycol ethers, and 
the like. Sometimes volatile low-molecular weight 
synthetic resins also serve as diluents.

Additives

Besides the three main categories of ingredients, 
paint can also have a wide variety of miscellaneous 
additives, usually added in very small amounts. 
Some examples include additives to improve wet 
edge, improve pigment stability, impart antifreeze 
properties, control foaming, control skinning, etc. 
Other additives might be thickeners, coalescent 
solvents, or biocides to fight bacterial growth.

Misc

Fillers serve to thicken the film, support its structure 
and simply increase the volume of the paint. Not 
all paints include fillers. Pigments that also function 
as fillers are called simply "pigments"; "fillers" are 
generally color-neutral and opaque. It is necessary to 
adjust the resulting off-white color with pigments to 
give the desired color. Common fillers are cheap and 
inert, such as talc, lime, baryte, clay, etc. Depending 
on the paint, most of the paint film may consist 
of pigment/filler and binder, the rest being other 
additives.

Besides pigments and dyes, other types of additives 
include catalysts, thickeners, stabilizers, emulsifiers, 
texturizers, adhesion promoters, flatteners (de-
glossing agents), and the like.
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After application, the paint solidifies and becomes 
tack-free. Depending on the type of binder, this 
hardening may be a result of curing (polymerization), 
evaporation, or even phase change brought about by 
cooling. In oil-based paint, curing takes the form of 
oxidation, for example oxidation of linseed oil to form 
linoxin to create a varnish. Other common cured films 
are prepared from crosslinkers, such as polyurethane 
or melamine resins, reacted with acrylic polyester 
or polyurethane resins, often in the presence of a 
catalyst which serves to make the curing reaction 
proceed more quickly or under milder conditions. 
These cured-film paints can be either solvent-borne 
or waterborne.

Latex paint is a water-based dispersion of sub-micron 
polymer particles. The term "latex" in the context 
of paint simply means an aqueous dispersion; 
latex rubber (the sap of the rubber tree that has 
historically been called latex) is not an ingredient. 
These dispersions are prepared by emulsion 
polymerization. When the water evaporates, the 
polymer particles coalesce to form a solid film. The 
polymer itself resists water (and typically some other 
solvents). Residual surfactants in the paint as well 
as hydrolytic effects with some polymers cause the 
paint to remain susceptible to softening and, over 
time, degradation by water.

Still other films are formed by cooling of the binder. 
For example, encaustic or wax paints are liquid when 
warm, and harden upon cooling.

Design 

Paint is generally custom-made to fit the needs of 
industrial customers. For example, one might be 
especially interested in a fast-drying paint, while 
another might desire a paint that supplies good 
coverage over a long lifetime. Paint intended for 
the consumer can also be custom-made. Paint 
manufacturers provide such a wide range of colors 
that it is impossible to keep large quantities of 
each on hand. To meet a request for "aquamarine," 
"canary yellow," or "maroon," the manufacturer will 
select a base that is appropriate for the deepness 
of color required. (Pastel paint bases will have high 
amounts of titanium dioxide, the white pigment, 
while darker tones will have less.) Then, according 
to a predetermined formula, the manufacturer can 
introduce various pigments from calibrated cylinders 
to obtain the proper color. 

Paint Manufacturing Process 

1. Making the paste  
 
Pigment manufacturers send bags of fine grain 
pigments to paint plants. There, the pigment is 
premixed with resin (a wetting agent that assists 
in moistening the pigment), one or more solvents, 
and additives to form a paste. 

2. Dispersing the pigment  
 
The paste mixture for most industrial and some 
consumer paints is now routed into a sand mill, a 
large cylinder that agitates tiny particles of sand 
or silica to grind the pigment particles, making 
them smaller and dispersing them throughout 
the mixture. The mixture is then filtered to 
remove the sand particles. 

3. Blending  
 
Instead of being processed in sand mills, up 
to 90 percent of the water-based latex paints 
designed for use by individual homeowners are 
instead processed in a high-speed dispersion 
tank. There, the premixed paste is subjected to 
high-speed agitation by a circular, toothed blade 
attached to a rotating shaft. This process blends 
the pigment into the solvent. 

4. Thinning the paste  
 
Whether created by a sand mill or a dispersion 
tank, the paste must now be thinned to produce 
the final product. Transferred to large kettles, it 
is agitated with the proper amount of solvent for 
the type of paint desired. 

5. Canning the paint  
 
The finished paint product is then pumped into 
the canning room. For the standard 8 pint (3.78 
liter) paint can available to consumers, empty 
cans are first rolled horizontally onto labels, then 
set upright so that the paint can be pumped 
into them. A machine places lids onto the filled 
cans, and a second machine presses on the lids 
to seal them. From wire that is fed into it from 
coils, a bailometer cuts and shapes the handles 
before hooking them into holes precut in the 
cans. A certain number of cans (usually four) are 
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then boxed and stacked before being sent to the 
warehouse. 

Quality Control 

Paint manufacturers utilize an extensive array of 
quality control measures. The ingredients and the 
manufacturing process undergo stringent tests, and 
the finished product is checked to ensure that it is 
of high quality. A finished paint is inspected for its 
density, fineness of grind, dispersion, and viscosity. 
Paint is then applied to a surface and studied for 
bleed resistance, rate of drying, and texture. 

In terms of the paint's aesthetic components, color is 
checked by an experienced observer and by spectral 
analysis to see if it matches a standard desired color. 
Resistance of the color to fading caused by the 
elements is determined by exposing a portion of a 
painted surface to an arc light and comparing the 
amount of fading to a painted surface that was not 
so exposed. The paint's hiding power is measured by 
painting it over a black surface and a white surface. 
The ratio of coverage on the black surface to coverage 
on the white surface is then determined, Ratio 0f 
0.98 is considered as  high-quality paint. Gloss is 
measured by determining the amount of reflected 
light given off a painted surface. 

Tests to measure the paint's more functional qualities 
include one for mar resistance, which entails 
scratching or abrading a dried coat of paint. Adhesion 
is tested by making a cross-hatch, calibrated to .07 
inch (2 millimeters), on a dried paint surface. A piece 
of tape is applied to the cross-hatch, then pulled off; 
good paint will remain on the surface. Scrub ability is 
tested by a machine that rubs a soapy brush over the 
paint's surface. A system also exists to rate settling. 
An excellent paint can sit for six months with no 
settling and rate a ten. Poor paint, however, will settle 
into an immiscible lump of pigment on the bottom 
of the can and rate a zero. Weathering is tested by 
exposing the paint to outdoor conditions. Artificial 
weathering exposes a painted surface to sun, water, 
extreme temperature, humidity, or sulfuric gases. 
Fire retardancy is checked by burning the paint and 
determining its weight loss. If the amount lost is 
more than 10 percent, the paint is not considered 
fire-resistant. 

Byproducts/Waste 

A recent pollution control regulation  concerning 
the emission of volatile organic compounds (VOCs) 
affects the paint industry, especially manufacturers 
of industrial oil-based paints. It is estimated that 
all coatings, including stains and varnishes, are 
responsible for 1.8 percent of the 2.3 million metric 
tons of VOCs released per year. The new regulation 
permits each liter of paint to contain no more than 250 
grams (8.75 ounces) of solvent. Paint manufacturers 
can replace the solvents with pigment, fillers, or 
other solids inherent to the basic paint formula. This 
method produces thicker paints that are harder to 
apply, and it is not yet known if such paints are long 
lasting. Other solutions include using paint powder 
coatings that use no solvents, applying paint in 
closed systems from which VOCs can be retrieved, 
using water as a solvent, or using acrylics that dry 
under ultraviolet light or heat. A consumer with 
some unused paint on hand can return it to the point 
of purchase for proper treatment. 
A large paint manufacturer will have an in-house 
wastewater treatment facility that treats all 
liquids generated on-site, even storm water run-
off. The facility is monitored 24 hours a day, and 
the Environmental Protection Agency (EPA) does 
a periodic records and systems check of all paint 
facilities. The liquid portion of the waste is treated 
on-site to the standards of the local publicly owned 
wastewater treatment facility; it can be used to make 
low-quality paint. Latex sludge can be retrieved and 
used as fillers in other industrial products. Waste 
solvents can be recovered and used as fuels for other 
industries. A clean paint container can be reused or 
sent to the local landfill.  

Application of Paint

Paint can be applied as a solid, a gaseous suspension 
(aerosol) or a liquid. Techniques vary depending on 
the practical or artistic results desired.

As a solid

(usually used in industrial and automotive 
applications), the paint is applied as a very fine 
powder, then baked at high temperature. This 
melts the powder and causes it to adhere (stick) 
to the surface. The reasons for doing this involve 
the chemistries of the paint, the surface itself, and 
perhaps even the chemistry of the substrate (the 
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overall object being painted). This is commonly 
referred to as "powder coating" an object.
As a gas

Paint when applied as a gas or as a gaseous suspension, 
it  is suspended in solid or liquid form in a gas that is 
sprayed on an object. The paint sticks to the object. 
This is commonly referred to as "spray painting" an 
object. The reasons for doing this include:

• The application mechanism is air and thus no solid 
object ever touches the object being painted;

• The distribution of the paint is very uniform so 
there are no sharp lines

• It is possible to deliver very small amounts of 
paint or to paint very slowly;

• Stylistic reasons

As a liquid 

In the liquid application, paint can be applied by 
direct application using brushes, paint rollers, blades, 
other instruments, or body parts. Examples of body 
parts include fingerpainting, where the paint is 
applied by hand, whole-body painting (popular in the 
1960savant-garde movement), and cave painting, in 
which a pigment (usually finely-ground charcoal) is 
held in the mouth and spat at a wall (Note: some 
paints are toxic and might cause death or permanent 
injury).

Rollers generally have a handle that allows for 
different lengths of poles which can be attached to 
allow for painting at different heights. Generally, 
roller application takes two coats for even color. A 
roller with a thicker nap is used to apply paint on 
uneven surfaces. Edges are often finished with an 
angled brush.

After liquid paint is applied, there is an interval during 
which it can be blended with additional painted 
regions (at the "wet edge") called "open time." The 
open time of an oil or alkyd-based emulsion paint 
can be extended by adding white spirit, similar 
glycols such as Dowanol™ (propylene glycol ether) 
or commercial open time prolongers. This can also 
facilitate the mixing of different wet paint layers for 
aesthetic effect. Latex and acrylic emulsions require 
the use of drying retardants suitable for water-based 
coatings.

Paint may also be applied by flipping the paint, 

dripping, or by dipping an object in paint.

Interior/exterior house paint tends to separate 
when stored, the heavier components settling to the 
bottom. It should be mixed before use, with a flat 
wooden stick or a paint mixing accessory; pouring 
it back and forth between two containers is also an 
effective manual mixing method. Paint stores have 
machines for mixing the paint by shaking it vigorously 
in the can for a few minutes.

Water-based paints tend to be the safest, and easiest 
to clean up after using -- the brushes and rollers can 
be cleaned with soap and water.

It is difficult to reseal the paint container and store 
the paint well for a long period of time. Store upside 
down, for a good seal, in a cool dry place. Protect 
from freezing.

Proper disposal of paint is a challenge. Avoid acquiring 
excess paint. Look for suitable recycled paint before 
buying more. Try to find recycled uses for your left 
over paint. Paints of similar chemistry can be mixed 
to make a larger amount of a uniform color. Old paint 
may be usable for a primer coat or an intermediate 
coat.

If you must dispose of paint, small quantities of 
water based paint can be carefully dried by leaving 
the lid off until it solidifies, and then disposing with 
normal trash. But oil based paint should be treated 
as hazardous waste, and disposed offaccording to 
local regulations.

We will now study the  types of paints   

1. Primeris a preparatory coating put on materials 
before painting. Priming ensures better 
adhesion of paint to the surface, increases 
paint durability, and provides additional 
protection for the material being painted. 

2. Varnishand shellac provide a protective 
coating without changing the color. 
They are paints without pigment. 

3. Wood stain is a type of paint that is very "thin,"  
low in viscosity, and formulated so that the 
pigment penetrates the surface rather than 
remaining in a film on top of the surface. Stain 
is predominantly pigment or dye and solvent 
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with little binder, designed primarily to add color 
without providing a surface coating.

4. Lacquer is usually a fast-drying solvent-
based paint or varnish that produces 
an especially hard, durable finish. 

5. An enamel paint is a paint that dries to an 
especially hard, usually glossy, finish. Enamel can 
be made by adding varnish to oil-based paint. 

6. A Glaze is an additive used with paint to 
slow drying time and increase translucency, 
as in Faux Painting and Art Painting. 

7. A Roof coating is a fluid applied membrane which 
has elastic properties that allows it to stretch and 
return to their original shape without damage. It 
provides UV protection to polyurethane foam and 
is widely used as part of a roof restoration system. 

8. Inks are similar to paints, except they are typically 
made using dyes exclusively (no pigments), and are 
designed so as not to leave a thick film of binder. 

9. Titanium dioxide is extensively used for both 
house paint and artist's paint, because it is 
permanent and has good covering power. 
Titanium oxide pigment accounts for the 
largest use of the element. Titanium paint 
is an excellent reflector of infrared, and 
is extensively used in solar observatories 
where heat causes poor seeing conditions. 

10. Anti-Graffiti paints are used to defeat the 
marking of surfaces by graffiti artists. There are 
two categories, sacrificial and non-bonding. 
Sacrificial coatings are clear coatings that allow 
the removal of graffiti, usually by pressure 
washing the surface with high-pressure water, 
removing the graffiti, and the coating (hence, 
sacrificed.) They must be re-applied afterward 
for continued protection. This is most commonly 
used on natural-looking masonry surfaces, such 
as statuary and marble walls, and on rougher 
surfaces that are difficult to clean. Non-bonding 
coatings are clear, high-performance coatings, 
usually catalyzed polyurethanes, that allow the 
graffiti very little to bond to. After the graffiti is 
discovered, it can be removed with the use of a 
solvent wash, without damaging the underlying 
substrate or protective coating. These work best 
when used on smoother surfaces, and especially 

over other painted surfaces, including murals. 

11. Anti-climb paint is a non-drying paint that 
appears normal while still being extremely 
slippery. It is usually used on drainpipes and 
ledges to deter burglars and vandals from 
climbing them, and is found in many public 
places. When a person attempts to climb objects 
coated with the paint, it rubs off onto the climber, 
as well as making it hard for them to climb. 

12. No-VOC paints, which are solvent-free paints that 
do not contain volatile organic compounds, have 
been available since the late 1980s. Low VOC 
paints, which typically contain anywhere between 
0.3%-5.0% VOCs as coalescent, or coalescing 
solvent have been available since the 1960s. 

Common  Paints in Use are  

1. Enamel Paints
It is paint that air dries to a hard, usually glossy, 
finish, used for coating surfaces that are outdoors 
or otherwise subject to hard wear or variations in 
temperature.Most commercially available enamel 
paints are significantly softer than either vitreous 
enamel or stoved synthetic resins, and are totally 
different. Typically the term "enamel paint" is used to 
describe oil-based covering products, usually with a 
significant amount of gloss in them, however recently 
many latex or water-based paints have adopted the 
term as well. The term today means "hard surfaced 
paint" and usually is in reference to paint brands of 
higher quality, floor coatings of a high gloss finish, 
or spray paints. Most enamel paints are alkyd resin 
based. Some enamel paints have been made by 
adding varnish to oil-based paint.

Uses and categories of enamel paint.

• Floor enamel – May be used for concrete, stairs, 
basements, porches, and patios.

• Fast dry enamel – Can dry within 10–15 minutes 
of application. Ideal for refrigerators, counters, 
and other industrial finishes.

• High-temp enamel – May be used for engines, 
brakes, exhaust, and BBQs.

• Enamel paint is also used on wood to make it 
resistant to the elements via the waterproofing 
and rot proofing properties of enamel. Generally, 
treated surfaces last much longer and are much 
more resistant to wear than untreated surface
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2. Epoxy Based Paints.   
Epoxy resins are low molecular weight pre-polymers 
or higher molecular weight polymers which normally 
contain at least two epoxide groups. The epoxide 
group is also sometimes referred to as a glycidyl or 
oxirane group.

A wide range of epoxy resins are produced industrially. 
The raw materials for epoxy resin production are 
today largely petroleumderived, although some plant 
derived sources are now becoming commercially 
available (e.g. plant derived glycerol used to make 
epichlorohydrin).

Epoxy resins are polymeric or semi-polymeric 
materials, and as such rarely exist as pure 
substances, since variable chain length results from 
the polymerisation reaction used to produce them. 
High purity grades can be produced for certain 
applications, e.g. using a distillation purification 
process. One downside of high purity liquid grades is 
their tendency to form crystalline solids due to their 
highly regular structure, which require melting to 
enable processing.

Uses and categories of Epoxy Paints 

Two part epoxy coatings were developed for heavy 
duty service on metal substrates and use less energy 
than heat-cured powder coatings. These systems 
provide a tough, protective coating with excellent 
hardness. Some epoxy coatings are formulated as an 
emulsion in water, and can be cleaned up without 
solvents. They are often used in industrial and 
automotive applications since they are more heat 
resistant than latex-based and alkyd-based paints. 
Epoxy paints tend to deteriorate, known as "chalking 
out", due to UV exposure.[5]

Polyester epoxies are used as powder coatings for 
washers, driers and other "white goods". Fusion 
Bonded Epoxy Powder Coatings (FBE) are extensively 
used for corrosion protection of steel pipes and 
fittings used in the oil and gas industry, potable 
water transmission pipelines (steel), and concrete 
reinforcing rebar. Epoxy coatings are also widely used 
as primers to improve the adhesion of automotive 
and marine paints especially on metal surfaces 
where corrosion (rusting) resistance is important. 
Metal cans and containers are often coated with 
epoxy to prevent rusting, especially for foods like 
tomatoes that are acidic. Epoxy resins are also used 

for decorative flooring applications such as terrazzo 
flooring, chip flooring, and colored aggregate flooring

3. Polyurethane Based Paints 

These are particularly recommended for application 
to surfaces subject to high levels of wear-and-tear, 
where excellent chemical/physical resistance is 
required.
 
There is an extensive range of polyurethane coatings 
– matt and gloss, open-pore and closed-pore, 
transparent and pigmented.

 Advantages of Polyurethane bases paints 

Versatility and ease of use

• Spray, roller, curtain-coater or electrostatic 
application

• Excellent chemical/physical resistance
• Excellent transparency
• High solid residue (42-65%)
• Formaldehyde-free
• NMP-free
• APEO-free

Summary 

We have studied the Corrosion phenomenon and how 
steels get rusted. Corrosion is continuous process. 
It can not be stopped fully. But we can reduce the 
pace of corrosion to maximum extent by use of 
protective paints. To get good adhesion of paints 
on the surfaces, surface cleaning and preparation  
is very essential. Cleaning by wire brush sometimes 
is not sufficient. It requires blasting by sand or steel 
ball ( shots) . Blasting removes the loose mill scales 
or rusts already existing on the surface . This makes 
the surface rough with crests and valleys which 
provide more area for paint adhesion and bonding 
of paint with the surface is improved. Naturally this  
gives more life to the paint coatings.So while painting 
surface preparation should not be ignored at all.

A well prepared surface , well designed and 
manufactured paint , with proper application 
method will always lead to a beautiful and long 
lasting painting. 



14 The Exponent Group of Journals For General Engineering, Volume 4, Number 2, Mar 2016 - May 2016

Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

References 

Chemistry.about.com/od/chemistryglossary/g/
rustdefinition.htm

http://www.madehow.com/Volume-1/Paint.

html#ixzz421oMn6fC
www.answer.com
www.madehow.com
en.wikipedia.org/wiki/Epoxy
en.wikipedia.org/wiki/Enamel_paint



15The Exponent Group of Journals For General Engineering, Volume 4, Number 2, Mar 2016 - May 2016

Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

Technology Of Dyeing

- Anil Thakur 
E-mail: ombiotech25@gmail.com 

Synopsis 
 
Dyeing is the process of adding colour to textile 
products like fibres, yarns, andfabrics. Dyeing is 
normally done in a special solution containing dyes 
and particular chemical material. After dyeing, dye 
molecules have uncut chemical bond with fibre 
molecules. The temperature and time controlling 
,are the  two key factors in dyeing. There are mainly 
two classes of dye -- natural and man-made.
Acrylic fibres are dyed with basic dyes, while nylon 
and protein fibres such as wooland silk are dyed with 
acid dyes, and polyester yarn is dyed with disperse 
dyes.Cotton is dyed with a range of dye types, 
including vat dyes, and modern synthetic reactive 
and direct dyes.

Introduction

The primary source of dye, historically, has generally 
been the nature, with the dyes being extracted 
from animals or plants. Since the mid-18th century, 
however, humans have produced artificial dyes to 
achieve a broader range of colours and to render 
the dyes more stable to resist washing and general 
use. Different classes of dyes are used for different 
types of fibre and at different stages of the textile 
production process, from loose fibres through yarn 
and cloth to completed garments.

A process of colouring fibres, yarns, or fabrics with 
either natural or synthetic dyes is called dyeing.  
Dyeing is an ancient art which predates written 
records. It was practised during the Bronze age in 
Europe. Primitive dyeing techniques included sticking 
plants to fabric or rubbing crushed pigments into 
cloth. The methods became more sophisticated with 
time and techniques using natural dyes from crushed 
fruits, berries and other plants, which were boiled 
into the fabric and gave light and water fastness 

(resistance) were developed.

 Dyeing can be done at any stage of the manufacturing 
of textile- fibre, yarn, fabric or a finished textile product 
including garments and apparels. The property of 
colour fastness depends upon two factors- selection 
of proper dye according to the textile material to 
be dyed and selection of the method for dyeing the 
fibre, yarn or fabric.

Dyes

Substances that add colour to textiles. They are 
incorporated into the fibre by chemical reaction, 
absorption, or dispersion. Dyes differ in their 
resistance to sunlight, perspiration, washing, gas, 
alkalis, and other agents , their affinity for different 
fibres, their reaction to cleaning agents and methods, 
and their solubility and method of application.

Dyes are used for colouring the fabrics. Dyes are 
molecules which absorb and reflect light at specific 
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wavelengths to give human eyes the sense of 
colour. There are two major types of dyes - natural 
and synthetic dyes. The natural dyes are extracted 
from natural substances such as plants, animals, or 
minerals. Synthetic dyes are made in a laboratory. 
Chemicals are synthesized for making synthetic dyes. 
Some of the synthetic dyes contain metals too.
 
Different Types of Dyes

Various classes and types of dyes :

1.  Acid Dyes

A class of dyes used on wool, other animal fibres, 
and some manufactured fibres. Acid dyes are 
seldom used on cotton or linen since this process 
requires a mordant. Acid dyes are widely used on 
nylon when high washfastness is required. In some 
cases, even higher washfastness can be obtained by 
aftertreatment with fixatives.

2.    Natural Dyes 

Direct Printing, it is the most common approach 
to apply a colour pattern onto a fabric. If done on 
coloured fabric, it is known as overprinting. The 
desired pattern is produced by pressing dye on the 
fabric in a paste form. To prepare the print paste, a 
thickening agent is added to a limited amount of water 
and dye is dissolved in it. Earlier starch was preferred 
as a thickening agent for printing. Nowadays gums or 
alginates derived from seaweed are preferred as they 
allow better penetration of colour and are easier to 
wash out. Most pigment printing is done without 
thickeners because the mixing up of resins, solvents 
and water produces thickening anyway.

3.    Basic (Cationic) Dyes

Basic dyes are water-soluble and are mainly used 
to dye acrylic fibres. They are mostly used with a 
mordant. A mordant is a chemical agent which is 
used to set dyes on fabrics by forming an insoluble 
compound with the dye. With mordant, basic dyes 
are used for cotton, linen, acetate, nylon, polyesters, 
acrylics and modacrylics. Other than acrylic, basic 
dyes are not very suitable for any other fibre as they 
are not fast to light, washing or perspiration. Thus, 
they are generally used for giving an after treatment 
to the fabrics that have already been dyed with acid 
dyes.

4.    Synthetic Dyes

Synthetic dyes are classified based upon their 
chemical composition and the method of their 
application in the dyeing process.

5.    Direct (substantive) Dyes 

Direct dyes colour cellulose fibre directly without 
the use of mordant. They are used for dyeing cotton, 
rayon etc. These dyes are not very bright and have 
poor fastness to washing although they are fairly fast 
to light.

6.     Disperse Dyes

Disperse dyes are water insoluble. These dyes are 
finely ground and are available as a paste or a powder 
that gets dispersed in water. These particles dissolve 
in the fibre and impart colour to them. These dyes 
were originally developed for the dyeing of cellulose 
acetate but now they are used to dye nylon, cellulose 
triacetate,polyester and acrylic fibres too.

7.    Sulphur Dyes

Sulphur Dyes are insoluble and made soluble by the 
help of caustic soda and sodium sulphide. Dyeing 
is done at high temperature with large quantities 
of salt so that the colour penetrates into the fibre.
After dyeing, the fabric is oxidized for getting desired 
shades by exposure to air or by using chemicals. 
Excess dyes and chemicals are removed by thorough 
washing. These dyes are fast to light, washing and 
perspiration and are mostly used for cotton and linen.

8.    Pigment Dyes

Although pigments are not dyes in a true sense, 
they are extensively used for colouring fabrics like 
cotton,wool and other manmade fibres due to their 
excellent light fastness. They do not have any affinity 
to the fibres and are affixed to the fabric with the 
help of resins. After dyeing, the fabrics are subjected 
to high temperatures.

9.     Mordant Dyes

The mordant or chrome dyes are acidic in character. 
Sodium or potassium bichromate is used with them 
in the dyebath or after the process of dyeing is 
completed. This is done for getting the binding action 
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of the chrome. They are mostly used for wool which 
gets a good colour fastness after treatment with 
mordant dyes. They are also used for cotton, linen, 
silk, rayon and nylon but are less effective for them.

10.    Vat Dyes

Vat dyes are insoluble in water and cannot dye 
fibres directly. However,they can be made soluble 
by reduction in alkaline solution which allows them 
to affix to the textile fibres. Subsequent oxidation 
or exposure to air restore the dye to its insoluble 
form. Indigo is the original vat dye. These dyes are 
the fastest dyes for cotton,linen and rayon. They are 
used with mordant to dye other fabrics such as wool, 
nylon, polyesters, acrylics and mod acrylics.

11.     Reactive Dyes

Reactive dyes react with fibremolecules to form a 
chemical compound. These dyes are either applied 
from alkaline solution or from neutral solutions which 
are then alkalized in a separate process. Sometimes 
heat treatment is also used for developing different 
shades. After dyeing, the fabric is washed well with 
soap so as to remove any unfixed dye. Reactive dyes 
were originally used for cellulose fibres only. But 
now their various types are used for wool, silk, nylon, 
acrylics and their blends as well.

12.     Macromolecular Dyes

They are a group of inherently coloured polymers. 
They are useful both as polymers and as dyes 
with high colour yield. The chromophores fit the 
recognized CI classes, i.e., azo, anthraquinone, etc., 
although not all CI classes are represented. Used for 
mass dyeing, hair dyes, writing inks, etc.

13.     Metallized Dyes

A class of dyes that have metals in their molecular 
structure. They are applied from an acid bath.

14.      Naphthol Dyes

It is a type of azo compound formed on the fibre by 
first treating the fibre with a phenolic compound. The 
fibre is then immersed in a second solution containing 
a diazonuim salt that reacts with the phenolic 
compound to produce a coloured azo compound. 
Since the phenolic compound is dissolved in caustic 

solution, these dyes are mainly used for cellulose 
fibre, although other fibres can be dyed by modifying 
the process. 

15.     Pre-metallized Dyes

These are acid dyes that are treated with coordinating 
metals such as chromium. This type of dye has 
much better wetfastness than regular acid dye. Pre-
metallized dyes are used on nylon, silk, and wool.

16.     Gel Dyeing

Passing a wet-spun fibre that is in the gel state (not yet 
at full crystallinity or orientation) through a dyebath 
containing dye with affinity for the fibre. This process 
provides good accessibility of the dye sites.

17.    Developed Dyes

Dyes that are formed by the use of a developer. The 
substrate is first dyed in a neutral solution with a dye 
base, usually colourless. The dye is then diazotized 
with sodium nitrate and an acid and afterwards 
treated with a solution of B-naphthol, or a similar 
substance, which is the developer. Direct dyes are 
developed to produce a different shade or to improve 
washfastness or lightfastness.

18.     AzoDyes

Dyes characterized by the presence of an azo group 
(-N=N-) as the chromophore. Azo dyes are found in 
many of the synthetic dye classes.

19.     Aniline Dyes

Dyes derived chemically from aniline or other coal 
tar derivatives.

20.   Anthraquinone Dyes

Dyes that have anthraquinone as their base and 
the carbonyl group (>C=O) as the chromophore. 
Anthraquinone-based dyes are found in most of the 
synthetic dye classes.
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Fabric dyed with different types of Dyes
 

Yarn dyed with different types of Dyes

Methods of Dyeing

Colour is applied to fabric by different methods of 
dyeing for different types of fibre and at different 
stages of the textile production process. Dyeing can 
be done during any stage in the textile manufacturing 
process. Textiles may be dyed as fibre, as yarn, as 
fabric, as garments, depending upon the type of the 
fabric or garment being produced.

These methods include: 

1. Direct dyeing
2. Stock dyeing 
3. Top dyeing
4. Yarn dyeing
5. Piece dyeing 
6. Garment dyeing 
7. Solution pigmenting or dope dyeing etc. 

Of these Direct dyeing and Yarn Dyeing methods are 
the most popular ones.

1.    Direct Dyeing

When a dye is applied directly to the fabric without 
the aid of an affixing agent, it is called direct dyeing. 

In this method the dyestuff is either fermented (for 
natural dye) or chemically reduced (for synthetic vat 
and sulphur dyes) before being applied. The direct 
dyes, which are largely used for dyeing cotton, are 
water soluble and can be applied directly to the fibre 
from an aqueous solution. Most other classes of 
synthetic dye, other than vat and sulphur dyes, are 
also applied in this way.

2.    Stock Dyeing

Stock dyeing refers to the dyeing of the fibres, or 
stock, before it is spun in to yarn. It is done by putting 
loose, unspun fibres in to large vats containing the 
dye bath, which is then heated to the appropriate 
temperature required for the dye application and 
dyeing process. Stock dyeing is usually suitable for 
woolen materials when heather like colour effects are 
desired. Wool fibre dyed black, for example, might be 
blended and spun with un-dyed (white) wool fibre to 
produce soft heather like shade of grey yarn. Tweed 
fabrics with heather like colour effects such as Harris 
Tweed are examples of stock dyed material. Other 
examples include heather like colours in covert and 
woollen cheviot.
3.     Top Dyeing

Top dyeing is also the dyeing of the fibre before it is 
spun in to yarn and serves the same purpose as stock 
dyeing – that is, to produce soft, heather like colour 
effects. The term top refers to the fibres of wool 
from which the short fibres have been removed. 
Top is thus selecting long fibres that are used to spin 
worsted yarn. The top in the form of sliver is dyed 
and then blended with other colours of dyed top to 
produce desired heather shades.

4.     Yarn Dyeing

Yarn dyeing is the dyeing of the yarns before they 
have been woven or knitted into fabrics. Yarn dyeing 
is used to create interesting checks, stripes and plaids 
with different-coloured yarns in the weaving process. 
In yarn dyeing, dyestuff penetrates the fibres in the 
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core of the yarn. 
 Yarn dyeing

There are many forms of yarn dyeing : 

• Skein (Hank) Dyeing
• Package Dyeing
• Warp-beam Dyeing  
• Space Dyeing

A.    Skein (Hank) Dyeing

Skein dyeing consists of immersing large, loosely 
wound hanks (skeins) of yarn into dye vats that are 
especially designed for this purpose. Soft, lofty yarns, 
such as hand knitted yarns are usually skein dyed. 
Skein dyeing is the most costly yarn-dye method.

B.     Package Dyeing

In package dyeing the yarn is wound on a small 
perforated spool or tube called a package. Many 
spools fit into the dyeing machine in which the flow 
of the dye bath alternates from the center to the 
outside, and then from the outside to the center of 
the package. Package dyed yarns do not retain the 
softness and loftiness that skein-dyed yarns do. They 
are however satisfactory and very widely used for 
most types of yarns that are found in knitted and 
woven fabrics.

C.     Warp Beam Dyeing

Beam dyeing is the much larger version of package 
dyeing. An entire warp beam is wound on to a 
perforated cylinder, which is then placed in the beam 
dyeing machine, where the flow of the dye bath 
alternate as in the package dyeing. Beam dyeing is 

more economical than skein or package dyeing, but 
it is only used in the manufacture of woven fabrics 
where an entire warp beam is dyed. Knitted fabrics, 
which are mostly produced from the cones of the 
yarn, are not adaptable to beam dyeing.

5.     Piece Dyeing

The dyeing of cloth after it is being woven or knitted 
is known as piece dyeing. It is the most common 
method of dyeing used. The various methods used 
for this type of dyeing include jet dyeing. Jig dyeing, 
pad dyeing and beam dyeing.

6.     Garment Dyeing

Garment dyeing is the dyeing of the completed 
garments. The types of apparel that can be dyed 
are mostly non-tailored and simpler forms, such 
as sweaters, sweatshirts, T-shirts, hosiery, and 
pantyhose. The effect on sizing, thread, zippers, 
trims and snaps must be considered. Tailored items, 
such as suits or dresses, cannot be dyed as garments 
because the difference in shrinkage of the various 
components and linings distort and misshape the 
article.

Garment dyeing is done by placing a suitable number 
of garments (usually about 24 sweaters or the 
equivalent, depending on the weight) into large nylon 
net bag. The garments are loosely packed. From 10 
to 50 of the bags are placed in large tubs containing 
the dye bath and kept agitated by a motor – driven 
paddle in the dye tub. The machine is appropriately 
called a a paddle dryer

 

7.     Jig Dyeing 
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It is similar to the process of beck dyeing with a slight 
variation. The fabric in jig dyeing is held on rollers 
at full width rather than in rope form as it is passed 
through the dyebath.
 

8.     Pad Dyeing 

Padding is also done while holding the fabric at full 
width. The fabric is passed through a trough having 
dye in it. Then it is passed between two heavy rollers 
which force the dye into the cloth and squeeze out the 
excess dye. Then it is passed through a heat chamber 
for letting the dye to set. After that it is passed 
through washer, rinser and dryer for completing the 
process.

9.     Jet Dyeing 

Fabric is placed in a heated tube where jets of dye 
solution are forced through it at high pressures. The 
fabric too moves along the tube. The solution moves 
faster than the cloth while colouring it thoroughly.

Conclusion:

Dyeing is a method which imparts beauty to the 
textile by applying various colours and their shades 
on to a fabric. Dyeing can be done at any stage of 
the manufacturing of textile- fibre, yarn, fabric or 
a finished textile product including garments and 
apparels. The property of colour fastness depends 
upon two factors- selection of proper dye according 
to the textile material to be dyed and selection of the 
method for dyeing the fiber, yarn or fabric.

REFERENCE:

1. Technology of Dyeing by V.A Shenai; Sevak 
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2. en.wikipedia.org
3. www.google.com
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Safety Systems in Automobile
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Abstract

With the increasing growth in automobile sector,  
with technology as the backbone,  it has proved 
that tomorrow’s future is all about autonomous 
drives. More the technology, more are the comfort 
zone available for the end users. With increasing 
independency on manual drives, more reliable 
support of technology has come into existence. 
With evolution in automobile from old conventional 
drives to latest automatic drives,  safety has always 
been a key factor which has never been compromised 
of,  with respect to the end user. Irrespective of all 
the other comfort related technological innovation, 
safety has always been a supreme motto for all the 
R&D of Giant companies and also a key of success for 
establishing market on this basis.
Thus with respect to earlier evolution in automobile 
sector and coming technological changes,   the step 
by step evolution in safety will be  explained in this 
segment of article.

Types of Safety Systems:

1. Active Safety
2. Passive Safety

The terms "active" and "passive" are simple, but 
important terms in the world of automotive safety. 
"Active safety" is used to refer to technology assisting 
in the prevention of a crash and "passive safety" 
to components of the vehicle (primarily airbags, 
seatbelts and the physical structure of the vehicle) 
that help to protect occupants during a crash.

Thus active devices help to avoid the crash of a 
vehicle whereas passive systems are used to keep 
user safe in condition of collision.

With respect to different applications some of the 

active safety systems can be explained as follows –

1.    The Seatbelt System:

The Seatbelt System was chosen for its importance 
in automobile safety, despite its simplicity. The 
Seatbelt has become one of the oldest automobile 
safety devices that are still used today. It plays a 
crucial role in the safety of its occupant during the 
operation of a vehicle. The Seatbelt has become far 
more than just a belt used to restrain an occupant 
during an automobile collision. The seatbelt system 
has developed through the years to become a part 
of the Safety-Restraint System (SRS), which works in 
effort with the Airbag system to minimize the risk of 
fatal injury during an automobile accident.

2.    The Airbag System:

The Airbag System has become a major technological 
advancement in the automotive history. The 
effectiveness of the Airbag in an automobile collision 
has made this technology a standard in all modern 
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vehicles produced today. It works in tandem with the 
Seatbelt System to form the Safety-Restraint System 
(SRS), which minimizes the risk of fatal injury during 
an automobile accident

3.      Anti-Lock Braking System:

The theory behind anti-lock brakes is simple. A 
skidding wheel or where the tire contact patch is 
sliding relative to the road has less traction than 
a non-skidding wheel. If you have been stuck on 
ice, you know that if your wheels are spinning you 
have no traction. This is because the contact patch 
is sliding relative to the ice. By keeping the wheels 
from skidding while you slow down, anti-lock brakes 
benefit you in two ways: You'll stop faster, and you'll 
be able to steer while you stop.

When the driver brakes hard on a slippery road 
surface, the anti-lock braking system prevents the 
wheels from locking, so that the vehicle can still be 
steered.

When the wheels lock up, they are no longer able 
to transmit cornering forces, meaning that the driver 
loses control of the vehicle. To prevent this from 
happening, the ABS control unit uses wheel speed 
sensors to monitor the rotational speed of each 
wheel. If it detects that a wheel is about to lock, a 
solenoid valve in the anti-lock braking system's central 
control element reduces the brake pressure applied 
at the wheel in question until it starts to rotate freely 
again. The pressure is subsequently increased to the 
lock-up threshold again. The vehicle remains stable 
and can still be steered.

In simple words instead of continuous braking in, 
ABS brakes are applied number of times in fraction 
of second so that the vehicle does not skid and at the 

same time braking action is also done
 

4.     Headlights, Turn Signals, & Crumple Zones:
 
Headlights function to illuminate the road in front 
of an automobile when visibility is limited. They 
are a crucial component to the safe operation of 
automobiles when visibility is limited. Advancements 
in headlight technology have led to adaptive 
headlights, which adjust the angle of the beams to 
upcoming curves on a road. Turn signals function 
to alert other automobiles of an upcoming change 
in direction of your automobile. They are essentially 
headlights that flash when activated until a turn 
completion is detected. Crumple Zones function 
to redistribute energy from a collision away from 
occupants. They were a significant development 
in preventing serious injury to occupants during a 
collision by collapsing, crumpling, deforming, and 
crushing on impact.
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5.     Electronic stability control

Electronic stability control (ESC), also referred to 
as electronic stability program (ESP) or dynamic 
stability control (DSC), is a computerized technology 
that improves a vehicle's stability by detecting and 
reducing loss of traction or skidding. When ESC 
detects loss of steering control, it automatically 
applies the brakes to help "steer" the vehicle where 
the driver intends to go. Braking is automatically 
applied to wheels individually, such as the outer front 
wheel to counter oversteer or the inner rear wheel to 
counter understeer. Some ESC systems also reduce 
engine power until control is regained. ESC does not 
improve a vehicle's cornering performance; instead, 
it helps to minimize the loss of control.
ESC can work on any surface, from dry pavement to 
frozen lakes. It reacts to and corrects skidding much 
faster and more effectively than the typical human 
driver, often before the driver is even aware of any 
imminent loss of control.

 

 
 

Electronic stability is like an extra sense of user which 
controls the vehicle on its own if the driver is not able 
to control the vehicle at the given condition.

6.     Automatic Lane assist:

This feature helps in changing the lane avoiding 
collision from the rear from the spot which is not 
visible to the driver. The concept behind this is during 
driving from the rear view mirror only a part of rear 
view is seen, but still there exists a spot from where 
obstacle can be arrived. This spot is called as blind 
spot.

 
Thus when obstacle comes in from a blind spot the 
sensor senses the obstacle and reflects the signal 
thus avoids collision. This is the case in which other 
obstacle is coming in your path.

Also when on highways unknowingly the vehicle 
moves out of the lane, there is a more chance of 
rear collision. Thus to avoid this rear collision the 
sensor senses the lane changes and quickly applies 
brakes of diagonally opposite side so that the vehicle 
turns rapidly in the desired path. Thus avoiding rear 
collisions. This above function happens in a fraction 
of second, thus is very important in terms of safety in 
rear collision 
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Detailed information about Safety Devices:

This section covers the research done on the history 
and functionality of each safety device that was 
chosen to educate the community on. 

1.  Seatbelt System -

Seatbelts function to keep an occupant safely in their 
seat during both regular automobile operation and a 
collision. 

Seatbelt History – The First Belt 

Seatbelt like devices have been around since the 
early 19th century, although they were not used 
in automobiles. In the early 1950's lap belt type 
seatbelt's began to be offered in automobiles. The 
modern three-point seatbelt utilized today was 
invented by Nils Bohlin in 1949. In 1959 Volvo became 
the first automobile manufacturer to implement it in 
production vehicles. The three-point seatbelt offered 
tremendous improvements over the previous lap 
belt design. 

Seatbelts – How do they work? 

The seatbelt is specifically designed to keep the 
occupants body safely in the seat as well as fit 
comfortably over the occupant’s shoulder and pelvis 
with minimal restriction. Most modern seatbelts 
use locking retractors to stop a belt from extending 
during a quick deceleration. These retractors use 
a pendulum mechanism that locks a belt in place 
when the pendulum swings too far away from it's 
rest position. A feature present on newer seatbelts 
is pre-tensioners. These remove the slack from the 
seat belt at the moment of impact. The mechanism 
then releases the seat belt slowly, absorbing the 
momentum of the moving body to reduce the risk of 
seatbelt injury. 

The Safety - Restraint System 

The safety-restraint system is the combination of the 
seatbelt and airbag features synchronized to provide 
the most effective way of reducing injuries from 
automobile collisions. The seatbelt system works 
hand-in-hand with the air bag system to absorb the 
most energy exerted from the moving body. 

2. Airbag System -

The airbag system functions to absorb the impact of 
the human body during an automobile collision. 

The History of Airbags 

In 1951, the first air bag safety system was developed 
by Walter Linderer, a German, and John Hedrik, 
an American. This device initially operated using 
compressed air that proved to be ineffective due to its 
lack of speed in deployment. In the 1971 Ford began 
experimenting with airbags while in 1973 Chevrolet 
began offering them for government vehicles. Also 
in 1973, General Motors offered the first automobile 
intended for the public with airbags, the Oldsmobile 
Tornado. By 1975 General Motors had expanded 
their airbag offerings to other automobiles. They 
did not become commonplace until the late 1980's 
and were mandated by the government to be in all 
vehicles in 1998. The first modern gas-inflated airbag 
was introduced in 1994. While airbags previously 
focused on reducing the risk of injury during front-
end collisions to the driver and the passenger, today 
they are being used in door panels, side curtains, and 
even rear columns to prevent serious injury in many 
different types of accidents. 

Airbags – How do they work? 

Airbags deploy when a sensor detects a collision of 
a certain threshold, typically equivalent to a 14 mile 
per hour barrier collision. When a collision exceeds 
this threshold, a signal is sent to an inflator by the 
sensor. The inflator contains an igniter that ignites 
sodium azide, a solid propellant. This creates a large 
volume of nitrogen gas and inflates the airbag in 
one twenty-fifth of a second. The airbag is coated in 
powder to reduce friction and immediately begins to 
deflate to decrease the force at which the occupant 
comes into contact with it. 

The Safety-Restraint System 

Along with seatbelts, the airbag is a crucial part of the 
safety restraint system. The safety restraint system 
reduces the risk of injury through the absorption 
of energy exerted through the human body during 
impact. Upon the moment of impact, the seatbelt 
retracts any slack to absorb some of the inertia of 
the human body moving forward. The strength of 
this force requires the gradual release of the seatbelt 
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as the body moves forward, in which the airbag is 
deployed to absorb the remaining amount of energy 
and safely bring the human body to a complete stop 
without serious injury. 

3. Braking System -

The Anti-Lock Braking System (ABS) is a safety system 
designed to prevent the wheels of a motor vehicle 
from locking up while braking. 

The Problem – Braking Without ABS 

Most automobiles today possess a braking system to 
help stop the vehicle when it is in motion. The most 
common method of braking on a motor vehicle is 
through the application of a brake pad fixed to the 
vehicle body and a brake disc “Rotor” that is fixed to 
the wheel in motion. When these two parts come in 
contact by applying the brake, friction acts upon both 
parts resulting in vehicular deceleration. Depending 
on the vehicle’s initial speed and the traction of the 
wheels on the road, the possibility exists where 
the friction between the brake-pad and the brake 
disc become so great that the rotor and the wheel 
cease to rotate and result in wheel-locking. This 
phenomenon inhibits the driver’s ability to maintain 
directional control of the vehicle during wheel lock-
up and can result in serious injury from collision. 

To prevent this hazardous situation from occurring, 
a unique driving skill was developed which consisted 
of “pumping” the brake pedal in the event of a wheel 
lock-up. This method allowed the driver to maintain 
some control of the vehicle by releasing and applying 
the brakes repeatedly, which created a balance 
of deceleration and steering. Unfortunately, this 
method of anti-lock braking is far from efficient due 
to the increase in stopping distance and inability to 
control the vehicle effectively. 

The History of ABS 

First developed for aircraft use in the 1950s, Dunlop’s 
Maxaret became the first ABS system to be widely 
used in the aviation world. This system effectively 
decreased stopping distances and eliminated tire 
bursts on aircraft landings. It wasn’t until the 1970s 
when ABS systems became a mainstream in the 
automotive industry. Chrysler along with Bendix 
Corporation is credited amongst the first to introduce 
a computerized all-wheel antilock brake system 

called “Sure Brake” and was implemented on the 
1971 Chrysler Imperial. 

How it Works – Modern ABS 

As with the traditional braking system described 
earlier, the Antilock Braking System is an additive 
to provide electronic-computerized control of the 
braking system. The ABS of modern motor vehicles 
consists of four main components: 

Speed Sensors: This is the primary input mechanism 
to the antilock braking system by provided the ability 
for the system to tell when a wheel is about to lock 
up. These speed sensors are usually contained at 
each wheel to provide this information. 

Valves: The valves of an ABS are the primary output 
mechanisms of the system. The valves are integrated 
within each brake-line allowing the ABS system to take 
control of the once driver-dependent braking system. 
In most systems, each valve has three positions: open, 
closed, and release. The opened position allows 
the braking system to function normally as desired. 
The closed position, blocks the line by isolating the 
brake from the master cylinder. The release position 
allows the valve to release pressure from the brake 
to disengage a locked wheel. 

Pump: Another crucial part of the ABS system is the 
pump unit. In the event that an ABS valve releases 
pressure from a particular brake line, the pump is 
required to put that pressure back into the system. 

Controller: The controller or the Electronic Control 
Unit “ECU” is the central computer of the ABS system. 
This computer takes readings from each individual 
speed sensor to detect a loss of traction in a wheel. 
In the event that a wheel begins to slip, the ABS 
controller will then limit the brake force from driver 
to that particular wheel and in turn activate the ABS 
modulator which switches the braking valve of that 
wheel on and off. 

4. Headlights, Signals & Crumple Zones  

This section was researched individually as three 
separate safety devices, but later combined into one 
main section due to the simplicity of these devices. 
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Headlights -

Headlights function to illuminate the road in front of 
an automobile when visibility is limited. This includes 
when it is dark out, when there is precipitation, or 
when there is fog. At the minimum, they have both 
high and low beams to work optimally in varying 
conditions. 

The Problem 

Headlights are a crucial component to an automobiles 
functionality and safety. Without headlights it would 
be impractical to drive at night severely limiting 
the times an automobile can safely operate. Their 
absence would also make it much more difficult to 
see oncoming cars in low light conditions or when 
precipitation is present. 

The History of Headlights 

Before electric headlights,  there were oil-fueled 
lamps in the 1800’s. In 1898 the first electric 
headlights were introduced but were not refined 
to function with both high and low beams from a 
single bulb until 1924. Standardized headlights for all 
vehicles were first introduced in 1940. Halogen bulbs 
were introduced in 1962 but were not allowed in 
U.S. cars until 1978. The modern headlight has much 
more functionality but is still just as easy to operate 
as older headlights. 

How it Works 

Headlights most often have both high and low beams. 
When the low beams are on, the light is minimized 
to cars on the opposite side of the road to prevent 
glare. When high beams are on, they output an equal 
illumination in front of the automobile for maximum 
visibility. High beams are only suitable for use when 
no other cars are present on the road in front of an 
automobile since they can be blinding to oncoming 
vehicles. Fog lights also exist to maximize visibility 
in foggy conditions. They work by minimizing the 
scattering of light with yellow beams. 

Adaptive Headlights 

Adaptive headlights function to move the lights beams 
along the curve of the road increasing visibility. They 
take into account the automobiles speed, the angle 
of the steering wheel, and the rotation of the car 

around its vertical axis to move the headlights using 
small electric motors. They typically have a 30° range 
of motion to move the lights 15° to the left or right. 
Some cars even have cornering lights that illuminate 
if the turn exceeds this range of motion. 

Signals 

Turn signals function to alert other automobiles of 
an upcoming change in direction of your automobile. 

The Problem 

Communicating with other automobile drivers is 
crucial to staying safe on the road and avoiding 
potential accidents. By properly using turn signal 
lights when changing a vehicles direction, other 
drivers are informed of this change. Failure to use 
turn signals to indicate a lane change or turn could 
cause a serious accident. 

The History of Signals 

Turn signals were first implemented in 1938 on Buick 
vehicles. There has been little innovation in terms of 
their function since then other than improved auto-
turn off mechanisms and lighting advancements. 

How it Works 

With today’s technology, Signals function today in a 
similar method as to how Headlights operate. They 
are turned on manually and turn off automatically 
when a sufficient change in the direction of an 
automobile is detected. They feature a ticking noise 
that alerts a driver when they are signalling. In 
addition to providing functionality in alerting other 
automobiles of turns, they also serve as emergency 
flashers. Both signals can be used simultaneously to 
indicate an emergency during or after an automobile 
accident or vehicle malfunction by simply pressing an 
emergency signal button. 

Crumple Zones 

When an automobile is in a collision, the resulting 
energy from the collision can cause harm to the 
occupants. Crumple zones work by lessening this 
energy, redistributing it to other areas. These areas 
are known as crumple zones, since they distort and 
crumple upon collision. 
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The Problem 

When automobiles did not have crumple zones they 
were completely rigid structures. During a collision 
much of the resulting energy would be directly 
transferred to the occupants causing them to be 
propelled in the direction of the collision. This has 
the potential to cause significantly more harm than 
if this energy were reduced. Crumple zones solve this 
problem by managing the energy, distributing it to 
other areas of the automobile to lessen its effect on 
the passenger cabin. 

The History of Crumple Zones 

In the early days of automobiles, it was common 
belief that the more rigid and strong the automobile 
structure, the less harm its occupants would suffer 
during a collision. One inventor who worked for 
Daimler-Benz, BélaBarényi, went against this 
common practice. He realized that by rearranging 
the components of an automobile, the energy from a 
collision could be minimized to the passenger cabin. 
While his idea was patented in 1952, it wasn’t until 
1959 that it was first implemented in Mercedes-Benz 
220 models. 

How it Works 

When an automobile is in a collision there can be a 
large amount of kinetic energy present that has to 
be absorbed somewhere. Crumple zones work to 
absorb this energy as well as redistribute it to areas 
other than the passenger cabin. This is accomplished 
by building components on the front and rear of 
cars that collapse, crumple, deform, and crush on 
impact. By making these componentsto  take much 
of the energy out of the collision, the car decelerates 
slower causing a less forceful impact. Once an 
automobile is hit in a crumple zone, the frame of the 
automobile is designed to redistribute the energy to 
other areas of the car to further reduce the impact 
for the occupants. Crumple zones are also designed 
to increase the rigidity of the passenger cabin upon 
a collision. It is one of the primary passive safety 
systems that exist in automobiles to ensure the 
occupants are as safe as possible during a collision. 

5. Electronic Traction & Stability Control Systems 

All modern vehicles contain an ECU, or engine 
control unit, to ensure an internal combustion engine 

runs properly and optimally. ECU’s are essentially 
computers with microprocessors, memory, a CPU, 
and software. In addition to controlling the engine, 
many ECU’s contain additional functionality such 
as cruise control, automatic transmission control, 
traction control, and stability control. 

The Traction Control System 

The traction control system functions to keep 
automobiles wheels from losing traction when 
accelerating. 

The Problem 

When an automobile accelerates it may not grip the 
road due to a quick acceleration, slick road conditions, 
or both. Traction control functions to correct the 
skidding and locking up of wheels that can occur due 
to these factors. 

How it Works 

The traction control functions using the ECU to process 
information from sensors and route power to wheels 
appropriately using values it calculates. It takes into 
account the pressure placed on the accelerator and 
sensors on the wheels that indicate whether they are 
slipping or not. If slippage is detected, less power is 
routed to the wheel and some braking pressure may 
be placed on it. By doing this, it is essentially the 
opposite of the anti-lock braking system. The only 
difference is that is deals with loss of traction during 
acceleration rather than deceleration. The traction 
control system runs continuously and typically goes 
unnoticed due to its quick reaction speed. 

The Stability Control System 

The stability control system functions to ensure an 
automobile stays on its intended path through turns. 
It also can prevent an automobile from rolling over 
due to fast, sharp turns. 

The Problem 

When an automobile enters a turn too quickly it 
may lose grip on the road, skid out of control, and 
potentially roll over. The stability control system 
functions to correct this by utilizing the anti-lock 
braking system to prevent loss of control. 
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How it Works 

The stability control system functions using the ECU 
to process information from sensors and calculate 
necessary braking to prevent loss of control. By 
using accelerometers to determine the angle of the 
cars turn as well as its speed and other sensors it 
is possible for the stability control system to know 
exactly how much braking to apply to which wheels 
to ensure an automobile stays on its intended path. 
The anti-lock braking system components are utilized 
to accomplish this. While the stability control system 
can prevent a rollover from occurring due to a tight 
turn, it cannot prevent one due to driving on a highly 
sloped surface.

So even if all safety measures are taken in the modern 

automobiles , key of safety still remains with you.  It 
is the alertness of the driver. 

So be alert and be safe.
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Ham Radio Communication
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Remote locations and areas where all modes of 
communication get affected by the disaster are 
now accessible to the government bodies thanks 
to the group of Amateur radio operators who call 
themselves "radio hams" or simply "hams.

What is Ham Radio?

Amateur Radio (ham radio) is a popular hobby 
and service that brings people, electronics and 
communication together. People use ham radio to 
talk across town, around the world, or even into 
space, all without the Internet or cell phones. It's fun, 
social, educational, and can be a lifeline during times 
of need.

Who is the Typical Ham?

Amateur Radio operators come from all walks of life 
-- doctors, students, kids, politicians, truck drivers, 
movie stars, missionaries and even your average 
neighbour next door. They are of all ages, sexes, 
income levels and nationalities. Whether through 
Morse Code on an old brass telegraph key, voice 
communication on a hand-held radio or computerized 
messages transmitted via satellite, all hams use radio 
to reach out to the world.You can communicate from 
the top of a mountain, your home or behind the wheel 
of your car, all without relying on the Internet or a cell 
phone network. You can take radio wherever you go! 
In times of disaster, when regular communications 
channels fail, hams can swing into action assisting 
emergency communications efforts and working 
with public service agencies. For instance, as soon 
the 7.9 Richter earthquake struck Nepal on April 
2015, Disaster Amateur Radio Emergency Services 
(DARES), a collective of volunteers who pursue the 
passion for ham radio communication, despatched a 
team with the radio equipment to Nepal to bridge 
the communication gap between the government aid 

agencies and the quake affected villages in remote 
areas.Another team of the NGO was summoned by 
the Disaster Management Cell of the Maharashtra 
government to set up a ham radio emergency station 
at the Disaster Control Room at Mantralaya, the state 
secretariat.

How to Become a Radio Amateur

Amateur Radio Operators have to qualify in 
an examination conducted by Ministry of 
Communications, Government of India and obtain 
licence for operating / possessing a Radio Station. Any 
individual above the age of 12 is permitted to appear 
for Amateur Station Operator Licence Examination 
and No Educational qualification is prescribed. It 
takes just two months (say two hours a day training) 
to become eligible for the examination. One should 
qualify a simple test conducted in three subjects 
namely I) Morse Code (Transmission & Reception) ii) 
Communication Procedure iii) Basic Electronics.

The Officer-In-Charge, Wireless Monitoring Station, 
Dept. of Telecommunication under Ministry of 
Communication, Govt. of India is the authority for 
conducting these tests in their own town provided 
there are sufficient number of applicants. The licences 
are issued by Wireless Planning & Co-ordination 
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Wing of DOT, Govt. of India after passing the test in 
any of the following grades:

1. Restricted Grade (Formerly Grade II)
2. General Grade (Formerly Grade I and Advanced)

The Morse Code of 8 words per minutes sending-
receiving will make eligible to get General grade 
licence and no Morse code test for Restricted grade 
licence, see the differences between these licences 
in detail. Basic knowledge can be obtained by 
purchasing/downloading study manuals, books, and 
Morse Code training software or CDs from any of the 
amateur radio clubs.

1. Local clubs - For those that like a structured 
approach, many clubs organize meetings and 
classes to teach the basic skills of radio operation 
and prepare people for their ham radio licence 
test. At the end of the classes, a test is given. If 
you pass, you're a ham!

2. You can do it by yourself. Many books for 
beginners are available, some of them are given 
below. For learning Morse code a few softwares 
are available in this website's download section.

• ABC of Amateur Radio and Citizen Band (Rajesh 
Verma EFY Publications).

• A Comprehensive Guide Book for the Ham Radio 
Enthusiasts.

• Koch CW Trainer Software.

Once you are prepared to take the examination(s), 
you'll want to find out where to take the test. Tests 
are administered by Monitoring stations of Min. of 
communications throughout the country. A nominal 
fee is charged to cover the costs of the testing. 
There are several ways to locate a test session. If you 
know a local ham, ask him or her about local testing 
opportunities, or you can write the examinations at 
the nearest monitoring station. For example, Address 
of Monitoring Station in Mumbai is as follows:

WRHQ, Gorai Road, Borivli (West), Mumbai - 400 
092, Maharashtra.
Tel. 022 - 28671626 Fax. 022 – 28650244

Who Issues Amateur Radio Licence in India?

Every licenced Radio Amateur is given a call sign 
that is used to identify you and your location of 
licence. Each country that has Amateur Radio status 

is allocated a range of call signs by the International 
Telecommunications Union (ITU). Amateur Radio 
Licence in India are licenced by the Wireless Planning 
& Coordination wing of Ministry of Communications, 
Govt. of India. In many countries special call sign 
allocations may be made to commemorate a special 
event. These special event call signs usually have an 
unusual prefix so that the station using the call will be 
easily recognized. For example the calls M2000A and 
7S2000M were heard quite often commemorating 
the year 2000. CI3O was used in 1996 for the Charles 
Island expedition. 

With these privileges come responsibilities and 
rules for the operation of an amateur radio station. 
Specifically, there are a few things that hams are not 
allowed to do:

• Hams are not allowed to do anything with their 
radios that makes them money in way. Ham radio 
is a hobby.

• Ham radio operator cannot `broadcast' to the 
public. This means that ham radio transmissions 
are meant to be received by other ham radio 
operators. While a short-wave radios will allow 
you to listen to the ham radio bands, what you 
will hear is a ham talking to other hams and 
not music or other radio programs of ‘general’ 
interest.

Within these (and other) guidelines, however, hams 
are empowered to do just about everything that 
government and private radio stations are allowed to 
do.
Ministry Website: Wireless Planning & Coordination 
Wing
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Building Your First Radio

Amateur Radio Transceivers can be made by 
enthusiasts with locally available components. 
Several Hams have come up with their circuit design, 
PCBs and construction of low cost amateur Radio 
equipment. Assume that you have just passed the 
Restricted Grade class "no code” licence and are 
looking for a first radio. Most Amateurs purchase a 
handheld VHF or UHF (or a combined "dual-band" 
VHF+UHF) radio. You can optionally connect an 
external antenna at your home for extended range. 
A mere handheld, running low power, is sufficient to 
gain access to most local repeaters so this is plenty to 
get you started.

There are several International brands that sell their 
Amateur Radio equipment in India with network 
chain of Dealers and sub-dealers. You could buy 
any equipment that fits in your budget across the 
shelf from these dealers. The price of which can 
be obtained from them, Make, Manufacturer and 
features. However, some popular brands are

• ALINCO
• ICOM
• KENWOOD
• YAESU

Frequencies and Transmitting Modes

Hams use a variety of frequencies for communications. 
Non-hams can "listen in" via their own receivers or 
radio scanners. Hams are able to use many frequency 
bands across the radio spectrum. Hams may operate 
from just above the AM broadcast band to the 

microwave region, in the gigahertz range. Many ham 
bands are found in the frequency range that goes from 
above the AM radio band (1.6 MHz) to just above the 
citizens band (27 MHz). During daylight, 15 to 27 MHz 
is a good band for long-distance communications. At 
night, the band from 1.6 to 15 MHz is good for long-
distance communications. These bands are often 
referred to historically as short-wave bands (as in 
"short-wave radio"). Unlike frequencies used by FM 
radio stations and TV stations, which are line-of-sight 
and therefore limited to 40 or 50 miles, short-waves 
"bounce" off the ionosphere from the transmitter to 
the receiver's antenna. The higher the frequency is, 
the "shorter" the wavelength is.

Some ham radio operators use the very reliable Morse 
code, while others use voice. Morse code signals 
(beeps) often get through when voice transmissions 
cannot. There are also very many digital modes as 
well, and hams use radio modems to communicate 
in various networks. 

How Do I Get Started?

A typical ham radio is a transmitter and a receiver, 
usually purchased as one unit, called a transceiver. 
Newer transceiver models often have semi-
complicated controls and menu systems that may 
take some reading of the manual. You may be able 
to find an older transceiver with controls that are 
easier to use as a beginner, having the usual analog 
controls.

Hand-held transceivers have their own antennas. 
Many hams choose to do most of their operating 
from their automobile during commute times, using 
a magnetic mount antenna connected to an under-
dash transceiver or a hand-held radio.
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Many hams get their start on VHF FM, using battery-
operated hand-held transceivers set to transmit on 
one frequency and receive on another frequency. 
They use FM repeaters, set up and supported by local 
radio clubs. These repeaters borrow antenna space 
from TV-station-tower owners on top of mountains 
and high buildings to receive and re-broadcast signals 
to extend  the range. 

Antennas

Little whip antennas, wire antennas in trees, and 
antennas atop a tower are all used, depending 
on the frequency in use. Lower frequencies have 
longer wavelengths. Longer wavelengths need larger 
antennas. The same antennas (used to transmit and 
receive) can be small, portable, put in trees or on the 
trunk of a car.

Hams enjoy the fun of experimenting with various 
types of antennas. Some antennas are made of 
wire strung between trees. Be sure to use lightning 
protection for outside antennas.

How Can I Get Involved?

There are frequent hamfests, or ham radio flea 
markets, in many areas. Hamfests are the best place 
to meet hams, buy equipment, and take your license 
test. It's a great way to find some terrific deals on 
used equipment. It is relatively inexpensive to get 
into amateur radio if you learn how to shop for used 
equipment with the aid of someone at a local radio 
club. Look for a transceiver with a built-in general 
coverage receiver. That way, you get the versatility of 
two hobbies: ham radio and short-wave listening.

You can communicate with other hams using your 
voice and a microphone, interface a radio with your 
computer or tablet to send data, text or images, or 
Morse code, which remains incredibly popular. You 
can even talk to astronauts aboard the International 
Space Station, talk to other hams through one of 
several satellites in space, or bounce signals off the 
moon and back to Earth! 

Summary

HAM radio is both a hobby and a service in which 
participants, called hams, use various types of radio 
communications equipment to get in touch with 
other amateurs through airwaves for public services, 
recreation and self-training. An estimated 3 million 
people throughout the world are regularly involved 
in amateur radio transmissions.

HAM radio operators have done a great job during 
devastating natural disasters such as the recent 
Nepal earthquake, the Aila cyclone in West Bengal, 
the earthquake in Gujarat’s Bhuj and the 26 July 
floods in Mumbai. Ham radio operators were the 
first to report the tsunami to the Indian government, 
while they were on a field trip in the Andaman and 
Nicobar islands. 

There are around 20,000 ham radio operators in 
India, 400 in Maharashtra, out of which around 150 
are in Mumbai. Let’s be a part of this community and 
serve for a noble cause.

References
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The word “Automation” has remained and will always 
be an important and an interesting topic in the field 
of technology, especially in the field of Transportation 
(both in Ground vehicles and in Aerial vehicles). 
“Automation” has always opened the new doors of 
possibilities and has improved the capabilities of the 
all kind of machines. 
In this article we shall discuss about an Automated 
but Unmanned Aerial Vehicles – Very commonly 
known as “UAV”.

Introduction:

The names like UAV, DRONE etc have taken an 
important position into today’s modern warfare 
technologies.

Unmanned Aircraft Systems (UAS), also commonly 
referred to as Unmanned Aerial Systems or Unmanned 
Aerial Vehicles (UAV), are air vehicles and associated 
equipment that do not carry a human operator, but 
instead fly autonomously or are remotely piloted. 
UAS must be considered in a systems context which 
includes the remote human operator(s), a command, 
control and communications (C3) system, a payload, 
as well as the air vehicle, or multiple vehicles. 

Initially UAV’s were developed just as an aircraft 
without any human pilot inside the cockpit for warfare, 
but today their usage have entered into many other 
fields such as surveillance, Civil applications etc. 

 
Cockpit for Ground control station

UAV - (Automated) Unmanned Aerial 
Vehicles

- Prasad Magar
E-mail: prasadmagar26@gmail.com



34 The Exponent Group of Journals For General Engineering, Volume 4, Number 2, Mar 2016 - May 2016

Exponent Group of Journals - Empowering the common man In Association with Shree Aniruddha Upasana Foundation

UAV

A Simple UAV and its Operator

UAV is a System including – An Aircraft without 
Human Pilot onboard, Ground Control Station that 

includes the Cockpit

UAS (UAV System) generally incudes - 

• An Aircraft without Human Pilot onboard,
• Ground Control Station that includes the Cockpit
 

 

General UAV SYSTEM and Its Components

UAV - GROUND CONTROL STATION - TARGET

History and Development: 

In 1849 Austria sent unmanned, bomb-filled 
balloons to attack Venice. Drone (Dynamic Remotely 
Operated Navigation Equipment) innovations started 
in the early 1900s and originally focused on providing 
practice targets for training military personnel. 
UAV development continued during World War I, 
when the Dayton-Wright Airplane Company (USA) 
invented a pilotless aerial torpedo that would drop 
and explode at a preset time. The earliest attempt at 
a powered unmanned aerial vehicle was A. M. Low’s 
(English consulting engineer, research physicist and 
inventor) “Aerial Target” in 1916.

A number of remote-controlled-airplane advances 
followed during and after World War I,

The first scale remote piloted vehicle was developed 
by the film star and model-airplane enthusiast 
Reginald Denny in 1935. More emerged in the 
technology rush during World War II - used both to 
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train antiaircraft gunners and to fly attack missions.

Nazi Germany produced and used various UAV aircraft 
during the course of WWII. Jet engines entered service 
after World War II in such types as the Australian GAF 
Jindivik (The GAF Jindivik is a target drone produced 
by the Australian Government Aircraft Factory (GAF)), 
and Teledyne Ryan Firebee I (The Ryan Firebee was 
a series of target drones developed by the Ryan 
Aeronautical Company beginning in 1951) of 1951, 
while companies like Beechcraft also got in the game 
with their Model 1001 for the U.S. Navy in 1955. 
Nevertheless, they were little more than remote-
controlled airplanes until the Vietnam War.

In 1959, the U.S. Air Force, concerned about losing 
pilots over hostile territory, began planning for the 
use of unmanned aircraft. Planning intensified after 
the Soviet Union shot down a U-2 (a Plane) in 1960. 
Within days, the highly classified UAV program 
started under the code name of “Red Wagon”. The 
August 1964 clash in the Tonkin Gulf between naval 
units of the U.S. and North Vietnamese Navy initiated 
America’s highly classified UAVs (Ryan Model 147, 
Ryan AQM-91 Firefly, Lockheed D-21) into their first 
combat missions of the Vietnam War.

The War of Attrition (1967-1970) saw the introduction 
of UAVs with reconnaissance cameras into combat in 
the Middle East. In the 1973 Yom Kippur War Israel 
used drones as decoys to spur opposing forces into 
wasting expensive anti-aircraft missiles.

In 1973 the U.S. military officially confirmed that they 
had been using UAVs in Southeast Asia (Vietnam).

During the 1973 Yom Kippur War, Soviet-supplied 
surface-to-air missile batteries in Egypt and Syria 
caused heavy damage to Israeli fighter jets. As a 
result, Israel developed the first UAV with real-time 
surveillance. The images and radar decoying provided 
by these UAVs helped Israel to completely neutralize 
the Syrian air defenses at the start of the 1982 
Lebanon War, resulting in no pilots downed. The first 
time UAVs were used as proof-of-concept of super-
agility post-stall controlled flight in combat-flight 
simulations involved tailless, stealth technology-
based, three-dimensional thrust vectoring flight 
control, jet-steering UAVs in Israel in 1987.

With the maturing and miniaturization of applicable 
technologies in the 1980s and 1990s, interest in UAVs 

grew within the higher echelons of the U.S. military. 
In the 1990s, the U.S. Department of Defense gave 
a contract to AAI Corporation along with Israeli 
company Malat. The U.S. Navy bought the AAI Pioneer 
UAV which AAI and Malat developed jointly. Many of 
these Pioneer and newly developed U.S. UAVs saw 
service in the 1991 Gulf War. UAVs demonstrated 
the possibility of cheaper, more capable fighting 
machines, deployable without risk to aircrews. Initial 
generations primarily involved surveillance aircraft, 
but some carried armaments.

CAPECON was a European Union project to develop 
UAV’s, running from 1 May 2002 to 31 December 
2005.

In 2013, John Horgan reported in National Geographic 
that at least 50 countries used UAVs, with China, Iran, 
Israel, and others designed and building their own 
varieties.

Advantages of UAS

The advantages of using an Unmanned Air Vehicle, 
relative to use of a manned aircraft, are that the UAV:

• does not contain, or need, a qualified pilot on 
board

• can enter environments that are dangerous to 
human life

• reduces the exposure risk of the aircraft operator
• can stay in the air for up to 30 hours, performing 

a precise, repetitive raster scan of a region, day-
after-day, night-after-night in complete darkness, 
or, in fog, under computer control:

• performing a geological survey
• performing visual or thermal imaging of a region
• measuring cell phone, radio, or, TV coverage over 

any terrain
• can be programmed to complete the mission 

autonomously even when contact with its GCS is 
lost.

Classification:

UAV’s can be classified in various categories as below.

UAVs typically fall into one of six Functional categories:

1. Target and decoy – providing ground and aerial 
gunnery a target that simulates an enemy aircraft 
or missile
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2. Reconnaissance – providing battlefield 
intelligence

3. Combat – providing attack capability for high-risk 
missions (see Unmanned combat air vehicle)

4. Logistics – UAVs specifically designed for cargo 
and logistics operation

5. Research and development – used to further 
develop UAV technologies to be integrated into 
field-deployed UAV aircraft

6. Civil and commercial UAVs – specifically designed 
for civil and commercial applications

They can also be categorized in terms of range/
altitude ( Height above ground level) and the 
following:

• Hand-held 2,000 ft (600 m) altitude, about 2 km 
range

• Close 5,000 ft (1,500 m) altitude, up to 10 km 
range

• NATO type 10,000 ft (3,000 m) altitude, up to 50 
km range

• Tactical 18,000 ft (5,500 m) altitude, about 160 
km range

• MALE (medium altitude, long endurance) up to 
30,000 ft (9,000 m) and range over 200 km

• High-Altitude Long Endurance (high altitude, long 
endurance - HALE) over 30,000 ft (9,100 m) and 
indefinite range

• Hypersonic high-speed, supersonic (Mach 1–5) 
or hypersonic (Mach 5+) 50,000 ft (15,200 m) or 
suborbital altitude, range over 200 km

• Orbital low earth orbit (Mach 25+)
• CIS Lunar Earth-Moon transfer
• Computer Assisted Carrier Guidance System 

(CACGS) for UAVs
• Some other classifications aiming at representing 

the complete scope of UAVs set :

Hobbyist UAVs - which can be further divided into

• Ready-to-fly (RTF)/Commercial-off-the-shelf 
(COTS)

• Bind-and-fly (BNF) - that require minimum 
knowledge to fly the platform

• Almost-ready-to-fly (ARF)/Do-it-yourself (DIY) - 
that require significant knowledge to get in the 
air.

• Midsize military and commercial drones
• Large military-specific drones
• Stealth combat drones
• Classifications according to aircraft size are quite 

simpler:
• Micro Air Vehicle (MAV) - the smallest UAVs that 

can weigh less than 1g.
• Miniature UAV (also called SUAS) - approximately 

less than 25 kg.

Other UAVs.

NANO DRONE

UAV’s are known with different names as below: 

Drone 

Unmanned Aerial Vehicle- UAV 
Uninhabited Aerial Vehicle- UAV 
Unmanned Aerial System- UAS 
Remotely Piloted Vehicle – RPV
Remotely Piloted Aircraft – RPA
Remotely Piloted Aircraft System – RPAS
Remotely Operated Air Vehicles – ROAV
Micro Air Vehicles – MAV
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Uses and Applications:

Beyond the military applications of UAVs with which 
“drones” became most associated, numerous civil 
aviation uses have been developed, viz ..

• Including aerial surveying of crops, 
• Acrobatic aerial footage in filmmaking, 
• Search and rescue operations, 
• Inspecting power lines and pipelines, 
• Counting wildlife, 
• Delivering medical supplies to remote or 

otherwise inaccessible regions, 
• with some manufacturers rebranding the 

technology as “unmanned aerial systems” (UASs) 
in preference over the military-connotative term 
“drones”.

• Further uses include Reconnaissance operations, 
• cooperative environment monitoring, 
• border patrol missions, 
• Convoy protection, 
• Forest fire detection, 
• Surveillance, 
• Coordinating humanitarian aid, 
• Plume tracking, 
• Search & rescue missions, 
• Detection of illegal hunting, 
• Land surveying, 
• Fire and large-accident investigation, 
• Landslide measurement, 
• Illegal landfill detection and crowd monitoring

UAVs have been used by military forces, civilian 

government agencies, businesses, and private 
individuals.

• Military Uses

Reconnaissance 

The Tu-141 “Swift” reusable Soviet operational 
and tactical reconnaissance drone is intended for 
reconnaissance to a depth of several hundred 
kilometers from the front line at supersonic speeds. 
The Tu-123 “Hawk” is a supersonic long-range 
reconnaissance drone (UAV) intended for conducting 
photographic and signals intelligence to a distance 
of 3200 km; it was produced since 1964. The La-
17P (UAV) is a reconnaissance UAV produced since 
1963. Since 1945, the Soviet Union also produced 
“doodlebug”. There are 43 known Soviet UAV models. 

In 2013, the U.S. Navy launched a UAV from a 
submerged submarine, the first step to “providing 
mission intelligence, surveillance, and reconnaissance 
capabilities to the U.S. Navy’s submarine force.” 

• Civil Uses

Hobby and Recreational Use:

Model aircraft, which are now included in the 
definition of Small UAS (UASs) by the FAA (Federal 
Aviation Administration), have been safely flown by 
hobbyists since the earliest days of manned flight. 
In the United States, hobby and recreational use of 
such UASs specifically:(a) The aircraft is flown strictly 
for hobby or recreational use; (b) The aircraft is 
operated in accordance with a community-based set 
of safety guidelines and within the programming of 
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a nationwide community-based organization; (c) The 
aircraft is limited to not more than 55 pounds unless 
otherwise certified through a design, construction, 
inspection, flight test, and operational safety program 
administered by a community-based organization; 
(d) The aircraft is operated in a manner that does not 
interfere with and gives way to any manned aircraft; 
and (e) When flown within 5 miles of an airport, the 
operator of the aircraft provides the airport operator 
and the airport air traffic control tower (when an 
air traffic facility is located at the airport) with prior 
notice of the operation. The Academy of Model 
Aeronautics serves as community based organization 
which maintains a set of operational safety guidelines 
with a long proven history of effectiveness and safety.

• Commercial Aerial Surveillance

Aerial surveillance of large areas is made possible 
with low-cost UAV systems. Surveillance applications 
include livestock monitoring, wildfire mapping, 
pipeline security, home security, road patrol, and 
antipiracy. The trend for the use of UAV technology 
in commercial aerial surveillance is expanding rapidly 
with increased development of automated object 
detection approaches.

Professional Aerial Surveying 

UAS technologies are used worldwide as aerial 
photogrammetry and LiDAR platforms.

Commercial and Motion Picture filmmaking 

For commercial drone camerawork inside the United 
States, industry sources state that usage is largely at 
the de facto consent – or benign neglect – of local law 
enforcement. Use of UAVs for filmmaking is generally 
easier on large private lots or in rural and exurban 
areas with fewer space concerns. In certain localities 
such as Los Angeles and New York, authorities have 

actively interceded to shut down drone filmmaking 
efforts due to concerns driven by safety or terrorism. 

In June 2014, the FAA said it had received a petition 
from the Motion Picture Association of America 
seeking approval for the use of drones in video and 
filmmaking. Seven companies behind the petition 
argued that low-cost drones could be used for shots 
that would otherwise require a helicopter or a 
manned aircraft, which would reduce costs. Drones 
are already used by movie makers and media in other 
parts of the world.

Drones were used in the 2014 Winter Olympics in 
Sochi for filming skiing and snowboarding events. 
Some advantages of using unmanned aerial vehicles 
in sports are that they allow video to get closer to 
the athletes, and they are more flexible than cable-
suspended camera systems.
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• Journalism

Some journalists in the United States are interested 
in using drones for news gathering. The College 
of Journalism and Mass Communications at the 
University of Nebraska-Lincoln has established the 
Drone Journalism Lab. The University of Missouri also 
has created the Missouri Drone Journalism Program. 
The Professional Society of Drone Journalists was 
established in 2011 and describes itself as “the first 
international organization dedicated to establishing 
the ethical, educational, and technological framework 
for the emerging field of drone journalism.” Drones 
have been especially useful in covering disasters such 
as typhoons. A coalition of 11 news organizations is 
working with the Mid-Atlantic Aviation Partnership at 
Virginia Tech on how reporters could use unmanned 
aircraft to gather news.

• Law Enforcement

Many police departments in India have procured 
drones for law and order and aerial surveillance.

UAVs have been used for domestic police work in 
Canada and the United States; a dozen US police 
forces had applied for UAV permits by March 2013. In 
2013, the Seattle Police Department’s plan to deploy 
UAVs was scrapped after protests. UAVs have been 
used by U.S. Customs and Border Protection since 
2005. With plans to use armed drones. The FBI stated 
in 2013 that they own and use UAVs for the purposes 
of “surveillance”.

In 2014, it was reported that five English police forces 
had obtained or operated unmanned aerial vehicles 
for observation. Merseyside Police caught a car thief 
with a UAV in 2010, but the UAV was later lost during 
a training exercise and the police stated the UAV 
would not be replaced due to operational limitations 
and the cost of staff training.

• Search and Rescue -

UAVs were used in search and rescue after hurricanes 
struck Louisiana and Texas (USA) in 2008. Predators, 
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operating between 18,000 and 29,000 feet above 
sea level, performed search and rescue and damage 
assessment. Payloads carried were an optical sensor 
and a synthetic aperture radar. The latter can provide 
images through clouds, rain, or fog, and in daytime 
or nighttime conditions, all in real time. Photos taken 
before and after the storm are compared, and a 
computer highlights areas of damage. Micro UAVs, 
such as the Aeryon Scout, have been used to perform 
search and rescue activities on a smaller scale, such 
as the search for missing persons.

UAVs have been tested as airborne lifeguards, 
locating distressed swimmers using thermal cameras 
and dropping life preservers to swimmers.

• Demining

The Space Assets for Demining Assistance program 
from the European Space Agency aims to improve 
the socioeconomic impact of land release activities 
in mine action. It is developing and has tested UAV 
technology for demining in Bosnia-Herzegovina.

• Surveying

Oil, Gas and Mineral Exploration and Production

UAVs can be used to perform geophysical surveys, 
in particular geomagnetic surveys where the 
processed measurements of the Earth’s differential 
magnetic field strength are used to calculate the 
nature of the underlying magnetic rock structure. 
A knowledge of the underlying rock structure helps 
trained geophysicists to predict the location of 
mineral deposits. The production side of oil and gas 
exploration and production entails the monitoring 
of the integrity of oil and gas pipelines and related 
installations. For above-ground pipelines, this 
monitoring activity could be performed using digital 
cameras mounted on one or more UAVs
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Mineral exploration
                  
• Mapping

Cargo transport

UAVs can transport medicines and medical samples 
into and out of remote or otherwise inaccessible 
regions.

Initial attempts at commercial use of UAVs, such 
as the Tacocopter company for food delivery, were 
blocked by FAA regulation. A 2013 announcement 
that Amazon was planning deliveries using UAVs was 
met with skepticism.

In 2013, in a research project of DHL, a small quantity 
of medicine was delivered via a UAV.

In 2014, the prime minister of the United Arab 
Emirates announced that the UAE planned to launch 
a fleet of UAVs to deliver official documents and 
supply emergency services at accidents.

Google revealed in 2014 it had been testing UAVs for 
two years. The Google X program aims to produce 
drones that can deliver items.

July 16, 2015, A NASA Langley fixed-wing Cirrus SR22 
aircraft, flown remotely from the ground, operated 
by NASA’s Langley Research Center in Hampton 
and a hexacopter drone delivered pharmaceuticals 
and other medical supplies to an outdoor free 
clinic at the Wise County Fairgrounds, Virginia. The 
aircraft picked up 10 pounds of pharmaceuticals 
and supplies from an airport in Tazewell County in 
southwest Virginia and delivered the medicine to the 
Lonesome Pine Airport in Wise County. The aircraft 
had a pilot on board for safety. The supplies went to 

a crew, which separated the supplies into 24 smaller 
packages to be delivered by small, unmanned drone 
to the free clinic, during a number of flights over two 
hours. A company pilot controlled the hexacopter, 
which lowered the pharmaceuticals to the ground 
by tether. Health care professionals received the 
packages, then distributed the medications to the 
appropriate patients.

  

• Farms

Japanese farmers have been using Yamaha’s R-50 
and RMAX unmanned helicopters to dust their crops 
since 1987. Some farming initiatives in the U.S. use 
UAVs for crop spraying, as they are often cheaper 
than a full-sized helicopter.
UAV is also now becoming the invaluable tool by 
farmers in other aspect of farming, such as monitoring 
livestock, crops and water levels. Farmers also use 
it for fast data gathering on crop health, improving 
yield plus reducing input cost. Sophisticated UAV has 
also been used to create 3D image of the landscape 
to plan for future expansions and upgrading.
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Countries that are using UAV:

Algeria, Argentina, Armenia, Australia, Austria, 
Azerbaijan, Belarus, Belgium, Brazil, Bulgaria, 
Canada, Chile, China (PRC), Colombia, Costa Rica, 
Croatia, Czech Republic, Egypt, Estonia, Finland, 
France, Georgia, Germany, Greece, Hungary, India, 
Indonesia, Iran, Israel, Italy, Japan, Jordan, Latvia, 
Malaysia, Mexico, Netherlands, New Zealand, 
Norway, North Korea, Nigeria, Pakistan, Peru, 
Philippines, Poland, Portugal, Romania, Russia, 
Saudi Arabia, Serbia, Singapore, South Africa, South 
Korea, Spain, Switzerland, Sweden, Taiwan, Thailand, 
Tunisia, Turkey, United Arab Emirates, United 
Kingdom, United States, Vietnam.
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